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ABSTRACT 

The long-term effects of COVID-19, commonly referred to as long COVID, have generated 

increasing concern regarding its impact on cardiovascular health and chronic stress regulation. 

While much of the existing research has focused on older adults or individuals with pre-existing 

conditions, young adults, particularly college students, remain an understudied population in this 

area. Given the unique physiological and psychological stressors that students experience, it is 

critical to explore whether long COVID contributes to measurable changes in stress biomarkers 

and vascular function, both of which have implications for long-term health outcomes. 

This study aims to examine the relationship between long COVID, cortisol levels, and 

endothelial function in college students by utilizing two key physiological assessment methods: 

the VENDYS II Digital Thermal Monitoring (DTM) system to evaluate endothelial function and 

hair cortisol analysis to assess chronic stress levels. The study included participants who self-

reported long COVID symptoms and those who did not, allowing for comparative analysis 

between the two groups. The primary outcome measures were cortisol levels, which provide 

insight into prolonged activation of the hypothalamic-pituitary-adrenal (HPA) axis due to 

chronic stress, and the vascular reactivity index (VRI), which serves as a marker of endothelial 

function and overall cardiovascular health. 

Findings from this study indicate that students with long COVID exhibited higher cortisol levels 

compared to their counterparts without long COVID, suggesting a prolonged physiological stress 

response. However, while an upward trend in cortisol levels was observed, statistical 

significance was not reached (p = 0.08), potentially due to sample size limitations or variability 

in individual stress responses. More strikingly, the vascular reactivity index was significantly 
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lower in the long COVID group (p = 0.05), indicating compromised endothelial function. This 

finding is particularly concerning as impaired endothelial function is an early marker of 

cardiovascular disease, suggesting that even in a young, otherwise healthy population, long 

COVID may contribute to long-term vascular impairment. 

These results underscore the necessity for early detection, lifestyle modifications, and targeted 

interventions to mitigate both cardiovascular and stress-related risks in young adults recovering 

from COVID-19. Given the increasing prevalence of long COVID and its potential to affect 

daily functioning, college students may benefit from institutional policies that incorporate 

screening measures, mental health support, and education on stress management and 

cardiovascular health. Nurses play a pivotal role in addressing these concerns through patient 

education, advocacy, and the development of care strategies aimed at minimizing long COVID-

related complications. 

Future research should focus on expanding sample sizes to improve statistical power, 

incorporating additional biomarkers to enhance the understanding of long COVID’s 

physiological impact, and conducting longitudinal studies to determine whether observed 

vascular and stress-related impairments persist over time or improve with targeted interventions. 

Understanding the long-term effects of long COVID in young adults will be essential for 

developing effective public health strategies and ensuring that this population receives 

appropriate medical and psychological support. 

. 
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Contents 

Introduction 

COVID-19, a global pandemic, has profoundly disrupted lives across the world, leaving a lasting 

impact on the physical and mental health of many. While the acute symptoms of the virus are 

widely recognized, a growing number of patients experience prolonged complications beyond 

the initial phase of infection. This condition, known as long COVID, is emerging as a significant 

public health challenge. Long COVID manifests with a wide range of symptoms, including 

persistent fatigue, muscle pain, cognitive dysfunction (commonly referred to as brain fog), and 

sleep disturbances (Zheng et al., 2024). In addition to these physical symptoms, long COVID can 

also have profound emotional and psychological effects, further complicating the recovery 

process for those affected (Zheng et al., 2024). 

Beyond these symptoms, long COVID has been shown to affect cardiovascular health. Among 

the most common cardiovascular symptoms is exertional dyspnea, which can significantly limit 

physical activity and quality of life (Vafa et al., 2023). More alarmingly, long COVID has been 

associated with severe cardiovascular complications, such as myocarditis, myocardial infarction, 

acute heart failure, arrhythmias, and venous thromboembolism (Vafa et al., 2023). 

College students are a unique population, navigating the challenges of academic success, 

personal growth, and the transition to adulthood. With demanding schedules filled with exams, 

internships, extracurricular activities, and financial pressures, they are particularly vulnerable to 

stress-related complications (Clayborn & Kerr, 2023). Investigating the effects of long COVID 
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in this demographic is critical, as this is a formative time when lifelong habits and health patterns 

are established. 

Hair cortisol concentrations offer a retrospective measurement of chronic cortisol production, 

serving as a promising biomarker for physiological stress. By analyzing cortisol levels in hair 

samples, researchers can better understand the stress experienced over weeks to months 

(Torrecillia & Barrantes-Vidal, 2021). Endothelial dysfunction, which disrupts the permeability 

of the endothelial barrier, plays a significant role in the inflammatory processes that contribute to 

cardiovascular diseases (Sun et al., 2020). 

While previous studies have examined the impact of long COVID on various populations, 

including the elderly, pregnant individuals, and specific ethnic groups such as Brazilian and 

Black Americans, there is little research focusing on college students. Furthermore, the 

association between long COVID, cortisol levels, and endothelial function in this population 

remains largely unexplored. Understanding these relationships can empower college students to 

recognize potential risks and implement strategies for symptom management.  

Despite the growing body of literature on long COVID, there is a critical gap in research 

focusing on its impact on college students. This study aims to investigate the relationship 

between long COVID, cortisol levels, and endothelial function in this population. The findings 

will provide valuable insights into the physiological and psychological effects of long COVID, 

enabling college students to recognize and manage potential risks effectively. 

The project research question is: Is there an association between endothelial function and cortisol 

levels in college students with long COVID compared to those without? 
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Theoretical Framework 

The theoretical framework guiding this study is the Biopsychosocial Model, which emphasizes 

the interplay between biological, psychological, and social factors in health outcomes. Long 

COVID is a multifaceted condition that affects individuals not only physiologically, as 

evidenced by endothelial dysfunction and elevated cortisol levels, but also psychologically and 

socially, influencing mental health and overall quality of life (Engel, 1977; Wade & Halligan, 

2017). This model is particularly relevant as it allows for a holistic understanding of how stress 

(evidenced by cortisol levels) and vascular health (endothelial function) interact to impact the 

well-being of college students with long COVID. By integrating these dimensions, the 

Biopsychosocial Model supports the study's aim to explore the relationship between long 

COVID symptoms, physiological stress markers, and vascular reactivity. This approach 

highlights the importance of addressing both the physical and psychological aspects of health in 

this population, fostering a deeper understanding of long COVID’s comprehensive impact and 

guiding potential interventions (Engel, 1977). 

Review of Literature by Themes 

Cortisol and Physiological Stress 

Cortisol, often referred to as the "stress hormone," plays a critical role in the body's stress 

response and overall homeostasis. A systematic review by Xiang et al. (2023) demonstrated a 

significant negative association between psychological resilience and hair cortisol concentration 

in a study of 1,064 adults. Notably, this association was stronger in individuals aged 40 years or 

younger, indicating that younger populations may exhibit heightened cortisol responses to 
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stressors. Xiang et al. (2023) concluded that further research is necessary to validate the utility of 

hair cortisol as a biomarker for psychological resilience. 

Chronic stress is a state of prolonged physiological or psychological strain that can disrupt 

homeostasis and increase the risk of numerous health conditions, including hypertension, 

diabetes, gastrointestinal disorders, cardiovascular diseases, and asthma (James et al., 2023; 

Dhama et al., 2019). Stress is also a known contributor to mental health disorders, such as 

anxiety and depression, further emphasizing the importance of identifying and mitigating stress 

in vulnerable populations. 

In a literature review conducted by Botschek et al. (2023), hair cortisol concentration was 

identified as a promising biomarker for tracking the trajectory of interventions in conditions such 

as PTSD, depressive disorders, and chronic social stress. However, the review highlighted 

inconsistencies and heterogeneity in findings, underscoring the need for additional research. 

Despite the extensive literature on cortisol and stress, research specifically examining cortisol 

levels in college students is notably absent. Addressing this gap is critical to understanding the 

intersection of long COVID, physiological stress, and the unique challenges faced by this 

population. 

Long COVID and Vascular Endothelial Function 

Endothelial dysfunction is a hallmark of long COVID and is associated with significant health 

risks. Turner et al. (2024) found that patients with long COVID exhibited elevated levels of 

inflammatory and endothelial biomarkers, including von Willebrand factor (VWF), platelet 

factor 4 (PF4), serum amyloid A (SAA), and endothelial-leukocyte adhesion molecules such as 

E-selectin and Platelet endothelial cell adhesion molecule. These findings suggest the presence 



 
 

6 

of thrombotic endothelialitis, a condition characterized by the formation of anomalous fibrinaloid 

microclots, hyperactivated platelets, and elevated levels of prothrombotic inflammatory 

molecules. 

Importantly, standard pathology tests often fail to detect these abnormalities because the 

inflammatory molecules are trapped within microclots rather than circulating freely in the blood 

(Turner et al., 2024). This limitation highlights the need for advanced diagnostic tools to 

accurately assess endothelial dysfunction in long COVID patients. 

Brambilla et al. (2025) further supported these findings by demonstrating increased levels of 

proinflammatory cytokines, platelet adhesion, aggregation, and thrombin generation in plasma 

samples from long COVID patients. These changes contribute to a hypercoagulable state, 

increasing the risk of thrombotic events and other cardiovascular complications. 

Methodology 

Study Design and Setting 

This study will employ a quasi-experimental design to compare cortisol levels and endothelial 

function between college students with and without long COVID. Data collection will take place 

at the TCU Harris Nursing Research Laboratory. 

Sample 

This study recruited men and women between the ages of 18-22 years of age who have never 

received a positive COVID test and another group between the ages 18-22 years of age who have 
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never had a previous positive COVID test. The control group is referred to as Non-COVID and 

experimental is Long COVID. 

The inclusion criteria for the control group will be young adults (18-30 years old) without a 

previous positive COVID test and for the experimental group will be young adults (18-30) with a 

previous positive COVID test. Participants will self-identify if they have or have not had a 

positive COVID test. For the participants who have had a previous positive COVID test, they 

will have to meet at least 2 symptoms of long COVID including post-exertional malaise, fatigue, 

brain fog, dizziness, gastrointestinal symptoms, palpitations, change in sexual desire or capacity, 

loss of or change in smell or taste, chronic cough, thirst, chest pain, and abnormal movements 

(Thaweethai et al, 2023). 

Exclusion criteria would be subjects who have a diagnosis of heart disease, taking medication 

that impacts the vascular endothelium (ex: statins and vasodilators) or have been diagnosed with 

Raynaud’s disease. Subjects who have had a previous positive COVID test, but are not 

experiencing any symptoms of long COVID will be excluded as well. 

Recruitment:       

A recruitment email was sent out to students at Texas Christian University. Potential participants 

indicated their interest in the study by responding to the email, to prevent the possibility of 

influence or coercion, potential participants will be informed that participation is completely 

voluntary and that they may withdraw from the study at any time without penalty. Pre Screening 

will include a questionnaire requesting potential participants to indicate if they have Raynaud’s 

disease, a wig or extensions, or heart medications. If a potential participant has any questions 

they can be answered via phone, email or in person in Bass 2212.  
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Consent procedures     

The prescreened participants upon hearing about the study will be invited to Bass 2212 the 

Nursing Laboratory and the potential participants will be provided with the TCU IRB approved 

consent document to review and ask any questions with regard to participation. Participation is 

completely voluntary, and participants may withdraw at any time without penalty. Upon signing 

the consents in-person, the participant will receive a copy of the signed consent and the original 

will be retained by the principal investigator. A participant can withdraw by informing Hannah 

Le and  Dr. Dennis Cheek that she or he does not wish to continue participation. Dr. Dennis J. 

Cheek can be reached by email at (d.cheek@tcu.edu) or in person, Hannah Le can be reached by 

email (hannah.m.le@tcu.edu), or in person. There will be incentive or compensation to 

participants in this study.  

Privacy and Confidentiality:     

All data will be stored in a locked cabinet in the Nursing Laboratory-Bass2212, only the 

principal and co-investigators will have access to the stored data. The data will be stored for at 

least 3 years. Electronic data will be stored without any identifying information in a password 

protected computer. The only people with access to the data (both electronic and hard copies) 

will be the principal investigator. The data will be presented and published without any 

identifying information.       

 Data Collection 

 Hair Collection      
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Hair samples were collected following the standardized procedure outlined by Meyer et al. 

(2014). Each sample was obtained by a trained researcher or faculty member to ensure 

consistency and accuracy. To minimize external contamination, excess hair was clipped up, and 

a small section—no more than half the width of a pencil—was carefully cut from the back of the 

participant’s head, as close to the scalp as possible. This location was specifically chosen due to 

its reduced exposure to environmental factors such as sunlight and hair products, which could 

potentially alter cortisol levels. 

To capture an accurate representation of cortisol deposition over the past three months, at least 

three centimeters of hair was collected, based on the assumption that human hair grows at an 

average rate of one centimeter per month. Once collected, the hair sample was secured onto a 

piece of aluminum foil with the scalp end clearly marked for orientation. The aluminum foil was 

then labeled with the participant’s identification code to ensure proper tracking and analysis. 

Hair processing 

Hair will be processed for cortisol in the Texas Christian University Harris College of Nursing 

and Health Sciences Research Lab using the adapted protocol described in the paper of Meyer et 

al. (2014). From the hair samples, the team will utilize the first 3 cm from the root end of each 

sample. Each centimeter of hair represents the prior month and will be analyzed to view the 

average stress response over 3 months. Hair longer than 3 cm will be laid next to a ruler and cut 

to be 3 cm. A screw-cap polypropylene tube was weighed on a Sartorius balance. The hair 

sample will be placed in the tube and weighed again to get the sample weight, which could range 

from 10 to 50mg of hair. The hair samples were then immersed in Salimetric immunoassay 

diluent buffer to facilitate cortisol extraction. Two 6 mm chrome steel beads were added to each 
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sample tube to aid in homogenization. The tubes were then placed in a Thermo-Scientific 

SpeedVac centrifuge to concentrate the samples by evaporating the solvent. A SPEX® 

SamplePrep Homogenizer will be used to pulverize the hair for at least a minute. Once the 

sample is in a powder form, 2.0 mL of HPLC- grade methanol will be added to the 

polypropylene tube and will be left to incubate for 24 hours at room temperature on a Labnet 

Rocker. The methanol will be removed using a speed vac centrifuge, 1.0 mL of the supernatant 

will be transferred to a microcentrifuge tube. The team will ensure not to dip the pipet into the 

powdered hair. After the methanol is extracted from the tubes, the remaining cortisol extract is 

reconstituted using immunoassay cortisol analysis diluent buffer (Meyer et al., 2014).   

Utilizing the Salimetrics ELISA kit, the reagents will be prepared, and the standards, controls, 

and hair samples are laid out on the plate and run in the microplate reader (Salimetrics, & 

SalivaBio, 2013). The microplate reader software analyzes the cortisol levels in μg/dL and then 

converted to pg/mg using the formula provided (Meyer et al., 2014).  

Digital Thermal Monitoring: 

The digital thermal monitoring device or Vendys II (Endothelix; www.endothelix.com) is a 

Federal Drug Administration (FDA) approved device for measuring vascular reactivity using 

digital thermal measures. The device is completely non-invasive and utilizes a standard blood 

pressure cuff and temperature finger probes for the right and left index finger. The temperature 

probes will begin to measure the fingertip temperature and the device with its intuitive software 

will determine the vascular reactivity. There are three phases of the test. During the first 

stabilization section, the temperature output for both hands will be displayed as a stable baseline. 

In the following section, the red line for the right hand should display a linear temperature drop, 

while the blue (left hand-control) line should remain stable. In the third section, the red line 
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should show a quick return to the baseline temperature after occlusion. The first phase lasts 5 

minutes known as the stabilization phase. If you are feeling cold please let the operator know. 

The second phase lasts 5 minutes after the first phase is complete, the program will emit a soft 

sound alert the patient that the occlusion phase is about to start. In this phase, you may feel 

numbness and tickling in your right hand due to occlusion via the blood pressure cuff staying 

inflated. There are normal symptoms such as tingling, or numbness participants may experience 

during the second phase lasts 5 minutes. The deflation phase is the third final phase 5 minutes 

when the blood pressure cuff on the right arm deflates rapidly. You will notice your right lower 

arm and hand may become turning red due to the restoration flow of the warm blood. During 

rapid deflation, there will be more blood rushing to your forearm and hand than usual. After 1-2 

minutes. The redness will disappear, and your hand and your arm will return to normal. The total 

amount of time required for the participants will be about 40 minutes in a one-time visit.   

Analytical Plan 

The following represents the data analysis plan for the objectives of the proposed honors project. 

- Descriptive statistics and an unpaired t-test was conducted to examine the differences in 

mean cortisol levels between college students without COVID versus those with Long-

COVID. 

- Descriptive statistics and an unpaired t-test was conducted to examine the differences in 

mean Vascular Reactivity Index between college students without COVID versus those 

with Long-COVID. 

RESULTS 

When comparing the Long COVID group (n = 7) to the Non-COVID group (n = 8), cortisol 

levels were higher in the Long COVID group (M = 24.26, SD = 17.87) than in the non-COVID 
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group (M = 11.42, SD = 6.62). The unpaired t-test indicated that this difference trended 

statistical significance (p = 0.08). (See figure 3) 

For vascular reactivity index (VRI) values, the Long COVID group exhibited lower values (M = 

2.32, SD = 0.16) compared to the Non-COVID group (M = 2.68, SD = 0.37). The unpaired t-test 

showed this difference was statistically significant (p = 0.05). (See figure 3) 

Height (p=0.24) not statistically significant. Weight (p=0.05) statistically significant. Age 

(p=0.79) not statistically significant. BMI (p=0.36) not statistically significant. (See figure 1) 

Diastolic (p=0.13) not statistically significant. Systolic (p=0.7) not statistically significant.  (See 

figure 2) 

DISCUSSION 

The purpose of this study was to evaluate the potential relationship between cortisol levels and 

endothelial function, as measured by the vascular reactivity index (VRI), in college students with 

and without long COVID symptoms. The findings contribute to the growing body of research on 

long COVID by focusing on a younger population, which has been underrepresented in prior 

studies. 

Cortisol Levels and Stress Response 

The COVID group, comprising individuals with long COVID symptoms, demonstrated higher 

mean cortisol levels (M = 24.26, SD = 17.87) compared to the control group (M = 11.42, SD = 

6.62). While this difference did not reach statistical significance (P = 0.08), the trend suggests a 

potential relationship between long COVID and elevated physiological stress levels. These 

findings align with previous research indicating that cortisol serves as a key biomarker for 
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chronic stress and inflammation (Xiang et al., 2024; Botschek et al., 2023). Elevated cortisol 

levels in individuals with long COVID may reflect the body’s prolonged activation of the 

hypothalamic-pituitary-adrenal (HPA) axis in response to ongoing symptoms such as fatigue, 

brain fog, or other stress-inducing conditions. 

However, the substantial variability in cortisol levels within the intervention group (SD = 17.87) 

indicates the need for further research to identify potential moderators, such as the duration of 

long COVID symptoms, individual resilience, or pre-existing health conditions. The absence of 

statistical significance may also be attributed to the small sample size (n = 15), limiting the 

study's power to detect more subtle differences. Future research with larger cohorts and more 

homogeneous symptom profiles could help clarify these trends and provide stronger evidence for 

the association between long COVID and cortisol. 

Endothelial Function 

In contrast to cortisol levels, VRI values showed a statistically significant difference between the 

Long-COVID group (M = 2.32, SD = 0.16) and the Non-COVID group (M = 2.68, SD = 0.37; P 

= 0.05). This finding suggests that endothelial dysfunction may be more pronounced in 

individuals with long COVID. Reduced VRI values are indicative of impaired vascular 

reactivity, which has been linked to inflammatory processes and a heightened risk of 

cardiovascular complications (Sun et al., 2019; Turner et al., 2024). The statistically significant 

reduction in VRI among the Long-COVID group aligns with emerging evidence that long 

COVID can contribute to persistent endothelial inflammation, potentially mediated by increased 

cytokine levels and microthrombi formation (Mroueh et al., 2023). SARS-CoV-2 induces an 
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inflammatory response in endothelial cells, leading to increased vascular permeability and 

disruption of blood flow (Libby & Lüscher, 2020). 

This finding is particularly relevant for younger populations, as endothelial dysfunction is often a 

precursor to long-term cardiovascular issues. The results underscore the importance of early 

identification and management of vascular abnormalities in college students experiencing long 

COVID symptoms. Interventions such as lifestyle modifications, exercise regimens, and targeted 

pharmacological therapies may help mitigate the risk of progression to chronic cardiovascular 

conditions. 

Limitations 

Several limitations must be acknowledged. First, the small sample size limits the generalizability 

of the findings and reduces statistical power. Second, self-reported data on long COVID 

symptoms may introduce bias or inaccuracies. Objective measures of symptom severity and 

duration would strengthen the reliability of future studies. Third, the exclusion of participants 

with pre-existing cardiovascular conditions or those on medications affecting vascular function 

may limit the applicability of the findings to a broader population. 

NURSING IMPLICATIONS 

The findings of this study have significant implications for nursing practice, particularly in 

addressing the long-term effects of long COVID in college students. Nurses are uniquely 

positioned to play a pivotal role in early detection, education, and intervention to mitigate the 

physiological and psychological impact of long COVID. 

1. Screening and Early Detection 
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Nurses can integrate routine assessments of endothelial function and stress biomarkers, such as 

cortisol levels, into care protocols for patients reporting long COVID symptoms. Identifying 

early signs of endothelial dysfunction can help prevent the progression to more severe 

cardiovascular conditions. This may involve collaboration with interdisciplinary teams to ensure 

appropriate diagnostic tests, such as vascular reactivity measurements or stress biomarker 

analyses, are conducted. 

2. Patient Education 

Nurses must educate young adult patients, including college students, about the potential long-

term health implications of long COVID. Key topics include: 

● Recognizing early symptoms of cardiovascular and stress-related conditions. 

● The importance of regular physical activity, a healthy diet, and stress reduction 

techniques in promoting endothelial health. 

● Encouraging adherence to follow-up care and recommended interventions. 

● Nurses can help patients manage fatigue by teaching them about energy conservation 

techniques and how to pace activities (American Nurses Association, 2025). 

● Nurses can also offer guidance related to breathing exercises to build respiratory capacity 

and aid anxiety management (American Nurses Association, 2025). 

By providing education tailored to the needs and concerns of this population, nurses can 

empower patients to take proactive steps in managing their health. 

3. Psychosocial Support 
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The psychological impact of long COVID, including chronic stress and fatigue, underscores the 

need for nurses to provide holistic care. Nurses should: 

● Advocate for access to counseling and mental health resources to address psychological 

resilience and coping strategies. 

● Facilitate support groups or peer networks where young adults can share their 

experiences and challenges related to long COVID. 

● Promote strategies for reducing academic and social stress, particularly for college 

students managing multiple responsibilities. 

4. Development of Prevention Programs 

Based on the evidence linking endothelial dysfunction to long COVID, nurses can advocate for 

and participate in the development of prevention and wellness programs. These programs may 

include: 

● Health screenings at college health centers. 

● Workshops focused on stress management, mindfulness, and cardiovascular health. 

● Collaborating with public health initiatives to increase awareness of long COVID among 

college-aged populations. 

5. Clinical Advocacy and Research 

Nurses should advocate for policies and practices that address the unique needs of young adults 

with long COVID. This includes: 
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● Advocating for funding to expand research on long COVID, particularly in younger 

populations. 

● Encouraging the inclusion of long COVID-related content in nursing education to better 

prepare future nurses for addressing this emerging health issue. 

● Supporting research initiatives that explore innovative interventions to improve vascular 

health and reduce chronic stress in long COVID patients. 

6. Personalized Care Plans 

Given the diverse manifestations of long COVID, nurses must collaborate with patients to 

develop personalized care plans. These plans should account for: 

● Individual symptom presentations, such as fatigue, brain fog, or cardiovascular issues. 

● Unique stressors faced by college students, including academic and social pressures. 

● Interdisciplinary approaches that incorporate physical, psychological, and social 

interventions. 
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Figure 1 
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Figure 2 
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Figure 3 
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