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Background: Physical activity plays a key role in the prevention of cardiovascular disease (CVD). However, previous studies focused predominantly on the associations of the total amount of physical activity with CVD. There were few evidences on the associations of specific sport disciplines with CVD. Furthermore, little was known on the interactions between the different types of sports on CVD risk. Therefore, this study aimed to examine the independent associations of specific types of physical activities with the 10-year risk of CVD, and further evaluate the interactions between specific types of physical activities on the 10-year risk of CVD in US adults.

Methods: This study used the data of the National Health and Nutrition Examination Survey (NHANES) 1999-2006. Participants aged ≥ 30 years and with free of CVD were eligible. The physical activity questionnaire is used to collect general information on leisure-time activities in the past 30 days, including the frequency, duration, and intensity of participation in each activity. The exposures of interest included cycling, swimming, aerobics, running, American Football, basketball, and racquet sports. The Framingham risk score algorithm was used to assess 10-year CVD risk based on age, high density lipoprotein, total cholesterol, systolic blood pressure, smoking status, and diabetes. A higher total score reflects a greater risk of CVD.

Results: This study included 10829 participants. Compared to no participation, participation in cycling (β = −0.890, 95% CI:−1.278,−0.502, P < 0.001), running (β = −1.466, 95% CI:−1.837,−1.095, P < 0.001), American Football (β = −2.934, 95% CI:−3.750,−2.119, P < 0.001), basketball (β = −1.968, 95% CI:−2.645,−1.291, P < 0.001), and aerobics (β = −0.980, 95% CI:−1.352,−0.608, P < 0.001) was associated with a lower CVD risk. Furthermore, cycling was antagonistic with basketball and racquet sports in the associations with CVD risk. An antagonistic action between swimming and aerobics was also observed. Nevertheless, running was synergistic with cycling, aerobics, and racquet sports in the associations with CVD risk.

Conclusions: There were inverse associations of specific types of physical activities with CVD risk. Furthermore, there might be synergistic and antagonistic associations of multiple types of physical activities with CVD risk.
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Introduction

Cardiovascular disease (CVD) has been the leading cause of mortality in the general population worldwide (1). Primordial prevention has been acknowledged as an important population-wide approach for preventing the development and progression of CVD (2, 3). Physical activity (PA) is considered as a cornerstone for CVD prevention (4). Insufficient PA is a key risk factor for CVD and death (5, 6). According to the Global Burden of Diseases report, there were 2.1 million premature deaths and 4.5 million disability-adjusted life-years worldwide attributed to insufficient PA in 2013 (7). It is estimated that one third or more of adults worldwide and approximate 50% of adults in US do not reach the recommended amount of moderate or vigorous-intensity activity (8, 9). Given the decreasing level of PA worldwide in recent decades, it is essential to investigate the association of PA with the risk of CVD.

There were many studies to examine the associations of PA with health outcomes, including mortality, CVD, hypertension, metabolic syndrome, and obesity (10–13). However, most of the previous studies limited to the associations of the total amount of physical activity with CVD (13). There were few evidences on the nature and scope of the associations of specific sport disciplines with CVD. Furthermore, little was known on the interactions between the different types of sports on the risk of CVD. Previous study reported that leisure-time PA contributes more to the reduction of CVD risk than other types of activity (14). Therefore, a cross-sectional study using the data of the National Health and Nutrition Examination Survey (NHANES) was conducted to assess the associations of specific types of sports and exercises in leisure time with the risk of CVD in this study. The main aims of the present study were to examine the independent associations of specific types of physical activities and the intensity, duration, and volume of sports with the 10-year risk of CVD, and further evaluate the interactions between specific types of physical activities on the 10-year risk of CVD in US adults.



Materials and methods


Study design

Data analyzed in this study were derived from the NHANES. As a repeated cross-sectional survey, the NHANES aims to assess and supervise the health and nutritional status in the US population. A stratified, multistage random procedure is used to recruit sample from the US population. The major information collected in the NHANES include demographic, socioeconomic, dietary, health-related behaviors, physiological measurements, and laboratory tests. The details of the NHANES are provided on the website of the Centers for Disease Control and Prevention (https://www.cdc.gov/). Given specific leisure- time activities are collected only in the continuous NHANES 1999–2000, 2001–2002, 2003–2004, and 200–2006, this study only used the data of the NHANES from 1999 to 2006.



Study population

The 10-year CVD risk was assessed using the Framingham Risk Score (FRS), which focuses on adults aged 30 year or older. Therefore, participants aged ≥ 30 years and with free of CVD were eligible in this study. The detailed inclusion criteria included: participants having complete data of specific leisure- time activities; participants having complete data of CVD risk factors, including age, high density lipoprotein (HDL) cholesterol, total cholesterol (TC), systolic blood pressure (SBP) and treatment for hypertension, smoking status, and history of diabetes; and participants having complete data of main covariates, such as physical measurements and health-related indicators. The detailed exclusion criteria included: participants having cardiovascular disease or stroke; and participants having missing data of analyzed variables. The detailed process is shown in Figure 1. This study was approved by the NHANES Institutional Review Board (1999-2002: Protocol #98-12). Written consent was obtained from participants.
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FIGURE 1
 The flow chart of participants included.




Physical activity assessment

The physical activity questionnaire (PAQ) is used to collect general information on leisure-time activities in the past 30 days. If respondents participated in leisure-time activities, the frequency, duration, and intensity of participation in specific types of physical activities were inquired. The corresponding questions included as follows: for frequency: Over the past 30 day, how often did you do [activity name]?; for duration: Over the past 30 days, on average about how long did you do [activity name]?; and for perceived relative intensity: What do you think is the intensity level of [activity name]?. The overall participation was divided into “none” or “any.” The duration per month was divided into “none,” “low,” and “high” using the sex-specific medians as shown in Supplementary Table 1. The relative perceived intensity was divided into “none,” “moderate,” and “vigorous.” The intensity-weighted volume per month [metabolic equivalent (MET)] was calculated using the PA Compendium, and was divided into “none,” “low,” and “high” using the sex-specific medians as shown in Supplementary Table 1 (15). The exposures of interest in this study included cycling, swimming, aerobics including aerobics, dance, martial arts, yoga, and gymnastics, running including jogging, running, and treadmill, American Football including football and soccer, basketball, and racquet sports including baseball, golf, hockey, racquetball, softball, and tennis. Other sports were not included in this study because of the low participation rates.



Measurement

Serum TC and HDL levels were assayed using Hitachi 704 Analyzer in Lipoprotein Analytical Laboratory at the Johns Hopkins University School of Medicine. Plasma glucose level was assayed using Enzyme hexokinase in the Department of Child Health at the University of Missouri-Columbia. SBP and diastolic blood pressure (DBP) were measured three times using a mercury sphygmomanometer, and the average measurements were used to analysis. A question of “Because of your hypertension, have you ever taken prescribed medicine?” was used to identify whether treatment for hypertension. Similarly, a question was used to identify the history of diabetes as follows: Other than during pregnancy, have you ever been told by a doctor or health professional that you have diabetes or sugar diabetes? Participants having the history of diabetes, fasting plasma glucose≥ 126 mg/dL, or use of anti-diabetic medications were considered to have diabetes (16). Current smoking status was assessed at the beginning of the study: Do you smoke cigarettes now?



Assessment of CVD risk

The sex-specific FRS algorithm based on the original Framingham Heart Study was used to assess the 10-year CVD risk (17). The FRS algorithm includes six cardiometabolic factors as age, HDL, TC, SBP dependent of treatment, smoking status, and diabetes. Age is divided into 10 groups by interval of 5 years as 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, and ≥75 years, which are assigned to scores 0, 2, 5, 6, 8, 10, 11, 12, 14, and 15 for males, and scores 0, 2, 4, 5, 7, 8, 9, 10, 11, and 12 for females. HDL is divided into 5 groups as follows: <35 mg/dL, 35–44 mg/dL, 45–49 mg/dL, 50–59 mg/dL, and ≥60 mg/dL, which are assigned to scores 2, 1, 0,−1, and−2 for males and females. TC is also divided into 5 groups: <160 mg/dL, 160–199 mg/dL, 200–239 mg/dL, 240–279 mg/dL, and ≥280 mg/dL, which are assigned to scores 0, 1, 2, 3, and 4 for males, and scores 0, 1, 3, 4, and 5 for females. For males, SBP is divided into 5 groups: <120 mmHg, 120–129 mmHg, 130–139 mmHg, 140–159 mmHg, and ≥160 mmHg, which are assigned to scores−2, 0, 1, 2, and 3 if not treatment, and scores 0, 2, 3, 4, and 5 if treatment. For females, SBP is divided into 6 groups: <120 mmHg, 120–129 mmHg, 130–139 mmHg, 140–149 mmHg, 150–159 mmHg, and ≥160 mmHg, which are assigned to scores−3, 0, 1, 2, 4, and 5 if not treatment, and scores−1, 2, 3, 5, 6, and 7 if treatment. If smoking, scores are assigned to 4 for males and 3 for females, but if not smoking, scores are assigned to 0 for males and females. Similarly, if having diabetes, scores are assigned to 3 for males and 4 for females, but if not having diabetes, scores are assigned to 0 for males and females. Total score is calculated as the sum of points of all cardiometabolic factors. A higher total score indicates a higher risk of CVD. The FRS algorithm has been validated in other studies (18, 19).



Statistical analysis

Normality of continuous variables was tested using Kolmogorov-Smirnov test. Continuous data with normal distribution are presented as means ± standard deviations (SDs) and are compared between male and female using t-test. The duration and volume of specific types of physical activities are presented as medians [interquartile ranges (IQRs)]. Categorized variables are expressed as frequencies (percentages) and are compared between-group using chi-square test. General linear regression model was employed to examine the associations of specific types of physical activities and the intensity, duration, and volume of sports with the 10-year risk of CVD, and evaluate the interactions between specific types of physical activities on the 10-year risk of CVD. Furthermore, the sampling weight provided in the NHANES dataset was taken into account to adjust for non-responses bias and over-sampling of certain populations using PROC SURVEYREG in SAS 9.4. In all models, sex, BMI, race, current alcohol consumption, annual household income, intakes of energy, protein, carbohydrate, and fat, and the volume of other physical activity (MET, excluding the volume of the sport that was the main exposure in the corresponding model) were adjusted. In order to assess the influence of missing data, all variables with missing data were imputed for five times using R package of “mice.” A sensitivity analysis was conducted to examine the associations of specific types of physical activities with CVD risk using the complete dataset. All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, USA.). A two-tailed P ≤ 0.05 was considered to be statistically significant.




Results


Characteristics of participants

There were 10,829 participants in the final analysis. The average of age was 53.46 ± 15.67 years. The average of CVD risk score was 10.13 ± 6.94. There were significant differences between male and female in all characteristics, except age (P = 0.186), race (P = 0.133), history of diabetes (P = 0.215), SBP (P = 0.100), and swimming (P = 0.235). Compared to females, males were more likely to participate in cycling, running, American Football, basketball, and racquet sports, and were less likely to participate in aerobics. Meanwhile, males had a more CVD risk score than females (P < 0.001) as shown in Table 1.


TABLE 1 Characteristics of all participants by sex.
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Associations of specific types of physical activities with CVD risk

Table 2 shows the associations of specific types of physical activities with CVD risk. When analyzing separately the associations of specific types of PA with CVD risk, significant inverse associations with CVD risk were observed in cycling, running, American Football, basketball, and aerobics (all P < 0.001). Furthermore, participation in American Football will result in a decrease of approximate 3 points in CVD risk score, which was the strongest among all types of physical activities. However, no significant associations of swimming (P = 0.096) and racquet sports (P = 0.164) with CVD risk were observed.


TABLE 2 Associations of specific types of physical activities participation with CVD risk in adults aged ≥ 30 years*.

[image: Table 2]



Associations of the intensity of specific types of physical activities with CVD risk

Table 3 shows that participation in specific types of physical activities any intensity was associated with CVD risk, except racquet sports (P for trend = 0.155). Furthermore, vigorous intensity of participation in cycling, swimming, running, American Football, and aerobics was more strongly associated with CVD risk than moderate intensity. Similarly, the strongest association of American Football with CVD risk was observed (β = −2.310 and−3.237) among all types of physical activities despite of moderate or vigorous intensity.


TABLE 3 Associations of the intensity of specific types of physical activities with CVD risk in adults aged ≥ 30 years*.
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Associations of the duration of specific types of physical activities with CVD risk

Table 4 displays that participation in specific types of physical activities any duration was associated with CVD risk, except swimming (P for trend = 0.321) and racquet sports (P for trend = 0.155). Furthermore, higher duration of participation in running, American Football, basketball, and aerobics was associated with a lower CVD risk. However, compared to no participation in racquet sports, low duration of participation was associated with a lower CVD risk (β = −1.337, 95% CI:−1.916,−0.758, P < 0.001), but high duration of participation was associated with a higher CVD risk (β = 0.761, 95% CI: 0.172, 1.351, P = 0.011).


TABLE 4 Associations of the duration of specific types of physical activities with CVD risk in adults aged ≥ 30 years*.
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Associations of the volume of specific types of physical activities with CVD risk

Significant linear trends across the volume of none, low, and high were observed in all types of physical activities, except racquet sports (P = 0.088). In these types of physical activities, CVD risk decreased with an increase in the volume of participation. Furthermore, higher volume of participation in all types of sports, except basketball and racquet sports, was associated with a lower CVD risk. Consistent with that mentioned above, participation in American Football was the most effective sport to reduce the risk of CVD despite of low or high volume (β = −2.731 and−3.099) as shown in Table 5.


TABLE 5 Associations of the volume of specific types of physical activities with CVD risk in adults aged ≥ 30 years*.
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The interactions between the different types of physical activities on the risk of CVD

Supplementary Table 2 shows that significant interactions were observed between cycling and running (P = 0.016), between cycling and basketball (P = 0.002), between cycling and racquet sports (P = 0.002), between swimming and aerobics (P = 0.041), between running and American Football (P = 0.009), between running and basketball (P = 0.044), and between running and aerobics (P = 0.019). Further analysis was then conducted by forming four groups combining interactional two types of sports. Table 6 shows that group with both participation in cycling and basketball was not associated with CVD risk compared to the group with both no participation (β = −0.555, 95% CI:−1.870, 0.761, P = 0.409). The similar phenomenon was observed in the combinations of cycling and racquet sports (β = −0.124, 95% CI:−0.930, 0.682, P = 0.763) as well as swimming and aerobics (β = −0.686, 95% CI:−1.720, 0.347, P = 0.193). Therefore, it indicates that there might be antagonistic effects between cycling and basketball, between cycling and racquet sports, and between swimming and aerobics on the risk of CVD. However, groups with both participation in running and cycling, running and aerobics, and running and racquet sports had greater absolute values of regression coefficient than the groups with only participation in one sport, indicating the presence of significant synergistic associations of running and cycling, running and aerobics, and running and racquet sports with CVD risk.


TABLE 6 The interactions between different types of physical activities on CVD risk in adults aged ≥ 30 years*.
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Sensitivity analysis

Supplementary Table 3 shows the associations of specific types of physical activities with CVD risk in adults aged ≥ 30 years using multiple imputation dataset. The results of sensitivity analysis were consistent with the main results, except participation in swimming (β = −0.523, 95% CI:−0.952,−0.094, P = 0.017). Furthermore, a more strong association of American Football with CVD risk was observed. Therefore, the results of sensitivity analysis were comparable with the main results.




Discussion

This cross-sectional study from the NHANES was designed to evaluate the independent and interactional associations of specific types of physical activities with the 10-year CVD risk. The findings of this study implied that cycling, running, American Football, basketball, and aerobics were linked to a lower CVD risk. Furthermore, the most effective physical activity to decrease CVD risk was American Football. Significant associations with CVD risk were not observed for swimming and racquet sports. Furthermore, both participation in running and cycling, running and aerobics, and running and racquet sports was associated with a more decrease in the risk of CVD than only participation in one of the combination, which meant that there were synergistic associations of running and cycling, aerobics, and racquet sports with CVD risk. However, both participation in cycling and racquet sports, cycling and basketball, and swimming and aerobics was not associated with CVD risk compared to no participation in the combination, which meant that there were antagonistic associations of cycling and racquet sports and basketball, as well as swimming and aerobics with CVD risk.

Previous study declared that PA was the best prevention strategy to reduce the risk of CVD (20). PA can improve cardiovascular system, cardiac function, and insulin and lipoprotein metabolism (21). Meanwhile, regular physical exercise can improve endothelial function and lipid profile, and decrease inflammation markers and thrombosis (22). Therefore, there is a protective effect of PA on CVD. Randomized controlled trials reported that physical exercise can reduce the risk of CVD by decreasing adiposity, which is related to glucose control, metabolic dysfunction, and inflammation (23, 24). Previous study suggested that PA represents a natural and strong anti-inflammatory strategy in the prevention of CVD (25). Regular physical exercise can provoke marked increases in IL-6 and IL-10, which exert direct anti-inflammatory effects (26). Furthermore, PA can restrain secretion and production of TNF-α, which is involved in the pathogenesis of atherosclerosis and heart failure (27).

In the present study, cycling, American Football, basketball, and aerobics, but not swimming and racquet sports, were linked to a lower CVD risk. The presence of association of cycling with CVD risk was comparable with previous studies, including systematic review and meta-analysis (10, 28). It has been reported that walking and jogging can reduce the risk of CVD (29, 30). Previous studies found that participation in walking and aerobics was linked to a higher HDL-C level but a lower TG level, which were used to assess the risk of CVD in this study (31). Meanwhile, similar evidence was found that regular aerobic exercises have protective effects on SBP and can improve cardiorespiratory fitness (32, 33). Swimming was not associated with CVD risk in this study, which was consistent with a previous study (34). Another study found that participation in swimming was linked to lower risks of all-cause and CVD mortality (10). However, a review provided an inconclusive evidence on the association of swimming with all-cause and CVD mortality, and indicated that participation in football in leisure time can improve aerobics fitness and cardiovascular function and reduce adiposity, which supported the finding of this study (35). A previous study suggested that National Football League players had a significantly decreased CVD mortality (standardized mortality ratios: 0.68, 95% CI: 0.56- 0.81) (36), which partly supported the finding of this study. Meanwhile, defensive linemen but not offensive linemen had an increased CVD mortality, which implied that different football player positions can influence the risk of CVD (36). However, since no data of football player positions was collected in the NHANES, it need further be illustrated in the future. Participation in racquet sports was not associated with CVD risk in this study, which might be contradictory with previous study (10). The possible reasons were the different elements used to define racquet sports. In a previous study, racquet sports included badminton, tennis, and squash. However, according to the involved types of sports in the NHANES, racquet sports included baseball, golf, hockey, racquetball, softball, and tennis in this study. A prospective cohort study showed that participation in tennis but not racquetball can decrease CVD risk (37). To date, little comparable data on the association of basketball with CVD risk are available. There was only one study to investigate the association of basketball with the risk of CVD, indicating an insignificant association (34). Nevertheless, the study participants limited to subjects aged 45–64 years.

A key finding of this study was that there were interactions between different types of physical activities, including synergistic and antagonistic associations. A previous study reported that there is a synergistic association of resistance training and aerobic exercise with the vascular endothelial function (38). In recent years, health benefits of the accumulation of physical activities have been reported (11, 12, 39), However, the underlying mechanisms on the interplay between different types of physical activities were not well known, and need further evidence from laboratory in the future.


Strengths and limitations

A notable strength of this study was that the interactions between different types of physical activities were assessed and found the potential synergistic and antagonistic associations. Therefore, this study contributes to the existing body of knowledge suggesting that it is critical to choose proper types of physical activities and the combination for health benefits. However, there were a few limitations. Firstly, this study limited to a cross-sectional design, which cannot confirm the causal associations of specific types of physical activities with CVD risk. Secondly, specific types of physical activities participated by each subject might alter over time. However, the longitudinal changes in participation behavior cannot be considered in this study. Thirdly, a limited number of specific types of sports were considered in this study, which limits the number of comparisons we could make.

In conclusion, the significant associations of participation in certain types of physical activities with CVD risk were found, indicating substantial reductions in CVD risk for cycling, American Football, basketball, running, and aerobics. Furthermore, if subjects participated in two or more types of physical activities, there might be synergistic or antagonistic associations of multiple types of physical activities with the risk of CVD. It seems therefore that the findings of this study contribute to the body of evidence supporting the protective effects of physical activities on CVD. Meanwhile, the sport community should make health-enhancing sport packages to promote public health according to the interplay between the different types of physical activities.




Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://www.cdc.gov/nchs/index.htm.



Ethics statement

The studies involving human participants were reviewed and approved by the NHANES Institutional Review Board (1999-2002: Protocol #98-12). The patients/participants provided their written informed consent to participate in this study.



Author contributions

CD contributed to conception and design of the study. QW and XW organized the database. LW, PM, and FW performed the statistical analysis and interpreted the results. BH wrote the first draft of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



Conflict of interest

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



Publisher's note

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



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2022.964862/full#supplementary-material



References

 1. Collaborators GBDCoD. Global, regional, and national age-sex specific mortality for 264 causes of death, 1980-2016: a systematic analysis for the global burden of disease study 2016. Lancet. (2017) 390:1151–210. doi: 10.1016/S0140-6736(17)32152-9

 2. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L, et al. Defining and setting national goals for cardiovascular health promotion and disease reduction: the American heart association's strategic impact goal through 2020 and beyond. Circulation. (2010) 121:586–613. doi: 10.1161/CIRCULATIONAHA.109.192703

 3. Turco JV, Inal-Veith A, Fuster V. Cardiovascular health promotion: an issue that can no longer wait. J Am Coll Cardiol. (2018) 72:908–13. doi: 10.1016/j.jacc.2018.07.007

 4. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect of physical inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and life expectancy. Lancet. (2012) 380:219–29. doi: 10.1016/S0140-6736(12)61031-9

 5. Wahid A, Manek N, Nichols M, Kelly P, Foster C, Webster P, et al. Quantifying the association between physical activity and cardiovascular disease and diabetes: a systematic review and meta-analysis. J Am Heart Assoc. (2016) 5:e002495. doi: 10.1161/JAHA.115.002495

 6. Kohl HW3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, et al. The pandemic of physical inactivity: global action for public health. Lancet. (2012) 380:294–305. doi: 10.1016/S0140-6736(12)60898-8

 7. Collaborators GBDRF, Forouzanfar MH, Alexander L, Anderson HR, Bachman VF, Biryukov S, et al. Global, regional, and national comparative risk assessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters of risks in 188 countries, 1990-2013: a systematic analysis for the global burden of disease study 2013. Lancet. (2015) 386:2287–323. doi: 10.1016/S0140-6736(15)00128-2

 8. Bennie JA, Shakespear-Druery J, De Cocker K. Muscle-strengthening Exercise epidemiology: a new frontier in chronic disease prevention. Sports Med Open. (2020) 6:40. doi: 10.1186/s40798-020-00271-w

 9. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, et al. Global physical activity levels: surveillance progress, pitfalls, and prospects. Lancet. (2012) 380:247–57. doi: 10.1016/S0140-6736(12)60646-1

 10. Oja P, Kelly P, Pedisic Z, Titze S, Bauman A, Foster C, et al. Associations of specific types of sports and exercise with all-cause and cardiovascular-disease mortality: a cohort study of 80 306 British adults. Br J Sports Med. (2017) 51:812–7. doi: 10.1136/bjsports-2016-096822

 11. Rees-Punia E, Deubler E, Campbell P, Gapstur SM, Patel A. Light-intensity physical activity in a large prospective cohort of older US adults: a 21-year follow-up of mortality. Gerontology. (2020) 66:259–65. doi: 10.1159/000502860

 12. Del Pozo Cruz B, Biddle SJH, Gardiner PA, Ding D. Light-intensity physical activity and life expectancy: national health and nutrition survey. Am J Prev Med. (2021) 61:428–33. doi: 10.1016/j.amepre.2021.02.012

 13. Iwase H, Tanaka-Mizuno S, Takashima N, Kadota A, Matsui K, Nakamaura Y, et al. Relationship of leisure-time and household physical activity level and type with cardiovascular disease: secondary analysis of the Takashima Study data. BMC Cardiovasc Disord. (2022) 22:132. doi: 10.1186/s12872-022-02569-x

 14. Aminian O, Saraei M, Najieb Pour S, Eftekhari S. Association between type of physical activity and risk factors for cardiovascular disease, Islamic Republic of Iran. East Mediterr Health J. (2021) 27:1061–8. doi: 10.26719/emhj.21.060

 15. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. Compendium of physical activities: an update of activity codes and MET intensities. Med Sci Sports Exerc. (2000) 32:S498–504. doi: 10.1097/00005768-200009001-00009

 16. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: diagnosis and classification of diabetes mellitus provisional report of a WHO consultation. Diabet Med. (1998) 15:539–53. doi: 10.1002/(SICI)1096-9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S

 17. D'Agostino RBSr, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, et al. General cardiovascular risk profile for use in primary care: the framingham heart study. Circulation. (2008) 117:743–53. doi: 10.1161/CIRCULATIONAHA.107.699579

 18. Li Y, Zhu B, Xie Y, Jin S, Zhou W, Fang Y, et al. effect modification of hyperuricemia, cardiovascular risk, and age on chronic kidney disease in china: a cross-sectional study based on the China health and nutrition survey cohort. Front Cardiovasc Med. (2022) 9:853917. doi: 10.3389/fcvm.2022.853917

 19. Wang L, Sun M, Guo Y, Yan S, Li X, Wang X, et al. The role of dietary inflammatory index on the association between sleep quality and long-term cardiovascular risk: a mediation analysis based on NHANES (2005-2008). Nat Sci Sleep. (2022) 14:483–92. doi: 10.2147/NSS.S357848

 20. Amadid H, Johansen NB, Bjerregaard AL, Brage S, Faerch K, Lauritzen T, et al. The role of physical activity in the development of first cardiovascular disease event: a tree-structured survival analysis of the Danish ADDITION-PRO cohort. Cardiovasc Diabetol. (2018) 17:126. doi: 10.1186/s12933-018-0769-x

 21. Jakovljevic DG. Physical activity and cardiovascular aging: physiological and molecular insights. Exp Gerontol. (2018) 109:67–74. doi: 10.1016/j.exger.2017.05.016

 22. Stamatakis E, Gale J, Bauman A, Ekelund U, Hamer M, Ding D. Sitting time, physical activity, and risk of mortality in adults. J Am Coll Cardiol. (2019) 73:2062–72. doi: 10.1016/j.jacc.2019.02.031

 23. Strasser B, Arvandi M, Siebert U. Resistance training, visceral obesity and inflammatory response: a review of the evidence. Obes Rev. (2012) 13:578–91. doi: 10.1111/j.1467-789X.2012.00988.x

 24. Aguiar EJ, Morgan PJ, Collins CE, Plotnikoff RC, Callister R. Efficacy of interventions that include diet, aerobic and resistance training components for type 2 diabetes prevention: a systematic review with meta-analysis. Int J Behav Nutr Phys Act. (2014) 11:2. doi: 10.1186/1479-5868-11-2

 25. Pedersen BK. Anti-inflammatory effects of exercise: role in diabetes and cardiovascular disease. Eur J Clin Invest. (2017) 47:600–11. doi: 10.1111/eci.12781

 26. Benatti FB, Pedersen BK. Exercise as an anti-inflammatory therapy for rheumatic diseases-myokine regulation. Nat Rev Rheumatol. (2015) 11:86–97. doi: 10.1038/nrrheum.2014.193

 27. Sattar N, McCarey DW, Capell H, McInnes IB. Explaining how “high-grade” systemic inflammation accelerates vascular risk in rheumatoid arthritis. Circulation. (2003) 108:2957–63. doi: 10.1161/01.CIR.0000099844.31524.05

 28. Kelly P, Kahlmeier S, Gotschi T, Orsini N, Richards J, Roberts N, et al. Systematic review and meta-analysis of reduction in all-cause mortality from walking and cycling and shape of dose response relationship. Int J Behav Nutr Phys Act. (2014) 11:132. doi: 10.1186/s12966-014-0132-x

 29. Soares-Miranda L, Siscovick DS, Psaty BM, Longstreth WTJr, Mozaffarian D Physical activity and risk of coronary heart disease and stroke in older adults: the cardiovascular health study. Circulation. (2016) 133:147–55. doi: 10.1161/CIRCULATIONAHA.115.018323

 30. Lee DC, Pate RR, Lavie CJ, Sui X, Church TS, Blair SN. Leisure-time running reduces all-cause and cardiovascular mortality risk. J Am Coll Cardiol. (2014) 64:472–81. doi: 10.1016/j.jacc.2014.04.058

 31. Koba S, Tanaka H, Maruyama C, Tada N, Birou S, Teramoto T, et al. Physical activity in the Japan population: association with blood lipid levels and effects in reducing cardiovascular and all-cause mortality. J Atheroscler Thromb. (2011) 18:833–45. doi: 10.5551/jat.8094

 32. Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on blood pressure: a meta-analysis of randomized, controlled trials. Ann Intern Med. (2002) 136:493–503. doi: 10.7326/0003-4819-136-7-200204020-00006

 33. Stofan JR, DiPietro L, Davis D, Kohl HW3rd, Blair SN. Physical activity patterns associated with cardiorespiratory fitness and reduced mortality: the aerobics center longitudinal study. Am J Public Health. (1998) 88:1807–13. doi: 10.2105/AJPH.88.12.1807

 34. Porter AK, Schilsky S, Evenson KR, Florido R, Palta P, Holliday KM, et al. The association of sport and exercise activities with cardiovascular disease risk: the atherosclerosis risk in communities (ARIC) study. J Phys Act Health. (2019) 16:698–705. doi: 10.1123/jpah.2018-0671

 35. Oja P, Titze S, Kokko S, Kujala UM, Heinonen A, Kelly P, et al. Health benefits of different sport disciplines for adults: systematic review of observational and intervention studies with meta-analysis. Br J Sports Med. (2015) 49:434–40. doi: 10.1136/bjsports-2014-093885

 36. Baron SL, Hein MJ, Lehman E, Gersic CM. Body mass index, playing position, race, and the cardiovascular mortality of retired professional football players. Am J Cardiol. (2012) 109:889–96. doi: 10.1016/j.amjcard.2011.10.050

 37. Chomistek AK, Cook NR, Flint AJ, Rimm EB. Vigorous-intensity leisure-time physical activity and risk of major chronic disease in men. Med Sci Sports Exerc. (2012) 44:1898–905. doi: 10.1249/MSS.0b013e31825a68f3

 38. Qiu S, Cai X, Yin H, Sun Z, Zugel M, Steinacker JM, et al. Exercise training and endothelial function in patients with type 2 diabetes: a meta-analysis. Cardiovasc Diabetol. (2018) 17:64. doi: 10.1186/s12933-018-0711-2

 39. Fuzeki E, Engeroff T, Banzer W. Health benefits of light-intensity physical activity: a systematic review of accelerometer data of the national health and nutrition examination survey (NHANES). Sports Med. (2017) 47:1769–93. doi: 10.1007/s40279-017-0724-0



OPS/images/fpubh-10-964862-t004.jpg
B 95% CI P-value

Cycling

None Ref

Low ~1331 ~1.864,-0.798 <0001

High ~0480 ~0986,-0.026 0.063
P for trend 0.001
Swimming

None Ref

Low ~0906 ~1.620,-0.193 0013

High —0.007 —0.778,0.765 0.987
Pfor trend 0321
Running

None Ref

Low ~1.365 ~1.872,-0.858 <0001

High —1.566 —=2.037,—1.094 <0.001
Pfor trend <0001

American football

None Ref

Low -2.847 ~3872,-1.822 <0.001

High =3.017 —4.253,~1.781 <0.001
P for trend <0.001
Basketball

None Ref

Low. —1.508 —2.450,—0.566 0.002

High ~2466 ~3.386,-1.546 <0.001
Pfor trend <0.001

Racquet sports

None Ref

Low 1337 ~1916,-0758 <0.001

High 0761 0.172,1351 0011
Pfor trend 0.636
Aerobics

None Ref

Low ~0842 ~1340,-0.344 0.001

High —1110 ~1.609,-0.611 <0001
Pfortrend <0001

*Sex, BMI, race, current alcohol consumption, annual household income, intakes of
energy, protein, carbohydrate, and fat, and the volume of other physical activity (MET,
excluding the volume of the sport that was the main exposure in the corresponding
model) were adjusted.





OPS/images/fpubh-10-964862-t005.jpg
B 95% CI P-value

Cycling

None Ref

Low —0.505 —1.125,0.116 0.111

High —1.089 ~1557,-0621 <0.001
P for trend <0.001
Swimming

None Ref

Low 0617 0.367

High —0679 0.021
Pfor trend 0.042
Running

None Ref

Low 0878 —0.029, 1.784 0.058

High ~1956 ~2344,-1569 <0.001
Pfor trend <0.001
American football

None Ref

Low —2731 ~3.869,~1.593 <0.001

High ~3.099 ~4230,-1967 <0.001
Pfor trend <0.001
Basketball

None Ref

Low —2016 ~3249,-0782 0.001

High ~1949 ~2746,-1.152 <0.001
Pfor trend <0.001
Racquet sports

None Ref

Low 0714 ~0.480, 1.907 0.241

High ~0.465 ~0932,0002 0.051
Pfor trend 0.088
Aerobics

None Ref

Low —0853 —1493,-0214 0.009

High ~1030 ~1.458,-0.601 <0.001
P for trend <0.001

Sex, BMI, race, current alcohol consumption, annual household i
energy, protein, carbohydrate, and fat, and the volume of other phy:
excluding the volume of the sport that was the main exposure in the corresponding
model) were adjusted.






OPS/images/fpubh-10-964862-t002.jpg
B 95% CI P-value

Cyeling

None Ref

Any —0890 —1278,-0.502 <0.001
Swimming

None Ref

Any ~0458 ~0.998, 0.081 0.096
Running

None Ref

Any —1.466 —1.837,-1.095 <0.001
American football

None Ref

Any 2934 ~3750,-2.119 <0.001
Basketball

None Ref

Any —1.968 ~2.645,~1.291 <0.001
Racquet sports

None Ref

Any —0312 —0751,0.128 0.164
Aerobics

None Ref

Any —0980 —1352,-0.608 <0.001

Sex, BMI, race, current alcohol consumption, annual houschold i

energy, protein, carbohydrate, and fat, and the volume of other phy:
excluding the volume of the sport that was the main exposure in the corresponding
model) were adjusted.





OPS/images/fpubh-10-964862-t003.jpg
B 95% CI P-value

Cyeling

None Ref

Moderate ~0.505 ~1125,0.116 [

Vigorous ~1.089 ~1557,-0621 <0.001
P for trend <0.001
Swimming

None Ref

Moderate 0.008 ~0.780,0.797 0984

Vigorous —0.807 —1.512,-0.103 0.025
Pfortrend 0041
Running

None Ref

Moderate 0790 ~0.075, 1.655 0073

Vigorous -1977 —2.366,—1.588 <0.001
Pfor trend <0.001

American football

None Ref

Moderate -2310 ~3.693,0.926 0.001

Vigorous —3237 —4.223,-2.251 <0.001
P for trend <0.001
Basketball

None Ref

Moderate =2.016 —3.249,-0.782 0.001

Vigorous ~1.949 ~2.746,-1.152 <0.001
Pfor trend <0.001
Racquet sports

None Ref

Moderate —0266 ~0.759,0.227 0291

Vigorous —0447 —1.283,0.388 0294
Pfor trend 0.155
Aerobics

None Ref

Moderate -0335 ~0.809,0.1380 0.165

Vigorous —1792 ~2312,-1271 <0.001
Pfor trend <0.001

'Sex, BMI, race, current alcohol consumption, annual household income, intakes of
energy, protein, carbohydrate, and fat, and the volume of other physical activity (MET,
excluding the volume of the sport that was the main exposure in the corresponding
model) were adjusted.





OPS/images/fpubh-10-964862-t006.jpg
Cydling
None
Any
None
Any

Cydling
None
Any
None
Any

Cydling

None

Any
Running
None
Any
None
Any
Running
None
Any
None
Any
Running
None
Any
None

Any

Running

None

None

Any

Any
Basketball

None

None

Any

Any
Racquet sports

None

None

Any
Aerobics

None

None

Any

Any
Aerobics

None

None

Any

Any
American Football

None

None

Any

Any
Racquet sports

None

None

Any

Any

B

Ref
-1.733
—-1228
—1.808

Ref
—2512
~1.067
~0.555

Ref
~0.679
~1176

Ref
~1.083
—0.742
0686

Ref
~1305
—1.784
—1973

Ref
—3.951
—1.557
-3222

Ref
—0.433
—1.516
—1.672

Sex, BMI, race, current alcohol consumption, annual household i
energy, protein, carbohydrate, and fat, and the volume of other physical activi

95% CI

—2.155,~1311
—1.693,-0.762
—2422,-1.195

~3.263,~1.761
—1.465,-0.669
~1.870,0.761

—1.174,-0.184
~1.599,-0754

~1.473,-0.693
—1.362,-0.122
—1720,0347

—1.729,-0.881
~2.198,-1370
—2654,-1.292

—4.927,-2.975
~1.935,~1.179
—4.416,-2.029

—0.941,0.076
—1918,- 1115
~2.463,-0.882

P-value

<0.001
<0.001
<0001

<0.001
<0.001
0.409

0007
<0001

<0.001
0019
0.193

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

0.096
<0.001
<0.001

\come, intakes of

o™

excluding the volume of the sports that were the main exposures in the corresponding
model) were adjusted.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Associations of specific types of physical activities with 10-year risk of cardiovascular disease among adults: Data from the national health and nutrition examination survey 1999–2006



		Introduction



		Materials and methods



		Study design



		Study population



		Physical activity assessment



		Measurement



		Assessment of CVD risk



		Statistical analysis







		Results



		Characteristics of participants



		Associations of specific types of physical activities with CVD risk



		Associations of the intensity of specific types of physical activities with CVD risk



		Associations of the duration of specific types of physical activities with CVD risk



		Associations of the volume of specific types of physical activities with CVD risk



		The interactions between the different types of physical activities on the risk of CVD



		Sensitivity analysis







		Discussion



		Strengths and limitations







		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















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

Associations of specific types of
physical activities with 10-year
risk of cardiovascular disease
among adults: Data from the
national health and nutrition

examination survey 1999-2006





OPS/images/fpubh-10-964862-g001.gif
[E——
o miing daxin
ctovmsatrdcwe sk
s 0 2353

Paiipancssgnd >0 ey

o 10345)

P it
tovmenbe dncse o
ke
o rases)

P it dos
liovpsordve ik
oy
Py

Fraty, s s
o 2y

Paipans excloed oo
i cormclar
e arke o 1550)

Paipans cxlued e to

e ——
o 1709,





OPS/images/fpubh-10-964862-t001.jpg
Characteristics Total sample Male Female P for sex

(n=10,829) (n=5,267) (n=5,562)
Age (mean % SD, years)* 53.46 = 15.67 53.66 £ 15.41 53.26 £ 15.90 0.186
BMI (mean = SD, kg/m?) * 28.67+6.16 28.26 %537 29,06+ 6,81 <0.001
Race [ (%))° 0133
Non-Hispanic white 5,794 (53.50) 2,846 (54.03) 2,948 (53.00)
Non-Hispanic black 2,006 (18.52) 981(18.63) 1,025 (18.43)
Mexican-American 2243 (2071) 1,089 (20.68) 1,154 (2075)
Other 786 (7.26) 351(6.66) 435(7.82)
Current smoking [ (%))* <0.001
No 8584 (79.27) 3,974 (75.45) 4,610 (82.88)
Yes 2,245 (20.73) 1,293 (2455) 952(17.12)
Current alcohol consumption [ (%))* <0.001
No 5524 (51.01) 2,195 (41.67) 3,329 (59.85)
Yes 5,305 (48.99) 3,072 (58.33) 2,233 (40.15)
Annual household income [ (%))* <0.001
<$20,000 2422 (22.37) 1,056 (20.05) 1,366 (24.56)
$20,000~45,000 3,478 (32.12) 1,692 (32.12) 1,786 (32.11)
>$45,000 4,929 (45.52) 2,519 (47.83) 2,410 (43.33)
History of diabetes [ (%))° 0215
No 9,730 (89.85) 4713 (89.48) 5,017 (90.20)
Yes 1,099 (10.15) 554 (10.52) 545 (9.80)
Intake of energy (mean 4 SD, keal/day)* 2100.03  983.66 2447.52 % 1082.54 177097 £ 74272 <0.001
Intake of protein (mean = SD, gm/day)* 79.99 4 41.50 93.26 £ 45.84 67433224 <0.001
Intake of carbohydrate (mean = SD, gmy/day)* 257.23 % 12607 293.16 % 138.80 22320 % 10159 <0.001
Intake of fat (mean = SD, gm/day)* 79.13 4582 91805134 67.12 % 36.00 <0.001
SBP (mean % SD, mmHg)* 127.21 £ 2046 127.54 £ 17.88 126.89 £ 22.63 0.100
DBP (mean 4 SD, mmHg)* 71664 13.64 73204 13.74 70204 13.38 <0001
Plasma glucose (imean  SD, mg/dL) * 99.89 3574 102,12 £ 37.07 97.77 £ 3431 <0001
TC (mean  SD, mg/dL) * 206.87 % 42.40 204.43 % 43.08 209.17 % 41.62 <0.001
HDL-cholesterol (mean = SD, mg/dL) * 5343+ 1628 4789 %1377 58.68 1673 <0.001
Cardiovascular disease risk score (mean % SD) * 10134694 1131633 9.01:£7.29 <0.001
Cycling [n (%)]" <0.001
None 9,765 (90.17) 4,640 (88.10) 5,125 (92.14)
Any 1,064 (9.83) 627 (11.90) 437 (7.86)
Swimming [ (%)]* 0235
None 10,359 (95.66) 5,051 (95.90) 5,308 (95.43)
Any 470 (4.34) 216 (4.10) 254(4.57)
Running [n (%)]* <0.001
None 9,473 (87.48) 4,526 (85.93) 4,947 (88.94)
Any 1,356 (12.52) 741 (14.07) 615 (11.06)
American Football [ (%)) <0.001
None 10,637 (98.23) 5,103 (96.89) 5,534 (99.50)
Any 192(1.77) 164(3.11) 28 (0.50)
Basketball [ (%)]* <0.001
None 10,479 (96.77) 4971 (94.38) 5,508 (99.03)
Any 350(3.23) 296 (5.62) 54(0.97)
Racquet sports [ (%))* <0.001
None 10,065 (92.94) 4,684 (88.93) 5,381 (96.75)
Any 764 (7.06) 583 (11.07) 181(3.25)
Aerobics [n (%)) <0.001
None 9,413 (86.92) 4769 (90.54) 4,644 (83.50)
Any 1,416 (13.08) 198(9.46) 918(16.50)

BMI, body mass index; HDL, high density lipoprotein; TC, total cholesterol; SBR, systolic blood pressure; DBP, diastolic blood pressure. * These variables were analyzed using t-test. “These
variables were analyzed using chi-square.
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