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Objective: Our study focuses on the role of psychological states in the development of cardiovascular disease (CVD) and explores the potential of positive psychological factors in reducing CVD risk. While existing research has predominantly examined negative mental states and risk behavior, this longitudinal study takes a novel approach by investigating positive psychological wellbeing and its impact on sustained health behavior.

Method: The research involved participants (n = 502) with medium to high cardiovascular risk who underwent a comprehensive risk assessment in 2012, followed by written risk communication. Health behavior and psychological variables were measured in 2012 and 2019. A cross-lagged panel was employed to repeat measures of a cardiovascular health index with latent factors.

Results: Results indicated an excellent fit for the model (RMSEA = 0.0644, CFI = 0.936, TLI = 0.921, SRMR = 0.050), with significant associations between the observed variables (p < 0.05) and created latent factors. Furthermore, the model implied significant bivariate correlations (p < 0.05) between latent constructs of sustained health behavior and positive psychological states in 2012 and 2019. A significant regression relationship between Health Awareness Index 2012 and 2019, between Psychological wellbeing in 2012 and 2019 (B = 1.103 p = 0.038), latent factors could be identified (B = 1.103 p = 0.038) using cross-lagged panel model. Results highlighted the importance of cardiovascular health awareness, subjective risk perception, and self-directed efforts in facilitating health behavior change.

Conclusion: Relationships between psychological wellbeing and health awareness emphasize that positive experiences and reinforcement are crucial in sustaining optimal health behavior. Our findings offer a new perspective on cardiovascular risk screening and preventive interventions. Extending cardiovascular risk screening with psychological measures may broaden prevention opportunities by including psychological elements reinforcing positive psychological states. The findings suggest that an effective prevention program must consider stabilizing and maintaining positive psychological states to achieve lasting improvements in cardiovascular health.
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1 Introduction

Despite worldwide initiatives, including research, technological advancements, and economic contributions, the prevalence of cardiovascular diseases (CVD) continues to escalate. The European Society of Cardiology (ESC) 2019 Fact Sheet reveals that, in Europe, 6 million new cases were registered, and globally, 11 million, impacting a total of 49 million individuals and leading to 3.9 million fatalities. The medical treatment of these patients constitutes a considerable economic strain, and a substantial number of individuals succumb to this preventable chronic illness (1).

Despite significant progress in treatment options and prevention strategies, CVD remains a major global health challenge (2, 3). A potential explanation of this health burden is the complex nature of CVD. There are numerous risk factors for CVD, such as smoking, unhealthy diet, physical inactivity, and genetic predisposition.

The 2021 ESC CVD prevention guideline (4) lists classic influencing factors such as cholesterol levels, smoking, blood pressure, diabetes, and obesity, as well as psychosocial factors among the risk influencers. There is extensive literature on the direct impact of mental states and their indirect effects on health behavior. Affective and anxiety disorders [depression (5, 6), anxiety (6), and PTSD (Post Traumatic Stress Disorder)] (7) have been proven by numerous research groups to have a direct influence on CVD and to worsen outcomes. Rumination, negative emotions, and hostility exert their detrimental effects through health representations, self-efficacy, and other behavioral factors leading to maladaptive health behaviors (8–10). Havranek et al. (11), in their statement published in the journal Circulation, specifically emphasize the influential power of social factors and provide an integrative framework by expanding the WHO definition of Social Determinants of Health (SDOH) as “the circumstances in which people are born, grow, live, work, and age, and the systems put in place to deal with illness” (12) with psychological, behavioral, and biological mechanisms that trigger and perpetuate cardiovascular diseases.

Therapeutic and technological advances have prevented many deaths over the past 30 years. However, these patients continue to live with chronic conditions that place a significant burden on the healthcare system, the economy and their quality of life.

Long-term CVD cases can only be reduced through well-planned and optimized preventive measures. This requires a more precise understanding of the pathways of influencing factors and the incorporation of new research paradigms.

As explained above, literature reviews on the psychosocial determinants of CVD mainly focus on negative emotional states (primarily depression and anxiety), negative personality traits such as anger, hostility, and pessimism, and chronic and acute stressors, including work stress and social isolation. However, in recent years the importance of a positive psychological approach to CVD has been increasingly recognized.

In the late 80s, Martin Seligman and Mihaly Csikszentmihalyi introduced positive psychology as a new paradigm in the field, emphasizing the scientific study of positive human functioning (13), and later on, in 2008, Seligman extended the concept by proposing a multidimensional approach to positive health underscoring subjective, biological, and functional dimensions as predictors of overall wellbeing (14). Further research has been conducted to support the theory that positive psychological characteristics, including but not limited to happiness, optimism, gratitude, sense of purpose, life satisfaction, and mindfulness, are linked to a reduced risk of cardiovascular disease and mortality (15–18). In one of the largest and most comprehensive systematic reviews on this topic to date, researchers found that positive psychological wellbeing appears to reduce the risk of heart attacks, strokes, and other cardiovascular events (19). The statement of the American Heart Association (20) synthesized the knowledge on the effect of psychological factors and emotional states on CVD, highlighting that positive psychological traits, such as optimism, positive outlook, and having a purpose in life, significantly reduced the risk of a heart attack by respectively 38, 32, and 38%.

Research (21) indicates that practices like mindfulness, which involves staying present with openness and nonjudgment, learning calmness, and stress management skills, can effectively reduce CVD. Additionally, related mind-body techniques have been utilized to enhance psychological wellbeing. For a positive state of mind and subjective psychological wellbeing, one might experience the integrity of mind and body founded by health. A sense of satisfaction with health behavior facilitates engagement in such practices (22).

These findings support the idea that positive psychological states are crucial in facilitating long-term changes in health behavior (23). Positive psychology can be an effective approach to health promotion and prevention and treatment of CVD. Positive emotions can encourage the development and maintenance of healthy behaviors, contributing to the success of long-term, sustainable health promotion strategies (22, 24, 25).

As described above, negative mental states can influence unhealthy behaviors through cognitive processes. In contrast, positive psychological states and a higher level of overall subjective wellbeing contribute to health-promoting behaviors (26). Following this paradigm, our hypothesis that psychological wellbeing is also associated with the improvement and long-term sustainability of CVD preventive health behaviors, thus serving as a starting point for preventive interventions. Based on this approach, in our follow-up study, we aim to examine the contribution of psychological wellbeing to long-term health awareness in a Structural Equation Model (SEM).



2 Materials and methods

The current study was preceded by a comprehensive voluntary-based cardiovascular screening program for the adult population (26), beginning in 2012, called Budakalász Epidemiological Study (BES), consisting of (1) a health questionnaire (developed by the Hungarian Center of Social Sciences (HCSS) for the European Health Interview Survey (EHIS), (2) non-invasive tests (anthropometric measurements, echocardiography, carotid artery ultrasound, blood pressure measurement, ankle-brachial index measurement), as well as (3) venous blood sampling and laboratory examinations. By January 2014, 2,389 individuals had undergone physical examinations and cardiovascular risk assessments using the Framingham risk scale (27). Following the initial Budakalász baseline study between 2012 and 2014, repeated administration of selected items of the baseline questionnaire mentioned above (EHIS) and further psychological data collection was conducted in 2019. The data has been gathered by a professional company specializing in psychological and sociological data collection. Their interviewers have attended internal training on this study, its requirements and methodology. All tests and measures administered are validated, standardized questionnaires in national and Hungarian samples. The research aim was to follow up with at least 500 individuals through random sampling. Thus, the current sample (n = 502) was selected from the 2012 cohort (n = 2,389). The inclusion criteria were set for medium and high cardiovascular risk based on the Framingham scoring method. Of the 1,394 individuals initially characterized as medium or high cardiovascular risk, 502 were contacted. The selection process is illustrated in Figure 1. Preliminary awareness was raised through the local Health Club and local newspaper, along with an educational presentation about the study and cardiovascular diseases, to increase the response rate. During data cleaning, the data collected in 2012–2014 and 2019 were matched based on personal data. Power analysis was completed to confirm the sample size (see below under 3.2).
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FIGURE 1
 Selection process.



2.1 Measures

A health awareness index (HAI) was developed in our previous research (28) and used as a measure of health behavior. The items for the index were selected from the questionnaire of the Hungarian Center of Social Sciences (HCSS), a measurement tool consisting of 128 items. The Hungarian Central Statistical Office used this questionnaire during the European Health Interview Survey (EHIS) (29). We have administered it during our two data collection processes (2012–2014- baseline; 2019- follow-up). Items used for HAI: (1) How would you generally describe your health? (very bad, bad, satisfying, good, and very good) (2) How much do you think you can do for your health? (nothing, not too much, much, and very much) (3) How many days have you engaged in intense physical activity in the past seven days? (4) How often do you consume vegetables and fruits? (less frequently than once a week, at least once a week, at least four times a week, daily, multiple times a day).

The Short Form (36) Health survey is a 36-item, patient-reported survey of patient health.

As part of the EHIS questionnaire, it was administered as a baseline (2012–2014 and as a follow-up in 2019). In 2019, four of the eight mental health/psychological wellbeing scale items were selected based on a preliminary scale analysis of the BES dataset to measure psychological wellbeing. Items were prompted as follows: “In the past 2-4 weeks, how often did you feel (1) calm and peaceful, (2) energetic, (3) happy, (4) tired?” Items were rated on a 5-point scale ranging from 1 = never to 5 = always, the “tired” with reversed scoring. In our sample, the internal reliability of the scale was adequate in terms of the expected correlation value between the items (Cronbach's alpha of 2012/2019: 0.624/0.782).



2.2 Statistical methods

We have used SEM, which encompasses a set of various methods. SEM includes building a model, an informative representation of an observable or theoretical phenomenon. In this model, different aspects of a phenomenon are theoretically constructed to be interconnected with a structure (30–36). SEM is comparable yet more potent than regression analyses; this method investigates linear causal connections between variables while also considering measurement error. SEM offers a fresh viewpoint for data analysis and the potential to enhance medical and health science research (37).

We also aimed to use power analysis to ensure sufficient sample size to create a stable model. Statistical power is a concept arising in the context of classical null hypothesis significance testing, where a null hypothesis (H0) is evaluated against an alternative hypothesis (H1). In any hypothesis test, two types of decision errors may occur: the alpha error of incorrectly rejecting a true null hypothesis (and thus wrongly accepting a false alternative hypothesis) and the beta error of incorrectly retaining a false null hypothesis (and thus incorrectly rejecting a true alternative hypothesis). Statistical power complements the beta error and gives the probability of rejecting a null hypothesis if this hypothesis is factually wrong (and thus to accept a true alternative hypothesis) (38).

The statistical analyses were performed using JAMOVI 2.4.11 (39) statistical software and semPower (38). For an integrated analysis of health behavior, we created a Health Awareness Index and applied discrete-time structural equation modeling, with a particular emphasis on cross-lagged relationships. Based on our previous results (40), we aimed to investigate the changes in factors constituting health awareness and their relationship with psychological characteristics, as well as a more thorough analysis of the cardiovascular risk assessment and the health awareness factor. This method allows for the inclusion of various causes and outcomes, lowers the risk of Type I error compared to one- or two-variable testing, allows for the possibility of refining relationships between variables, reduces the impact of measurement error, and allows for advanced handling of missing data (41), thereby enabling a more integrated and extended approach to long-term health behavior and mental wellbeing.

The internal consistency of psychological tests for this population was checked with a reliability test, and the value was reported in Cronbach's Alpha.

We based our study on the Health Awareness Index (HAI) we developed in our previous research to investigate changes in health consciousness. Considering all this, we defined and examined a latent health consciousness variable and a psychological wellbeing variable characterized by manifest variables at two points, 2012 and 2019.

Description of the latent variables

1. The latent psychological wellbeing variable was determined by selecting four items from the SF-36 wellbeing questionnaire. In the past 4 weeks, how often did you feel (1) calm and peaceful (2) energetic (3) happy and (4) tired?

2. Components of latent HAI variables (2012, 2019): (1) How would you generally describe your health? (subj health) (2) How much do you think you can do for your health? (health action) (3) In the past 7 days, how many days did you engage in intense physical activity? (activity) (4) How often do you consume vegetables and fruits? (veg&fruits)

A p-value of < 0.05 was considered statistically significant in the conducted tests.




3 Results


3.1 Power analysis

An a priori power analysis was conducted to determine the minimum sample size required to test the model. Results indicated the size of the sample needed to achieve 97% power for detecting the effect size RMSEA = 0.044, at a significance criterion of α = 0.05, df = 94 with 16 manifest variables. We got 333 as the required sample size. The sample size used for the SEM model (N = 502) is adequate for testing the research model. Based on the elimination of the second-order error, there are no further significant correlations beyond the found significant correlations.



3.2 Descriptive

From the initial Budakalász database, 1,394 people were selected in the sample, which includes 892 unfollowed cases and 502 followed cases. We found no significant differences in socio-demographics, health behaviors and indicators when comparing them (see Supplementary Table). Marital status was an exception according to X2 test (X2 = 12.6;4; (N = 1392), = 12.6 p < 0.05), a significant difference with a low degree of effect size (Cramer's V = 0.0953) can be evidenced between the two groups, meaning that in the followed subsample there were relatively less married (between those who live together or married and those who live separately or divorced than in the not followed subsample (Table of Comparison of followed and not followed subsamples' characteristics of Budakalász baseline study can be seen as Supplementary material). For the SEM model, the sample consisted of 502 followed people with medium and high cardiovascular risk. The risk was assessed using the Framingham assessment tool. Two hundred and seventeen people (43%) have a medium, and 285 people (57%) have a high cardiovascular risk. Based on the gender distribution, 225 men (45%) and 277 (55%) women between the ages of 45 and 98 were included in the study. The average age was 71 ± 8.57 years. The majority of the population was single (n = 277; 55.17%) and had primary (n = 178; 35.45%) and secondary (n = 174; 34.66%) education.

As the first step of the Structural Equation Model, we defined the individual latent variables and then determined the relationships between these variables (please see the description in the Section 2.2: Description of the latent variables).

Characteristics of the latent health awareness factor and SF-36 of 2012 and 2019 are contained in Supplementary Table 1.



3.3 Model settings

Because the variables did not adhere to a normal distribution, the testing was conducted using robust methods. Robust method is a statistic that retain their properties even when the underlying distributional assumptions are incorrect. We posited a linear regression connecting Health Awareness in 2019, Health Awareness in 2012, and Psychological wellbeing in 2012. Similarly, we conjectured a relationship involving Psychological wellbeing in 2019, Health Awareness in 2012, and Psychological wellbeing in 2012. Furthermore, we determined a covariance relationship between the Health Awareness in 2012 and Psychological wellbeing in 2012 latent variables and between the Health Awareness in 2019 and Psychological wellbeing in 2019 latent variables. The model is depicted in Figure 2.
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FIGURE 2
 SEM model.




3.4 Model evaluation
 
3.4.1 Goodness-of-fit index

The Fit of the model was evaluated with the following indices and indicators (the limit values of the good indicators are given in parentheses). Comparative Fit Index (CFI >0.90), Tucker-Lewis index (TLI >0.90), Root Mean Square Error of Approximation (RMSEA>0.10), Standardized Root Mean Squared Residual (SRMR >0.08), Goodness of fit (GFI >0.90) (42). The Chi-square test (χ2 (984) = 286 p < 0.05) indicates a significant difference, but this value is disregarded for the estimation of model fit, as it is difficult to achieve a good fit in a large sample using χ2 (43). Based on the fit indicators, the model has an adequate fit: CFI = 0.936, TLI = 0.921, RMSEA = 0.064, SRMR = 0.050, GFI = 0.985.




3.5 The main results of the measurement model and structural model
 
3.5.1 Measurement model

Supplementary Table 3 presents the main results of the measurement model. Estimates, standardized estimates, Beta Coefficients, and p-values for the measurement model are reported with regard the observed variables. According to the significance levels, all the observed variables have a significant role in the given latent variable. Beta Coefficients point out how strong the effect of the given variable is. Standardized Beta or Beta refers to the coefficients representing the relationships between model variables. These coefficients are crucial in SEM as they indicate the strength and direction of the effects of observed variables on latent variables in the model. All observed variables explained a significant proportion of variance in the given latent variable and standardized coefficients (i.e., betas) with absolute values less than .10 may indicate a “small” effect, values around .30, a “medium” effect, values >0.50, a “large” effect.

Bivariate correlations (standardized covariance estimates) of the latent variables are reported in Supplementary Table 4. We found highly significant (p < 0.001) positive associations between all latent constructs, ranging from 0.47 to 0.84, indicating their multiple interconnectedness.



3.5.2 Path model

We tested the predictive associations between the psychological and health awareness constructs from 2012 to 2019 in a cross-lagged panel model. Path coefficient estimates, standardized estimates, and p-values in the final path model are reported in Supplementary Table 5. Based on the significance values, it can be concluded that the latent factor Health Awareness Index in 2012 directly predicts the Health Awareness Index in 2019 (beta = 1.10, p = 0.038), and the Psychological Measure 2012 directly predicts the Psychological Measure 2019 (beta = 0.36, p = 0.037) (Supplementary Table 4). The cross-lagged predictions did not reach significance. The model is depicted in Figure 3.
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FIGURE 3
 Path model—path coefficient estimates.






4 Discussion

The results partially support our hypothesis on the relationship between wellbeing and sustained health behavior. Although we did not find a significant regression relationship between all the hypothesized latent factors, the Health Awareness Index in 2012 does influence the Health Awareness Index in 2019, and psychological wellbeing in 2012 does influence psychological wellbeing in 2019. In addition, the goodness of our theoretical model was adequate, and there are medium to strong positive bivariate associations between the latent factors. It suggests that a well-founded cardiovascular health awareness and an increase in the level of subjective risk are the starting points in health behavior change. This awareness and self-direction, along with increased internal control, can enhance psychological wellbeing, which jointly supports the maintenance of healthy attitudes and behavior. Several researchers have explored Seligman's positive health concept (14) in depth. We aimed to contribute to this initiative by studying health behavior from a positive psychological perspective. While most studies in this field have used cross-sectional methods, only a few have employed SEM methodology, and even fewer have conducted longitudinal studies with repeated measurements. We aimed to utilize every possible approach to better understand the problem and provide further evidence to support this concept. In our SEM model, we could not identify the cross-lagged predictive properties of previous levels of wellbeing and health behavior on later levels of the other characteristics, as did Boehm's review (44), which comprehensively presents numerous studies on this topic. Some of them prove that consumption of vegetables and fruits and physical activity are associated with wellbeing, and lower levels of positive states with risk behaviors. These results demonstrate that in the case of a preventive intervention, it is essential to consider the psychological status of the individual/patient. Without reinforcing, improving, and maintaining positive psychological factors, we cannot expect the development of long-term sustained adaptive health behaviors, which are of primary importance from a CVD perspective. We must highlight the main difference between these studies and our investigation. While we employed SEM in a cross-lagged model and longitudinal setting, the studies in Boehm's review proceed with the cross-sectional method.

As discussed before, most evidence is based on cross-sectional methodology, and the underlying research shows a considerable variety of methods, but two of them (45, 46) regarding physical activity that use longitudinal setting support our theory and results. Lee's (47) publication investigates physical activity, self-rated health, and psychological resilience in a repeated measure SEM model with two follow-up points. Her findings show that physical activity and resilience were associated positively with self-rated health over time, but no significance was found between physical activity and resilience.

Our SEM model has an adequate fit supporting the concept of positive health by presenting wellbeing and health awareness as being separate and still interrelated constructs at the same time. This result follows the study of Stenlund et al. (41). In their research, they applied the same methodology (working with latent variables, using longitudinal SEM) as our team, emphasizing the mutual relationship between wellbeing and health behavior, confirming our expectations about the predictive power of health behavior on later wellbeing, despite us not finding a significant relationship in our model. An additional difference is that in our research, in contrast to theirs, health awareness (HAI) is a more complex construct because, beyond health behavior, it encompasses attitudes toward health, which measure readiness to act, thereby enabling a more dynamic and proactive assessment.

The present study aimed to investigate the impact of positive psychology on sustained health behavior in the context of cardiovascular disease (CVD) prevention. Using a structural equation modeling (SEM) approach, we comprehensively analyzed repeated measures within an extended framework to understand these variables' interplay. Our research findings align with the recommendations outlined in the American Heart Association's (AHA) Statement on Psychological Health, Wellbeing, and the Mind-Heart-Body Connection (2021). Therefore, we intend to expand our study to investigate the constructs of positive psychology and their relationship with CVD more extensively. Our research group believes this will contribute to the global and European CVD prevention objectives. We hope this research will offer fresh insights into CVD prevention and inspire future research in this field.

Applicability of our results:

Our results show that we have created a well-functioning model (see model indicators) in which the observed variables build up the subjective positive psychological states and sustained health behavior latent variables; however the assumed bi-directional effects still need to be fulfilled. In cardiovascular risk prevention, the golden standard interventions focus on changing health behavior (reducing the risk behavior and increasing the preventive behaviors) in the long term. Although our results indicates that it can only be feasible while maintaining sufficient psychological states simultaneously. Thus, our result offers a new perspective on cardiovascular risk screening with psychological measures might widen the preventional possibilities by including psychological elements reinforcing positive psychological states.


4.1 Limitations

Researchers aiming to comprehend the links between positive psychology and beneficial health outcomes should investigate various influencing factors (48). In our research, a limited number of factors were available for examination in a positive framework. Consequently, despite emphasizing that our model shows a good fit, we could not demonstrate a direct effect between the latent variables and the currently involved variables. In addition, most of the variables constituting health awareness are qualitative variables, and with scale variables, much more varied results can generally be obtained. Another limitation is that we have preliminarily focused on people with medium to high CVD risk. We did not include individuals with low risk in the study. All of this determines the linear regression relationships.

In future research, it will be necessary to include a variety of positive psychological variables and individuals with low CVD risk, as well as more quantitative variables regarding health consciousness.




5 Conclusion

Understanding the development of cardiovascular diseases (CVD) requires a holistic approach to designing complex preventive interventions. Psychological factors can impact the heart and cause somatic changes. Previous studies have identified several factors that increase CVD risks, such as depression, anxiety, and other mental issues. However, adopting a positive psychological approach can offer new perspectives on how to prevent CVD. This paradigm shift may require the application of more complex methodologies to reflect a holistic perspective. Our research aimed to introduce new methods for understanding the pathways of sustained health behavior change. While it did not confirm that previous psychological wellbeing and health awareness may contribute to long-term changes in wellbeing and health behavior, it did provide support for the assumption of a bidirectional association between these characteristics at the cross-sectional level. According to previous findings, the positive experience and reinforcement of efforts to improve health are crucial for maintaining optimal health behavior. Without stabilizing and maintaining such psychological states, it is impossible to design a valid prevention program to prevent CVD. Further research should be conducted to gain a more comprehensive understanding of the subject matter.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Medical Research Council, Scientific and Ethics Committee (8424-012011-EKU (265/PI/11) and 53056-2/2018/EKU). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

ZO: Conceptualization, Investigation, Methodology, Writing – original draft, Writing – review & editing, Project administration, Supervision, Validation. BE: Investigation, Writing – original draft, Writing – review & editing. BB: Formal analysis, Software, Visualization, Writing – original draft, Writing – review & editing. AA: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. JO: Investigation, Writing – original draft, Writing – review & editing. TM: Conceptualization, Formal analysis, Methodology, Software, Writing – original draft, Writing – review & editing. OP-Z: Validation, Writing – original draft, Writing – review & editing. FH: Validation, Writing – original draft, Writing – review & editing. BM: Funding acquisition, Writing – original draft, Writing – review & editing. MC: Writing – original draft, Writing – review & editing. ZB: Conceptualization, Data curation, Methodology, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Project no. RRF-2.3.1-21-2022-00003 has been implemented with the support provided by the European Union.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1400849/full#supplementary-material



References

 1. Timmis A, Townsend N, Gale CP, Torbica A, Lettino M, Petersen SE, et al. European Society of Cardiology: Cardiovascular disease statistics 2019. Eur Heart J. (2020) 41:12–85.

 2. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global Burden of cardiovascular diseases and risk factors, 1990-2019: update from the GBD 2019 study. J Am Coll Cardiol. (2020) 76:2982–3021.

 3. ESC atlas of cardiology. Escardio.org. Available at: https://eatlas.escardio.org/Atlas/ESC-Atlas-of-Cardiology (accessed January 10, 2024).

 4. Visseren FL, Mach F, Smulders YM, Carballo D, Koskinas KC, Bck M, et al. ESC Guidelines on cardiovascular disease prevention in clinical practice: developed by the task force for cardiovascular disease prevention in clinical practice with representatives of the European Society of Cardiology and 12 medical societies With the special contribution of the European Association of Preventive Cardiology (EAPC). Eur J Prev Cardiol. (2022) 29:5–115.

 5. Rugulies R. Depression as a predictor for coronary heart disease: a review and meta-analysis. Am J Prev Med. (2002) 23:51–61. doi: 10.1016/S0749-3797(02)00439-7

 6. Cohen BE, Edmondson D, Kronish IM. State of the art review: depression, stress, anxiety, and cardiovascular disease. Am J Hypertens. (2015) 28:1295–302. doi: 10.1093/ajh/hpv047

 7. Turner JH, Neylan TC, Schiller NB Li Y, Cohen BE. Objective evidence of myocardial ischemia in patients with posttraumatic stress disorder. Biol Psychiatry. (2013) 74:861–6. doi: 10.1016/j.biopsych.2013.07.012

 8. Kubzansky LD, Cole SR, Kawachi I, Vokonas P, Sparrow D. Shared and unique contributions of anger, anxiety, and depression to coronary heart disease: a prospective study in the normative aging study. Ann Behav Med. (2006) 31:21–9. doi: 10.1207/s15324796abm3101_5

 9. Suls J, Bunde J. Anger, anxiety, and depression as risk factors for cardiovascular disease: the problems and implications of overlapping affective dispositions. Psychol Bull. (2005) 131:260. doi: 10.1037/0033-2909.131.2.260

 10. Pnklinen M, Kerola T, Kampman O, Kauppi M, Hintikka J. Pessimism and risk of death from coronary heart disease among middle-aged and older Finns: an eleven-year follow-up study. BMC Public Health. (2016) 16:1124. doi: 10.1186/s12889-016-3764-8

 11. Havranek EP, Mujahid MS, Barr DA, Blair IV, Cohen MS, Cruz-Flores S, et al. Social determinants of risk and outcomes for cardiovascular disease: a scientific statement from the American heart association: a scientific statement from the American heart association. Circulation. (2015) 132:873–98. doi: 10.1161/CIR.0000000000000228

 12. Marmot M Friel S Bell R Houweling TAJ Taylor S Commission Commission on social determinants of health. Closing the gap in a generation: health equity through action on the social determinants of health. Lancet. (2008) 372:1661–9. doi: 10.1016/S0140-6736(08)61690-6

 13. Seligman MEP, Csikszentmihalyi M. Positive psychology: an introduction. Am Psychol. (2000) 55:5–14. doi: 10.1037//0003-066X.55.1.5

 14. Seligman ME. Positive health. Appl Psychol. (2008) 57:3–18. doi: 10.1111/j.1464-0597.2008.00351.x

 15. Rozanski A, Bavishi C, Kubzansky LD, Cohen R. Association of optimism with cardiovascular events and all-cause mortality: a systematic review and meta-analysis. JAMA Netw Open. (2019) 2:e1912200. doi: 10.1001/jamanetworkopen.2019.12200

 16. Cohen R, Bavishi C, Rozanski A. Purpose in life and its relationship to all-cause mortality and cardiovascular events: a meta-analysis. Psychosom Med. (2016) 78:122–33. doi: 10.1097/PSY.0000000000000274

 17. Kim ES, Kubzansky LD, Smith J. Life satisfaction and use of preventive health care services. Health Psychol. (2015) 34:779–82. doi: 10.1037/hea0000174

 18. Levine GN, Lange RA, Bairey-Merz CN, Davidson RJ, Jamerson K, Mehta PK, et al. American Heart Association council on clinical cardiology; council on cardiovascular and stroke nursing; and council on hypertension. Meditation and cardiovascular risk reduction: a scientific statement from the American Heart Association. J Am Heart Assoc. (2017) 6:e002218. doi: 10.1161/JAHA.117.002218

 19. Boehm JK. Positive psychological wellbeing and cardiovascular disease: Exploring mechanistic and developmental pathways. Soc Personal Psychol Compass. (2021) 15:e12599. doi: 10.1111/spc3.12599

 20. Levine GN, Cohen BE, Commodore-Mensah Y, Fleury J, Huffman JC, Khalid U. Council on Cardiovascular and Stroke Nursing; and Council on Lifestyle and Cardiometabolic Health. Psychological health, wellbeing, and the mind-heart-body connection: a scientific statement from the American Heart Association Council on Clinical Cardiology; Council on Arteriosclerosis, Thrombosis and Vascular Biology. Circulation. (2021) 10:e763–83. doi: 10.1161/CIR.0000000000000947

 21. Kubzansky LD, Huffman JC, Boehm JK, Hernandez R, Kim ES, Koga HK, et al. Positive psychological wellbeing and cardiovascular disease: JACC health promotion series. J Am Coll Cardiol. (2018) 72:1382–96. doi: 10.1016/j.jacc.2018.07.042

 22. Ruffault A, Czernichow S, Hagger MS, Ferrand M, Erichot N, Carette C, et al. The effects of mindfulness training on weight-loss and health-related behaviors in adults with overweight and obesity: a systematic review and meta-analysis. Obes Res Clin Pract. (2017) 11:90–111. doi: 10.1016/j.orcp.2016.09.002

 23. Tnis KJM, Kraiss JT, Linssen GCM, Bohlmeijer ET. The effects of positive psychology interventions on wellbeing and distress in patients with cardiovascular diseases: a systematic review and meta-analysis. J Psychosom Res. (2023) 170:111328. doi: 10.1016/j.jpsychores.2023.111328

 24. Feig EH, Madva EN, Millstein RA, Zambrano J, Amonoo HL, Longley RM, et al. Can positive psychological interventions improve health behaviors? A systematic review of the literature. Prev Med. (2022) 163:107214. doi: 10.1016/j.ypmed.2022.107214

 25. Grant N, Wardle J, Steptoe A. The relationship between life satisfaction and health behavior: a cross-cultural analysis of young adults. Int J Behav Med. (2009) 16:259–68. doi: 10.1007/s12529-009-9032-x

 26. Bagyura Z, Kiss L, Edes E, Lux A, Polgár L, Soós P, et al. Cardiovascularis szüröprogram a közép-magyarországi régióban. Budakalász Vizsgálat [Cardiovascular screening programme in the Central Hungarian region. The Budakalász Study]. Orv Hetil. (2014) 155:1344–52. doi: 10.1556/OH.2014.29969

 27. Dawber TR, Meadors GF, Moore FE. Epidemiological approaches to heart disease: the framingham study. Am J Public Health Nations Health. (1951) 41:279–81. doi: 10.2105/AJPH.41.3.279

 28. Ocsovszky Z, Rafael B, Martos T, Csabai M, Bagyura Z, Sallay V, et al. A társas támogatás és az egészséges életmód összefüggései = Correlation of social support and healthy lifestyle. Orv Hetil. (2020) 161:129–38. doi: 10.1556/650.2020.31625

 29. Ksh.hu. (2010). Available at: https://www.ksh.hu/docs/eng/xftp/stattukor/eelef09.pdf (accessed January 10, 2024).

 30. Ullman JB, Bentler PM. Structural equation modeling. Handb Psychol. (2012) 2:2020. doi: 10.1002/9781118133880.hop202023

 31. Kline RB. Structural Equation Modeling. New York: Guilford (1998).

 32. Münnich Á, Hidegkuti I. Strukturális egyenletek modelljei: oksági viszonyok és komplex elm életek vizsgálata pszichológiai kutatásokban. Alkalmazott Pszichol. (2012) 12:77–102.

 33. MacCallum RC, Austin JT. Applications of structural equation modeling in psychological research. Annu Rev Psychol. (2000) 51:201–26. doi: 10.1146/annurev.psych.51.1.201

 34. Klem L. Structural equation modeling. In:Grimm LG, Yarnold PR., , editors Reading and understanding MORE multivariate statistics. New York: American Psychological Association (2000), p. 227–260.

 35. Kuiper RM, Ryan O. Drawing conclusions from cross-lagged relationships: re-considering the role of the time-interval. Struct Equ Modeling. (2018) 25:809–23. doi: 10.1080/10705511.2018.1431046

 36. Berry D, Willoughby MT. On the practical interpretability of cross-lagged panel models: rethinking a developmental workhorse. Child Dev. (2017) 88:1186–206. doi: 10.1111/cdev.12660

 37. Beran TN, Violato C. Structural equation modeling in medical research: a primer. BMC Res Notes. (2010) 3:1–10. doi: 10.1186/1756-0500-3-267

 38. Moshagen M, Bader M. semPower: general power analysis for structural equation models. Behav Res Methods. (2023) 56:2901–22. doi: 10.3758/s13428-023-02254-7

 39. Ahin M, Aybek E. Jamovi: an easy to use statistical software for the social scientists. Int J Assess Tools Educ. (2019) 6:670–92. doi: 10.21449/ijate.661803

 40. Ocsovszky Z, Martos T, Otohal J, Berényi B, Merkely B, Csabai M, et al. A cardiovascularis rizikóbecslés és az egészségmagatartás kapcsolata pszichoszociális tényez'́ok t"ukrében: a Budakalász Epidemiológiai Vizsgálat utánkövetése. Orv Hetil. (2023) 164:119–31. doi: 10.1556/650.2023.32685

 41. Stenlund S, Junttila N, Koivumaa-Honkanen H, Sillanmäki L, Stenlund D, Suominen S, et al. Longitudinal stability and interrelations between health behavior and subjective wellbeing in a follow-up of nine years. PLoS ONE. (2021) 16:e0259280. doi: 10.1371/journal.pone.0259280

 42. Hu L-T, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria versus new alternatives. Struct Equ Model. (1999) 6:1–55. doi: 10.1080/10705519909540118

 43. Bentler PM, Bonett DG. Significance tests and goodness of fit in the analysis of covariance structures. Psychol Bull. (1980) 88:588–606. doi: 10.1037//0033-2909.88.3.588

 44. Boehm JK, Vie LL, Kubzansky LD. The promise of wellbeing interventions for improving health risk behaviors. Curr Cardiovasc Risk Rep. (2012) 6:511–9. doi: 10.1007/s12170-012-0273-x

 45. Baruth M, Lee DC, Sui X, Church TS, Marcus BH, Wilcox S, et al. Emotional outlook on life predicts increases in physical activity among initially inactive men. Health Educ Behav. (2011) 38:150–8. doi: 10.1177/1090198110376352

 46. Carvajal SC. Global positive expectancies in adolescence and health-related behaviors: longitudinal models of latent growth and cross-lagged effects. Psychol Heal. (2012) 27:916–37. doi: 10.1080/08870446.2011.633241

 47. Lee S. Cross-lagged associations between physical activity, self-rated health, and psychological resilience among older American adults: a 3-wave study. J Phys Act Health. (2023) 20:625–32. doi: 10.1123/jpah.2022-0455

 48. Aspinwall LG, Tedeschi RG. The value of positive psychology for health psychology: progress and pitfalls in examining the relation of positive phenomena to health. Ann Behav Med. (2010) 39:4–15. doi: 10.1007/s12160-009-9153-0

Copyright
 © 2024 Ocsovszky, Ehrenberger, Berenyi, Assabiny, Otohal, Martos, Papp-Zipernovszky, Hegedus, Merkely, Csabai and Bagyura. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-12-1400849-g003.gif
SEM MODEL - HYPOTHETICAL MODEL

N o
= oz ) uanons

(=] £
= oz - -






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Positive cardiovascular health: longitudinal investigation of sustained health behavior in a cross-lagged model



		1 Introduction



		2 Materials and methods



		2.1 Measures



		2.2 Statistical methods







		3 Results



		3.1 Power analysis



		3.2 Descriptive



		3.3 Model settings



		3.4 Model evaluation



		3.4.1 Goodness-of-fit index









		3.5 The main results of the measurement model and structural model



		3.5.1 Measurement model



		3.5.2 Path model













		4 Discussion



		4.1 Limitations







		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Positive cardiovascular health:
longitudinal investigation of
sustained health behavior in a
cross-lagged model





OPS/images/fpubh-12-1400849-g001.gif
ot
e
R
S
L al A4
o st m
o [P, o 2
o v s ,
[ o
e ;
oo nrcor g
warr s 8
o Ardsa.
Bty '






OPS/images/fpubh-12-1400849-g002.gif
SN FATH BROKEEL WATH BEDLVAIKRES:

T v e o

e e o e
e s o o
s e S
e o o e 3 o S

gk{?”l‘ﬂ












OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







