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Background: Physical activity (PA) protects against cardiovascular disease. However, previous research has shown that high PA is associated with an increased carotid intima-media-thickness (cIMT), an independent predictor for future cardiovascular disease. Our aim was to further investigate this unexpected association with two different measurement methods of PA and two established markers for Early Vascular Ageing: cIMT and carotid-femoral pulse-wave velocity (cfPWV).



Methods: The community-based Early Vascular Ageing-Tyrol cohort study included adolescents in western Austria and northern Italy. Medical examinations included anthropometric measurements, fasting blood analysis, a physician guided interview to assess lifestyle factors, measurement of cIMT and cfPWV. PA was rated by an in-person interview on the basis of average minutes of moderate- or vigorous sports per day and by the Baecke questionnaire expressed as Baecke score (BS).



Results: Complete data set was available for 1,001 adolescents with a mean age of 17.8 years (standard deviation ±0.9 years). 558 (55.7%) of participants were female. cIMT was positively associated with both measures of PA in univariate (minutes sports per day: p < 0.001; BS: p < 0.001) as well as multivariable analysis adjusting for established cardiovascular risk factors (minutes sports per day: p = 0.001; BS: p = 0.002). Using cfPWV in a multivariate model an inverse correlation with the BS (p = 0.023) was observed, but not for minutes sports per day (p = 0.554).



Conclusion: In our large community-based cohort of adolescents, PA was associated with an increased cIMT but shows a trend towards lower aortic stiffness measured by cfPWV. We hypothesize that the association of PA with increased cIMT is not caused by early atherosclerotic vessel wall changes but is rather a physiologic adaptive process of the vessel wall.




Trial Registration Number: The EVA-Tyrol Study has been registered at clinicaltrials.gov under NCT03929692 since April 29, 2019.
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Introduction

Cardio- and cerebrovascular disease (CVD) remains the leading cause of death in Europe with atherosclerosis as the main underlying condition (1, 2). Observations from autopsy studies demonstrate a significant association between cardiovascular risk factors (cvRF) and atherosclerotic lesions even in early life (3). Based on this finding, it is well established that cvRF are predictive of future development of CVD (4). Great importance must therefore be given to the prevention of cvRF from a young age on.

In several studies, physical activity (PA) has been demonstrated to be one of the essential preventive interventions for atherosclerosis (5, 6). To investigate the effect of PA on atherosclerotic vascular changes, various studies have been conducted in adult study cohorts (7, 8). Regarding children and adolescents, however, available evidence is still scarce. Carotid intima media thickness (cIMT) and carotid-femoral pulse-wave velocity (cfPWV) offer an opportunity to measure early atherosclerosis—or more appropriately termed early vascular ageing (EVA)—non-invasively in vivo (9–15). These markers have been associated with various cvRF at young age (16, 17).

Contrary to what might be expected, we and others described a positive association between PA and cIMT (17–21) which could be interpreted that high PA could have unfavorable effects on vascular ageing in children and adolescents. To further investigate this primary unintuitive outcome, the aim of this work is to perform a depth secondary analysis of the large and homogenous EVA-Tirol study population of two assessments of PA [self-reported minutes of sports per day and the validated Baecke Score (BS) (22)] with two independent measures of EVA (cIMT and cfPWV) with additional parameters of PA and EVA.



Materials and methods

Data that support the findings of this study are available from the corresponding authors upon reasonable request after signing the appropriate data transfer agreement.


Study design and participants

The EVA-Tyrol cohort study is a prospective cohort study aiming to assess CVD risk profiles in adolescents throughout North, East (Austria) and South Tyrol (Italy) and testing a pragmatic health promotion program. The study was conducted between May 2015 and July 2018 at local schools and companies (vocational schools). Students in 9th or 10th grade (target age 14–16 years) and apprentices of the same age were invited to participate at baseline examinations, which were conducted between May 2015 and December 2016 and included systematic health screening with a particular focus on EVA. Subsequently, a nonrandomized controlled lifestyle intervention was implemented to improve cardiovascular health. Approximately two years later (target age 16–18 years), a follow-up survey was performed between August 2017 and July 2018. Simultaneously, another group of adolescents (target age 16–18 years) took part as participants in the control group. To achieve a representative sample of adolescents homogenous in age, participants of the intervention group as well as the control group were included in the present analysis.

A detailed description of the EVA-Tyrol cohort study protocol has been published (23). The study was approved by the local ethics committee of the Medical University of Innsbruck (approval number AN 2015-0005 345/4.13) and was conducted in agreement with the Declaration of Helsinki. The trial has been registered at clinicaltrials.gov (NCT03929692). All participants provided a written informed consent or if the participants had not attained age of majority, the consent was additionally provided by a parent or legal guardian. Data is available upon reasonable request at the corresponding author after signing an appropriate data transfer agreement and providing a specific ethics vote for secondary analysis.



Anthropometry

For measurement of height and weight participants wore light indoor clothes and no shoes. Height was determined with a Harpenden stadiometer (Holtain, Crymych, United Kingdom), and weight with a calibrated medical precision scale. Body mass index (BMI) was calculated as ratio of the body weight in kilograms divided by the square of height in meters. Systolic and diastolic blood pressures were calculated as the mean of three independent measurements on both upper arms in a sitting position after a 5-min seated rest (automated oscillometric device OMRON M4-I, Omron Healthcare Co., Lake Forest, Illinois, USA).



Lifestyle risk factors

We assessed behavioral risk factors by a face-to-face physician-guided medical interview with questionnaires adapted from the Atherosclerosis Risk Factors in Female Youngsters (ARFY), Atherosclerosis Risk Factors in Male Youngsters (AMRY) and Bruneck studies (24–26). PA was obtained as minutes per day of moderate- or vigorous sports (i.e., leading to an increased heart rate and/or sweating) in a face-to-face interview and using the Baecke questionnaire. The Baecke questionnaire assesses current PA according to three different domains: work (school), leisure time, and practice of sports. Each domain consists of several questions rated on a four to five-point Likert scale, ranging from never to always or very often. For the two most frequently reported sport activities, additional questions query the type of activity, number of months per year and hours per week of participation. Summing of the separately calculated domain scores results in the continuous overall and unitless Baecke Score (BS) with higher values representing a higher physical activity (27). Cigarette pack years (PY) were calculated by multiplying the number of packs of cigarettes smoked per day by the number of years the person has smoked.



Laboratory methods

Blood samples were drawn after an overnight fasting period of more than eight hours, immediately cooled, delivered, and analyzed within 24 h after venipuncture by the Central Institute for Medical and Chemical Laboratory Diagnosis of the Medical University of Innsbruck, Austria. Total cholesterol, low-density lipoprotein cholesterol and high-density lipoprotein cholesterol (HDL-C) were assessed by a standard enzymatic colorimetric assay (Cobas 8000, Roche Diagnostics, Rotkreuz, Switzerland). Serum glucose was analyzed by a hexokinase method (Cobas 8000, Roche Diagnostics, Rotkreuz, Switzerland). Measurement of Alanine aminotransferase (ALT) was performed according to the recommendations of the international federation of Clinical Chemistry and Laboratory Medicine (Cobas 8000, Roche Diagnostics, Rotkreuz, Switzerland).



High-resolution ultrasound

cIMT was assessed in the supine position using a high-resolution linear ultrasound probe (6.0–13.0 MHz, GE 12l-RS) on a Vivid q ultrasound device, (both General Electric Healthcare, Chicago, Illinois, USA). Three representative measurements were taken on both sides in longitudinal images on the far-wall of the distal 4 cm of the common carotid arteries. A single rater (A.S.), experienced in ultrasound techniques and blinded to the clinical characteristics of the study participants, performed all measurements on digitally stored images being unaware of the clinical characteristics. The mean from all six measurements was used as cIMT for the present analysis. For 103 randomly selected participants, repeated measurements were performed (by M.K.) to obtain an inter-observer reproducibility, which yielded a Pearson correlation coefficient of 0.634, indicating moderate agreement that is consistent with the measurement precision for cIMT of ultrasound.



Carotid-femoral pulse-wave velocity

To measure cfPWV participants were examined in the supine resting position using the automated Complior Analyze® (Alam Medical, Vincennes, France) according to the manufactureŕs instructions and in accordance with previously validated protocols (28, 29). Carotid and femoral artery pulse waves were recorded simultaneously by applanation tonometry, with two transducers placed transcutaneously on the ipsilateral carotid and femoral artery. The cfPWV was then automatically calculated as the travel distance divided by the transit time of the carotid-femoral pulse waves [travel distance (meters)/transit time (seconds)]. Pulse wave transit time was determined from ten consecutive pulse waves of artefact-free cardiac cycles, measuring the mean of time delay between the base of the two waveforms in the carotid and the femoral arteries. Travel distance was measured within 0.1 cm over the body surface with a non-stretchable tape between the two recording sites. The mean of two representative measurements was used as cfPWV.



Statistical analysis

Statistical analysis was performed using SPSS version 29.0 (IBM Corporation, Armonk, New York, USA). Our primary outcome parameters were cIMT and cfPWV. Participants without valid cIMT and/or cfPWV measurements were excluded from our analysis. Study cohort characteristics are presented as number (percentage), mean ± standard deviation or median (Q25–Q75). The comparative analyses males vs. females were performed using the Welch-t-test or the Chi-Square test as applicable. Univariate analyses were assessed with Spearman product-moment correlation coefficient. For multivariable linear regression analysis, variables known to affect cIMT in our study cohort (age, sex, systolic blood pressure, cigarette pack years, ALT) (17) and other common cvRF (BMI, HDL-C and fasting serum glucose) were included in the model. PA was integrated using minutes sports per day and the BS. Variables not meeting the assumptions of a normal distribution were loge-transformed (BMI, systolic blood pressure, PY, ALT, HDL-C). All models were tested for collinearity by variance inflation factors. The conditions of linearity of the relationship between dependent and independent variables as well as homoscedasticity, independence and normality of the errors were tested and fulfilled. Multiple linear regression models were finally calculated separately to assess the impact of the PA on cIMT and cfPWV. p-Values <0.05 were considered statistically significant.




Results

The analysis was performed with 1,000 participants from the intervention group (all participants who completed the follow-up examination) and 529 participants from the control group. After excluding participants with an incomplete data set, 1,001 (65.5%) individuals could be included in the analyses below (see flow chart in Figure 1). There were no significant differences between participants in- and excluded in the present evaluation (data not shown). 558 (55.7%) of the participants were female. The mean age of the study population at the time of the examinations was 17.8 years (standard deviation 0.9, range 16–23 years). The mean cIMT was 417.8 (± 49.0) µm [female: 407.6 (±44.5) µm, male: 430.7 (±51.5) µm; p < 0.001]. The mean value of cfPWV was 6.1 (±0.8) m/s [females: 6.0 (±0.7) m/s, males: 6.3 (±0.9) m/s; p < 0.001].
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FIGURE 1
EVA-Tyrol study participation flow chart. From: The association of physical activity and carotid intima-media-thickness in adolescents—Data of the prospective Early Vascular Ageing (EVA)-Tyrol cohort study.


The median daily PA was 40.0 (25.0–60.0) min, with a significant difference (p < 0.001) between female: 30.0 (20.0–60.0) min and male: 51.4 (30.0–70.0) min study participants. Taking the Baecke score as the second parameter for PA [median of the entire study population: 7.9 (7.1–8.6)], this gender-specific difference [females: 7.8 (7.0–8.5), males: 8.0 (7.3–9.0)] was confirmed (p < 0.001). Further details of the participants can be found in Table 1.


TABLE 1 Characteristics of study population.
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cIMT was positively correlated with PA measured as minutes sports per day (r = 0.152, p < 0.001) or by the BS (r = 0.130, p < 0.001) indicating that a higher PA was associated with an increased vessel wall thickness. This association remained robust in the multivariable regression analysis adjusting for sex, age, BMI, systolic blood pressure, ALT, HDL-C, PY and fasting serum glucose (Table 2).


TABLE 2 Univariate and multivariate analyses results.
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cfPWV was positively correlated with PA measured in minutes sports per day (r = 0.065, p = 0.040). This association was rendered insignificant after adjustment for sex, age and cvRF (p = 0.554). When using the BS as measurement for PA no correlation (univariable) was found with cfPWV, yet in a multivariable linear regression analysis adjusting for the factors above, a weak inverse association was found with an unstandardized regression coefficient (95% confidence interval) of −0.045 (−0.084 to −0.006) (p = 0.023) (Table 2).



Discussion

We have previously reported a positive association between PA measured in minutes sports per day and cIMT in this cohort (17). The novelty of our present analysis is to reproduce this finding with the BS as an alternative parameter for PA providing a more complete representation of activity behavior and explore the effect of PA on another parameter of EVA.

It is counter-intuitive that a higher PA is associated with a higher cIMT (i.e., vessel wall thickness), an established surrogate marker for atherosclerosis and future risk of CVD (30, 31), especially as PA has been proven to have a protective effect against the development of CVD (32).

Previous studies have seen similar effects (18–21), but other studies also have found an inverse association of PA on cIMT (33–35). Yet the latter studies have examined considerably younger children (33) or have demonstrated a modest reduction in cIMT after a PA intervention program in obese adolescents and not a cross-sectional association (34, 35).

Current data on the pathophysiology of the relationship between PA and cIMT are very limited. One possible explanation is that increased blood flow during PA leads to an elevated shear stress on the arterial vessel wall, and thereby to an release of prostacyclin and an enhanced synthesis of nitric oxide by the endothelial nitric oxide synthase (36–38). The resulting dilation of the carotid artery leads to a stimulation of endothelial progenitor cells with subsequent arteriogenesis and endothelial repair mechanisms (39, 40).

An alternative explanation would be that moderate/vigorous PA leads to adaptive processes in the Tunica media and the vascular smooth muscle cells, collagen and elastin localized there. Blood pressure peaks during PA result in a mechanical stimulus that leads to a change in the proportion of smooth muscle cells in the intimal layer and to a relative increase in the ratio of collagen to elastin in the media layer to maintain “tensional homeostasis” (41). An over-all increase in cIMT would therefore not be due to an atherosclerotic change in the vessel wall, but rather a physiological adaptive process (21).

When analyzing another parameter for EVA—the cfPWV, reflecting primarily the stiffness of the aorta (with higher values indicating an accelerated EVA) (15, 42)—we have found no independent association between PA measured in minutes per day and a small inverse (i.e., favourable), independent effect of PA assessed by the BS. Therefore, we cannot confirm that PA leads to an increased EVA in the aorta but might already have some protective properties. Other measures of arterial elasticity or stiffness used in published cohorts were not or positively influenced by PA (19, 43–45).

As autopsy studies have demonstrated that earliest morphological changes of arteriosclerosis occur in the vessel wall of the abdominal aorta, even before those in the carotid artery (46). This observation is supported by the study results of Weberruß et al, Pahkala et al. and Königsstein et al, who found in their analyses of adolescents the first signs of EVA earlier in the abdominal aorta (measured as aortic IMT) than in the carotid arteries (measured as cIMT) (43, 47, 48). It is counter-intuitive that PA leads to a premature atherosclerotic vessel wall thickening in the common carotid arteries and to the opposite effect in the aorta (reduced aortic stiffness). Considering these findings, our results support the hypothesis of Baumgartner et al. that the increased IMT in the carotid arteries of physical active adolescents are not due to atherosclerotic wall changes but rather reflect physiologic adaptive processes in the vessel wall (20).

To the best of our knowledge this is the first study to specifically address the issue of a positive association between PA and cIMT in a community-based cohort of adolescents. The strengths of our studies include the large and homogeneous study cohort of young participants and the high quality of the assessment of cvRF and health-specific lifestyle parameters through structured, physician-guided examinations and interviews. The size of our study cohort and the structured assessment of cvRF assessed, enabled a comprehensive consideration of relevant confounders.

There are also some limitations. Even though we have used well-established assessment instruments for PA we cannot exclude a recall bias, and we do not have objective measurements e.g., by accelerometers, pedometers or heart rate monitors. In addition, we had to exclude approximately one third of our population due to missing variables (see flow chart in Figure 1). We have also recruited a sole Middle-European cohort, and our findings may not be generalizable to other communities and populations. Finally, we recognize that the interpretation of our data is—in part—speculative. However, like others before us (19, 21), we must point out that the described topic of the effect of PA on EVA is still under-researched, especially in physiological terms. Valuable insights could be gained from large prospective cohorts monitoring the development of EVA as well as from basic research focusing on vascular remodeling under high PA in healthy blood vessels.



Conclusion

PA is associated with an increased cIMT but showed a trend to a reduced aortic stiffness as measured by cfPWV. Therefore, based on our results and the currently available evidence, we conclude that it is unlikely that a high PA leads to an accelerated EVA. It is very tempting to speculate that PA leads to a physiologic adaptive processes in the cIMT that do not resemble early atherosclerosis, yet in the long run, protects from vascular ageing, atherosclerosis and cardiovascular events. Further studies are needed.
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From: The association of physical activity and carotid intima-media-thickness in adolescents—Data of the prospective Early Vascular Ageing (EVA)-Tyrol cohort study.
Values are given as number (%), mean (+standard deviation) or median (Qxs-Qss).
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From: The association of physical activity and carotid intima-media-thickness in adolescents—Data of the prospective Early Vascular Ageing (EVA)-Tyrol cohort study.
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