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Introduction: Self-rated health (SRH) predicts morbidity and mortality;
however, its long-term trajectories and associations with psychological well-
being (PWB), health behaviors, and cardiovascular risk remain understudied
in Central and Eastern Europe.

Aim: To describe 10-year changes in cardiovascular risk, health behaviors,
PWB, and SRH, and to examine how SRH relates to PWB, health behav-
iors, and cardiovascular risk in a non-clinical Hungarian adult sample.
Methods: Adults from Budakaldsz who participated in a cardiovascular
screening in 2012 were invited to follow up in 2023. The analysis included
170 participants aged 45-65 years without major cardiovascular events. SRH
was assessed with a single global item. Anthropometric and laboratory meas-
ures, FINDRISK and Framingham risk scores, health behaviors, and a four-
item PWB score derived from the Short Form (36) Health Survey (SF-36)were
included. Non-parametric tests, independent sample #-tests, and Spearman
correlations were applied.

Results: Over the 10-year period, SRH showed a modest overall decline,
with approximately one-quarter of participants reporting deteriorated SRH,
more than half remaining stable, and a minority improving. SRH trajecto-
ries were not consistently associated with changes in PWB, cardiovascular
risk, or health behaviors. Cross-sectionally, SRH was moderately correlated
with PWB but only weakly related to health behaviors. Anthropometric data
and cardiovascular risk scores increased, whereas fasting glucose, HbA1c%,
and fruit and vegetable consumption improved, and physical activity shifted
toward lower intensity.

Conclusions: SRH was closely aligned with PWB over 10 years but largely
decoupled from objective cardiovascular risk and health behaviors, support-
ing SRH as a psychologically grounded subjective health construct relevant
for cardiovascular prevention.

Keywords: psychological well-being, cardiovascular disease, self-rated health,
medical status, health behavior

ISSN 1788-7119 (online)

© 2026 The Authors. Published by Semmelweis University, Institute of Mental Health, Budapest.

ejmh.eu


https://orcid.org/0009-0006-2444-6527
https://orcid.org/0000-0002-7586-7368
https://orcid.org/0000-0003-1021-7572
https://orcid.org/0009-0008-1026-7901
https://orcid.org/0009-0007-3439-5089
https://orcid.org/0009-0007-5285-1914
https://orcid.org/0000-0001-8120-2322
https://orcid.org/0000-0002-3194-6208
https://orcid.org/0000-0003-3276-4753
http://ejmh.eu
https://doi.org/10.5708/EJMH.21.2026.0051
mailto:ehrenberger.blanka@phd.semmelweis.hu
https://doi.org/10.5708/EJMH.21.2026.0051

B. EHRENBERGER ET AL. Self-Rated Health and Cardiovascular Health Risks

Introduction

Cardiovascular disease (CVD) remains the leading cause of death worldwide despite substantial progress in preven-
tion and treatment. According to the European Society of Cardiology (ESC), mortality from CVD has fallen by
more than 50% in European countries over the past three decades, yet it continues to account for over 1.6 million
female and 1.5 million male deaths each year (Timmis et al., 2024). In Hungary, CVD is particularly burdensome,
representing 40% of all deaths in 2021 (OECD & European Observatory on Health Systems and Policies, 2023).

Increasing evidence indicates that the development and progression of cardiovascular disease are shaped by both
non-modifiable risk factors—such as age, sex, or genetics—and modifiable factors, including smoking, physical
inactivity, and, most notably for the present study, mental health status. Psychosocial factors such as chronic stress,
anxiety, depression, low social support, and low socioeconomic status are independent and potentially modifiable
risk factors contributing to CVD risk (Dennison et al., 2018; Yusuf et al., 2004; Yusuf et al., 2020). National and
international guidelines increasingly highlight the importance of these factors (Albus et al., 2019; Jancsé et al., 2022;
Lawton et al., 2021; McDonagh et al., 2021; Pogosova et al., 2015; Szabados et al., 2022; Visseren et al., 2021),
recognizing that preserving mental well-being is a key element in maintaining cardiovascular health.

Recent research suggests that psychological well-being (PWB) may be a long-term predictor of subjective health
perception (Benyamini et al., 2013), making it a critical starting point for health-conscious behavior. Individuals
with higher PWB are more likely to appraise their overall health positively, which can shape how they evaluate
disease risk and respond to early symptoms (Whyne et al., 2023). In this way, PWB may indirectly contribute to
preventing cardiovascular diseases by supporting individuals’ health-related attitudes and supporting the adoption
of positive health behaviors (e.g., healthy eating or physical activity; Boehm, 2021; World Health Organization,
2006). The examination of self-rated health (SRH) is particularly important. Although this area has been relatively
under-researched, it may play a crucial role in the development and maintenance of health-related behaviors
(Manderbacka et al., 1999). Attitudes toward one’s health, such as perceived disease risk or the importance attrib-
uted to health maintenance, can strongly influence behavioral decisions, including engagement in physical activity
or dietary habits (Kwak et al., 2022; Wu et al., 2013). Thus, PWB may contribute to cardiovascular protection both
by enhancing these subjective appraisals of health and by fostering the behaviors that follow.

Beyond these indirect effects, PWB may also exert direct benefits on physical health. A growing body of sci-
entific evidence supports the role of PWB as a protective factor in preventing cardiovascular diseases (Kubzansky
et al., 2018). For example, a large-scale longitudinal follow-up study found that optimistic women had a 38%
lower risk of mortality due to heart disease (Kim et al., 2011); however, optimism is not typically considered a
component of psychological well-being and was not measured in this study. Positive emotions can also buffer
the cardiovascular consequences of stress and negative mood, accelerating recovery from adverse emotional states
(Fredrickson & Levenson, 1998; Ostir et al., 2001). Different aspects of PWB, such as positive affect
(Fredrickson & Levenson, 1998; Ostir et al., 2001) and overall PWB (Keyes, 2005), have thus been linked to

improved cardiovascular outcomes.

The Budakaldsz Epidemiological Study: Health Behavior and Psychological Well-Being

Between 2012 and 2014, the Budakaldsz Epidemiological Survey (BES) was conducted to assess cardiovascular
health in the adult population of Budakaldsz, a suburban settlement near Budapest (Bagyura et al., 2014). At
the request of the local mayor, a comprehensive cardiovascular screening was carried out. In the 2019 seven-year
follow-up, Ocsovszky et al. (2023) examined changes in health behavior among participants at medium and high
cardiovascular risk using the same test battery as the present study. They employed a health behavior index devel-
oped by the research team that incorporated measures of health consciousness, avoidance of risky behaviors, and
adherence to medication. Health consciousness was assessed through indicators such as SRH, intensive physical
activity, and fruit and vegetable consumption. The results demonstrated a significant improvement in partici-
pants’ health consciousness, which was positively associated with health-adapted social support and PWB, while
negative associations were observed with perceived stress and hopelessness.

Aims of the Study

The objectives of the study were (1) to describe 10-year changes in cardiovascular risk indicators (anthropometric
measures, laboratory parameters, FINDRISK and Framingham score), SRH, and psychological well-being in a
community-based, non-clinical Hungarian sample; (2) to examine how health behaviors (smoking, alcohol con-
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sumption, physical activity, fruit and vegetable intake) changed over the same 10-year period; (3) to investigate
cross-sectional associations between PWB, SRH, and health behaviors, including whether changes in SRH over
time (deteriorated/sustained/improved) are linked to changes in medical status, health behavior, and PWB.

Methods

Participants and Study Design

Baseline

The present study is a follow-up component of a larger longitudinal project, the Budakaldsz Epidemiological
Survey (Ocsovszky et al., 2023), initiated in 2012, aiming to develop a primary prevention-oriented cardiovascu-
lar risk communication protocol. In 2012, a total of 2,430 residents of Budakaldsz, representing approximately 30%
of the local population (41.2% male, with a mean age of 54.8 years), were enrolled. All residents of Budakal4sz aged
20 years and above were invited to participate, without any additional eligibility restrictions.

Follow-Up

While cardiovascular risk assessment was a core objective of the 2023 follow-up, the current analysis focuses spe-
cifically on psychological well-being and self-rated health outcomes. In 2023, a 10-year cardiovascular follow-up
screening was conducted by recontacting the same participants who had participated in the 2012 study and were
recruited through their general practitioners.

Eligibility for the 2023 follow-up required prior participation in the 2012 baseline survey, age between 45
and 65 years at the time of follow-up, and the absence of major cardiovascular events within the preceding 10
years. The age range was selected because individuals aged 45—65 years represent the population at highest risk for
incident cardiovascular disease, while simultaneously allowing for control of age-related confounding in cardio-
vascular risk estimation. Participants with established cardiovascular disease were excluded, as they are considered
inherently high-risk and fall outside the scope of primary prevention, which constituted the central aim of the
overarching Budakaldsz project. Additional exclusion criteria included severe cardiovascular conditions, diabetes
with organ damage, selected chronic non-communicable diseases, and any medical condition deemed by the at-
tending physician to preclude active participation.

The substantial reduction in sample size is attributable to several factors. Natural attrition occurred, as a pro-
portion of participants did not attend the 10-year follow-up examination. Participant mortality or severe illness
further contributed to attrition; however, detailed information on these outcomes was unavailable, as participant
recall was conducted by general practitioners, and the research team did not have access to individual-level medi-
cal records.

All participants completed demographic, health, and psychological questionnaires and underwent laboratory
and anthropometric assessments (height, weight, waist, and hip circumference, Body Mass Index (BMI), total
cholesterol, fasting glucose, and HbA1c%). The risk of type 2 diabetes was estimated using the FINDRISK score,
and cardiovascular risk was assessed using the Framingham Risk Score (Dawber et al., 1951).

Participants received detailed written and verbal information and signed an informed consent form. After
obtaining informed consent, all participants underwent the same laboratory and anthropometric assessments as
those in the baseline survey during the physical examination. The questionnaire consisted of two parts: the first
section, completed jointly with the study investigator, collected data on demographics and lifestyle habits (includ-
ing smoking, alcohol consumption, diet, and physical activity), while the second section was self-administered,
addressing psychological and self-rated health questions.

Sample Size (Exclusion and Attrition)

Of the 2,430 participants enrolled at baseline in 2012, a total of 170 individuals met all inclusion criteria, par-
ticipated in the 2023 follow-up assessment, and provided complete data for the present analysis. The total sample
consisted of 58 men (34.1%) and 112 women (65.9%), with a mean age of 56.83 (5D = 6.34) years in 2023.
Due to missing data from the 2012 survey, sample sizes varied across certain analyses. 79 participants (46.5%)
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had completed at least primary education, while 91 (53.5%) held a higher education degree. Marital status
changed over the 10-year follow-up period. During the 2012-2014 assessment, of the 168 individuals for whom
follow-up data were available, 144 participants (84.7%) were married, 11 (6.5%) were single, and 13 (7.7%) were
separated, divorced, or widowed. By 2023, 137 participants (80.6%) were married, 11 (6.5%) remained single,
and 22 (12.9%) became separated, divorced, or widowed; this represented a significant change (%2 =36.33; p <
.001). In 2012 and 2023, 60% of the participants were employed full-time. However, the proportion of individu-
als receiving disability pensions or of old-age pensioners rose from 1.8% to 12.4% (y? = 8.13; p = .042) over the
same period.

The study was approved by the Scientific and Research Ethics Committee (TUKEB) of the Medical Research
Council, Hungary (approval number: BMEU/2437-2/2022/EKU).

Measurements

Medical Status - Cardiovascular Risk Assessment

Cardiovascular risk among the participating residents of Budakaldsz was assessed using the Framingham
Risk Score, which predicts an individual’s 10-year cardiovascular risk based on risk factors identified in the
Framingham Heart Study (Dawber et al., 1951). Participants were assigned to one of three risk classifications: low
risk (risk score < 10%), intermediate risk (risk score 10—20%), or high risk (risk score > 20%). However, in our
analyses, the Framingham risk score was used as a continuous variable rather than as categories.

Self-Rated Health (SRH) and Health Behavior

Questions related to SRH and health behavior were selected from a questionnaire developed by the Hungarian

Center of Social Sciences (HCSS), a measurement tool comprising 128 items. We only used the 5 items which

were relevant to our study and contained questions about self-rated health (1 item) and health behavior (4 items).

The Hungarian Central Statistical Office used this questionnaire during the European Health Interview Survey

(EHIS; KSH, 2010).

For measuring SRH, we used only one question, with responses recorded on a 5-point Likert scale. The key
question assessing self-rated health was “How would you rate your general health status?” (1 = very poor, 2 = poor,
3 = fair, 4 = good, 5 = very good).

The HCSS questionnaire also includes questions that explore health behavior. The questionnaire has the fol-
lowing themes:

1) frequency of vegetable and fruit consumption: “How often do you consume fresh fruits and raw vegetables?”
(1 = two or more times a day; 2 = once a day; 3 = at least four times a week; 4 = at least once a week; 5 = less
than once a week; 6 = never);

2) smoking habits: “Do you smoke currently?” (1 = yes; 0 = no);

3) alcohol consumption: “In the past 12 months, have you consumed any alcoholic beverages?” (1 = never; 2 = once
a month or less; 3 = 2—4 times a month; 4 = 2-3 times a week; 5 = 4-6 times a week; 6 = every day); “How often
do you consume six or more drinks on one occasion?” (0 = never; 1 = less than monthly; 2 = monthly; 3 = weekly;
4 = daily or almost daily);

4) regularity of physical exercise (intensive physical activity: hours/week; moderate physical activity: hours/week;
walking: hours/week).

Assessment of Psychological Well-Being (PWB)

A PWB score was created to assess psychological well-being based on four items from the abbreviated version
of the SF-36 (36-Item Short Form Survey) questionnaire (Ware & Sherbourne, 1992; Hungarian validation:
Czimbalmos et al., 1999). The four items assessed the frequency of the following feelings over the past two weeks:
“...felt calm and peaceful?”, “...had a lot of energy?”, “...felt happy?”, and “...felt tired?”. Responses ranged from
1 = “none of the time” to 5 = “all of the time”. Higher scores indicate better psychological well-being. Internal
consistency was acceptable (Cronbach’s a = .75).
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Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics, version 28.0 (IBM Corp., Armonk, NY, USA).

To account for the increased risk of Type I error due to multiple statistical testing, a Bonferroni correction was
applied; therefore, p < .003 was considered statistically significant.

Preliminary analyses were conducted using independent-samples #tests to compare baseline characteristics of
those who did (V= 170) and did not (V = 2,430) participate in the follow-up.

Changes between 2012 and 2023 were examined with the Wilcoxon signed-rank test. Associations with PWB
and the other medical and health behavior variables were explored using Spearman’s rank correlation coefficients
for both years. Based on changes in SRH, participants were classified into three groups (deteriorated, sustained,
improved), and group comparisons across these categories were conducted using Kruskal-Wallis analysis of vari-
ance, followed by Dunn—Bonferroni post hoc tests when significant differences emerged. For the comparison of
the SRH groups with respect to changes between 2012 and 2023, we created change variables by subtracting the
2012 values from the 2023 data for each individual, thereby capturing changes over time.

While non-parametric procedures were preferred for the smaller sample sizes to ensure validity, we employed
independent samples #-tests for the larger comparison (preliminary analysis; V> 2000). This decision is justified
by the Central Limit Theorem, which ensures that parametric tests remain robust and provide reliable estimates
of mean differences with larger observation numbers.

Results

Preliminary Analyses

We conducted preliminary statistical analyses using the original 2012 dataset (V = 2,430) to examine poten-
tial differences between those who participated only in the baseline study (/V = 2,260) and those who also
took part in the follow-up assessments (V= 170, in 2012 and 2023, respectively). At baseline, in 2012, the
mean age of those who participated only in 2012 was 56.83 (SD = 15.09) and 46.83 (SD = 6.34) for those
who returned in 2023. The differences between these groups are presented in Table S1. We found a signifi-
cant difference in the sex distribution of the participants: among men, 57 of the original 1,000 (one record
missing) took part in the 2023 survey (5.7%), whereas among women, 113 of the original 1,428 participated
(7.9%; 2 = 4.42; p = .036).

Table S1 presents the main differences between participants who participated only in 2012 and those who
participated in both 2012 and the follow-up. It is important to note that participants who only took part in the
baseline study had significantly poorer anthropometric measures and laboratory results, as well as a significantly
higher mean Framingham risk score, than those who also participated in 2023. Interestingly, their self-rated
health was significantly better (p = .001) than that of those who participated in both 2012 and the follow-up.

10-Year Changes in Cardiovascular Risk Indicators, Health Behaviors, Self-Rated Health,
and Psychological Well-Being

We examined the change in medical status indicators, PWB measures, and health behavior variables under inves-
tigation between 2012 and 2023. The results are presented in Table 1.

Body weight, waist circumference, hip circumference, BMI, and average Framingham and FINDRISK scores
all showed significant increases over the 10 years (p < .001), each with a large effect size (Table 1). In contrast,
mean HbA1c% and fasting blood glucose levels significantly decreased, with HbA1c% showing a medium effect
size and fasting blood glucose showing a large effect size. Physical activity levels were generally maintained, but
changes in exercise intensity were observed: intensive physical activity declined, while the number of hours spent
walking increased significantly, albeit with a small effect size (p = .002). No significant change was found in PWB
(=.179).

We found that SRH declined (p = .022). At the individual level, 45 individuals (26.5%) reported a decline,
while the SRH of 94 individuals (57.1%) remained stable, and for 26 individuals it improved (15.3%). Regarding
health behavior, at the group level, there was a significant increase in fruit and vegetable consumption (p < .001,
medium effect size). An increased consumption was reported by 47.6% of participants; in contrast, 25 participants
(14.7%) reported a decrease, and 62 participants (36.5%) reported no change. Vegetable and fruit consumption
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significantly increased (i.e., a significant decrease was observed in the corresponding variable, as the variable was
coded such that a higher value indicated less frequent consumption). We found a significant increase in the quan-
tity of alcohol consumption (p = .002, small effect size). Specifically, 28.8% of the participants reported drink-
ing more often, with an average of 6 drinks/occasion. Additionally, the consumption quantity of 62 participants
(37.1%) remained unchanged, while 57 participants (34.1%) reported a decrease. However, no significant change
was observed in the overall frequency of alcohol consumption. Smoking habits remained unchanged, with 143
participants (85.1%) identifying as non-smokers and 25 (14.9%) as smokers in both years.

Table 1. Changes in Medical Status and Self-Rated Health Factors, Psychological Well-Being, and Health Behaviour
Between 2012 and 2023

N M(SD) Z Effect p
2012 2023 size ()

Anthropometric data

Weight (kg) 170 76.87 (16.61) 80.39 (17.35) -6.63 .51 <.001
Waist circumference (cm) 170 93.48 (12.95) 99.01 (14.30) -7.35 .56 <.001
Hip circumference (cm) 79 103.28 (8.99) 108.71 (11.53) -5.45 .61 <.001
BMI 169 26.76 (4.81) 27.89 (5.12) -627 .49 <.001
RRsys (Hgmm) 169 12851 (16.17)  129.18 (17.02) -069 .05 300
Objective health

Cholesterol (mmol/l) 170 5.54 (0.94) 558 (094 -1.39 1 .245
HbA1c% (mmol/l) 168 5.57 (0.42) 543  (0.73) -5.52 A3 .002
Glucose (mmol/l) 170 5.69 (1.02) 4.78 (1.02) -8.94 .69 <.001

)

FINDRISK score 166 7.68 (4.50) 13.44 (4.35) -10.87 .84 <.001
Cardiovascular risk
Framingham score 169 7.35 (7.31) 11.71 (9.05) -9.73 .75 <.001

Psychological status

Well-being score* 168 13.71 (1.73) 13.55 (2.45) -0.61 .05 179

Physical activity

Intensive physical activity (hours/week) 70 491 (7.29) 259  (412) -2.68 32 .012

Moderate physical activity (hours/week) 82 5.07 (7.74) 3.52 (6.84) -2.85 31 .079

Walking (hours/week) 120 2.89 (3.79) 522 (846 -2.71 .25 .002

Self-rated health* 168 3.89 (0.72) 375 (0.74)  -229 .18 022

Health behaviour

Fruit & vegetable consumption** 168 2.20 (0.78) 1.82 0.96) -4.69 .36 <.001

Alcohol consumption frequency 168 2.73 (1.35) 286 (1.23) -092 .07 .359

(occasion/week or month)*

Alcohol consumption quantity 168 0.01 (0.46) 030 (0.66) -3.05 24 .002

(more than 6 drinks/week or month)*

Smoking * 168 25  (14.8) 25 (14.8) - - 796
Note. p < .003.

*In these cases, higher Mean scores are better (see variable labeling in measurements).
**In this case lower Mean score is better, since variables are labeled: (1 = two or more times a day; 2 = once a day; 3 = at least
four times a week; 4 = at least once a week; 5 = less than once a week; 6 = never).

Correlations Between Self-Rated Health, Psychological Well-being, and Health Behavior

We examined which variables were associated with PWB. In both 2012 and 2023, a significant and moderate,
positive correlation was found between SRH and PWB (p2912) = .27; p < .001; pa023) = -32; p < .001). In 2012,
intensive physical activity was significantly, moderately correlated with PWB (p2012) = .22; p < .001); however,
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this correlation was no longer observed in 2023. In 2023, fruit and vegetable consumption was weakly associated
with PWB (po12) = -.12; p < .001). Regarding fruit and vegetable consumption, a negative correlation indicates
that higher PWB is associated with greater fruit and vegetable consumption, since lower scores reflect higher levels
of consumption. The correlations are presented in Table 2.

Group-Based Analysis of Self-Rated Health Changes and Related Health
and Psychological Indicators

To assess changes in SRH, we created groups based on the number of individuals whose SRH deteriorated, re-
mained stable, or improved between 2012 and 2023. Data from 168 individuals were available for this analysis.
SRH declined in 45 participants (26.5%), remained unchanged in 97 participants (57.1%), and improved in 26
participants (15.3%).

No significant differences were found between the groups regarding the magnitude of 10-year changes in
anthropometric variables, cardiovascular risk, and type 2 diabetes risk, as presented in Table 2. Similarly, there
were no significant differences in the changes in laboratory results among the groups. Additionally, no significant
difference was found in the age distribution across the three groups (p = .415).

Regarding changes in health behavior, we found no significant differences between the SRH groups (Table 2).
PWB differed between the groups (p = .012); however, due to the Bonferroni correction, this change cannot be
considered significant. Participants who reported improved SRH also demonstrated improved PWB compared to
those whose SRH deteriorated (median = -1 vs. 25 p = .009). The results are also summarized in Table 2.

Table 2. Kruskal-Wallis Analysis of Medical Status and Psychological Changes in Relation to SRH

Variable N AM(SD) H-statistic p
Deteriorated Sustained Improved

Weight change 168 2.40 (8.63) 4.19 (6.25) 3.01 (10.80) 3.23 .198
Waist circumference change 168 4.80 (8.21) 6.41 (8.19) 3.77 (9.98) 4.49 .106
Hip circumference change 77 2.63 (8.20) 6.36 (5.87) 8.56 (7.87) 5.13 .077
BMI change 167 0.86 (7.87) 1.39 (2.18) 098 (4.22) 3.47 176
RRSys change 167 3.95 (16.50) 0.15 (17.80) -2.50 (14.70) 4.37 113
Cholesterol change 168 -0.20 (0.92) 0.14 (0.92) 0.11  (1.09) 4.78 .092
HbA1c% change 166 -0.06 (0.82) -0.17 (0.56) -0.12 (0.63) 0.59 .742
Glucose change 168 -0.84 (1.55) -0.91 (1.13) -0.95 (1.22) 0.36 833
FINDRISK change 166 571 (4.02) 564 (3.93) 6.23 (4.24) 0.41 .813
Framingham score change 167 463 (5.47) 4.3 (4.44) 434 (5.24) 0.67 714
Age 168 56.98 (6.54) 55.87 (6.30) 57.73 (5.95) 1.76 415
Well-being change 168 -0.80 (2.17) -0.19  (2.50) 092 (2.798) 8.92 012
Z:‘;Egi vegetable consumption 48 946 (0.99) | -0.34 (091) | -038 (1.20) 176 415
Intensive physical activity change 70 -2.21 (10.60) -2.42 (7.08) -2.00 (8.12) 2.23 329
Moderate physical activity change = 82 -1.50 (14.44) -1.06 (5.82 -3.83 (15.80) 0.86 .652
Walking change 120 243 (8.13) 231  (9.45) 222 (9.86) 0.46 796
g'facr’gg ERAMPHN NS | ge7 | 91 (@) 0.14 (1.25) 023 (1.17) 213 345
g‘fa‘?g;' consumption quantity ¢4 0.14 (0.52) 0.19 (0.66) 0.00 (0.76) 020 904
Smoking habits change 168 0.00 (0.21) 0.20 (0.28) -0.04 (0.44) 0.81 .666
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Discussion

In our study, we analyzed how the medical status and SRH of individuals participating in the Budakaldsz
Epidemiological Study changed between 2012 and 2023, and what variables were associated with PWB.

Although 170 of the original 2,430 participants attended the 2023 follow-up screening, it is important to
note that those who did not participate had significantly worse objective risk profiles yet subjectively rated their
health as better. This discrepancy may reflect age-related differences in health evaluation, whereby older individu-
als perceive objectively poorer health as normative. In addition, non-participation in follow-up screening may
indicate lower health engagement or awareness, which can contribute to more favorable SRH despite an elevated
objective risk.

Our main finding was that PWB was the only variable consistently associated with SRH health in both 2012
and 2023. Similar to the research by Benyamini et al. (2000), our study confirmed the relationship between
SRH and PWB. Although the differences in PWB changes across SRH trajectory groups did not remain statisti-
cally significant after Bonferroni correction, the observed pattern was consistent with our a priori hypothesis.
Participants whose SRH improved over time tended to report higher PWB scores compared to those with stable
or deteriorating SRH. We acknowledge that the conservative nature of the Bonferroni adjustment reduces the
risk of Type I error; however, the consistency in the direction and magnitude of the association across analyses
strengthens confidence in the substantive relevance of the SRH-psychological well-being link, even in the ab-
sence of strict statistical significance after multiple testing correction. This interpretation is further supported by
the broader pattern of findings, which show that trajectories of self-rated health closely track changes in PWB,
but not changes in objective measures or health behavior. This pattern suggests that SRH is primarily shaped
by subjective experiences and evaluations of life, highlighting its psychologically grounded nature and implying
that improvements in psychological well-being may enhance perceived health even in the absence of objective
risk reduction. This finding is consistent with the 2010 study by Guindon and Cappeliez, which examined the
factors contributing to SRH. Their results indicate that while medical status measures such as medical data and
functional health (e.g., the maintenance of physical activity) affect health evaluation, self-rated health perception
extends beyond these factors. It is influenced by various elements, including mood, self-image, and expectations.

Our results indicate that the Framingham score showed a significant deterioration, which may be partially at-
tributed to ageing. The FINDRISK score also increased significantly within the population, likely due to changes
in specific components of the FINDRISK assessment, such as BMI, waist circumference, and physical activity
levels. While the average body weight, waist and hip circumference, and BMI increased, the distribution of BMI
categories remained relatively unchanged, as most participants were already classified as overweight in 2012. De-
spite the worsening of objective risk scores and anthropometric parameters, improvements in certain laboratory
values, such as blood glucose and HbA1c%, provide a more nuanced perspective. This suggests that the popula-
tion’s overall health status has not unequivocally declined; in fact, certain metabolic parameters have improved.

In our study, we found that participants’ SRH deteriorated between 2012 and 2023. In parallel, we observed
positive changes in certain aspects of health behavior: the proportion of individuals consuming vegetables and fruits
significantly increased, while the number of those who frequently consume large amounts of alcohol decreased.
Additionally, regular physical activity remained stable, with only a change in intensity. The frequency of smoking
and alcohol consumption did not change significantly; however, 85.12% of the population does not smoke, while
nearly one-third (27.6%) of participants consume alcohol on a weekly or daily basis. One possible explanation for
this discrepancy is that the categorized response options do not sharply distinguish between different frequencies of
alcohol consumption, potentially distorting the accurate differentiation of consumption patterns. For a long time,
there was no consensus regarding alcohol consumption and cardiovascular diseases. However, according to the
WHO, even consuming 100g of alcohol per week increases the risk of cardiovascular diseases (Arora et al., 2022).
This is particularly important because Whitman et al. (2015) found that subjective beliefs about alcohol consump-
tion are significantly associated with drinking habits, suggesting that subjective perceptions can influence behavior.

This implies that only weak and inconsistent links were found between SRH and health behaviors. This sug-
gests that small or moderate behavioral changes may not be salient enough for individuals to revise their overall
health judgment. We also believe that PWB can influence perceptions of health in the long term, but it is possible
that mental well-being alone is not sufficient to bring about long-term changes in health behavior; it may be a
more complex process. In addition, our sample consisted of healthy individuals, among whom good health behav-
ior was already observable at baseline. Therefore, in our future research, we would like to place greater emphasis
on investigating long-term, sustainable changes in health behavior as well.
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Strengths and Limitations

To our knowledge, this is the first study to examine decade-long changes in cardiovascular risk, health behavior,
SRH, and PWB within a Hungarian population. The 10-year longitudinal design provides valuable insight into
the temporal stability of the association between SRH and PWB, allowing for the examination of within-person
changes over time. These findings can inform cardiovascular prevention efforts by highlighting the relevance of
SRH as an accessible indicator of how individuals perceive their health and risk, beyond objective medical pa-
rameters.

Several limitations should be acknowledged. First, both the FINDRISK and the Framingham Risk Score in-
trinsically increase with age, even if all other risk factors remain unchanged. In our cohort, part of the observed
increase in cardiovascular risk over the 10-year follow-up is therefore likely to reflect age-related progression rather
than deterioration in modifiable risk factors.

Second, the study sample was shaped by both the initial inclusion criteria and substantial attrition during
follow-up, and these processes should be clearly distinguished. Due to the inclusion criteria applied at the 2023
follow-up, the analyzed sample represents a relatively healthier population, as participants who experienced a
cardiovascular event during the 10-year follow-up period and older individuals were excluded. This selection,
however, is methodologically justified. The Framingham cardiovascular risk score is not applicable to individuals
with a prior cardiovascular event and, in older age groups, cardiovascular risk estimates are strongly driven by age
alone. As outlined in the Methods section, cardiovascular risk assessment is particularly relevant in the 45-65-year
age group, as this population represents a critical window for preventive interventions. Additionally, as shown in
Table S1, the largest effect sizes were observed between participants included only in 2012, and those attending
the follow-up were observed for age and Framingham risk score. As these variables were also explicitly restricted
at follow-up, the resulting selection is unlikely to have introduced substantial additional distortion beyond the
expected attenuation of age- and risk-related variability.

Third, several measurement-related limitations warrant consideration. Self-rated health was assessed using a
single-item measure, and psychological well-being was measured using a brief questionnaire, which may not fully
capture the complexity of these constructs. In addition, medication use and treatment adherence were not as-
sessed, which may have influenced laboratory values and cardiovascular risk estimates.

Fourth, methodological decisions may have affected sensitivity to change. Categorizing SRH trajectories for
the Kruskal-Wallis test likely resulted in information loss and reduced statistical power. Moreover, the use of
difference scores rather than modeling follow-up outcomes while adjusting for baseline values may have limited
sensitivity to baseline heterogeneity.

Finally, cardiovascular risk factors and health behaviors were entered into the analyses individually, despite
potential interrelationships among them. More complex multivariable or latent-variable modeling approaches
could better reflect the underlying structure of these processes. Furthermore, demographic variables were not
explicitly modeled as moderators or covariates in the longitudinal analyses, which may have obscured important
subgroup differences. Future studies should address these limitations using more comprehensive measurement
and modeling strategies.

Conclusion, Implications, and Future Directions

In conclusion, psychological well-being and self-rated health demonstrated a robust and enduring association
throughout the observation period, underscoring the central role of subjective psychological processes in how
individuals assess their health over time. Together, these findings have important implications for preventive strat-
egies that traditionally focus solely on objective risk factors. Our results highlight the relevance of self-rated health
as a meaningful, psychologically grounded indicator that is more closely aligned with changes in psychological
well-being than with cardiovascular risk or health behaviors. This suggests that cardiovascular prevention efforts
may benefit from explicitly addressing patients’ psychological well-being and health perceptions alongside bio-
medical risk reduction. In clinical practice, this may involve supporting patients in understanding and integrating
medical risk information into their subjective assessments of health.

In Central and Eastern European populations, where cardiovascular risk remains high, the observed decou-
pling between self-rated health and objective risk may contribute to the underestimation of personal vulnerability.
This underscores the need for culturally sensitive health communication strategies that bridge the gap between
medical indicators and lived experience.
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Future research should apply advanced longitudinal methods, such as structural equation modeling, to better
capture latent processes and reciprocal pathways linking psychological well-being, self-rated health, and health
behaviors. In addition, employing multiple approaches to assess psychological well-being could yield a more nu-
anced understanding of population mental health and its role in shaping perceived health.
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Supplementary Tables

Table S1. Differences in Medical Status and Self-Rated Health Factors, Psychological Status, and Health Behaviour
Between Adults Who Participated Only in 2012 And Adults Who Participated in Both Years

Participated only in 2012 Participated in both
2012 and 2023 Effect
N M(SD) N M(5SD) t size (d) p
Age 2252  56.83 (15.09) 170 46.83 (6.34) 17.10 67 <.001
Anthropometric data
Weight 2240 7882 (1664) 170 7687 (1661) 149 .12 138
Waist circumference 2238 9795 (13.27) 170 93.48 (12.95) 4.24 33 <.001
Hip circumference 976 106.01 (8.99) 79 103.28 (8.99) 2.29 27 .015
BMI 2239 2807 (523) 170 2676 (481) 339 .25 <.001
RRsys 2237 135.73 (19.31) 170 128.51 (16.17) 5.51 .38 <.001
Objective health
Cholesterol 2231 549 (1.14) 170 553 (0.94 -0.66 -.45 57
HbA1c% 2202 576 (0.75) 170 557 (0.41) 525 .26 <.001
Glucose 170 598 (1.55 170 569 (1.02) 337 .19 <.001
FINDRISK score 1947 9.05 (4500 166 768 (450 323 .30 <.001
Cardiovascular risk
Framingham score 2234 16.01 (13.23) 169 735 (7.31) 13.78 .67 <.001
Psychological status
Well-being score 1275 13.14 (2.50) 168 13.71 (1.73) -1.68 -.18 .090
Physical activity
Intensive physical activity (hours/week) 622 5.80 (9.95) 70 491 (7.24) 0.92 91 355
Moderate physical activity (hours/week) 1140 8.93 (13.17) 82 5.07 (7.74) 2.62 .30 .004
Walking (hours/week) 1618 3.88 (5.81) 120 2.89 (3.79) 1.83 A7 .067
Self-rated health 2225 3.68 (1.49) 168 3.89 (0.72) -3.21 -14 <.001
Health behaviour
Fruit & vegetable consumption 2225 217 (0.86) 168 220 (0.78) -0.52  -.04 .597
Alcohol consumption frequency 2225 281 (1.59) 168 2.73 (1.35) 0.62 .05 .535
Alcohol consumption quantity 2225 092 (0.87) 168 096 (0.63) -059 -48 .549
Smoking 2225 0.16 (0.36) 168 0.15 (0.35 -031  -25 .795
Note. bold: p < .003, RRsys = systolic blood pressure, BMI = Body Mass Index.
Table S2. Correlations Among Psychological Well-Being and Health Behaviour Variables
Sub- Intensive Moderate Walking Fruit & Alcohol Alcohol
jective- physical activ- physical (hours/ vegetable consumption = consumption

rated ity (hours/ activity (hours/ week) consumption frequency quantity

health week) week)
Psychological N 179 170 170 170 170 169 166
well-being
2012 P 275 .222% .094 163 .036 .084 .023
Psychological N 179 170 170 170 170 169 166
well-being
20 P 321+ .100 090 157 -120 -.066 048

Note: p = Spearman’s rho correlation value * p < .003.
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