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Background: Physical activity and sedentary behavior are independently related to the risk of cardiovascular disease. Physical activity is recognized as having a protective effect, while being sedentary seems to be adverse. Nonetheless, the interactions between physical activity and sedentary behavior and the combined effect on the prognosis of heart failure patients remain unclear.

Methods and results: This cohort study included 886 heart failure patients from the National Health and Nutrition Examination Survey (NHANES) 2007-2018. Physical activity and sedentary behavior were assessed by the NHANES questionnaires. The all-caused deaths of enrolled subjects were identified from National Death Index (NDI) database. During a median follow-up of 51 months, 321 (36.2%) deaths from any causes occurred. Multivariable Cox proportional hazards models were used to estimate the hazard ratios (HRs) and 95% confidence interval (CI) for the all-cause mortality in heart failure patients associated with physical activity and sedentary behavior. Physical activity was independently associated with lower mortality [HR = 0.51, 95% CI (0.38-0.68), p < 0.001] and sedentary behavior was associated with adverse prognosis [HR = 1.79, 95% CI (1.41–2.28), p < 0.001]. Kaplan–Meier survival curve showed that physical activity appeared to attenuate the negative consequences of SB, while sedentary behavior increased the all-cause mortality, particularly those without physical activity.

Conclusion: Physical activity has a protective effect on HF patients’ prognosis, particularly those with sedentary behavior. Sedentary behavior independently exhibited a negative association in populations without physical activity, while it does not increase mortality in those with moderate physical activity.
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Introduction

Heart failure (HF) is a complicated syndrome at the end stage of various cardiovascular diseases (CVDs), and is a leading cause of morbidity and mortality (1). 50% of HF patients with reduced ejection fraction (HFrEF) die within 5 years from diagnosis (2).

Physical activity is considered a diagnostic and prognostic tool for chronic heart failure, as well as a therapeutic intervention of HF (3). In addition to being a primary prevention in heart failure (4), physical exercise is now a well-establish therapy for HF patients (5). European Society of Cardiology (ESC) guideline 2021 recommended that HF patients should perform proper exercise training (6). O’Connor et al. (7) showed that exercise training was associated with modest significant reductions in cardiovascular mortality or heart failure hospitalization after adjustment for highly prognostic predictors of the primary end point. Furthermore, exercise impairment is a crucial characteristic of HF, which is used as a prognostic factor in HF patients. Measured oxygen consumption (VO2) at peak physical activity is a widely used prognostic factor in HF (3). Other parameters related to physical exercise have also been shown to be strong predictors of mortality, including VO2 at the anaerobic threshold, O2 uptake efficiency slope, mean response time, and hemodynamic measurement during exercise (8).

In addition to the positive health effects of physical activity (PA), Sedentary behavior has been found to be associated with many health risks, including diabetes (9) and cardiovascular disease (10). Physical Activity Guidelines for Americans in 2018 stressed the importance of reducing sedentary time for both general and cardiovascular health (11). It was found that sedentary behavior may adversely affect cardiovascular metabolism (12), resulting in declining quality of life and increased risk of morbidity and mortality (13). In particular, Deborah Rohm Young et al. (14) found that longer sedentary time was correlated to a higher incidence of heart failure in men aged ≥ 45 years. Moreover, patients with HF exhibit a longer sedentary behavior (15), which may further contribute to severe disability and higher mortality (16, 17). However, previous studies demonstrated more evidence that physical inactivity and sedentary time were associated with new-onset HF (18). The effect of sedentary behavior on outcomes in patients with established HF, especially HFpEF, is not well studied.

Here, it is necessary to emphasize the difference between sedentary behavior and physical inactivity. Although sedentary behavior and physical activity are on opposite sides of the energy consumption (19), and the previous studies (20, 21) have tended to treat sedentary behavior as a specific classification in the intensity of physical activities, sedentary behavior is likely to be considered an independent risk factor for cardiovascular health outcomes (22). In other words, it is reasonable that a patient engages in moderate or vigorous-intensity physical activity while sitting for several hours a day. Therefore, it is essential to understand the interactions between sedentary behavior and physical activity on health outcomes. To determine the prognostic role of physical activity and sedentary behavior in HF patients, this study investigated the combination relationship between PA/SB and all caused mortality in patients with established HF from the NHANES data.



Materials and methods


Study population

This study included data from the National Health and Nutrition Examination Survey (NHANES) 2007–2018. The NHANES database is an ongoing cross-sectional survey conducted by the National Center for Health Statistics (NCHS). The survey selects approximately 10,000 participants nationwide every 2-year cycle by stratified random sampling, and then collects and incorporates their interviews, physical examinations, and laboratory tests. Moreover, the follow-up data is from National Death Index (NDI). The flow chart of the current study is shown in Figure 1. A total of 886 subjects diagnosed with congestive heart failure were enrolled. The inclusion criteria: (1) participants with self-reported a Congestive Heart Failure diagnosis; (2) participants with NDI data; (3) participants with Cardiovascular Health Questionnaire (CDQ) data which classifies patients into two groups according to the New York Heart Association (NYHA) Classification of Heart Failure. Institutional Review Board approval was not required as the NHANES represents an adequately de-identified and publicly available dataset (23).
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FIGURE 1
Study flowchart. NHANES, National Health and Nutrition Examination Survey; HF, Heart failure; NDI, National Death Index; CQD, Cardiovascular Health Questionnaire; NYHA, New York Heart Association Classification of Heart Failure.




Physical activity and sedentary behavior assessment

Detailed information about physical performance status and sedentary time was assessed by the NHANES physical activity questionnaire. The type, frequency, and duration of leisure-time physical activity were collected. According to Ainsworth’s Compendium of Physical Activity, the intensity of physical activities was represented by the metabolic equivalent of task (MET) (24), which is the objective measure of the ratio of the rate at which a person expends energy. 1 MET is roughly equal to the energy expenditure in a quiet and seated position, defined as 1 kcal/(kg*hour) or 3.5 mL of consumed oxygen/(kg*minute). World Health Organization (WHO) recommends a minimum of weekly physical activity of 7.5 METs-hour in general population (25). The NHANES physical activity questionnaire recorded and collected the activity time per week for each participant. They were divided into active group and non-active group based on converted METs. We defined 0 MET-hour/week as non-PA and ≥ 0.1 MET-hour/week as PA. The sedentary activity in the NHANES questionnaire includes sitting at work, at home, in a car or bus, reading, watching television, or using a computer, and notably, do not include time spent sleeping. Sitting for more than 6 h a day is defined as sedentary behavior (22).



Study outcomes and follow-up

The primary outcome of this study was the overall mortality in heart failure population from National Death Index (NDI) database. Patients with heart failure who were enrolled were followed up every year to assess their health status.



Statistical analysis

Data were described as count (%) for categorical variables and mean ± standard deviation for continuous variables. Sampling weights were used in all analyses to generalize results to the United States civilian non-institutionalized resident population. Baseline characteristics were compared by χ2 test or Kruskal–Wallis test. Univariate Cox regression was performed for every exposure variable to predict the overall mortality. A Multivariate Cox proportional hazard model was used to analyze the association between physical activity, sedentary behavior, and overall mortality after adjusting age, marital status, and BMI. Kaplan–Meier plots were generated to assess the event-free survival. The difference between groups was compared by log-rank test. All missing data were excluded along the analytical process. All analyses and plots were conducted with R statistical software version 4.1.2. P < 0.05 was considered statistically significant. All the raw codes and data were provided in the Supplementary Data File named Rawcode.zip.




Results


Baseline characteristics

During the identified period of study, a total of 1,392 HF patients enrolled from NHANES. However, 506 subjects were excluded due to the missing data of NDI or CDQ. Of the 886 participants, 278 subjects (31.4%) were assessed as NYHA I/II, and 608 subjects (68.6%) were assessed as NYHA III/IV. The baseline descriptive characteristics for the study population of two groups are presented in Table 1. Overall, 80% were over 60 years, 54.7% were men, 52.8% were non-Hispanic White, 60.6% had more than high school education, 47.5% were married, 21.6% had a poverty index ratio of more than 3, 79.7% had a BMI more than 25, 58.8% were current smoking. Compared with patients in NYHA I/II group, patients in NYHA III/IV group were more likely to be younger than 60 years (33.0% vs. 13.7%, p = 0.001), more non-Hispanic White (56.2% vs. 45.3%, p = 0.013), higher BMI above 30 (54.2% vs. 43.7%, p = 0.005) and more smoking (62.7% vs. 50.4%, p = 0.001).


TABLE 1    Demographic characteristics of heart failure participants (N = 886, weighted count 3,959,970).
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Main outcomes

There were 321 (36.2%) deaths from any causes during a median follow-up of 51 months. Univariable Cox regression analysis was shown in Table 2. The results revealed that age ≥ 60 (p < 0.001), unmarried status (p < 0.001) and sedentary behavior (p < 0.001) were found to be significant risk factors for the all-cause mortality. Conversely, BMI > 30 (p < 0.001), and physical activity (p < 0.001) could be considered as the indicators of reduced risk of death in heart failure population.


TABLE 2    Univariate cox regression factors associated with all caused death.
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Furthermore, Figure 2 shows the results of multivariate Cox regression analysis including above variables. Age ≥ 60 [HR = 2.16, 95% CI (1.45–3.21), p < 0.001], unmarried status [HR = 1.33, 95% CI (1.05–1.68), p = 0.018], BMI > 30 [HR = 0.47, 95% CI (0.35–0.62), p < 0.001], sedentary behavior [HR = 1.79, 95% CI (1.41–2.28), p < 0.001] and physical activity [HR = 0.51, 95% CI (0.38–0.68), p < 0.001] were all independently related to risk for all caused death in HF population. This indicated a protective effect of physical activity and the adverse effect of sedentary behavior on the prognosis of heart failure patients.
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FIGURE 2
Forest-plot for multivariate Cox regression associated with all caused death. Age = “0” represents 20–59 years, “1” represents 60–85 years. Marital status = “0” represents married, “1” represents living with partner, and “2” represents others. BMI = “0” represents BMI < 25, “1” represents 20–25, and “2” represents BMI ≥ 25. Sit01 = “0” represents no sedentary behavior while “1” represents group with sedentary behavior. Pa01 = “0” represents no physical activity while “1” represents group with physical activity. *P < 0.05; ***P < 0.001.




Association of PA and SB with mortality in two NYHA groups

Since exercise impairment and sitting for a longer time are critical characteristics of HF, especially in patients with worse cardiac function, HF patients were divided into NYHA I/II group and NYHA III/IV group. Kaplan–Meier survival curve for different combinations of physical activity and sedentary behavior groups was shown in Figure 3. In both NYHA I/II and NYHA III/IV groups, the population with sedentary behavior and physical inactivity had the lowest survival-free probability (blue curve). There was no significant difference in the prognosis of HF patients with physical activity, whether they were with sedentary behavior (purple curve) or not (green curve). The results indicated that high levels of physical activity seem to attenuate the negative effects of SB. Sedentary behavior increases the risk of all-cause mortality in HF patients, particularly those without physical activity. On the contrary, this adverse prognostic effect of sedentary behavior is not significant when the HF patient had some exercise.
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FIGURE 3
KM survival curve for NYHA I/II group (A) and NYHA III/IV (B), sorted by physical activity (PA) and sedentary behavior (SB). Red curve: without PA or SB (“sit01” = 0, “pa01” = 0); green curve: PA without SB (“sit01” = 0, “pa01” = 1); blue curve: SB without PA (“sit01” = 1, “pa01” = 0); purple curve: PA with SB (“sit01” = 1, “pa01” = 1).





Discussion

In this retrospective study, we enrolled 886 patients with established heart failure in NHANES 2007–2018 data. We provided evidence that the prognosis of HF is closely associated with physical activity and sedentary behavior independently. In particular, sedentary behavior could independently predict higher overall mortality along with the following up. Furthermore, SB exhibited more adverse effects in populations without physical activity, while in those with moderate physical activity, SB does not increase mortality. Similarly, PA could attenuate the negative impact of SB in HF patients. However, the beneficial effect of physical activity was not significant when patients were not with SB.

A series of preclinical studies suggested the potential mechanisms for the association between sedentary behavior and adverse cardiovascular outcomes. Bey et al. (26) used hindlimb suspension acutely preventing ambulatory activity in a rat model to mimic sedentary behavior in humans. They found that lipoprotein lipase (LPL) activity was suppressed in skeletal muscle, causing decreased muscle uptake of plasma triglyceride and high-density lipoprotein cholesterol (HDL-C) concentration. Furthermore, a global gene-expression profiling study using Affymetrix microarrays was conducted to compare mRNA levels in the soleus muscle in rats under hindlimb unloading. Bey et al. (27) identified 38 genes most sensitive to loading/activity in rat skeletal muscle involved in protein synthesis/degradation and energy metabolism. Besides, several studies showed that sedentary behavior likely reduced the expression of key metabolic regulators. Joseph et al. (28) found that NAD-dependent deacetylase SIRT3 (sirtuin-3) was lower within the skeletal muscle cells in sedentary individuals, leading to decreased expression of PGC-1α, a key regulator of mitochondrial mass/function. On the contrary, suspending sedentary time with light-intensity physical activity can increase the expression of nicotinamide N-methyltransferase, a modulator in anti-inflammatory pathway (12). Overall, sedentary behavior can alter metabolism at the level of skeletal muscle resulting in gross metabolic disturbances, which indicate some potential mechanisms for the sedentary activity to reduce cardiovascular prognosis. More evidence is required to determine the pathophysiological pathways of sedentary behavior and whether these pathways differ from those associated with physical activity.

In contrast to sedentary behavior, the benefits of physical activity on heart failure are multifaceted. Kemi et al. (29) revealed that physical activity, especially aerobic interval training, enhances cardiomyocyte contractility and faster reuptake of cytoplasmic calcium by phosphorylation of threonine-17 residue. Animal models have provided evidence that exercise training enhances calcium handling via calcium-transporting ATPase on the sarcoendoplasmic reticulum (30) and reduces circulating inflammation markers, including C-reactive protein. This protects cells from inflammation-mediated myocardial fibrosis and dysfunction (31). At the level of mRNA, physical activity has been shown to increase the expression of SIRT3 (32) and PGC-1α (33), which regulate the early processes of mitochondrial biogenesis, while decreasing the expression of catabolic mRNA in skeletal muscle such as FOXO3a (forkhead box O3), MuRF-1 (muscle RING-finger protein-1) and atrogin-1 (34). Moreover, the lifelong exercise training has been proved to prevent decrements in compliance and distensibility (35), reduce stiffness and afterload, and thus maintain cardiac function.

Following the basic research studies described above, a large number of clinical research on the associations between SB or PA with cardiovascular outcomes were conducted. The evidence of the associations between physical activity (11) or sedentary behavior (36) with mortality from CVD is solid and is consistent with our study. However, previous studies about the interaction between sedentary behavior and physical activity were insufficient, and joint effects on outcome were unclear. Ekelund et al. (37) investigated the combined effects of SB and PA on mortality from CVD and all causes and demonstrated the role of SB across different activity levels, which is parallel to our results, with the difference that we focused on mortality in heart failure patients. Moreover, compared to previous studies, our study found consistent findings in HF populations with different NYHA classes, corresponding to different exercise tolerance. On the other hand, our study was a community-based study rather than a hospital-based study. The characteristics of HF patients are completely different from hospital to community settings, where HF patients are always in stable condition. Therefore, the results obtained from the NHANES database are adaptable to explore SB and PA.


Limitations

The potential limitation of our present study should be clarified. Firstly, as with any cohort study, the study cannot extrapolate the causal relationship between PA or SB and the prognosis of HF patients. However, the value of higher physical activity and less sedentary behavior as an independent beneficial predictor can be determined. Secondly, the endpoint data from the NDI database selected only all-cause mortality, without further differentiation of the causes of death in patients with heart failure, such as cardiovascular mortality. Thirdly, in terms of variable classification, a distinction is made between the presence or absence of PA and SB, without the stratified level of intensity and duration. Therefore, it is unfortunate that we could not obtain the dose-dependent effect of PA and SB on mortality in the HF population. Last, due to the characteristics of the NHANES database, we could not obtain several detailed variables, such as NT-proBNP and LVEF, which are associated with mortality in heart failure patients but not included in NHANES. Furthermore, some other determinants of functional limitation and sedentary behavior, such as fractures and obesity, were not analyzed separately. Focusing on these determinants as clinical indicators may be beneficial for improving the prognosis of heart failure.




Conclusion

Physical activity has a protective effect on HF patients’ prognosis, while sedentary behavior independently plays an adverse role. Physical activity could attenuate the negative effect of sedentary while this beneficial effect was insignificant in patients without sedentary. Analogously, sedentary behavior exhibited a negative association in populations without physical activity, while in those with moderate physical activity, SB does not increase mortality.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.



Ethics statement

Institutional Review Board approval was not required as the NHANES represents an adequately de-identified and publicly available dataset. The patients/participants provided their written informed consent to participate in this study.



Author contributions

YW and GF conceived and designed the study. YZ organized these data and drafted the manuscript with the help of ZC and SC. YZ and ZC analyzed the data and drew the pictures. YW and SC reviewed and edited the manuscript. YW and GF detected any errors in the whole process. All authors have read and approved the manuscript for submission.



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.


Abbreviations

BMI, Body Mass Index; CI, confidence interval; CVD, Cardiovascular Diseases; CQD, Cardiovascular Health Questionnaire; ESC, European Society of Cardiology; FOXO3a, Forkhead box O3; HF, Heart Failure; HFrEF, Heart Failures with reduced Ejection Fraction; HR, Hazard ratio; LPL, Lipoprotein Lipase; MET, Metabolic Equivalent of Task; MuRF-1, Muscle RING-Finger protein-1; NCHS, National Center for Health Statistics; NDI, National Death Index; NHANES, National Health and Nutrition Examination Survey; NHYA, New York Heart Association; PA, Physical Activity; PGC-1α, Proliferator-activated receptor γ Coactivator 1-α; SB, Sedentary Behavior; SIRT3, Sirtuin-3.


References

1. Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart. (2007) 93:1137–46. doi: 10.1136/hrt.2003.025270

2. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, et al. Heart disease and stroke statistics–2014 update: a report from the American Heart Association. Circulation. (2014) 129:e28–292.

3. Cattadori G, Segurini C, Picozzi A, Padeletti L, Anzà C. Exercise and heart failure: an update. ESC Heart Fail. (2018) 5:222–32. doi: 10.1002/ehf2.12225

4. Wilson MG, Ellison GM, Cable NT. Basic science behind the cardiovascular benefits of exercise. Br J Sports Med. (2016) 50:93–9. doi: 10.1136/bjsports-2014-306596rep

5. Fleg JL, Cooper LS, Borlaug BA, Haykowsky MJ, Kraus WE, Levine BD, et al. Exercise training as therapy for heart failure: current status and future directions. Circ Heart Fail. (2015) 8:209–20. doi: 10.1161/CIRCHEARTFAILURE.113.001420

6. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. European Society of Cardiology [ESC], 2021. Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. (2021) 42:3599–726.

7. O’Connor CM, Whellan DJ, Lee KL, Keteyian SJ, Cooper LS, Ellis SJ, et al. Efficacy and safety of exercise training in patients with chronic heart failure: HF-ACTION randomized controlled trial. JAMA. (2009) 301:1439–50. doi: 10.1001/jama.2009.454

8. Alba AC, Adamson MW, MacIsaac J, Lalonde SD, Chan WS, Delgado DH, et al. The added value of exercise variables in heart failure prognosis. J Card Fail. (2016) 22:492–7. doi: 10.1016/j.cardfail.2016.01.012

9. Owen N, Bauman A, Brown W. Too much sitting: a novel and important predictor of chronic disease risk? Br J Sports Med. (2009) 43:81–3. doi: 10.1136/bjsm.2008.055269

10. Ford ES, Caspersen CJ. Sedentary behaviour and cardiovascular disease: a review of prospective studies. Int J Epidemiol. (2012) 41:1338–53. doi: 10.1093/ije/dys078

11. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al. Physical activity guidelines for Americans, 2018. JAMA. (2018) 320:2020–8. doi: 10.1001/jama.2018.14854

12. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors and subsequent health outcomes in adults a systematic review of longitudinal studies, 1996-2011. Am J Prev Med. (2011) 41:207–15. doi: 10.1016/j.amepre.2011.05.004

13. Edwards MK, Loprinzi PD. Sedentary behavior & health-related quality of life among congestive heart failure patients. Int J Cardiol. (2016) 220:520–3. doi: 10.1016/j.ijcard.2016.06.256

14. Young DR, Reynolds K, Sidell M, Brar S, Ghai NR, Sternfeld B, et al. Effects of physical activity and sedentary time on the risk of heart failure. Circ Heart Fail. (2014) 7:21–7. doi: 10.1161/CIRCHEARTFAILURE.113.000529

15. Borland M, Rosenkvist A, Cider A. A group-based exercise program did not improve physical activity in patients with chronic heart failure and comorbidity: a randomized controlled trial. J Rehabil Med. (2014) 46:461–7. doi: 10.2340/16501977-1794

16. Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN. Sedentary behavior, exercise, and cardiovascular health. Circ Res. (2019) 124:799–815. doi: 10.1161/CIRCRESAHA.118.312669

17. Doukky R, Mangla A, Ibrahim Z, Poulin M-F, Avery E, Collado FM, et al. Impact of physical inactivity on mortality in patients with heart failure. Am J Cardiol. (2016) 117:1135–43. doi: 10.1016/j.amjcard.2015.12.060

18. Andersen K, Mariosa D, Adami H-O, Held C, Ingelsson E, Lagerros YT, et al. Dose-response relationship of total and leisure time physical activity to risk of heart failure: a prospective cohort study. Circ Heart Fail. (2014) 7:701–8. doi: 10.1161/CIRCHEARTFAILURE.113.001010

19. Gibbs BB, Hergenroeder AL, Katzmarzyk PT, Lee IM, Jakicic JM. Definition, measurement, and health risks associated with sedentary behavior. Med Sci Sports Exerc. (2015) 47:1295–300. doi: 10.1249/MSS.0000000000000517

20. Chen M-F, Ke S-R, Liu C-L, Wu T-C, Yu Y-M, Chiou A-F. Associated factors and impacts of sedentary behaviour in patients with heart failure: a longitudinal study. Eur J Cardiovasc Nurs. (2020) 19:609–18. doi: 10.1177/1474515120912381

21. LaMonte MJ, Larson JC, Manson JE, Bellettiere J, Lewis CE, LaCroix AZ, et al. Association of sedentary time and incident heart failure hospitalization in postmenopausal women. Circ Heart Fail. (2020) 13:e007508. doi: 10.1161/CIRCHEARTFAILURE.120.007508

22. Young DR, Hivert M-F, Alhassan S, Camhi SM, Ferguson JF, Katzmarzyk PT, et al. Sedentary behavior and cardiovascular morbidity and mortality: a science advisory from the American Heart Association. Circulation. (2016) 134:e262–79. doi: 10.1161/CIR.0000000000000440

23. Centers for Disease Control and Prevention. NHANES Questionnaires, Datasets, and Related Documentation. (n.d.). Available online at: https://www.cdc.gov/nchs/nhanes/

24. 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

25. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. (2020) 54:1451–62. doi: 10.1136/bjsports-2020-102955

26. Bey L, Hamilton MT. Suppression of skeletal muscle lipoprotein lipase activity during physical inactivity: a molecular reason to maintain daily low-intensity activity. J Physiol. (2003) 551:673–82. doi: 10.1113/jphysiol.2003.045591

27. Bey L, Akunuri N, Zhao P, Hoffman EP, Hamilton DG, Hamilton MT. Patterns of global gene expression in rat skeletal muscle during unloading and low-intensity ambulatory activity. Physiol Genomics. (2003) 13:157–67. doi: 10.1152/physiolgenomics.00001.2002

28. Joseph A-M, Adhihetty PJ, Buford TW, Wohlgemuth SE, Lees HA, Nguyen LMD, et al. The impact of aging on mitochondrial function and biogenesis pathways in skeletal muscle of sedentary high- and low-functioning elderly individuals. Aging Cell. (2012) 11:801–9. doi: 10.1111/j.1474-9726.2012.00844.x

29. Kemi OJ, Ellingsen O, Ceci M, Grimaldi S, Smith GL, Condorelli G, et al. Aerobic interval training enhances cardiomyocyte contractility and Ca2+ cycling by phosphorylation of CaMKII and Thr-17 of phospholamban. J Mol Cell Cardiol. (2007) 43:354–61. doi: 10.1016/j.yjmcc.2007.06.013

30. Buttrick PM, Kaplan M, Leinwand LA, Scheuer J. Alterations in gene expression in the rat heart after chronic pathological and physiological loads. J Mol Cell Cardiol. (1994) 26:61–7. doi: 10.1006/jmcc.1994.1008

31. Stewart LK, Flynn MG, Campbell WW, Craig BA, Robinson JP, Timmerman KL, et al. The influence of exercise training on inflammatory cytokines and C-reactive protein. Med Sci Sports Exerc. (2007) 39:1714–9. doi: 10.1249/mss.0b013e31811ece1c

32. Lanza IR, Short DK, Short KR, Raghavakaimal S, Basu R, Joyner MJ, et al. Endurance exercise as a countermeasure for aging. Diabetes. (2008) 57:2933–42. doi: 10.2337/db08-0349

33. Cobley JN, Bartlett JD, Kayani A, Murray SW, Louhelainen J, Donovan T, et al. PGC-1α transcriptional response and mitochondrial adaptation to acute exercise is maintained in skeletal muscle of sedentary elderly males. Biogerontology. (2012) 13:621–31. doi: 10.1007/s10522-012-9408-1

34. Konopka AR, Douglass MD, Kaminsky LA, Jemiolo B, Trappe TA, Trappe S, et al. Molecular adaptations to aerobic exercise training in skeletal muscle of older women. J Gerontol A Biol Sci Med Sci. (2010) 65:1201–7. doi: 10.1093/gerona/glq109

35. Bhella PS, Hastings JL, Fujimoto N, Shibata S, Carrick-Ranson G, Palmer MD, et al. Impact of lifelong exercise “dose” on left ventricular compliance and distensibility. J Am Coll Cardiol.. (2014) 64:1257–66. doi: 10.1016/j.jacc.2014.03.062

36. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality from all causes, cardiovascular disease, and cancer. Med Sci Sports Exerc. (2009) 41:998–1005. doi: 10.1249/MSS.0b013e3181930355

37. Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell KE, et al. Does physical activity attenuate, or even eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of data from more than 1 million men and women. Lancet. (2016) 388:1302–10. doi: 10.1016/S0140-6736(16)30370-1



OPS/images/fcvm-09-1027995-g001.jpg
Total NHANES Population
(2007-2018)
N=62,192

With physical data

MCQI160B: Ever told had
congestive heart failure (HF)

|
YES
A 4

Participants with HF data
N=1,392

Have the follow-up data
(National Death Index, NDI)

Participants without HF data
N=60,800

Participants without NDI data
N=503

|
YES
4

Participants with NDI data
N=889

,

CDQ: Shortness of breath on
stairs/inclines

Participants without CDQ data
N=3

Y

|

3

Participants in NYHA I/II group
=278

Y

Participants in NYHA III/IV group

N=608






OPS/images/fcvm-09-1027995-g003.jpg
Survival probability

Strata

Survival probability

1.00-

0.751

0.50 1

0.25+

0.00 +

o000
e —
I
—200
TOOTT
(OR O R O Ee)
olele®)
— e e
T

—0O—=0

nono
e~ et

1.00-

0.75+

0.50 1

0.251

0.00 1

QR ORO
— e e
0000
— e e e
mmnni
—=200
I I
—0O=0

Strata == sit01=0, pa01=0 == sit01=0, pa01=1 == sit01=1, pa01=0 == sit01=1, pa01=1

p <0.0001
0 25 50 75 100
Time(months)
Number at risk
| 2 11 i §
. : ! .1 .
0 29 50 75 100
Time(months)
Strata == sit01=0, pa01=0 == sit01=0, pa01=1 == sit01=1, pa01=0 == sit01=1, pa01=1
p <0.0001
0 25 50 75 100
Time(months)
Number at risk
gg i g 8
10
ik 3_3 3,? i :
0 2D 50 i 100

Time(months)





OPS/images/fcvm-09-1027995-g002.jpg
Age

Marital_status

sit01

pal1

0
(N=178)
1
(N=711)
0
(N=424)
1
(N=17)
2
(N=448)
0
(N=169)
1
(N=240)
2
(N=428)
0
(N=445)
1
(N=444)
0
(N=608)

1
(N=281)

Hazard Ratio 95%CI

reference

2.16
(1.45-3.21)
reference

116
(0.42 - 3.26)
1.33
(1.05 - 1.68)

reference

0.58
(0.42-0.78)
0.47

(0.35-0.62)

reference

1.79
(1.41-2.28)

reference

0.51
(0.38 - 0.68)

# Events: 290; Global p-value (Log-Rank): 6.2298e-21
AIC: 3511.79; Concoedance Index: 0.68.2

<0.001 *ok Kk

1 0.773

0.018 *

<0.001 ***

<0.001 ***

<0.001 ***

<0.001 ***





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Combined effects of physical activity and sedentary behavior on all-cause mortality in heart failure patients: A cohort study of national health and nutrition examination survey analysis



		Introduction



		Materials and methods



		Study population



		Physical activity and sedentary behavior assessment



		Study outcomes and follow-up



		Statistical analysis







		Results



		Baseline characteristics



		Main outcomes



		Association of PA and SB with mortality in two NYHA groups







		Discussion



		Limitations







		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher’s note



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Combined effects of physical
activity and sedentary behavior
on all-cause mortality in heart
failure patients: A cohort study
of national health and nutrition
examination survey analysis





OPS/images/fcvm-09-1027995-t002.jpg
Descriptive variables HR (95% CI) P

Age

20-59 years Reference

60-85 years 2.01 (1.43-2.83) < 0.001
Gender

Male Reference

Female 1.01 (0.81-1.26) 0.9

Race-ethnicity

Mexican American 1.03 (0.71-1.51) 0.86
Other Hispanic 0.47 (0.28-0.79) 0.005
Non-Hispanic White Reference

Non-Hispanic Black 0.66 (0.51-0.87) 0.003
Other Race 0.96 (0.57-1.62) 0.88
Education level

Less than 11th Grade Reference

High school 1.14 (0.87-1.5) 0.35
College 0.79 (0.58-1.06) 0.12
College Graduate 1.03 (0.72-1.49) 0.86
Marital status

Married Reference

Living with partner 0.66 (0.24-1.78) 0.41
Other 1.52 (1.21-1.9) < 0.001

Poverty index ratio

Less than 1 Reference

1-3 1.22 (0.92-1.62) 0.16
3 and above 0.89 (0.62-1.27) 0.52
Body mass index (kg/m?)

Less than 25 Reference

25-30 0.53 (0.39-0.73) < 0.001
30 and above 0.5 (0.38-0.66) < 0.001
Smoking

Yes Reference

No 1.07 (0.86-1.34) 0.54
NYHA

NYHA I/IT Reference

NYHA III/IV 1.17 (0.99-1.38) 0.07
Physical activity

0 MET Reference

> 0.1 MET 0.41 (0.31-0.55) < 0.001
Sedentary behavior

No Reference

Yes 2.02 (1.61-2.53) <0.001

HR, Hazard ratio; CI, confidence interval; NYHA, New York Heart Association
Classification of Heart Failure; MET, metabolic equivalent of task.






OPS/images/fcvm-09-1027995-t001.jpg
Descriptive variables Overall (%) NYHA I/II group (%)  NYHA III/IV group (%)

General Population 886 278 608
Age

20-59 years 177 (20.0) 37(13.7) 140 (33.0)
60-85 years 709 (80.0) 241 (86.7) 468 (77.0)
Gender

Male 485 (54.7) 142 (51.1) 343 (56.7)
Female 401 (45.3) 136 (48.9) 265 (43.6)

Race-Ethnicity

Mexican American 78 (8.8) 35(12.6) 43 (7.1)
Other Hispanic 65 (7.3) 21(7.6) 44 (7.2)
Non-Hispanic White 468 (52.8) 126 (45.3) 342 (56.2)
Non-Hispanic Black 237 (26.7) 82 (29.5) 155 (25.5)
Other Race 38 (4.3) 14 (5.0) 24 (3.9)
Education Level
Less than 11th Grade 348 (39.4) 121 (43.5) 227 (37.5)
High school 223 (25.2) 55 (19.8) 168 (27.7)
College 215 (24.3) 71 (25.5) 144 (23.8)
College Graduate 98 (11.1) 31(11.2) 67 (11.1)
Marital status
Married 421 (47.5) 134 (48.2) 287 (47.2)
Living with partner 17 (1.9) 3(1.1) 14 (2.3)
Other 448 (50.6) 141 (50.7) 307 (50.5)
Poverty index ratio
Less than 1 211 (26.5) 65 (26.4) 146 (26.5)
-3 413 (51.9) 123 (50.0) 290 (52.7)
3 and above 172 (21.6) 58 (23.6) 114 (20.7)
BMI (kg/m?)
Less than 25 169 (20.2) 66 (26.2) 103 (17.7)
25-30 240 (28.7) 76 (30.2) 164 (28.1)
30 and above 426 (51.0) 110 (43.7) 316 (54.2)
Smoking
Yes 521 (58.8) 140 (50.4) 381 (62.7)
No 365 (41.2) 138 (49.6) 2274(B7.3)

Data are expressed as n (% cohort).
NYHA: New York Heart Association Classification of Heart Failure; BMI: Body mass index.

0.001

0.159

0.013

0.079

0.465

0.643

0.005

0.001











OPS/images/logo.jpg
’ frontiers | Frontiers in Cardiovascular Medicine







