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Abstract

:

Physical activity plays a pivotal role in preventing obesity and cardiovascular risks. The six-minute walk test (6MWT) is a tool to assess functional capacity and predict cardiovascular events. The aim of this cross-sectional study was to compare the performance and haemodynamic parameters before and after a 6MWT between obese/overweight vs. normal-weight children (average age 8.7 ± 0.7 years) participating in a project involving four primary schools in South Verona (Italy). Validated questionnaires for physical activity and diet, as well as blood drops, were collected. Overweight or obese children (OW&OB; n = 100) covered a shorter 6MWT distance compared to normal-weight children (NW, n = 194). At the test’s conclusion, the OW&OB group exhibited a higher Rate Pulse Product (RPP = Systolic Blood Pressure × Heart Rate) as compared to the NW. Body Mass Index, waist-to-height ratio, fat mass by electrical impedance, and trans fatty acids showed direct correlations with pre and post-test haemodynamic parameters, such as RPP, and inverse correlations with oxygen saturation. OW&OB children demonstrated lower performance in this low-intensity exercise test, along with an elevated haemodynamic response. Excess fat in childhood can be considered a risk factor for haemodynamic stress, with potential deleterious consequences later in life. Efforts should be initiated early to break this cycle.
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1. Introduction


Childhood obesity has become a global epidemic, significantly impacting cardiovascular health in children and adolescents [1]. In Europe, the proportion of children 7–9 years old with overweight (OW) and obesity (OB) is around 30%, with a modest trend toward a decrement, especially in southern countries in recent years [2], whereas in the US the figure is even worse [3].



Childhood and adolescent obesity are associated with established risk factors for cardiovascular diseases, including elevated systolic and diastolic blood pressure (SBP and DBP), atherogenic dyslipidemia, atherosclerosis, metabolic syndrome, type II diabetes mellitus, and vascular and cardiac structural and functional changes [4,5,6].



The impact of an incorrect diet and sedentary lifestyle on children’s health has been studied extensively [7,8].



Several epidemiological studies showed a correlation between consumption of unhealthy foods and adiposity, and a recent meta-analysis suggests that the intake of sugar-sweetened beverages (SSBs) and unhealthy foods during childhood might lead to an elevation in BMI/BMI Z-Score, percentage body fat, or the likelihood of overweight/obesity [9].



Regarding physical activity, a study among first-year primary school children in Modena (Italy) found that 75% spent less than 7 h per week in physical exercise, while 63.9% engaged in sedentary activities for two or more hours daily. Excessive screen time, including tablet, computer, phone, and video game use, significantly contributed to childhood overweight/obesity [7].



Interventions promoting physical activity and reducing sedentary behaviours are considered crucial for addressing childhood obesity and improving overall health outcomes in children, even if long-term studies on hard endpoints are lacking [10]. Efforts to encourage healthy lifestyle changes for youth are imperative to combat the rise in childhood obesity and promote better health.



The six-minute walk test (6MWT) is a sub-maximal exercise test used to assess aerobic exercise capacity and functional performance. It measures the distance an individual can walk in six minutes and is commonly used to assess the impact of various conditions on physical function [11].



It has demonstrated significant prognostic value in various medical conditions, such as chronic heart failure [12] or primary pulmonary hypertension [13]. The 6MWT is widely utilised, even in school-aged children [14,15,16]. It has also been employed in obese patients, where it is associated with body composition [17,18] and performance after a weight reduction programme [19] or bariatric surgery [20]. Even in obese children, 6MWT showed good reproducibility [21]. Interestingly, the 6MWT distance (6MWT-D) performed by obese children was, on average, 14% less than the distance that normal-weight children walked [21].



In haemodynamics, the Rate Pressure Product (RPP) is an index of myocardial oxygen consumption and is proportional to the workload of the heart. It is calculated by multiplying the systolic blood pressure (SBP) by the heart rate (HR). This measure is used to estimate the myocardial (heart muscle) work and reflects the energy consumption of the myocardial muscle. It has been shown to have prognostic value in various adult populations, including in predicting cardiovascular events and mortality [22,23].



In recent years, we presented the results of a survey that was conducted in four primary schools in South Verona, where the percentage of obese and overweight children was 21.3% and 13.0%, respectively [24].



On the same occasion, we invited willing children to participate in a 6MWT, during which we measured HR and BP both before and after the test. The results obtained from normal-weight (NW) and overweight/obese (OW&OB) children were recorded and analysed.



We hypothesised that OW&OB children may exhibit poorer performance and an impaired haemodynamic profile during exercise compared to normal-weight (NW) children. Thus, the primary objective of this study was to assess the differences in walked distance (6MWT-D) and haemodynamic parameters (particularly BP and the RPP) following the 6MWT between NW and OW&OB children. Subsequently, we explored potential associations between these measures and (i) fat disposition estimated by impedance; (ii) glucose, lipids, and fatty acids in a blood drop sample; and (iii) food intake and physical activity patterns documented through validated questionnaires.




2. Materials and Methods


A detailed description of the collection of the samples and tests performed is reported elsewhere [24].



2.1. Population Selection


In summary, all children from the third and fourth grades of four primary schools in the Verona South district were invited to participate. A brief presentation of the project was given to both the children and their parents approximately one week before the study day. The only exclusion criteria were the child’s unwillingness to participate or the absence of written parental consent. The Verona South district was selected based on the collaboration of the headmasters. The study, approved by the Ethical Committee of Verona and Rovigo (CESC n = 375, approval date: 18 February 2015), followed a cross-sectional observational design with all measurements conducted on a single morning, and one day was designated for each school. Written informed consent was obtained from all children’s parents.



Five researchers were engaged in collecting all the measurements: three from the Internal Medicine Division of the Hypertension Excellence Centre of the European Society of Hypertension in Verona, who concentrated on haemodynamic parameters, and two paediatricians responsible for anthropometric measurements and sample collection. Additionally, one dietitian was responsible for gathering questionnaires (see below).




2.2. Anthropometric and Haemodynamic Measurements


Anthropometric measurements were taken in the school gym in the morning, with children wearing light clothing and no shoes. Weight and height were measured using a calibrated balance and stadiometer; the waist was measured using a flexible, non-stretchable measuring tape; and Body Mass Index (BMI) was calculated as weight over height2 (kg/m2), whereas Body Surface Area (BSA) was measured using the Monteller formula [BSA (m2) = ([Height (cm) × Weight (kg)]/3600)1/2]. Children were classified as overweight (≥85th and <95th percentile for age and sex) or obese (≥95th percentile for age and sex) based on BMI percentiles (WHO child growth standard) [25,26]. Body composition was assessed using bioelectrical impedance analysis (Tanita MC 780 MA, Tanita Corporation, Tokyo, Japan). Specifically, the estimation included fat percentage (%), fat mass (FM in kg), fat-free mass (FFM in kg), total body water (TBW in kg), and basal metabolic rate (BMR in kJ and kcal).



Rest brachial blood pressure (BP) was determined as the average of three measurements in the supine position, whereas children were lying on a gym mat using a validated for children semiautomatic oscillometric device (Omron 750 IT) [27] that also recorded heart rate (HR) at baseline. Within the first minute after the completion of the 6MWT, BP and HR were measured twice using the same device as before in the supine position. The RPP was calculated by multiplying the SBP by the HR.



BP measurements were expressed even as a Z-Score, and percentiles were determined according to established guidelines [28].




2.3. 6MWT


Willing children were invited to perform the 6MWT while they were in the gym after the baseline haemodynamic tests, wearing light clothing. During the test, the children were invited to walk at their normal pace for six minutes, aiming to cover as much distance as possible. At the end of the 6MWT, the total distance covered (6MWT-D, m) was recorded and haemodynamic parameters measured, as specified above [16].




2.4. Laboratory Measurements


Nearly at noon, following a minimum 4 h fasting period, a small amount of blood was voluntarily obtained from children through a fingerprick for the measurement of plasma cholesterol, triglycerides, and glucose. This was achieved using two point-of-care testing (POCT) devices: HPS Multicare-in from Biochemical System International, Arezzo, Italy, for cholesterol and triglycerides, and Nova Biomedical, Waltham, MA, USA, for glucose [29,30]. For fatty acid analysis, a single drop of collected whole blood was directly applied to a filter paper (Ahlstrom 226, PerkinElmer, Greenville, SC, USA) that had been pre-treated with an antioxidant cocktail (Oxystop, OmegaQuant Analytics, LLC., Sioux Falls, SD, USA) to safeguard unsaturated FAs from oxidation. Subsequently, the collected cards were promptly transported to Omegametrix GmbH (Martinsried, Germany) for analysis using capillary gas chromatography, as previously detailed [31]. Fatty acid levels are reported as a weight percentage of the total blood fatty acids (composition). The stability of FAs collected and stored in this manner has been assessed previously, and no sample degradation was identified [32,33].




2.5. Questionnaires


Additionally, two validated questionnaires, “Food Frequency Questionnaire” (FFQ) and “Physical Activity Questionnaire for Older Children” (PAQ-C), were administered. The questionnaires were presented to the children and their parents during a prior informative session, then completed at home with the parents and reviewed on the evaluation day by a dedicated dietician.




2.6. Food Frequency Questionnaire (FFQ)


A validated Food Frequency Questionnaire (FFQ) was used to assess the children’s typical consumption of 61 items, with responses recorded on a 5-point scale ranging from “never” to “more than once daily” [34]. The study aimed to determine the association of diet with diseases through various approaches, including investigating single FFQ intake, main food group intake, and dietary patterns in relation to other collected variables. Two dietary patterns, “healthy” and “unhealthy” ones, which were previously derived using Principal Components Analysis (PCA), were also associated with haemodynamic parameters after 6MTW. PCA is a widely used method for identifying behavioural patterns. These patterns provide insight into the usual combinations of individual foods or groups of foods and offer valuable information regarding the association between diet and disease. The “healthy” first principal component was represented by the high consumption of fish, legumes, vegetables, fresh fruits and nuts, and dairy products. The “unhealthy” pattern was then characterised by the consumption of cereals and tubers, sweets, fast food, meat, and eggs. More details are presented elsewhere [20].




2.7. Physical Activity Questionnaire


The Physical Activity Questionnaire (PAQ-C) is a seven-day recall consisting of nine statements about the frequency of physical activities at school, at home, and during leisure time [35]. Each item is assigned a score from 1 to 5, and a mean total score of physical activity, known as the PAQ-C score, is then calculated. While the PAQ-C provides a valid and reliable method to assess general levels of physical activity, it does not offer specific information about frequency, time, or intensity. To address this limitation, the first item of the PAQ-C has been supplemented with a semiquantitative question to define one’s physical activity level in terms of the Metabolic Equivalent of Task (MET). This approach yields a total of MET minutes/week, and specific thresholds are used to categorise subjects based on their adherence to moderate–vigorous physical activity.




2.8. Statistics


Data are expressed as the mean standard deviation (SD) for continuous variables or percentages for categorical ones. The level of the p-value was set at 0.05. The Spearman correlation coefficient. The Student’s t-test was utilised to compare variables between the two groups. The relationship between categorical data was examined using the chi-square test. Multivariate linear regression models were conducted to assess the association of diet patterns and/or physical activity with the results of the 6MWT. The statistical analyses were performed using SPSS (version 23; IBM Corp., Armonk, NY, USA) and R (version 4.2.0 R Foundation for Statistical Computing), while the graphs were created with GraphPad Prism version 7.00 for Windows.





3. Results


A total of 309 out of 413 children belonging to the third and fourth classes of the four schools, constituting a participation rate of 74.8%, took part in the main study, with 294 (95%) expressing willingness to complete the 6MWT as well. The baseline characteristics of the participants, categorised into NW and OW&OB, are comprehensively outlined in Table 1.



The 6MWT-D was found to be lower in the OW&OB group. As anticipated, all body size and disposition measures were higher in the OW&OB group, including SBP and the RPP, before and after the 6MWT, while HR was higher only after the exercise. In Table 2 and Figure 1, correlations between adiposity, body composition measurements, and performance, along with haemodynamic parameters after the 6MWT, are presented. Various measures, particularly BMI, fatty mass (FM), and waist-to-height ratio, exhibited direct correlations with pre- and post-test haemodynamic parameters, such as RPP, and inverse correlations with oxygen saturation.



Table 3 displays the relationship between food intake/physical activity patterns and outcome variables.



In an additional exploratory analysis (Table 4), correlations between fatty acids, glucose, and triglycerides collected from a blood drop with post-6MWT-D and haemodynamic parameters were examined. Only Trans-FAs exhibited a weak association with post-exercise SBP, RPP, and 6MWT-D. Omega-3 FAs were associated with 6MWT-D.



These results remained largely unchanged when considering the increase in haemodynamic parameters (Delta-SBP, Delta-DBP, Delta-HR, and Delta-RPP) as the target variables (see Supplementary Materials).



Linear Regressions


After adjustment for sex, age, and height, most of the relationships between BMI, FAT, FFM, FFM/FM mass, and all the haemodynamic parameters measured post-6MWT, previously identified through bivariate correlations, were confirmed (highlighted in bold in Table 2, Table 3 and Table 4). Similarly, the associations initially observed between Trans-FA and SBP and RPP, as well as between Trans-FA and Omega-3 FA with 6MWT walking distance, persisted in the adjusted linear regression model. Linear regressions are included in the supplemental material.





4. Discussion


The main findings of this study are that, even in childhood (ages 7–10), individuals classified as overweight or obese (OW&OB) exhibit poorer performance in the 6MWT compared to their normal weight (NW) counterparts. Additionally, their haemodynamic parameters are compromised both before and after the exercise. Furthermore, some measures of adiposity (or fat distribution) show a negative association with walking distance and a positive association with haemodynamics, suggesting an increased cardiac workload to achieve lower performance. It is physiologically accurate to say that BP and HR increase during physical exercise and remain elevated for a few minutes post-exercise. This is because the body’s demand for oxygen rises during exercise, leading to an increase in cardiac output achieved through elevated HR and stroke volume. This surge in cardiac output, along with a transient rise in systemic vascular resistance, particularly elevates SBP [36], probably through an enhanced Sympathetic Nervous System response.



However, it is crucial that this increase stays within specific physiological limits. For instance, current guidelines in sports medicine certify that SBP should not exceed 220 mmHg during and after exercise to meet eligibility criteria for competitive sports [37].



Despite this, the clinical and prognostic significance of the rise in RPP, HR, and BP after exercise remains unclear, both in adults and children. Recent guidelines from the European Society of Hypertension caution against the routine use of exercise testing as an assessment for hypertension. This is due to various constraints, including the absence of standardised methodology and definitions [38].



However, a meta-analysis indicates that the exercise-induced hypertensive response, particularly at moderate exercise intensity during exercise stress testing, can predict cardiovascular events and mortality [39]. This is likely attributed to the excessive pulsatile effect that this increase in BP and HR can impart to distal arterioles and capillaries, contributing to hypertension-mediated end-organ damage [40].



It is important to note that the RPP can offer valuable insights into the workload of the heart and should be critically assessed when evaluating the cardiovascular health of patients. Particularly in young OW&OB children, the increase in workload after minimal effort (during the 6MWT, children were invited to walk at their own pace) could be an indicator of muscle deconditioning, easy fatigability, and potentially increased cardiovascular stress.



All these factors, on one side, can contribute to a vicious cycle that discourages young OW&OB children from engaging in more physical activity, potentially worsening their cardiovascular health. On the other side, the repeated stress imposed on the heart and arteries, even during mild exercise, could contribute to initiating a process of gradual cardiac and vascular hypertrophy [4,41].



Regarding factors associated with a decrease in the 6MWT-D, we want to draw attention to several measures of adiposity, partly estimated by bioelectrical impedance, which showed significant associations in our sample: BMI, waist/height ratio, BSA, FM, as well as FFM and TBW.



Several studies have explored the correlation between fat measures and performance during the 6MWT. A study involving 90 obese patients revealed a positive relationship between the distance walked during the 6MWT and fat-free mass (FFM) in both men and women [17].



A study conducted on obese girls found that BMI, body height, and fat-free mass (FFM) all exhibit correlations with the 6MWT distance. The study concludes that assessing performance based on body composition could facilitate the comparison of 6MWT distance data between obese individuals and age- and gender-matched normal-weight children [18]. This finding is in line with similar observations made in middle-aged and older healthy adults [42].



However, beyond the distance covered, the relationships between adiposity measures and haemodynamic parameters are particularly relevant. This aspect is only partially supported by other observational studies. Twenty-one overweight or obese adults (average BMI exceeding 37 kg/m2) underwent the 6MWT twice on the same day. The results revealed a negative correlation between walking distance and BMI (r = −0.47, p = 0.03) and pre-test heart rate (r = −0.54, p = 0.01), suggesting the potential utility of 6MWT as a fitness indicator in both clinical studies and healthcare practices for this population [43].



Other studies have analysed BP, HR, cardiac output, stroke volume, and pulmonary vascular resistance, but in selected groups of patients, such as those with pulmonary artery hypertension or aortic stenosis, making comparisons with our study challenging [44].



It is important to note that the 6MWT is not the sole validated tool for assessing fitness in both children and adults. Submaximal or maximal treadmill tests are widely used in both clinical and research settings.



In a study involving 30 obese and 30 NW males (age range 18–45 years), participants underwent a submaximal treadmill exercise. Resting and post-exercise HR, SBP, and DBP were significantly higher and remained elevated in the obese group compared to the non-obese group [45].



Ten non-obese and ten obese men underwent submaximal exercise involving stepwise incremental cycling until reaching 60% of their age-predicted maximum HR. The baseline HR was higher in the obese group with slower recovery, while cardiac output and RPP were elevated post-exercise [46].



A study conducted on seemingly healthy OW men revealed impaired post-exercise haemodynamic responses. Specifically, OW individuals exhibited higher SBP, with selectively increased DBP persisting up to 60 min following exercise compared to normal-weight individuals [47].



In another investigation, forty-six NW and twenty-one OB participants underwent measurements of peripheral and central BP at rest, as well as 15 and 30 min following acute maximal exercise. OB individuals exhibited an overall higher central and peripheral BP without any exercise-induced effects. Additionally, the increase in HR post-exercise was greater in obese individuals compared to their NW counterparts [48].



In a Chinese study involving 940 male participants (average age 36.8 years, average BMI 26 kg/m2) who underwent a two-stage load test on cycle ergometry, the results indicated that at the end of the exercise, HR increased in all quintiles of body fat percentage, while BP did not show a significant increase [49].



Thus, the present study further supports the evidence that obesity, particularly fat, diminishes aerobic performance and puts stress on haemodynamics. It demonstrates that this imbalance is present early in childhood.



We also investigated a potential association with dietary and physical activity patterns obtained from validated questionnaires, but we could not identify any significant associations. Similarly, there was no significant association found between blood fatty acids, glucose, and triglycerides obtained from a blood sample collected on the same day as the 6MWT.



Interestingly, a study conducted on Chilean children revealed a significant association between insulin and HOMA, but not triglycerides or glucose levels, with ΔHRR, especially among overweight and obese children [50].



Regarding fatty acids (FA), while some studies have suggested a potential beneficial effect of omega-3, especially eicosapentaenoic acid and docosahexaenoic acid, on performance, such as improved endurance capacity, delayed onset of muscle soreness, and markers related to enhanced recovery and immune modulation in competitive or amateur athletes, the issue remains open to debate [51]. The weak correlation we found between omega-3 and 6MWT-D should be approached with caution. Similarly, the very weak association we observed between Trans-FA—a type of unsaturated fat found in processed foods—and palmitic acid, pre- and post-exercise systolic blood pressure (SBP), and post-6MWT Rate Pressure Product (RPP)—although potentially intriguing—warrants replication in independent samples before further consideration. It is worth noting that the consumption of trans fats has been linked to an increased risk of heart disease and other health problems, as they elevate LDL-cholesterol and lower HDL-cholesterol levels [52].



Limitations of the Study


Our study has several limitations. Firstly, the sample is considerably “convenience-based”, and its size is relatively limited. The generalizability of this to children from different locations and age groups may be limited. The cross-sectional design and the observational nature of the study prevent drawing any conclusions about causal links among the observed associations. Additionally, data on physical activity and food intake were collected solely through questionnaires, which may be susceptible to misreporting. The assessment of fatty acids, glucose, and lipids from a blood drop had a fasting period of only 4 h.



On the positive side, we utilised validated devices to measure blood pressure, and laboratory parameters in children were assessed with rigour. We also made efforts to maximise the accuracy of the information gathered from questionnaires by involving a dietitian who thoroughly reviewed them with all the children.





5. Conclusions


In conclusion, young children with overweight or obesity displayed elevated baseline cardiovascular parameters and exhibited heightened responses to moderate exercise, possibly indicating altered autonomic functions characterised by sympathetic hyperactivity. Consequently, despite a poorer performance compared to their NW counterparts, these children experienced an increased workload. Although the long-term prognostic significance of these findings is challenging to predict, it is concerning that haemodynamic parameters, particularly SBP, tend to be higher in this “at-risk” group of children. This heightened state could make even low-intensity exercise more challenging for them. Civil and scientific societies should continue to make every possible effort to break this vicious circle, beginning early in childhood.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/nu16030356/s1. Table S1: Relation between the fatty acids and haemodynamic parameters measured after the 6MWT; Table S2: Relation between food group intake and haemodynamic parameters measured after the 6MWT; Table S3: Relation between anthropometric traits and the differences between hemodynamic parameters pre and post 6MWT (Delta); Table S4: Relation between the dietary pattern, physical activity and the differences between hemodynamic parameters pre and post 6MWT (Delta); Table S5: Relation between the differences between fatty acids and hemodynamic parameters pre and post 6MWT (Delta); Table S6: Linear Regression between haemodynamic and anthropometric parameters after adjustment for age, sex, and height.





Author Contributions


Conceptualization, C.F., C.M., F.A., P.M. and S.B.; methodology, C.F., C.M., F.A., M.M., A.P., P.M., F.C. and S.B.; software, A.G.; formal analysis, S.B. and A.G.; investigation, S.B., C.F., A.T., D.M., I.B., R.G. and P.C.; data curation, M.M., S.B., A.G. and A.T.; writing—original draft preparation, A.G. and C.F.; writing—review and editing, S.B., C.F., A.P. and C.M.; supervision, P.M.; project administration, C.F.; funding acquisition, C.F. and M.M. All authors have read and agreed to the published version of the manuscript.




Funding


The study is supported by a grant of the Italian Ministry of Health (GR-2011-02349630) to CF in agreement with the ‘Regione Veneto’ and the ‘Azienda Ospedaliera Universitaria Integrata di Verona’.




Institutional Review Board Statement


The study approved by the Ethical Committee of Verona and Rovigo (CESC n = 375, approval date 18 February 2015).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy/ethical restrictions.




Acknowledgments


Part of this work was performed in the LURM (Laboratorio Universitario di Ricerca Medica) Research Center, University of Verona.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Wang, Y.; Lim, H. The Global Childhood Obesity Epidemic and the Association between Socio-Economic Status and Childhood Obesity. Int. Rev. Psychiatry 2012, 24, 176–188. [Google Scholar] [CrossRef]

	



Buoncristiano, M.; Spinelli, A.; Williams, J.; Nardone, P.; Rito, A.I.; García-Solano, M.; Grøholt, E.K.; Gutiérrez-González, E.; Klepp, K.I.; Starc, G.; et al. Childhood Overweight and Obesity in Europe: Changes from 2007 to 2017. Obes. Rev. 2021, 22, e13226. [Google Scholar] [CrossRef]

	



Fryar, C.D.; Carroll, M.D.; Afful, J. Prevalence of Overweight, Obesity, and Severe Obesity among Children and Adolescents Aged 2–19 Years: United States, 1963–1965 through 2017–2018. Health E-Stats 2020, 1–3. [Google Scholar] [CrossRef]

	



McPhee, P.G.; Singh, S.; Morrison, K.M. Childhood Obesity and Cardiovascular Disease Risk: Working toward Solutions. Can. J. Cardiol. 2020, 36, 1352–1361. [Google Scholar] [CrossRef]

	



Umer, A.; Kelley, G.A.; Cottrell, L.E.; Giacobbi, P.; Innes, K.E.; Lilly, C.L. Childhood Obesity and Adult Cardiovascular Disease Risk Factors: A Systematic Review with Meta-Analysis. BMC Public Health 2017, 17, 683. [Google Scholar] [CrossRef]

	



Bonafini, S.; Giontella, A.; Tagetti, A.; Montagnana, M.; Benati, M.; Danese, E.; Minuz, P.; Maffeis, C.; Antoniazzi, F.; Fava, C. Markers of Subclinical Vascular Damages Associate with Indices of Adiposity and Blood Pressure in Obese Children. Hypertens. Res. 2019, 42, 400–410. [Google Scholar] [CrossRef]

	



Paduano, S.; Greco, A.; Borsari, L.; Salvia, C.; Tancredi, S.; Pinca, J.; Midili, S.; Tripodi, A.; Borella, P.; Marchesi, I. Physical and Sedentary Activities and Childhood Overweight/Obesity: A Cross-Sectional Study among First-Year Children of Primary Schools in Modena, Italy. Int. J. Environ. Res. Public Health 2021, 18, 3221. [Google Scholar] [CrossRef]

	



Ding, C.; Fan, J.; Yuan, F.; Feng, G.; Gong, W.; Song, C.; Ma, Y.; Chen, Z.; Liu, A. Association between Physical Activity, Sedentary Behaviors, Sleep, Diet, and Adiposity among Children and Adolescents in China. Obes. Facts 2022, 15, 26–35. [Google Scholar] [CrossRef]

	



Rousham, E.K.; Goudet, S.; Markey, O.; Griffiths, P.; Boxer, B.; Carroll, C.; Petherick, E.S.; Pradeilles, R. Unhealthy Food and Beverage Consumption in Children and Risk of Overweight and Obesity: A Systematic Review and Meta-Analysis. Adv. Nutr. 2022, 13, 1669–1696. [Google Scholar] [CrossRef]

	



Barnett, T.A.; Kelly, C.A.S.; Young, D.R.; Perry, C.K.; Pratt, C.A.; Edwards, N.M.; Rao, G.; Vos, M.B. Sedentary Behaviors in Today’s Youth: Approaches to the Prevention and Management of Childhood Obesity a Scientific Statement from the American Heart Association. Circulation 2018, 138, E142–E159. [Google Scholar] [CrossRef]

	



ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS Statement: Guidelines for the Six-Minute Walk Test. Am. J. Respir Crit. Care Med. 2002, 166, 111–117. [Google Scholar] [CrossRef]

	



Ingle, L.; Cleland, J.G.; Clark, A.L. The Long-Term Prognostic Significance of 6-Minute Walk Test Distance in Patients with Chronic Heart Failure. BioMed Res. Int. 2014, 2014, 505969. [Google Scholar] [CrossRef]

	



Miyamoto, S.; Nagaya, N.; Satoh, T.; Kyotani, S.; Sakamaki, F.; Fujita, M.; Nakanishi, N.; Miyatake, K. Clinical Correlates and Prognostic Significance of Six-Minute Walk Test in Patients with Primary Pulmonary Hypertension: Comparison with Cardiopulmonary Exercise Testing. Am. J. Respir Crit. Care Med. 2000, 161, 487–492. [Google Scholar] [CrossRef]

	



Salazar, G.; Vásquez, F.; Concha, F.; Leyton, B.; Kain, J. The Influence of Body Composition on the Six-Minute Walk Test in Chilean Preschool and School Children. Nutr. Hosp. 2022, 39, 27–32. [Google Scholar] [CrossRef]

	



D’silva, C.; Vaishali, K.; Venkatesan, P. Six-Minute Walk Test-Normal Values of School Children Aged 7–12 y in India: A Cross-Sectional Study. Indian J. Pediatr. 2012, 79, 597–601. [Google Scholar] [CrossRef]

	



Ulrich, S.; Hildenbrand, F.F.; Treder, U.; Fischler, M.; Keusch, S.; Speich, R.; Fasnacht, M. Reference Values for the 6-Minute Walk Test in Healthy Children and Adolescents in Switzerland. BMC Pulm. Med. 2013, 13, 49. [Google Scholar] [CrossRef]

	



De Faria Santarém, G.C.; De Cleva, R.; Santo, M.A.; Bernhard, A.B.; Gadducci, A.V.; D’Andrea Greve, J.M.; Silva, P.R.S. Correlation between Body Composition and Walking Capacity in Severe Obesity. PLoS ONE 2015, 10, e0130268. [Google Scholar] [CrossRef]

	



Makni, E.; Hachana, Y.; Elloumi, M. Allometric Association between Six-Minute Walk Distance and Both Body Size and Shape in Young Obese Girls. Children 2023, 10, 658. [Google Scholar] [CrossRef]

	



Ekman, M.J.; Klintenberg, M.; Björck, U.; Norström, F. Six-Minute Walk Test before and after a Weight Reduction Program in Obese Subjects. Obesity 2013, 21, E236–E243. [Google Scholar] [CrossRef]

	



de Souza, S.A.F.; Faintuch, J.; Fabris, S.M.; Nampo, F.K.; Luz, C.; Fabio, T.L.; Sitta, I.S.; de Batista Fonseca, I.C. Six-Minute Walk Test: Functional Capacity of Severely Obese before and after Bariatric Surgery. Surg. Obes. Relat. Dis. 2009, 5, 540–543. [Google Scholar] [CrossRef]

	



Morinder, G.; Mattsson, E.; Sollander, C.; Marcus, C.; Larsson, U.E. Six-Minute Walk Test in Obese Children and Adolescents: Reproducibility and Validity. Physiother. Res. Int. 2009, 14, 91–104. [Google Scholar] [CrossRef]

	



Schutte, R.; Thijs, L.; Asayama, K.; Boggia, J.; Li, Y.; Hansen, T.W.; Liu, Y.P.; Kikuya, M.; Björklund-Bodegård, K.; Ohkubo, T.; et al. Double Product Reflects the Predictive Power of Systolic Pressure in the General Population: Evidence from 9937 Participants. Am. J. Hypertens. 2013, 26, 665–672. [Google Scholar] [CrossRef]

	



Yazdani, B.; Kleber, M.E.; Yücel, G.; Delgado, G.E.; Benck, U.; Krüger, B.; März, W.; Krämer, B.K. Association of Double Product and Pulse Pressure with Cardiovascular and All-Cause Mortality in the LURIC Study. J. Clin. Hypertens. 2020, 22, 2332–2342. [Google Scholar] [CrossRef]

	



Giontella, A.; Bonafini, S.; Tagetti, A.; Bresadola, I.; Minuz, P.; Gaudino, R.; Cavarzere, P.; Ramaroli, D.A.; Marcon, D.; Branz, L.; et al. Relation between Dietary Habits, Physical Activity, and Anthropometric and Vascular Parameters in Children Attending the Primary School in the Verona South District. Nutrients 2019, 11, 1070. [Google Scholar] [CrossRef]

	



Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a Standard Definition for Child Overweight and Obesity Worldwide: International Survey. BMJ 2000, 320, 1240–1243. [Google Scholar] [CrossRef]

	



Valerio, G.; Maffeis, C.; Saggese, G.; Ambruzzi, M.A.; Balsamo, A.; Bellone, S.; Bergamini, M.; Bernasconi, S.; Bona, G.; Calcaterra, V.; et al. Diagnosis, Treatment and Prevention of Pediatric Obesity: Consensus Position Statement of the Italian Society for Pediatric Endocrinology and Diabetology and the Italian Society of Pediatrics. Ital. J. Pediatr. 2018, 44, 88. [Google Scholar] [CrossRef] [PubMed]

	



Stergiou, G.S.; Yiannes, N.G.; Rarra, V.C. Validation of the Omron 705 IT Oscillometric Device for Home Blood Pressure Measurement in Children and Adolescents: The Arsakion School Study. Blood Press. Monit. 2006, 11, 229–234. [Google Scholar] [CrossRef]

	



Lurbe, E.; Agabiti-Rosei, E.; Cruickshank, J.K.; Dominiczak, A.; Erdine, S.; Hirth, A.; Invitti, C.; Litwin, M.; Mancia, G.; Pall, D.; et al. 2016 European Society of Hypertension Guidelines for the Management of High Blood Pressure in Children and Adolescents. J. Hypertens. 2016, 34, 1887–1920. [Google Scholar] [CrossRef] [PubMed]

	



Lockyer, M.G.; Fu, K.; Edwards, R.M.; Collymore, L.; Thomas, J.; Hill, T.; Devaraj, S. Evaluation of the Nova StatStrip Glucometer in a Pediatric Hospital Setting. Clin. Biochem. 2014, 47, 840–843. [Google Scholar] [CrossRef] [PubMed]

	



Rapi, S.; Bazzini, C.; Tozzetti, C.; Sbolci, V.; Modesti, P.A. Point-of-Care Testing of Cholesterol and Triglycerides for Epidemiologic Studies: Evaluation of the Multicare-in System. Transl. Res. 2009, 153, 71–76. [Google Scholar] [CrossRef] [PubMed]

	



Sarter, B.; Kelsey, K.S.; Schwartz, T.A.; Harris, W.S. Blood Docosahexaenoic Acid and Eicosapentaenoic Acid in Vegans: Associations with Age and Gender and Effects of an Algal-Derived Omega-3 Fatty Acid Supplement. Clin. Nutr. 2015, 34, 212–218. [Google Scholar] [CrossRef] [PubMed]

	



Bonafini, S.; Giontella, A.; Tagetti, A.; Bresadola, I.; Gaudino, R.; Cavarzere, P.; Ramaroli, D.A.; Branz, L.; Marcon, D.; Pietrobelli, A.; et al. Fatty Acid Profile and Desaturase Activities in 7–10-Year-Old Children Attending Primary School in Verona South District: Association between Palmitoleic Acid, SCD-16, Indices of Adiposity, and Blood Pressure. Int. J. Mol. Sci. 2020, 21, 3899. [Google Scholar] [CrossRef] [PubMed]

	



Johnston, D.T.; Deuster, P.A.; Harris, W.S.; Macrae, H.; Dretsch, M.N. Red Blood Cell Omega-3 Fatty Acid Levels and Neurocognitive Performance in Deployed U.S. Servicemembers. Nutr. Neurosci. 2013, 16, 30–38. [Google Scholar] [CrossRef] [PubMed]

	



Rockett, H.R.; Breitenbach, M.; Frazier, A.L.; Witschi, J.; Wolf, A.M.; Field, A.E.; Colditz, G.A. Validation of a Youth/Adolescent Food Frequency Questionnaire. Prev. Med. 1997, 26, 808–816. [Google Scholar] [CrossRef] [PubMed]

	



Manios, Y.; Androutsos, O.; Moschonis, G.; Birbilis, M.; Maragkopoulou, K.; Giannopoulou, A.; Argyri, E.; Kourlaba, G. Criterion Validity of the Physical Activity Questionnaire for Schoolchildren (PAQ-S) in Assessing Physical Activity Levels: The Healthy Growth Study. J. Sports Med. Phys. Fit. 2013, 53, 235–253. [Google Scholar]

	



Nystoriak, M.A.; Bhatnagar, A. Cardiovascular Effects and Benefits of Exercise. Front. Cardiovasc. Med. 2018, 5, 135. [Google Scholar] [CrossRef] [PubMed]

	



Niebauer, J.; Börjesson, M.; Carre, F.; Caselli, S.; Palatini, P.; Quattrini, F.; Serratosa, L.; Emilio Adami, P.; Biffi, A.; Pressler, A.; et al. Recommendations for Participation in Competitive Sports of Athletes with Arterial Hypertension: A Position Statement from the Sports Cardiology Section of the European Association of Preventive Cardiology (EAPC). Eur. Heart J. 2018, 39, 3664–3671. [Google Scholar] [CrossRef] [PubMed]

	



Mancia, G.; Kreutz, R.; Brunström, M.; Burnier, M.; Grassi, G.; Januszewicz, A.; Muiesan, M.L.; Tsioufis, K.; Agabiti-Rosei, E.; Algharably, E.A.E.; et al. 2023 ESH Guidelines for the Management of Arterial Hypertension The Task Force for the Management of Arterial Hypertension of the European Society of Hypertension: Endorsed by the International Society of Hypertension (ISH) and the European Renal Association (ERA). J. Hypertens. 2023, 41, 1874–2071. [Google Scholar] [CrossRef]

	



Schultz, M.G.; Otahal, P.; Cleland, V.J.; Blizzard, L.; Marwick, T.H.; Sharman, J.E. Exercise-Induced Hypertension, Cardiovascular Events, and Mortality in Patients Undergoing Exercise Stress Testing: A Systematic Review and Meta-Analysis. Am. J. Hypertens. 2013, 26, 357–366. [Google Scholar] [CrossRef]

	



Laurent, S.; Boutouyrie, P. The Structural Factor of Hypertension. Circ. Res. 2015, 116, 1007–1021. [Google Scholar] [CrossRef]

	



Cote, A.T.; Harris, K.C.; Panagiotopoulos, C.; Sandor, G.G.S.; Devlin, A.M. Childhood Obesity and Cardiovascular Dysfunction. J. Am. Coll. Cardiol. 2013, 62, 1309–1319. [Google Scholar] [CrossRef] [PubMed]

	



Dourado, V.Z.; McBurnie, M.A. Allometric Scaling of 6-Min Walking Distance by Body Mass as a Standardized Measure of Exercise Capacity in Healthy Adults. Eur. J. Appl. Physiol. 2012, 112, 2503–2510. [Google Scholar] [CrossRef] [PubMed]

	



Beriault, K.; Carpentier, A.C.; Gagnon, C.; Ménard, J.; Baillargeon, J.P.; Ardilouze, J.L.; Langlois, M.F. Reproducibility of the 6-Minute Walk Test in Obese Adults. Int. J. Sports Med. 2009, 30, 725–727. [Google Scholar] [CrossRef] [PubMed]

	



Provencher, S.; Chemla, D.; Hervé, P.; Sitbon, O.; Humbert, M.; Simonneau, G. Heart Rate Responses during the 6-Minute Walk Test in Pulmonary Arterial Hypertension. Eur. Respir. J. 2006, 27, 114–120. [Google Scholar] [CrossRef] [PubMed]

	



Itagi, A.H.; Jayalakshmi, M.; Yunus, G. Effect of Obesity on Cardiovascular Responses to Submaximal Treadmill Exercise in Adult Males. J. Fam. Med. Prim. Care 2020, 9, 4673. [Google Scholar] [CrossRef] [PubMed]

	



Cavuoto, L.A.; Maikala, R.V. Obesity and the Role of Short Duration Submaximal Work on Cardiovascular and Cerebral Hemodynamics. PLoS ONE 2016, 11, e0153826. [Google Scholar] [CrossRef]

	



Moore, S.M.; Berrones, A.J.; Clasey, J.L.; Abel, M.G.; Fleenor, B.S. Arterial Hemodynamics Are Impaired at Rest and Following Acute Exercise in Overweight Young Men. Vasc. Med. 2016, 21, 497–505. [Google Scholar] [CrossRef]

	



Bunsawat, K.; Ranadive, S.M.; Lane-Cordova, A.D.; Yan, H.; Kappus, R.M.; Fernhall, B.; Baynard, T. The Effect of Acute Maximal Exercise on Postexercise Hemodynamics and Central Arterial Stiffness in Obese and Normal-Weight Individuals. Physiol. Rep. 2017, 5, e13226. [Google Scholar] [CrossRef]

	



Huang, Z.; Chen, G.; Wang, X.; Zang, Y.; Yue, Q.; Cai, Z.; Ding, X.; Chen, Z.; Cai, Z.; Wu, K.; et al. The Effect of Acute Aerobic Exercise on Arterial Stiffness in Individuals with Different Body Fat Percentages: A Cross-Sectional Study. Front. Cardiovasc. Med. 2023, 9, 1072191. [Google Scholar] [CrossRef]

	



Arias Téllez, M.J.; Soto-Sánchez, J.; Weisstaub, S.G. Condición Física, Riesgo Cardiometabólico y Frecuencia Cardiaca de Recuperación En Escolares Chilenos. Nutr. Hosp. 2018, 35, 44–49. [Google Scholar] [CrossRef]

	



Thielecke, F.; Blannin, A. Omega-3 Fatty Acids for Sport Performance—Are They Equally Beneficial for Athletes and Amateurs? A Narrative Review. Nutrients 2020, 12, 3712. [Google Scholar] [CrossRef]

	



Mozaffarian, D.; Katan, M.B.; Ascherio, A.; Stampfer, M.J.; Willett, W.C. Trans Fatty Acids and Cardiovascular Disease. N. Engl. J. Med. 2006, 354, 1601–1613. [Google Scholar] [CrossRef]








[image: Nutrients 16 00356 g001] 





Figure 1. Graphical representation of the correlation between RPP and FAT (a) as well as Trans FA (b). Legend—RPP: Rate Pressure Product; FA: Fatty Acids. 
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Table 1. General characteristics of the 294 children who participated in the 6MWT.
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Characteristics

	
Normal-Weight (NW) n = 194

	
Overweight/Obese (OW&OB)

n = 100

	
p-Value






	
Age, yr

	
8.7 ± 0.7

	
8.6 ± 0.7

	
0.143




	
Male, %

	
48.5

	
53.0

	




	
Anthropometric and Body Composition (via impedenzometry)




	
BMI, kg/m2

	
16.30 ± 1.7

	
21.8 ± 3.1

	
<0.001




	
BMI, percentile for age

	
46.7 ± 26.2

	
93.6 ± 3.8

	
<0.001




	
Waist/height

	
0.43 ± 0.06

	
0.51 ± 0.08

	
<0.001




	
Waist/hip

	
0.85 ± 0.08

	
1.00 ± 0.96

	
<0.001




	
BSA, m2

	
1.06 ± 0.11

	
1.27 ± 0.14

	
<0.001




	
FAT mass, kg

	
15.7 ± 5.1

	
12.9 ± 6.1

	
<0.001




	
FAT-FREE mass, kg

	
37.5 ± 25.0

	
29.5 ± 5.2

	
<0.001




	
FFM/FM

	
31.3 ± 6.3

	
2.7 ± 1.1

	
<0.001




	
TBW, kg

	
27.5 ± 18.4

	
21.9 ± 3.1

	
<0.001




	
6MWT distance, m

	
554.6 ± 2.6

	
535.7 ± 53.8

	
0.007




	
Pre-6MWT Haemodynamic Measurements




	
SBP, mmHg

	
109.1 ± 10.5

	
113.4 ± 8.2

	
<0.001




	
z-SBP

	
0.86 ± 0.91

	
1.13 ± 0.76

	
0.010




	
DBP, mmHg

	
66.1 ± 7.8

	
67.8 ± 7.8

	
0.092




	
z-DBP

	
0.64 ± 0.71

	
0.72 ± 0.76

	
0.316




	
HR, bpm

	
80.3 ± 11.5

	
80.6 ± 11.8

	
0.818




	
RPP, mmHg * bpm

	
8797.6 ± 1750.3

	
9157.4 ± 1657.3

	
0.043




	
SatO2

	
98.8 ± 0.60

	
98.6 ± 1.5

	
0.228




	
Post-6MWT Haemodynamic Measurements




	
SBP, mmHg

	
119.3 ± 12.2

	
126.4 ± 11.1

	
<0.001




	
z-SBP

	
1.8 ± 1.1

	
2.4 ± 1.0

	
<0.001




	
DBP, mmHg

	
68.2 ± 7.0

	
69.6 ± 7.8

	
0.143




	
z-DBP

	
0.81 ± 0.63

	
0.89 ± 0.70

	
0.414




	
HR, bpm

	
86.6 ± 13.0

	
95.4 ± 17.2

	
0.004




	
RPP, mmHg * bpm

	
10,366.5 ± 2103.4

	
11,593.0 ± 2405.3

	
<0.001




	
SatO2 %

	
98.8 ± 0.44

	
98.4 ± 0.9

	
<0.001




	
Delta (Post–Pre-6MWT) Haemodynamic Measurements




	
Delta PAS

	
10.15 ± 9.80

	
13.0 ± 11.17

	
0.032




	
Delta PAD

	
1.09 ± 8.32

	
1.85 ± 7.45

	
0.792




	
Delta HR

	
6.32 ± 12.14

	
10.76 ± 11.56

	
0.003




	
Delta RPP

	
1574.5 ± 1927.4

	
2436.3 ± 2042.0

	
<0.001




	
Delta SatO2

	
0.05 ± 0.44

	
0.17 ± 1.58

	
0.519




	
Physical Activity (from the PAQ-C Questionnaire)




	
Sedentary activity, MET * min/week

	
3591.2 ± 3919

	
2968.7 ± 4154.1

	
0.236




	
Intense physical activity, MET * min/week

	
1606.3 ± 1367.8

	
1766.2 ± 2697 ± 0

	
0.591








Legend—*: multiplication; 6MWT: Six-Minute Walk Test; BMI: Body Mass Index; BSA: Body Surface Area; DBP: Diastolic Blood Pressure; HR: Heart Rate; RPP: Rate Pressure Product; SBP: Systolic Blood Pressure; TBW: Total Body Water; and SatO2: Saturation of Oxygen.













 





Table 2. Correlations between body composition parameters also derived from bioelectrical impedance analysis and haemodynamic parameters measured after the 6MWT.
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	Post-6MWT

SBP
	Post-6MWT

Z-SBP
	Post-6MWT

DBP
	Post-6MWT

Z-DBP
	Post-6MWT

HR
	Post-6MWT

RPP
	Post-6MWT

SatO2
	6MWT Distance





	BMI, kg/m2
	0.361 **
	0.318 **
	0.209 **
	0.145 *
	0.228 **
	0.345 **
	−0.313 **
	−0.212 **



	z-BMI
	0.324 **
	0.291 **
	0.161 **
	0.123 *
	0.189 **
	0.294 **
	−0.267 **
	−0.192 **



	Waist/height
	0.175 **
	0.160 **
	0.120 *
	0.094
	0.150*
	0.193 **
	0.081
	−0.089



	Waist/hip
	0.023
	0.012
	−0.09
	−0.006
	0.017
	0.018
	0.128
	−0.058



	BSA, m2
	0.480 **
	0.352 **
	0.205 **
	0.046
	0.165 **
	0.354 **
	−0.234 **
	−0.120 *



	FAT, kg
	0.393 **
	0.163 **
	0.241 **
	0.163 **
	0.252 **
	0.381 **
	−0.354 **
	−0.194 **



	FFM, kg
	0.375 **
	0.247 **
	0.099
	−0.047
	0.062
	0.236 **
	−0.034
	−0.036



	FFM/FM
	−0.305 **
	−0.288 **
	−0.157 **
	−0.120 *
	−0.113
	−0.232 **
	0.149
	0.114



	TBW, kg
	0.402 **
	0.262 **
	0.094
	−0.070
	0.060
	0.239 **
	−0.088
	−0.071







Legend—6MWT, Six-Minute Walk Test; BMI: Body Mass Index; BSA: Body Surface Area; DBP: Diastolic Blood Pressure; FM: Fat Mass; FFM: Fat-Free Mass; HR: Heart Rate; RPP: Rate Pressure Product; SBP: Systolic Blood Pressure; and TBW: Total Body Water. *: p-value < 0.05; **: p-value < 0.01. The correlations that remained significant after adjustment for confounding variables are highlighted in bold.













 





Table 3. Correlations between PCA patterns/physical activity from specific questionnaires and haemodynamic parameters measured after the 6MWT.
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	Post-6MWT

SBP
	Post-6MWT

Z-SBP
	Post-6MWT

DBP
	Post-6MWT

Z-DBP
	Post-6MWT

HR
	Post-6MWT

RPP
	Post-6MWT

SatO2
	6MWT Distance





	Healthy Pattern
	0.063
	0.049
	−0.002
	−0.031
	0.031
	0.056
	0.052
	0.052



	Unhealthy Pattern
	0.066
	0.047
	0.067
	0.054
	0.009
	0.029
	−0.039
	−0.039



	Sedentary Activity (MET * min/week)
	0.079
	0.088
	−0.039
	−0.032
	−0.038
	0.009
	0.083
	0.083



	Intense Physical Activity (MET * min/week)
	−0.012
	0.001
	−0.081
	−0.066
	0.039
	0.031
	−0.007
	−0.007







Legend—6MWT, Six-Minute Walk Test; DBP: Diastolic Blood Pressure; HR: Heart Rate; RPP: Rate Pressure Product; and SBP: Systolic Blood Pressure. *: p-value < 0.05.













 





Table 4. Correlations between different metabolites and fatty acids from blood drops and haemodynamic parameters measured after the 6MWT in a subgroup of children (n = 232) with FA measurement.
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	Post-6MWT

SBP
	Post-6MWT

Z-SBP
	Post-6MWT

DBP
	Post-6MWT

Z-DBP
	Post-6MWT

HR
	Post-6MWT RPP
	Post-6MWT

SatO2
	6MWT Distance





	Omega 6 FA, %
	0.002
	−0.016
	−0.026
	−0.033
	0.028
	0.019
	−0.005
	−0.059



	Omega 3 FA, %
	0.027
	−0.023
	0.111
	0.089
	0.016
	0.019
	−0.043
	0.159 *



	Omega 9 FA, %
	0.061
	0.098
	−0.020
	0.002
	0.011
	0.038
	−0.121
	−0.073



	Saturated FA, %
	−0.085
	−0.084
	−0.021
	−0.019
	−0.06
	−0.088
	0.098
	0.055



	Trans FA, %
	0.143 *
	0.142 *
	0.232
	0.031
	0.101
	0.144 *
	−0.095
	0.140 *



	Glucose, mg/dL
	0.061
	0.050
	−0.029
	−0.030
	−0.072
	−0.031
	−0.023
	−0.033



	Triglycerides mg/dL
	0.111
	0.115
	0.238 **
	0.242 **
	0.080
	0.112
	−0.250 *
	0.046



	Cholesterol mg/dL
	−0.135
	−0.096
	−0.071
	0.003
	−0.113
	−0.153 *
	0.197
	0.066







Legend—6MWT, Six-Minute Walk Test; DBP: Diastolic Blood Pressure; FA: Fatty Acids; HR: Heart Rate; RPP: Rate Pressure Product; and SBP: Systolic Blood Pressure. *: p-value < 0.05; **: p-value < 0.01. The correlations that remained significant after adjustment for confounding variables are highlighted in bold.
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