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Abstract

Background

Endothelial dysfunction (ED) is an early marker of cardiovascular disease (CVD),
influenced by both physiological and psychosocial factors. While depression and anx-
iety are known contributors to ED, the role of spiritual well-being (SWB) in vascular
health has been relatively less explored in the literature.

Objective

To investigate the association between SWB and ED in clinically healthy adults, con-
trolling for mental health variables and conventional cardiovascular risk factors.

Methods

In this cross-sectional study, 148 individuals aged 18-60 years were assessed using
validated instruments: FACIT-Sp for SWB, PHQ-9 for depression, GAD-7 for anxiety,
and brachial artery flow-mediated dilation (FMD) for endothelial function. Logistic
regression and discriminant analyses were performed to identify independent predic-
tors of ED and the spiritual dimensions most associated with vascular health.

Results

ED was identified in 39.2% of participants. Multivariate logistic regression indicated
that SWB (OR = 0.929; p=0.005), body mass index (OR = 1.130; p=0.016), gener-
alized anxiety disorder (OR = 2.551; p=0.035), and major depressive episode (OR
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= 3.740; p=0.038), were significantly associated with ED. Among these, SWB was
significantly inversely associated with ED even after excluding participants with anx-
iety or depression. Discriminant analysis further indicated that inner peace and life
purpose—but not faith—significantly distinguished individuals with and without ED.

Conclusion

SWB, particularly dimensions related to inner peace and meaning, is independently
associated with preserved endothelial function in healthy adults. These findings
support the inclusion of psychosocial and spiritual dimensions in cardiovascular risk
assessment and prevention strategies.

Introduction

The endothelium is a critical component of the vascular system, acting as a sin-

gle layer of cells lining blood vessels, and plays a vital role in maintaining vascular
homeostasis [1]. Endothelial dysfunction (ED), characterized by impaired vasodila-
tion and pro-inflammatory and pro-thrombotic states, represents an early and pivotal
event in the pathogenesis of atherosclerosis. As such, ED serves as a key biomarker
of cardiovascular risk, preceding overt clinical manifestations of cardiovascular dis-
ease (CVD) [2].

While several psychosocial factors—such as anxiety and depression—are recog-
nized as contributors to ED, emerging evidence highlights the potential of spirituality
as a protective element within this context [3,4]. Beyond its well-established role
in strengthening psychological resilience and alleviating symptoms of anxiety and
depression, spirituality may exert beneficial effects on vascular health through both
direct physiological mechanisms and indirect modulation of stress responses [5]. As
such, integrating spirituality into cardiovascular risk assessment frameworks may
provide a more comprehensive and multidimensional understanding of the psychoso-
matic determinants of endothelial integrity and overall vascular function.

Spirituality is a multidimensional and intrinsic aspect of human experience, char-
acterized by inner peace, harmony, and the search for meaning and purpose, includ-
ing, when applicable, the faith [6]. Unlike religiosity—which is tied to institutionalized
practices and dogma—spirituality encompasses broader subjective experiences that
are not necessarily linked to formal religious beliefs [7]. Validated instruments, such
as the Functional Assessment of Chronic lliness Therapy—Spiritual Well-being
(FACIT-Sp), have been developed to measure spirituality comprehensively by focus-
ing on three core dimensions: peace, purpose, and faith [8,9].

Investigating spirituality as an independent factor could therefore provide a more
comprehensive understanding of vascular health determinants in clinically healthy
adults.

This study aimed to explore the relationship between mental health variables—
namely depression, anxiety, and spirituality—and the development of endothelial dys-
function (ED) in clinically healthy individuals. Specifically, it addressed the following
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questions: (1) Was spiritual well-being (SWB) associated with ED? (2) Did this association persist after excluding individ-
uals with anxiety or depressive symptoms? (3) Which SWB dimensions—peace, meaning, or faith—showed the strongest
association with ED?

Materials and methods

This cross-sectional study recruited a convenience sample of clinically healthy individuals aged 18-60 years between
January 2022 and October 2024. Participants were enrolled through institutional outreach at a university hospital in Rio
de Janeiro, Brazil, using informational flyers, verbal invitations during hospital or academic events, and personal referrals
from healthcare professionals. The sample included university students, healthcare professionals, administrative staff, and
relatives of patients, reflecting a heterogeneous but health-conscious population.

To ensure clinical health status, all participants underwent a comprehensive screening protocol including medical inter-
views and physical examinations, as well as ancillary tests—electrocardiogram, carotid Doppler ultrasound, and transtho-
racic echocardiogram (Fig 1)—to exclude underlying cardiovascular, neurological, or psychiatric conditions. Individuals
with any chronic disease (e.g., diabetes mellitus, hypertension, dyslipidemia, thyroid dysfunction), previous psychiatric
diagnosis, current use of psychotropic medications, or abnormal cardiovascular findings were excluded. All participants
provided written informed consent after receiving a detailed explanation of the study objectives, procedures, potential
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ESTABLISHED DIAGNOSIS OF
ANY DISEASE, USE OF
MEDICATION, OR PRESENCE
OF A DIAGNOSED CONDITION

INCLUDED
18-60 YEARSOLD, MALEOR [ ....... = seeesed
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Fig 1. Flowchart: recruitment, screening, and assessment flow for the cross-sectional study. Clinically healthy participants aged 18-60 under-
went cardiovascular screening and psychosocial evaluations, including assessments of SWB (FACIT-Sp), depressive symptoms (PHQ-9), and anxiety
symptoms (GAD-7). Endothelial function was evaluated through brachial artery ultrasound using flow-mediated dilation (FMD), with ED defined as
FMD <10%. Participants were included only if cardiovascular and clinical screening results were within normal limits.

https://doi.org/10.1371/journal.pone.0339676.9001
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risks, and benefits. The consent process was conducted individually in a private setting, ensuring the opportunity to ask
questions before signing. Only adults (218 years) were enrolled; therefore, no parental or guardian consent was required.
The study protocol, including the consent procedure, was reviewed and approved by the Research Ethics Committee of
UNIRIO (CAAE: 30547720.3.0000.0008) in accordance with the Declaration of Helsinki.

The FACIT-Sp scale, a widely recognized instrument for clinical and psychosocial research, culturally adapted and
validated for the Brazilian population [10], as well as for several other cultural and linguistic contexts worldwide [5,11], was
used to assess SWB. This 12-item questionnaire evaluates three core domains: Peace (items 1, 4, 6, 7), Purpose (items
2, 3, 5, 8), and Faith (items 9-12). Participants rated statements on a 5-point Likert scale (0="“not at all’ to 4="very much”),
with reverse coding applied to items 4 and 8 to mitigate response bias. Total scores range from 0 to 48, with higher scores
indicating greater SWB. Previous validation studies in Brazilian populations have confirmed high internal reliability [10].

The assessment of depressive symptoms was conducted through the Patient Health Questionnaire-9 (PHQ-9), a widely
recognized instrument developed by Kroenke et al. [12] to measure both the occurrence and intensity of depression. This
tool aligns with the diagnostic criteria for major depressive episodes outlined in the DSM and employs a four-point Likert-
type scale ranging from 0 (“never”) to 3 (“nearly daily”). Participants rate how frequently they experienced symptoms over
the preceding two weeks, resulting in a total score between 0 and 27. Higher scores reflect increased depressive severity.
A positive screen for depression required participants to endorse five or more symptoms occurring on “more than half the
days,” with at least one being a core symptom (persistent low mood or loss of interest/pleasure). Notably, any indication of
suicidal ideation or self-harm (item nine) was automatically classified as a depressive symptom, regardless of its reported
frequency. This approach aligns with established diagnostic guidelines [13].

Generalized Anxiety Disorder (GAD) was assessed using the Generalized Anxiety Disorder 7-item scale (GAD-7) [14],
one of the most reliable and widely used screening tools in clinical and research settings, validated for the Brazilian pop-
ulation [14]. The questionnaire consists of seven items rated on a 4-point Likert scale: 0 (“not at all”), 1 (“several days”),

2 (“more than half the days”), and 3 (“nearly every day”). Total scores range from 0 to 21, with higher scores reflecting
greater anxiety severity. A score above 10 points on the GAD-7 indicates a positive screening for generalized anxiety dis-
order. The scale’s design allows for a quantitative evaluation of symptom intensity, where elevated scores correlate with
more pronounced anxiety-related impairments [14,15].

In the present study, internal consistency reliability coefficients were high for the FACIT-Sp (Cronbach’s alpha [a] =
0.862), PHQ-9 (a=0.814), and GAD-7 (a=0.890).

Endothelial function was assessed as a continuous variable using measurements of the brachial artery’s flow-
mediated dilation (FMD), following standard protocol guidelines [16]. Examinations were conducted by a single observer
in a controlled environment at 22—24°C. Participants fasted for at least four hours, lay supine, and rested for 10 minutes
before testing. Monitoring included three cutaneous ECG electrodes, with blood pressure measured on the left arm. The
basal diameter of the brachial artery was calculated as the mean of 3 pre-hyperemic measurements. Then, the brachial
artery was occluded with a pressure cuff at 200 mmHg for five minutes. After unclamping the artery, three new measure-
ments of the diameter of the brachial artery were performed between 45-60 seconds post-occlusion. These were used to
calculate the mean post-hyperemic diameter. A subject was considered as presenting ED, when FMD <10% which indi-
cates a post-hyperemic brachial artery dilation <10%. The echocardiographer was blinded to all other clinical and psychi-
atric assessments. FMD% was calculated as:

FMD% = 100 x ((Post—hyperemia diameter—Baseline diameter)/Baseline diameter)
The presence of ED was defined as FMD <10%, in line with previous international studies [17,18] and Brazilian cohort

data [19,20]. It is important to note, however, that this threshold may be influenced by individual and population-specific
characteristics [21].
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Statistical analysis

Descriptive statistics were used to summarize sample characteristics, including demographic, anthropometric, psycholog-
ical, and vascular parameters. Continuous variables were reported as means and standard deviations (SD), while cate-
gorical variables were presented as frequencies and percentages. Spiritual well-being was analyzed using the total score
from the FACIT-Sp scale, treated as a continuous variable in all inferential analyses.

To identify independent predictors of ED, a multivariate logistic regression analysis was conducted. The dependent
variable was the presence or absence of ED, while the independent variables included age, sex, body mass index (BMI),
physical activity level, positive screening for generalized anxiety disorder (GAD-7), SWB, and positive screening for major
depressive episode (PHQ-9). For each predictor, odds ratios (ORs) with corresponding 95% confidence intervals (Cls)
were estimated. Model fit was evaluated using the chi-square goodness-of-fit test, explanatory power was quantified using
Nagelkerke’s R?, and overall model performance was assessed by its classification accuracy.

Additionally, another logistic regression model was performed after excluding participants with positive screenings for
anxiety or depression, with the aim of evaluating whether spirituality would remain an independent predictor of ED even
after excluding individuals with mental health disorders. In this model, only the variables that were significant in the initial
analysis (BMI and SWB) were included as predictors, while the dependent variable remained the presence or absence of
ED. The model’s overall significance, the proportion of variance explained (Nagelkerke’s R?), and its classification accu-
racy were also assessed.

Discriminant analysis was conducted to examine which variables best distinguish individuals with and without ED, con-
sidering spiritual dimensions such as Peace, Meaning in Life, and Faith as predictors. Initially, the equality of group means
was tested using Wilk’s A.

The assumptions underlying discriminant analysis were assessed, including linearity, normality, multicollinearity, homo-
geneity of variances, and multivariate normal distribution of the predictors. Box’s M test was performed to evaluate the
homogeneity of covariance matrices. It is worth noting that discriminant analysis is considered robust to moderate viola-
tions of this assumption, particularly in the absence of significant outliers. Box’s M test results were interpreted alongside
inspection of the log determinants to ensure the adequacy of the analysis.

Following the verification of assumptions, the canonical discriminant function was analyzed to determine the strength of
association between the predictor variables and group classification, as well as to assess the contribution of each variable
to group separation through the structure matrix and group centroids.

Ethical considerations

The study protocol was approved by the HUGG/UNIRIO Ethics Committee (CAAE: 50323221.2.0000.5258; 30/09/2021)
in accordance with the Declaration of Helsinki. Participants provided written informed consent, ensuring confidentiality and
voluntary participation. Data collection commenced post-approval, with sufficient methodological detail provided to enable
independent replication.

Participants were invited during routine visits or institutional activities. The study aims and procedures were explained
verbally, and written informed consent was obtained prior to enroliment. Participants retained the right to withdraw at
any time without compromising their access to healthcare services. They were left free to ask questions and to obtain
explanations.

Results
Sample characteristics and assessed parameters

The study sample (n=148) exhibited a heterogeneous age distribution, ranging from 19 to 60 years (mean=30.5 years;
SD=10.9), with a predominance of male participants (55.4%; n=82). The mean BMI was 25.5kg/m? (SD=4.1), classified
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as overweight according to World Health Organization (WHO) criteria. The total score of the FACIT-Sp ranged from 9 to
48 points (mean=32.2; SD=9.3). Regarding anxiety, as assessed by the GAD-7, scores ranged from 0 to 21 (mean=7.3;
SD=5.3), and 32.4% screened positive for the disorder. For major depressive episodes, evaluated via the PHQ-9, scores
ranged from 0 to 25 (mean=7.7; SD=5.3), with 13.5% meeting diagnostic criteria for depression. Regarding physical
activity, 57.4% of participants (n=85) met the minimum recommendation of 150 minutes per week of moderate-
to-vigorous exercise.

In the assessment of endothelial function via FMD, the mean value was 10.6% (SD =5.34). However, 39.2% of the
sample (n=58) exhibited FMD values below the established cutoff indicative of ED (<10%).

Predictors of endothelial dysfunction

The analysis identified four variables as significant predictors of ED: SWB (OR = 0.929; 95%Cl: 0.882-0.978; p=0.005),
BMI (OR = 1.130; 95%CI: 1.023—-1.249; p=0.016), positive screening for generalized anxiety disorder (OR = 2.551; 95%
Cl: 1.070-6.084; p=0.035), and positive screening for major depressive episode (OR = 3.740; 95%CI: 1.075-13.005;
p=0.038) (Table 1).

In the logistic regression analysis, the FACIT-Sp total score was used as a continuous predictor of ED. Higher SWB
scores were significantly associated with lower odds of ED, independent of sociodemographic and psychological covari-
ates. This finding suggests a protective effect of SWB, supporting its role as a continuous, dimensional construct in
health-related outcomes.

The overall model was statistically significant [x*(7) = 35.388; p<0.001], explained 28.8% of the variance (Nagelkerke
R?), and demonstrated a correct classification rate of 73%. Age (p=0.146), sex (p=0.197), and physical activity (p=0.879)
were not statistically significant. Among all predictors, SWB was significantly inversely associated with ED, reinforcing its
potential protective role.

Prior to model estimation, multicollinearity diagnostics were performed using Variance Inflation Factor (VIF) and toler-
ance values for all predictors included in the logistic regression model. All VIF values were below 2.0, and all tolerance
values exceeded 0.5, which are well within commonly accepted thresholds (VIF <5.0 and tolerance > 0.2) for retaining
predictors in multivariable models.

Predictors of endothelial dysfunction in individuals without anxiety or depression

A second logistic regression model was conducted including only participants without positive screenings for anxiety or
depression (n=93), following the exclusion of 55 individuals (35 with anxiety, 7 with depression, and 13 with both). The

Table 1. Multivariate binary logistic regression identifying predictors of ED in a sample of clinically
healthy adults (n=148).

Predictor Variable B OR (95% CI) p-value
Spiritual Well-Being (FACIT-Sp) -0.074 0.929 (0.882-0.978) 0.005**
Body Mass Index (kg/m?) 0.122 1.130 (1.023—1.249) 0.016*
Generalized Anxiety Disorder (GAD-7) 0.937 2.551 (1.070-6.084) 0.035*
Major Depressive Episode (PHQ-9) 1.319 3.740 (1.075-13.005) 0.038*
Sex (Male) 0.542 1.720 (0.754-3.922) 0.197
Age (Years) 0.030 1.146 (0.990-1.074) 0.146
Physical Activity (Yes) -0.062 0.939 (0.422-2.092) 0.879

Abbreviations: OR = Odds Ratio; Cl=confidence interval; f =unstandardized regression coefficient;
p =proof value; *p<0.05; **p<0.01.

FACIT-Sp =Functional Assessment of Chronic lliness Therapy—Spiritual Well-being;
GAD-7 = Generalized Anxiety Disorder 7-item scale; PHQ-9 = Patient Health Questionnaire-9.

https://doi.org/10.1371/journal.pone.0339676.t001
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model retained variables previously identified as significant—BMI and SWB—excluding mental health variables due to the
restricted sample (Table 2).

Higher SWB remained a significant protective factor against ED (b=—-0.066; OR = 0.936; 95%CI: 0.880—0.996;
p=0.037), suggesting an independent association between spirituality-related well-being and vascular health. BMI was
not a significant predictor in this subsample (b=0.101; OR = 1.106; 95%CI: 0.988—-1.239; p=0.081).

The overall model was statistically significant [x*(2) = 6.444; p=0.04], explaining 9.7% of the variance (Nagelkerke R?)
and correctly classifying 75.3% of the cases.

Dimensions of spirituality

This study aimed to identify the factors that best discriminate individuals with and without ED, incorporating spiritual
dimensions (peace, meaning in life, and faith). Tests of equality of group means revealed statistically significant differ-
ences for Peace (p<0.001) and Meaning in Life (p=0.006), while Faith (p=0.103) was not statistically significant.

The canonical discriminant function exhibited a canonical correlation of 0.377 and an eigenvalue of 0.166. The struc-
ture matrix identified Peace (0.998) as the variable most strongly correlated with the discriminant function, followed
by Meaning in Life (0.562) and Faith (0.333). Group centroids confirmed the model’s discriminatory power: individuals
without ED had a positive mean score (0.325), while those with the condition scored negatively (-0.504). Wilks’ Lambda
(A=0.858; p<0.001) indicated robust group separation. Additionally, Box’s M test (p=0.524) validated the homogeneity of
covariance matrices, supporting the adequacy of linear discriminant analysis (Figs 2 and 3).

Discussion

This study provides novel evidence of an association between SWB and endothelial function in clinically healthy adults.
Consistent with prior findings [22,23], we confirmed significant associations between mental health conditions—namely,
depression and anxiety—and impaired endothelial function. Higher levels of SWB were associated with a lower likelihood
of ED, even after accounting for these psychological variables.

The multivariate analysis identified four variables significantly associated with ED: generalized anxiety disorder, major
depressive episodes, BMI, and SWB. Among these, SWB demonstrated an inverse association with ED, with higher SWB
levels being associated with a lower likelihood of presenting ED. These findings align with previous research suggesting
that spirituality contributes to psychological resilience and reduced allostatic load, possibly through the modulation of
stress-related physiological pathways, such as the hypothalamic-pituitary-adrenal axis and inflammatory responses [3,24].

To further explore the independence of this association, we performed a second binary logistic regression excluding
individuals with positive screenings for anxiety and depression. SWB remained significantly associated with preserved
endothelial function in this restricted sample, indicating that its cardiovascular benefits are not solely mediated by
improved mental health. While this strengthens the plausibility of a direct link, the cross-sectional design precludes any
causal inference. Therefore, we interpret this association with caution and encourage further prospective research to
explore directionality.

Table 2. Logistic regression model evaluating the association between SWB and ED in a
subsample of 93 participants without anxiety or depressive symptoms.

Predictor Variable B OR (95% Cl) p-value
Spiritual Well-Being (FACIT-Sp) —0.066 0.936 (0.880-0.996) 0.037*
Body Mass Index (kg/m?) 0.101 1.106 (0.988-1.239) 0.081

Abbreviations: OR = Odds Ratio; Cl=confidence interval; p=proof value; *p<0.05.
FACIT-Sp =Functional Assessment of Chronic lliness Therapy—Spiritual Well-being.

https://doi.org/10.1371/journal.pone.0339676.t002
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Fig 2. Discriminant analysis of spiritual dimensions in relation to ED. (A) Structure matrix correlations between each spiritual dimension
(Peace, Meaning in Life, and Faith) and the canonical discriminant function. Inner peace demonstrated the strongest association (r=0.998), fol-
lowed by meaning in life (r=0.562). Faith had a weaker, non-significant correlation (r=0.333). (B) Group centroids representing the canonical discrim-
inant scores for participants with and without ED. Individuals without ED had a positive centroid (+0.325), while those with ED had a negative centroid
(—0.504), indicating significant group separation. Note: Wilks’ Lambda=0.858, p<0.001.
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Fig 3. Kernel density estimates for SWB dimensions by ED status. Density plots comparing the distribution of scores on the Peace, Meaning in Life,
and Faith subscales of the FACIT-Sp, stratified by presence (pink) or absence (blue) of ED. Participants without ED consistently showed higher density
peaks across all subscales, particularly for inner peace and meaning, indicating a potential protective role of these dimensions in vascular health.
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In addition to these general effects, discriminant analysis revealed which specific dimensions of spirituality are most rel-
evant for vascular health. Inner peace and life purpose were the only dimensions that significantly discriminated between
individuals with and without ED. Inner peace showed the highest discriminant power, suggesting that experiences of
emotional tranquility and existential coherence may be central to maintaining endothelial homeostasis. In contrast, the
faith dimension was not statistically significant, highlighting the importance of personal spiritual experiences over doctrinal
or institutional religious practices in this context.

The greater discriminative power of peace and meaning—independent of faith—suggests that the potential vascu-
lar benefits associated with SWB may extend beyond institutional religiosity. This supports the universal relevance of
existential dimensions of spirituality and their possible value in cardiovascular risk assessment across culturally diverse
populations.

Our findings are further supported by physiological data [25,26]. While traditional risk factors such as age, sex, and
physical activity did not reach significance in the regression model, BMI remained positively associated with ED. This
reinforces the established link between adiposity and endothelial impairment, mediated by mechanisms such as systemic
inflammation, oxidative stress, and insulin resistance [27]. The absence of association with age suggests that ED is not
merely a function of chronological aging but also reflects psychosocial and behavioral influences.

The interplay between spirituality and physiological health is further illustrated by evidence linking SWB with reduced
inflammatory markers. Prior studies have reported associations between SWB and lower levels of IL-6 and C-reactive pro-
tein [28,29] both key mediators of ED and atherogenesis. In this regard, our findings echo those of the FEEL study, which
demonstrated that spirituality-based interventions can enhance flow-mediated dilation and lower blood pressure in hyper-
tensive individuals [29]. Findings from the FEEL Study support the biological plausibility of our results, suggesting that
spiritually oriented practices may benefit endothelial function. Likewise, the Jackson Heart Study [30] found that higher
levels of religiosity and spirituality were associated with healthier behaviors, improved clinical indicators, and more favor-
able cardiovascular profiles, underscoring the role of spiritual engagement in culturally sensitive prevention strategies.

The robust discriminant value of inner peace and life purpose suggests that SWB may act through mechanisms related
to emotional regulation and stress resilience. Inner peace may buffer the impact of psychosocial stressors by attenuating
sympathetic activation and preserving nitric oxide bioavailability—critical for vascular tone and endothelial repair. The con-
ceptual model proposed by Vos [31], linking meaning in life to improved cardiovascular outcomes, supports this hypothe-
sis. Our data reinforce this model by demonstrating that meaning and peace are directly associated with vascular health in
a clinically healthy Brazilian population.

Academic interest in spirituality and health has also grown in Brazil, with a recent national survey identifying 36
research groups focused on this topic, many addressing cardiovascular outcomes such as hypertension and coronary
artery disease [32]. Predominantly based in public universities, these groups reflect a multidisciplinary and integrative
approach to care, reinforcing the national relevance of research on spirituality and vascular health.

From a clinical perspective, our results have important implications for clinical practice. While current guidelines [33]
emphasize physiological risk factors such as hypertension and dyslipidemia, the present study suggests that incorporating
SWB into risk assessments could provide a more holistic and predictive approach. Spirituality assessment—alongside
conventional measures—may help identify individuals at higher risk for subclinical vascular damage. Even in healthcare
systems where spiritual health is officially encouraged—as in the UK—many physicians still report discomfort in address-
ing it during consultations. A recent study showed that only 50% of general practitioners felt confident discussing spiritual-
ity with patients, although most endorsed the usefulness of structured tools to guide such conversations [34]. Studies have
identified common reasons for this gap, including lack of formal training, limited time during consultations, uncertainty
about how to address spiritual issues appropriately, and fear of overstepping professional boundaries [35].

Moreover, interventions aimed at enhancing inner peace and existential meaning, such as mindfulness practices,
cognitive-behavioral strategies, and meaning-centered therapies, could complement traditional cardiovascular care. These
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findings provide new insights into the integration of psychosocial dimensions within preventive cardiology, particularly for
asymptomatic individuals who may benefit from non-pharmacological strategies to support vascular function.

This study presents strengths that enhance the validity and applicability of its findings. These include the use of interna-
tionally validated instruments, strict exclusion criteria ensuring a clinically healthy sample, and the integration of
psychological and spiritual variables in the assessment of cardiovascular risk. Together, these factors contribute to the
methodological rigor and translational relevance of the study.

Limitations should be acknowledged. The cross-sectional nature of the study precludes causal inferences, and longitu-
dinal data are needed to confirm whether increases in SWB lead to sustained improvements in endothelial function. Addi-
tionally, reliance on self-report measures may introduce bias, and physiological mechanisms were inferred but not directly
assessed. The relatively small, exclusively Brazilian sample may limit the generalizability of our findings. Post hoc power
analysis indicated adequate power for the primary model but reduced power after excluding participants with anxiety or
depression. The logistic regression model explained 28.8% of the variance in ED, leaving substantial unexplained variabil-
ity likely related to unmeasured factors such as inflammatory biomarkers, autonomic function, or lifestyle variables. After
excluding mental health comorbidities, the explained variance dropped to 9.7%, despite similar classification accuracy
(75,3%), underscoring their substantial contribution to endothelial function and suggesting attenuation of associations in
populations without these conditions. Future studies should explore the potential mediating role of SWB in cardiovascular
health using larger, more diverse samples, longitudinal designs, objective biomarkers, and interventional trials targeting
both modifiable and non-modifiable risk factors.

Conclusion

This study reveals a significant association between higher levels of SWB—especially inner peace and a sense of pur-
pose—and more favorable endothelial function in clinically healthy adults. Findings suggest that psychosocial factors play
a meaningful role in modulating vascular health, potentially mitigating stress-related endothelial impairment. A holistic
approach integrating spiritual and physiological factors may enhance cardiovascular prevention strategies.

Acknowledgments

The authors would like to thank the research team of the Nucleo de Pesquisas em Espiritualidade (NESPE) at the Uni-
versity Hospital Gaffrée e Guinle (UNIRIO) for their valuable assistance in participant recruitment and data collection. We
are also grateful to the clinical staff who supported the cardiovascular assessments and to all study participants for their
generous collaboration.

Author contributions

Conceptualization: Andre Casarsa, Pedro Bastos de Medeiros, Julio Cesar Tolentino, Maria de Fatima Martins Gil Dias,
Sergio Luis Schmidt.

Data curation: Andre Casarsa, Pedro Bastos de Medeiros, Julio Cesar Tolentino, Isadora de Sa Guimaraes, Kelen
Carolina Silva Cruz, Leticia Silva Flor dos Santos, Matheus Nakazato Tinoco, Maria de Fatima Martins Gil Dias, Ana
Lucia Taboada Gjorup, Sergio Luis Schmidt.

Formal analysis: Andre Casarsa, Pedro Bastos de Medeiros, Julio Cesar Tolentino, Ana Lucia Taboada Gjorup, Sergio
Luis Schmidt.

Investigation: Andre Casarsa, Pedro Bastos de Medeiros, Julio Cesar Tolentino, Isadora de Sa Guimaraes, Kelen
Carolina Silva Cruz, Leticia Silva Flor dos Santos, Matheus Nakazato Tinoco, Maria de Fatima Martins Gil Dias, Ana
Lucia Taboada Gjorup, Sergio Luis Schmidt.

PLOS One | https://doi.org/10.137 1/journal.pone.0339676 December 26, 2025 10/12




PLO\Sﬁ\\.- One

Methodology: Andre Casarsa, Pedro Bastos de Medeiros, Julio Cesar Tolentino, Sergio Luis Schmidt.
Project administration: Andre Casarsa, Sergio Luis Schmidt.

Supervision: Andre Casarsa, Sergio Luis Schmidt.

Validation: Andre Casarsa, Pedro Bastos de Medeiros, Sergio Luis Schmidt.

Visualization: Pedro Bastos de Medeiros, Sergio Luis Schmidt.

Writing — original draft: Andre Casarsa, Pedro Bastos de Medeiros, Julio Cesar Tolentino, Ana Lucia Taboada Gjorup,
Sergio Luis Schmidt.

Writing — review & editing: Andre Casarsa, Pedro Bastos de Medeiros, Julio Cesar Tolentino, Sergio Luis Schmidt.

References

1. Vita JA, Keaney JF Jr. Endothelial function: a barometer for cardiovascular risk?. Circulation. 2002;106(6):640-2. https://doi.org/10.1161/01.
cir.0000028581.07992.56 PMID: 12163419

2. Drexler H, Hornig B. Endothelial dysfunction in human disease. J Mol Cell Cardiol. 1999;31(1):51-60. https://doi.org/10.1006/jmcc.1998.0843
PMID: 10072715

3. Tolentino JC, Gjorup ALT, Mello CR, de Assis SG, Marques AC, Filho A do C, et al. Spirituality as a protective factor for chronic and acute anxiety
in Brazilian healthcare workers during the COVID-19 outbreak. PLoS One. 2022;17(5):e0267556. https://doi.org/10.1371/journal.pone.0267556
PMID: 35503766

4. Aggarwal S, Wright J, Morgan A, Patton G, Reavley N. Religiosity and spirituality in the prevention and management of depression and anxiety
in young people: a systematic review and meta-analysis. BMC Psychiatry. 2023;23(1):729. https://doi.org/10.1186/s12888-023-05091-2 PMID:
37817143

5. McClain CS, Rosenfeld B, Breitbart W. Effect of spiritual well-being on end-of-life despair in terminally-ill cancer patients. Lancet.
2003;361(9369):1603—7. https://doi.org/10.1016/S0140-6736(03)13310-7 PMID: 12747880

6. de Brito Sena MA, Damiano RF, Lucchetti G, Peres MFP. Defining Spirituality in Healthcare: A Systematic Review and Conceptual Framework.
Front Psychol. 2021;12:756080. https://doi.org/10.3389/fpsyg.2021.756080 PMID: 34867654

7. Puchalski CM, Vitillo R, Hull SK, Reller N. Improving the spiritual dimension of whole person care: reaching national and international consensus. J
Palliat Med. 2014;17(6):642-56. https://doi.org/10.1089/jpm.2014.9427 PMID: 24842136

8. Peterman AH, Fitchett G, Brady MJ, Hernandez L, Cella D. Measuring spiritual well-being in people with cancer: the functional assess-
ment of chronic illness therapy--Spiritual Well-being Scale (FACIT-Sp). Ann Behav Med. 2002;24(1):49-58. https://doi.org/10.1207/
S15324796ABM2401_06 PMID: 12008794

9. Cotton S, Puchalski CM, Sherman SN, Mrus JM, Peterman AH, Feinberg J, et al. Spirituality and religion in patients with HIV/AIDS. J Gen Intern
Med. 2006;21 Suppl 5(Suppl 5):S5-13. https://doi.org/10.1111/].1525-1497.2006.00642.x PMID: 17083501

10. Lucchetti G, Lucchetti ALG, de Bernardin Gongalves JP, Vallada HP. Validation of the Portuguese version of the Functional Assessment of Chronic
lliness Therapy-Spiritual Well-Being scale (FACIT-Sp 12) among Brazilian psychiatric inpatients. J Relig Health. 2015;54(1):112—21. https://doi.
org/10.1007/s10943-013-9785-z PMID: 24154632

11. Monod S, Brennan M, Rochat E, Martin E, Rochat S, Biila CJ. Instruments measuring spirituality in clinical research: a systematic review. J Gen
Intern Med. 2011;26(11):1345-57. https://doi.org/10.1007/s11606-011-1769-7 PMID: 21725695

12. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med. 2001;16(9):606—13. https://doi.
org/10.1046/j.1525-1497.2001.016009606.x PMID: 11556941

13. Siu AL, US Preventive Services Task Force (USPSTF), Bibbins-Domingo K, Grossman DC, Baumann LC, Davidson KW, et al. Screening for
Depression in Adults: US Preventive Services Task Force Recommendation Statement. JAMA. 2016;315(4):380-7. https://doi.org/10.1001/
jama.2015.18392 PMID: 26813211

14. Spitzer RL, Kroenke K, Williams JBW, Léwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7. Arch Intern Med.
2006;166(10):1092—7. https://doi.org/10.1001/archinte.166.10.1092 PMID: 16717171

15. Moreno AL, DeSousa DA, Souza AMFLP, Manfro GG, Salum GA, Koller SH, et al. Factor Structure, Reliability, and Item Parameters of the
Brazilian-Portuguese Version of the GAD-7 Questionnaire. Temas Psicol. 2016;24(1):367-76. https://doi.org/10.9788/tp2016.1-25

16. Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D, Charbonneau F, Creager MA, et al. Guidelines for the ultrasound assessment of
endothelial-dependent flow-mediated vasodilation of the brachial artery: a report of the International Brachial Artery Reactivity Task Force. J Am
Coll Cardiol. 2002;39(2):257—65. https://doi.org/10.1016/s0735-1097(01)01746-6 PMID: 11788217

17. Yeboah J, Crouse JR, Hsu F-C, Burke GL, Herrington DM. Brachial flow-mediated dilation predicts incident cardiovascular events in older adults:
the Cardiovascular Health Study. Circulation. 2007;115(18):2390-7. https://doi.org/10.1161/CIRCULATIONAHA.106.678276 PMID: 17452608

PLOS One | https://doi.org/10.1371/journal.pone.0339676  December 26, 2025 11712



https://doi.org/10.1161/01.cir.0000028581.07992.56
https://doi.org/10.1161/01.cir.0000028581.07992.56
http://www.ncbi.nlm.nih.gov/pubmed/12163419
https://doi.org/10.1006/jmcc.1998.0843
http://www.ncbi.nlm.nih.gov/pubmed/10072715
https://doi.org/10.1371/journal.pone.0267556
http://www.ncbi.nlm.nih.gov/pubmed/35503766
https://doi.org/10.1186/s12888-023-05091-2
http://www.ncbi.nlm.nih.gov/pubmed/37817143
https://doi.org/10.1016/S0140-6736(03)13310-7
http://www.ncbi.nlm.nih.gov/pubmed/12747880
https://doi.org/10.3389/fpsyg.2021.756080
http://www.ncbi.nlm.nih.gov/pubmed/34867654
https://doi.org/10.1089/jpm.2014.9427
http://www.ncbi.nlm.nih.gov/pubmed/24842136
https://doi.org/10.1207/S15324796ABM2401_06
https://doi.org/10.1207/S15324796ABM2401_06
http://www.ncbi.nlm.nih.gov/pubmed/12008794
https://doi.org/10.1111/j.1525-1497.2006.00642.x
http://www.ncbi.nlm.nih.gov/pubmed/17083501
https://doi.org/10.1007/s10943-013-9785-z
https://doi.org/10.1007/s10943-013-9785-z
http://www.ncbi.nlm.nih.gov/pubmed/24154632
https://doi.org/10.1007/s11606-011-1769-7
http://www.ncbi.nlm.nih.gov/pubmed/21725695
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.1001/jama.2015.18392
https://doi.org/10.1001/jama.2015.18392
http://www.ncbi.nlm.nih.gov/pubmed/26813211
https://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.9788/tp2016.1-25
https://doi.org/10.1016/s0735-1097(01)01746-6
http://www.ncbi.nlm.nih.gov/pubmed/11788217
https://doi.org/10.1161/CIRCULATIONAHA.106.678276
http://www.ncbi.nlm.nih.gov/pubmed/17452608

PLO\Sﬁ\\.- One

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.

31.
32.

33.

34.

35.

Hamburg NM, Palmisano J, Larson MG, Sullivan LM, Lehman BT, Vasan RS, et al. Relation of brachial and digital measures of vascular function
in the community: the Framingham heart study. Hypertension. 2011;57(3):390-6. https://doi.org/10.1161/HYPERTENSIONAHA.110.160812 PMID:
21263120

Santos AC, Madi JM, Oliveira LG, Zandonade E, Costa SHN, Amorim MMR. Predictive value of flow-mediated dilation for preeclampsia: a cohort
study. Rev Bras Ginecol Obstet. 2012;34(3):111-6.

Brasil AV, Gomes MB, Fonseca FAH, Schaan BD, Dib SA, Bertolami MC. Prevalence of cardiovascular risk factors in people with diabetes in Brazil:
The Brazilian Cardiovascular Risk Study (ERCE). Arq Bras Cardiol. 2011;96(5):331-8.

Charakida M, Masi S, Lischer TF, Kastelein JJP, Deanfield JE. Assessment of atherosclerosis: the role of flow-mediated dilatation. Eur Heart J.
2010;31(23):2854—61. https://doi.org/10.1093/eurheartj/ehq340 PMID: 20864485

Ghiadoni L, Donald AE, Cropley M, Mullen MJ, Oakley G, Taylor M, et al. Mental stress induces transient endothelial dysfunction in humans. Circu-
lation. 2000;102(20):2473-8. https://doi.org/10.1161/01.cir.102.20.2473 PMID: 11076819

Cui L, Li S, Wang S, Wu X, Liu Y, Yu W, et al. Major depressive disorder: hypothesis, mechanism, prevention and treatment. Signal Transduct
Target Ther. 2024;9(1):30. https://doi.org/10.1038/s41392-024-01738-y PMID: 38331979

Rosmarin DH, Leidl B. Spirituality, religion, and anxiety disorders. Handbook of Spirituality, Religion, and Mental Health. Elsevier. 2020. 41-60.
https://doi.org/10.1016/b978-0-12-816766-3.00003-3

Koenig HG. Religion, spirituality, and health: a review and update. Adv Mind Body Med. 2015;29(3):19-26. PMID: 26026153

O’Riordan A, Costello AM, Hill TD. Religious and Spiritual Coping Mediates the Association between Trait Extraversion and Cardiovascular Reac-
tivity to Acute Psychological Stress. J Relig Health. 2025;64(6):4824—46. https://doi.org/10.1007/s10943-025-02392-6 PMID: 40665185

Engin A. Endothelial Dysfunction in Obesity. Adv Exp Med Biol. 2017;960:345-79. https://doi.org/10.1007/978-3-319-48382-5_15 PMID: 28585207
Herren O, Denkinger M, Rapp K, Jung C, Klenk J. Association between spiritual well-being and inflammatory biomarkers in older adults: results
from the EPIDOS cohort. Psychoneuroendocrinology. 2019;100:198-205.

Vagnini R, Lopes GS, Costa C. Spirituality and inflammatory markers in hypertensive individuals: data from the FEEL study. Braz J Psychiatry.
2024;46(2):151-9.

Zare H, Meyerson NS, Delgado P, Crifasi C, Spencer M, Gaskin D, et al. How place and race drive the numbers of fatal police shootings in the US:
2015-2020. Prev Med. 2022;161:107132. https://doi.org/10.1016/j.ypmed.2022.107132 PMID: 35787843

Vos J. The impact of meaning-centered therapy on spiritual well-being and quality of life: a meta-analysis. Palliat Support Care. 2021;19(2):201-13.

Esperandio MRG. Spirituality and Health in Brazil: A Survey Snapshot of Research Groups. Religions. 2020;12(1):27. https://doi.org/10.3390/
rel12010027

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, et al. 2019 ACC/AHA Guideline on the Primary Prevention of Cardio-
vascular Disease: a report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll
Cardiol. 2019;74(10):e177—e232. https://doi.org/10.1016/j.jacc.2019.03.010

Whitehead 10, Jagger C, Hanratty B. Discussing spiritual health in primary care and the HOPE tool-A mixed methods survey of GP views. PLoS
One. 2022;17(11):e0276281. https://doi.org/10.1371/journal.pone.0276281 PMID: 36346826

Best M, Butow P, Olver I. Doctors discussing religion and spirituality: A systematic literature review. Palliat Med. 2016;30(4):327-37. https://doi.
org/10.1177/0269216315600912 PMID: 26269325

PLOS One | https://doi.org/10.1371/journal.pone.0339676 December 26, 2025 12712



https://doi.org/10.1161/HYPERTENSIONAHA.110.160812
http://www.ncbi.nlm.nih.gov/pubmed/21263120
https://doi.org/10.1093/eurheartj/ehq340
http://www.ncbi.nlm.nih.gov/pubmed/20864485
https://doi.org/10.1161/01.cir.102.20.2473
http://www.ncbi.nlm.nih.gov/pubmed/11076819
https://doi.org/10.1038/s41392-024-01738-y
http://www.ncbi.nlm.nih.gov/pubmed/38331979
https://doi.org/10.1016/b978-0-12-816766-3.00003-3
http://www.ncbi.nlm.nih.gov/pubmed/26026153
https://doi.org/10.1007/s10943-025-02392-6
http://www.ncbi.nlm.nih.gov/pubmed/40665185
https://doi.org/10.1007/978-3-319-48382-5_15
http://www.ncbi.nlm.nih.gov/pubmed/28585207
https://doi.org/10.1016/j.ypmed.2022.107132
http://www.ncbi.nlm.nih.gov/pubmed/35787843
https://doi.org/10.3390/rel12010027
https://doi.org/10.3390/rel12010027
https://doi.org/10.1016/j.jacc.2019.03.010
https://doi.org/10.1371/journal.pone.0276281
http://www.ncbi.nlm.nih.gov/pubmed/36346826
https://doi.org/10.1177/0269216315600912
https://doi.org/10.1177/0269216315600912
http://www.ncbi.nlm.nih.gov/pubmed/26269325

