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Editorial of the Research Topic
 Physical Fitness and Cardiovascular Health in Specific Populations



Athlete's heart has been regarded as a benign phenotype of cardiac remodeling related to physical training. Several electrocardiographic changes such as first-degree atrioventricular block and left ventricular hypertrophy are prevalent in athletes (1). In cardiac imaging studies, athletes have greater chamber sizes and more effective diastolic function than sedentary individuals (2). Previous studies have revealed racial differences in the cardiac adaptions to exercise and to left ventricular pressure overload. For given levels of training, athletes of African/Afro-Caribbean descent demonstrate more marked morphologic changes than Caucasian athletes, which is likely due in part to genetic factors (3, 4). In addition, the cardiac remodeling in male athletes is greater than that in female athletes Wooten et al.. However, there have only a few studies investigating cardiovascular health in Asian athletes and in some specific subgroups such like military individuals who have to receive regular training but are at high risk of psychological stress and metabolic abnormalities. In the current Topic Research, we have collected 9 high quality studies for investigating cardiovascular health and prognosis in athletes and specific populations.

From an Asian population of physically active military personnel in Taiwan (5–7), Liu et al. demonstrated that cardiac structural and functional characteristics differ between endurance and strength elite male athletes. While greater left ventricular mass index predicts elite status in both groups of male athletes, consistent with findings from Western elite athletes, greater diastolic function and right ventricular systolic pressure characterize strength elite athletes, while lower heart rate at rest predicts endurance elite athletic status. Lin et al. further found a sex difference that only greater right ventricular chamber size could characterize elite female strength athletes. For the electrocardiographic (ECG) changes in physically active obese military males, Lin et al. uncovered that obesity which was defined as body mass index ≥27.0 kg/m2 was associated with higher risk of ECG based left atrial enlargement and T wave inversion in inferior leads, whereas the risk between obesity and ECG based left ventricular hypertrophy might vary by the ECG criteria, possibly due to a high prevalence of exercise induced-left ventricular hypertrophy in military and greater chest wall thickness in obesity. This study highlighted that the cardiac prognosis for various ECG criteria defined left ventricular hypertrophy in physically active obese adults requires further investigation.

In a Korean population of 68,223 individuals older than 65 years of age, Kim et al. displayed that compared with the sedentary group, the physically active groups with and without cardiovascular diseases (CVD) had a lower risk of all-cause death with a median follow-up of 42 months. A 500 metabolic equivalent task-minute per week increase in physical activity resulted in an 11% and 16% reduction in the mortality risk in the non-CVD and CVD groups, respectively. Kim et al. found that in the elderly, the benefits of physically activity in patients with CVD, especially stroke or heart failure, were greater than those without. In another Chinese population of 2,830 individuals older than 65 years of age, Lyu et al. showed that after adjusting for CVD risk factors, there was a negative association of weekly walking activity with vascular hypertensive mediated organ damage (HMOD), objectively evaluated by carotid-femoral pulse wave velocity, carotid intima–media thickness, and ankle-brachial index. Increased daily walking duration ≥1 h, but not walking frequency, was significantly associated with improved vascular HMOD in the elderly Chinese. In a British population of 5,300 individuals without CVD who had an average of 68 years of age, Liu et al. demonstrated that the low grip strength trajectory pattern was associated with higher risk of incident CVD for a median of 6.1-year follow-up. This study emphasized that continuous measurement of grip strength values could help identify the elderly individuals at risk of CVD.

For snorers with uncontrolled hypertension, Wang et al. developed a predictive model for the occurrence of coronary heart disease within 8 years in which the area under the receiver operating characteristic curve was 0.71. A total of more than 134 points in the nomogram can be used in the identification of high-risk patients for coronary heart disease in snorers with uncontrolled hypertension. In another paper developing a novel machine learning model to predict cardio-respiratory fitness level based on the anthropometric parameters and workload and steady-state heart rate of a submaximal exercise test, Xiang et al. found that the accuracy was 75%, and R2 in the groups of age 21–40 years and above age 40 years were 0.85 and 0.75, respectively, when the support vector machine was used. Finally, Wang et al. analyzed the statistics regarding the global, regional, and national burden of myocarditis from 1990 to 2017, which could provide a platform for further investigation into the myocarditis burden in the COVID-19 pandemic era.

Taken together, the present Research Topic represents an important source of up-to-date information, covering many aspects of physical activity, fitness and cardiovascular health in specific populations. More comprehensive knowledge according to these discoveries may bring about new perspectives.
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Objective: The global trends in myocarditis burden over the past two decades remain poorly understood and might be increasing during the coronavirus disease 2019 (COVID-19) worldwide pandemic. This study aimed to provide comprehensive estimates of the incidence, mortality, and disability-adjusted life years (DALYs) for myocarditis globally from 1990 to 2017.

Methods: Data regarding the incidence, mortality, DALY, and estimated annual percentage change (EAPC) between 1990 and 2017 for myocarditis worldwide were collected and calculated from the 2017 Global Burden of Disease study. We additionally calculated the myocarditis burden distribution based on the Socio-Demographic Index (SDI) quintile and Human Development Index (HDI).

Results: The incidence cases of myocarditis in 2017 was 3,071,000, with a 59.6% increase from 1990, while the age-standardized incidence rate (ASIR) was slightly decreased. The number of deaths due to myocarditis increased gradually from 27,120 in 1990 to 46,490 in 2017. The middle SDI quintile showed the highest number of myocarditis-related deaths. On the contrary, the global age-standardized death rate (ASDR) decreased with an overall EAPC of −1.4 [95% uncertainty interval (UI) = −1.8 to −1.0]. Similar to ASDR, the global age-standardized DALY rate also declined, with an EAPC of −1.50 (95% UI = −2.30 to −0.8) from 1990 to 2017. However, there was a 12.1% increase in the number of DALYs in the past 28 years; the middle SDI and low-middle SDI quintiles contributed the most to the DALY number in 2017. We also observed significant positive correlations between the EPAC of age-standardized rate and HDI for both death and DALY in 2017.

Conclusions: Globally, the ASIR, ASDR, and age-standardized DALY rate of myocarditis decreased slightly from 1990 to 2017. The middle SDI quintile had the highest level of ASIR, ASDR, and age-standardized DALY rate, indicating that targeted control should be developed to reduce the myocarditis burden especially based on the regional socioeconomic status. Our findings also provide a platform for further investigation into the myocarditis burden in the era of COVID-19.

Keywords: myocarditis, Global Burden of Disease, incidence, death, disability-adjusted life years


INTRODUCTION

Cardiovascular disease is a major contributor to disease burden and death globally (1). Myocarditis is a cause of cardiovascular disease that primarily manifests as chest pain, sudden death, and heart failure. There were 353,700 [95% uncertainty index (UI): 339,500 to 370,600] deaths globally due to myocarditis and cardiomyopathy in 2015, representing a considerable public health problem (2, 3). It was also ranked as the third leading cause of sudden cardiac death in competitive athletes reported by the American Heart Association and the American College of Cardiology, and it was considered the most common known cause of dilated cardiomyopathy in children <18 years of age (4).

However, the actual burden of myocarditis is challenging to determine and is likely under-reported, and the burden of myocarditis is either limited to the local scope or does not include an analysis of regional and temporal variations (5, 6). The fundamental knowledge of the incidence, mortality, or disability-adjusted life years (DALYs) for myocarditis, which is used to appropriately guide efforts in improving cardiovascular health at national levels, remains inadequate across the world. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection can induce myocardial injury and myocarditis (7–9). In the current worldwide pandemic of coronavirus disease 2019 (COVID-19), the number, incidence, and/or mortality of myocarditis might be increasing. Therefore, fundamental data on the burden of myocarditis before the COVID-19 pandemic is valuable to investigate the impact of COVID-19 on the prospective myocarditis burden.

The remaining knowledge gap can be filled by a systematic evaluation of available data from the Global Burden of Disease (GBD) database that can provide an opportunity for timely and transparent estimates of disease incidence, mortality, DALY, and other metrics to describe the disease burden at the geographic scales of global, regional, and national levels. So far, a large number of articles using the GBD database have been published and serve to improve health policies (10–12).

In the present study, we used the GBD 2017 database to describe the incidence, mortality, and DALY burden of myocarditis by region, age, and sex in 2017 and to evaluate their temporal trends from 1990 to 2017 across the world. Furthermore, we calculated the myocarditis burden distribution based on the Socio-Demographic Index (SDI) quintile and Human Development Index (HDI). The results of this study will help to facilitate the development of global responses that can support the health care system in improving cardiovascular health globally.



METHODS


Study Data

Detailed data on the incidence, mortality, DALY, and the age-standardized rate (ASR) for myocarditis from 1990 to 2017 were extracted from the Global Health Data Exchange (GHDx) query tool (http://ghdx.healthdata.org/gbd-results-tool) (13). The overall burden of disease was assessed using the DALY, a time-based measure that combines years of life lost due to premature mortality and years of life lost due to time lived in a state of less than full health or years of healthy life lost due to disability (14). The general methods for the GBD study and the methods for estimating myocarditis disease burden have been detailed in a previous study (15). Supplementary Table 1 delineates the International Classification of Diseases 10 (ICD-10) codes and subgroups that embody the GBD myocarditis cause code (B.2.6.1).

Information regarding the sex and age was also retrieved to evaluate their influence on the global burden of myocarditis. To further characterize the global burden of myocarditis, these detailed data were reanalyzed on three levels based on the SDI (16) quintiles, 21 GBD regions, and 195 countries and territories. The five SDI quintiles (high, high-middle, middle, low-middle, and low levels) are based on the SDI, a summary measurement of a region's socio-demographic development status based on total fertility rate, per capita income, and educational level (17). A detailed methodology regarding the calculation of SDI cutoff points is reported elsewhere (1, 18). We then characterized the distribution of the global burden of myocarditis according to the 21 GBD regions. Finally, the annual changes in the incidence rates, mortality rates, and DALY rates in 195 countries and territories over the same time period were described using tables and world maps. HDI (19) is a statistic composite index of life expectancy, education, and per capita income indicators, which is used to rank countries into four tiers of human development. The HDI data in 2017 provided by the World Bank (20) were also extracted by our group to evaluate the relationship between myocarditis disease burden and national development status.



Statistical Analysis

To compare the myocarditis disease burden of the population between the different demographic structures or within same population in which age profiles changed between different time points, the parameters of age-standardized incidence rate (ASIR), age-standardized death rate (ASDR), and age-standardized DALY rate were used in this study. ASR (per 100,000 population) is equal to the sum of the product of the specific age ratio (ai) in age group i and the number [or weight (wi)] of the selected reference standard population group i divided by the sum of the number (or weight) of the standard population, i.e., [image: image]

More importantly, the trend of the ASR can be used as a good surrogate for the rate of incidence, deaths, and DALYs with a shifting pattern in a certain population, and the estimated annual percentage change (EAPC) can serve as a measurement change of ASR trend in a time interval (21). Consequently, a regression line was fitted into the natural logarithm of the rates: y = α + βx + ϵ, where y represents ln ASR and x refers to the calendar year. EAPC = 100 × (exp(β) − 1) and its 95% uncertainty interval (UI) can also be obtained from the regression model (21). If the EAPC estimation and its lower limit of 95% UI are both positive, the ASR is considered to be in an increasing trend. Conversely, if the EAPC estimation and its upper limit of 95% UI are both negative, the ASR is in a downward trend. If the above conditions are not met or the estimated UI overlap, the ASR is deemed to be stable. The R program (version 3.6.3, R Core Team) was used to perform the statistical analysis and draft the graphs. Differences were considered significant at a p-value of < 0.05.




RESULTS


The Incidence Burden of Myocarditis
 
Trends of Myocarditis Incidence From 1990 to 2017

Globally, the incidence number of myocarditis was 3,071,000 (95% UI = 2,745,000–3,071,000) in 2017, with a 59.6% increase from 1,925,000 (95% UI = 1,741,000–2,164,000) in 1990 (Table 1, Supplementary Table 2, and Figure 1A). In addition, the ASIR decreased globally from 1990 to 2017 globally (41.0 per 100,000 persons in 1990 vs. 39.2 per 100,000 persons in 2017) (Table 1 and Figures 1B,C).


Table 1. The incidence cases and age-standardized incidence rate of myocarditis between 1990 and 2017 and its temporal trends from 1990 to 2017.

[image: Table 1]


[image: Figure 1]
FIGURE 1. The global incidence burden of myocarditis in 195 countries and territories. (A) The absolute number of myocarditis incidence cases in 2017. (B) The ASIR of myocarditis in 2017. (C) The EAPC of myocarditis ASIRs between 1990 and 2017. ASIR, age-standardized incidence rate; EAPC, estimated annual percentage change.


The incidence of myocarditis increased across all the five SDI regions from 1990 to 2017, especially in the middle SDI (Table 1 and Figure 2A). The middle SDI quintile had the highest number of myocarditis incidences cases (945,000, 95%UI = 842,000–1,065,000) (Table 1). However, the ASIR decreased in the middle SDI, high-middle SDI, and high SDI regions with the EAPC of 0.0 (95% UI = −0.7 to 0.6), −0.3 (95% UI = −0.8 to −0.2) and −0.1 (95% UI = −1.2 to 1.0), respectively. The ASIR in the low SDI and low-middle SDI remained stable during the study period (Figure 3A and Table 1).


[image: Figure 2]
FIGURE 2. The proportion of the three age groups (15–49 years, 50–69 years and 70+ years) for myocarditis incidences (A), deaths (B), and DALY (C) cases globally and in five SDI quintiles between 1990 and 2017. SDI, Socio-Demographic Index; DALY, disability-adjusted life year.



[image: Figure 3]
FIGURE 3. The trends of ASIR change (A), ASDR (B), and age-standardized DALY rate (C) (per 100,000 persons) globally and among different SDI quintiles between 1990 and 2017. ASIR, age-standardized incidence rate; ASDR, age-standardized death rate; DALY, disability-adjusted life year; SDI, Socio-Demographic Index.


As shown in Figure 4, we found no significant correlation between the EAPC and the ASIR in 1990 (ρ = −0.093, p = 0.19, Figure 4A), and a negative correlation between the EAPC of ASIR and the HDI in 2017 (ρ = −0.24, p = 0.001, Figure 4B). These results illustrate that countries with a higher HDI have experienced a more rapid decrease in the ASIR of myocarditis from 1990 to 2017.


[image: Figure 4]
FIGURE 4. Correlation between the EAPC of incidences/deaths/DALYs and (A,C,E) the corresponding ASRs in 1990 and (B,D,F) HDI in 2017. The size of the circle is increased with the number of incidence, death, and DALY cases of myocarditis. ASR, age-standardized rate; ASIR, age-standardized incidence rate; ASDR, age-standardized death rate; DALY, disability-adjusted life year; EAPC, estimated annual percentage change; HDI, Human Development Index.


With respect to 21 GBD regions, the highest incidence in 2017 was observed in East Asia (792,000, 95% UI = 706,000–896,000), followed by South Asia (555,000, 95% UI = 494,000–628,000) (Table 1). The highest ASIR of 49.8/100,000 persons (95% UI = 44.51–55.82) was observed in Eastern Europe, and the lowest ASIR of 16.18/100,000 persons (95% UI = 14.86–17.68) was observed in high-income North America (Table 1). The greatest increase was observed in Western Sub-Saharan Africa (126.5%) followed by Central Sub-Saharan Africa (121.4%) (Table 1 and Supplementary Figure 1A). In 2017, Hungary, Montenegro, and Kyrgyzstan, had the highest myocarditis ASIRs for myocarditis, while Greenland and the United States were the top two countries with the lowest ASIRs (Supplementary Table 2 and Figures 1A,B).



Trends of Myocarditis Incidence Across Ages and Genders

Globally, the male and female genders experienced a similar increase in incidence from 1990 to 2017, while the ASIR of both genders remained relatively stable with an EAPC of −0.2 [95% confidence interval (CI) = −0.7–0.2], −0.1 (95% CI = −0.6–0.4), respectively (Table 1 and Figure 3A). Males achieved higher ASIR than females in five regions (Figures 3B,C). The incidence of myocarditis increased across all three age groups (15–49, 50–69, and 70+ years) from 1990 to 2017, and the 15–49 age group had the highest increase in incidence in all regions with low and high-middle SDIs. Regarding high SDI quintile, the 70+ years age group accounted for a larger proportion of the incidence (Figure 2A).

Regionally, the incidence of myocarditis in East Asia and Western Europe grew rapidly, especially among elderly people (over 70 years old) (Figure 5A). In South Asia, the incidence of myocarditis in the young age group (15–49 years old) in 2017 increased sharply compared to that in 1990 (Figures 5A,D). Overall, the incidence of myocarditis varied largely between age groups and gender type, and the highest incidence was clearly observed in the group of people under the age of 20 for both males and females (Figure 6A).


[image: Figure 5]
FIGURE 5. The proportion of the three age groups (15–49, 50–69, and 70+ years) for myocarditis incidence (A,D), deaths (B,E), and DALYs (C,F) in 21 GBD regions between 1990 and 2017. DALY, disability-adjusted life year; GBD, Global Burden of Disease.



[image: Figure 6]
FIGURE 6. The global burden of myocarditis in both genders and different age groups in 2017. (A) The absolute number of incidence cases. (B) The absolute number of death cases. (C) The absolute number of DALYs. DALY, disability-adjusted life year.





The Death Burden of Myocarditis
 
Trends of Myocarditis Death From 1990 to 2017

Globally, the annual death due to myocarditis increased gradually from 27,120 (95% UI = 21,810–110,574) in 1990 to 46,490 (95% UI = 39,710–51,820) in 2017. However, the global ASDR increased at the beginning of 1990 and then decreased over time (Table 1).

Regarding SDI level analysis, the number of myocarditis-related deaths increased across all five SDI quintiles from 1990 to 2017; it precipitously increased in the middle SDI (0.97-fold) and less obviously in the low SDI quintile (0.28-fold) (Table 2 and Figure 2B). Generally, the ASDR in the five SDI quintiles declined, and the middle SDI quintile had the highest ASDR (0.79, 95% UI = 0.64–0.79), which was higher than the world average (Table 2 and Figures 2B, 3B).


Table 2. The death cases and age-standardized death rate of myocarditis between 1990 and 2017 and its temporal trends from 1990 to 2017.
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We also found a significant negative relationship between the EAPC and the ASDR in1990 (ρ = −0.1827, p = 0.01, Pearson correlation analysis), suggesting that those countries with lower disease reservoirs at baseline experienced a more rapid decrease in ASDR (Figure 4C). A positive correlation was found between the EAPC of ASDR and the HDI in 2017 (ρ = 0.2899, p < 0.01, Pearson correlation analysis) (Figure 4D).

With respect to 21 GBD regions, the highest number of deaths in 2017 were observed in East Asia (15,370, 95% UI = 12,710–16,760), followed by South Asia (7,030, 95% UI = 4,460–10,450) (Table 2 and Supplementary Figure 2A). Regionally, the absolute number of myocarditis-related deaths increased in almost all GBD regions between 1990 and 2017, except for Central Europe, and the most pronounced increase was observed in East Asia (Supplementary Figure 1B). In 2017, China and India were found to have the highest reported number of myocarditis-related deaths, which may be a result of their larger population numbers or underlying risk factors. Bahrain and Latvia were the top two countries with the lowest number of myocarditis-related deaths (Supplementary Table 3, Supplementary Figures 2A,B).



Trends of Myocarditis Death Across Ages and Genders

Globally, deaths were more frequent among men (85%) than women (60%). The ASDR of males increased while the ASDR of females decreased from 1990 to 2017 (Table 2 and Figure 3). The myocarditis-related death cases increased across all three age groups (15–49, 50–69, and 70+ years) from 1990 to 2017, and the 70+ years age group had the highest number of deaths in all regions with low to high-middle SDIs (Figures 5B,E). Distinctly, the proportion of myocarditis-related deaths among elderly people was much larger in the high SDI, high-middle SDI, and middle SDI quintile, but in the low-middle SDI and low SDI quintile, the most pronounced number of deaths was observed in the young age group (15–49 years) (Figure 2B).

Regionally, the number of myocarditis-related deaths among the young age group (15–49 years old) in 2017 decreased compared to 1990. In contrast, the incidence of myocarditis-related deaths in East Asia and Western Europe grew rapidly, especially among elderly people (over 70 years old) (Figures 5B,E). Myocarditis-related deaths varied between age and sex groups. However, it is worth emphasizing that the group of people under the age of 20 for both males and females accounted for a large portion of overall number of deaths in 2017 (Figure 6B).




The DALY Burden of Myocarditis
 
Trends of Myocarditis DALY From 1990 to 2017

Globally, the myocarditis-related DALY number in 2017 was 1,390,700 (95% UI = 1,224,200–1,470,400), and a 12.1% increase was noted for DALYs over the past 28 years. In contrast, the global age-standardized DALY rate decreased from 23.5/100,000 persons (95% UI = 19.3–27.7) in 1990 to 18.27/100,000 persons (95% UI = 16.1–20.4) in 2017, with an overall EAPC of −1.50 (95% UI = −2.30 to −0.8) (Table 3 and Figure 3C).


Table 3. The DALY and age-standardized DALY rate of myocarditis between 1990 and 2017 and its temporal trends from 1990 to 2017.
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The global myocarditis-related DALY number in 2017 was 1,390,700 (95% UI = 1,224,200–1,470,400), while the middle SDI and low-middle SDI quintile accounted for the majority of the DALY number (Table 3 and Figure 2C). The middle SDI quintile had the highest age-standardized DALY rate (21.9/100,000 persons, 95% UI = 18.8–25.4), while the high SDI quintile had the lowest age-standardized DALY rate (14.4/100,000 persons, 95% UI = 12.2–15.7) (Table 3 and Figure 3C). The age-standardized DALY rate declined most seriously in the high-middle SDI quintile with an EAPC of −2.0 (95% UI = −3.7 to −0.4) (Table 3 and Figure 3C).

The results also revealed a significant negative relationship between EAPC and the age-standardized DALY rate in 1990 (ρ = −0.1465, p = 0.04) (Figure 4E), contrary to a positive pattern of EAPC of DALYs and the HDI in 2017 (ρ = 0.2830, p < 0.01) (Figure 4F).

With respect to 21 GBD regions, the highest DALY number in 2017 was observed in East Asia (415,800, 95% UI = 353,900–451,300), followed by South Asia (282,300, 95% UI = 190,200–401,100) (Table 3). South Asia displayed the largest increase in myocarditis DALY numbers between 1990 and 2017 (Table 3). However, the myocarditis DALY number in the high-income Asia Pacific region and Southern Latin America decreased from 1990 to 2017 (Table 3 and Figures 5C,F).



Trends of Myocarditis DALY Across Ages and Genders

Globally, the age-standardized DALY rate decreased for both genders, while a more pronounced decline was noted for women from 1990 to 2017 (Table 3 and Figure 3C). The proportion of the three age groups (15–49, 50–69, and 70+ years) in myocarditis DALY number remained relatively stable between 1990 and 2017. Myocarditis-related DALY number in the 15–49 years age group remained the highest across all of the SDI quintiles (Figure 2C).

The age-standardized DALY rate in women was higher than that in men subjects in 1990, while in 2017, the age-standardized DALY rate was higher in men than women (Table 3 and Figure 3C). The myocarditis DALY number at a young age in 2017 (15–49 years old group) remained stable when compared to the data in 1990. In East Asia, the 15–49 years group accounted for most of the DALY number in 1990, while in 2017, the 70+ years group experienced a sharp increase compared to 1990. In South Asia, people aged 15–49 years accounted for the largest proportion (Figures 5C,F). Overall, the myocarditis DALY cases varied across different age groups and genders, and the largest number of DALY was clearly observed in the group of people under the age of 20 for both males and females (Figure 6C).





DISCUSSION

The current study systematically evaluated the global epidemiological data of myocarditis and demonstrated that myocarditis has been confirmed as a constantly developing condition due to its progressive and significant effects on mortality and disability. Some specific differences were identified based on age, gender, nation, SDI quintiles, and GBD regions, and these heterogeneities were likely to have significant implications for global public health and health policymaking related to myocarditis.

In general, myocarditis increased in incidence, death, and DALY cases, while the global ASR for these three metrics decreased between 1990 and 2017. Population growth and aging in many regions increased the myocarditis disease burden worldwide (22, 23), and the change in diagnostic method from clinical ± bx to MRI (non-invasive) may have also led to an increase in the incidence, mortality, and DALY cases of myocarditis. Regarding the different age stratifications and SDI quintiles, the group under the age of 20 had a higher myocarditis burden compared with other age groups, and middle SDI quintiles had higher ASR for the incidence, death, and DALY. Another finding was that the ASDR trend for myocarditis has plateaued since 2007 and has shown no decline in middle SDI quintile, indicating that a targeted control and prevention strategy should be developed to reduce the myocarditis burden in these regions.

Understanding the temporal trends of the myocarditis disease burden facilitates the initiation of more targeted public health strategies. Although a 59.6% increase in incidence cases, 71.4% increase in deaths cases, and 12.1% increase in DALY cases were observed over the past 28 years across the world, the global ASIR, ASDR, and age-standardized DALY rate showed a declining trend with negative EAPC values. As for the analysis of SDI levels, the incidence, death, and DALY cases of myocarditis increased in all SDI quintiles between 1990 and 2017, increasing sharply in the middle SDI and high-middle SDI quintiles and gently increasing in low SDI quintile. Correspondingly, the ASIR, ASDR, and age-standardized DALY rates in five SDI quintiles declined or remained stable during the same period. From a regional perspective, the most pronounced increase in myocarditis disease burden was observed in Virgin Islands, United States, Czech Republic, Andorra, Qatar, and Uzbekistan, while Libya, Poland, Singapore, Austria, and Rwanda had made substantial strides in decreasing incidence numbers. Our study adds to the accumulating evidence that myocarditis is another component of the recognized epidemiological transition. This phenomenon must be considered for policymakers to allocate limited resources and formulate relevant policies more rationally.

From 1990 to 2017, the global ASIR trend of myocarditis varied considerably between men and women, and the ASIR in males was higher than that in females during the same period, both globally and in the five SDI quintiles. In addition to the higher incidence of myocarditis in males (24, 25), previous studies also demonstrated that males have a higher risk of myocarditis compared to females (26–28). Some clinical trials also displayed a slight male preponderance in the incidence of myocarditis, with the women/men ratio ranging from 1:1.5 to 1:1.7 (24, 25). Little is known about the mechanism of this apparent male preponderance in myocarditis, but some studies have shown that sex hormones and additional genetic variations may be responsible for the differences in left ventricular recovery, epidemiology, and survival between men and women (29). With respect to age, elderly people may be more likely to be infected by myocarditis due to frailty (30).

In 2017, the incidence and death cases displayed a bimodal distribution as age increased, and the population under the age of 20 accounted for a large proportion of incidence, death, and DALY cases. People aged 65–69 and 85–89 years also had high rates of incidence and death, respectively. These data demonstrated that younger people and older people accounted for a major global burden of myocarditis in 2017. Consistent with our data, previous reports demonstrated that both the incidence of myocarditis and sudden cardiovascular death (SCD) attributed to myocarditis in children and young adults were significantly higher than those in middle-aged and older adults (26, 31, 32). As for the different ages and genders, Kytö et al. found that myocarditis occurred in all ages, and young men were more susceptible compared to their age-matched female counterparts. The distribution of myocarditis in female patients was significantly more stable across all age groups and showed no increase in young adults (32). However, our data showed that people under the age of 20 years had the highest incidence, number of deaths, and DALY cases both in men and women. Testosterone may account for the development of myocarditis in different ages and genders. Previous experimental data showed that increased virus binding to myocytes (33), commitment to T helper type 1 immune response (34), inhibition of anti-inflammatory cell populations (35), and upregulation of cardiac fibrotic remodeling genes (29) were the possible mechanisms of testosterone action in myocarditis.

Moreover, our results indicated a significantly negative association between the EAPC of ASR and the baseline ASR (in 1990), and a significantly positive association between the EAPC of ASR and HDI (in 2017) for both death and DALY. The ASIR of myocarditis in 1990 reflected the disease reservoir at baseline, and the HDI in 2017 can serve as a surrogate for the level and availability of health care in each country. The results could be explained by the fact that countries with higher ASDR and age-standardized DALY rates were more likely to consider myocarditis as a priority in prevention programs in terms of public health considerations. The decline in ASIR was more pronounced in countries with high HDI, possibly because of the better healthcare systems in these countries.

To allocate limited resources more reasonably in the health care system and evaluate the impact of myocarditis control and benchmark progress in their nations, policymakers need the country-specific information about myocarditis disease burden. Considering the fact that most of the existing data are of low quality, sparse, or with limited scope, the GBD study aimed to provide up-to-data estimates of disease incidence, mortality, and DALY, which can be used by stakeholders to gain knowledge of the trend of myocarditis in their local area.

Although the GBD study can be used to fill the remaining knowledge gap, there are still several limitations. First, the quality of the globally included information might be confounded by a multitude of factors, such as the differences in data collecting and the quality of data sources, which remains inevitable in this type of analysis using the ICD-10 codes. Second, the classifications of myocarditis are not available in this study, and it is well-known that the clinical course varies depending on the type of myocarditis. This should be investigated in future studies. Third, the identification of myocarditis has improved remarkably over the last decade with the introduction of high-sensitivity troponins and cardiac magnetic resonance imaging. However, it is difficult to measure the influence of diagnostic methods, and further studies are needed to confirm these results.



CONCLUSION

In general, there was a huge increase in total cases of myocarditis and a slight decrease in ASR in terms of the incidence, death, and DALY, worldwide between 1990 and 2017. The ASIR, ASDR, and age-standardized DALY rate in the middle SDI quintile were higher than in the low and high SDI regions, suggesting that a larger investment was needed to reduce the myocarditis burden in middle SDI regions. Notably, this changing pattern was also heterogeneous among the gender and age groups. The total myocarditis burden was higher in the group of people under the age of 20, and the cases and ASR of the incidence, death, and DALY in the male population were always higher than those in the female population, globally or regionally. Increased awareness regarding myocarditis and timely treatment are important for these young people in clinical practice. These results highlight the need for policies to strengthen the screening, prevention, and treatment of myocarditis in children and young adults, especially in men. The heterogeneities of myocarditis disease burden illustrated by our study should be considered by policymakers to rationalize limited resources and formulate relevant policies.
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Supplementary Figure 1. The global disease burden of myocarditis for both genders in 195 countries and territories. (A) The relative change in incident cases of myocarditis between 1990 and 2017. (B) The relative change in myocarditis-related deaths between 1990 and 2017. (C) The relative change in DALY cases of myocarditis between 1990 and 2017. ASIR, age-standardized incidence rate; ASDR, age-standardized death rate; DALY, disability-adjusted life year; EAPC, estimated annual percentage change.

Supplementary Figure 2. The global death burden of myocarditis in 195 countries and territories. (A) The absolute number of myocarditis incidence cases in 2017. (B) The ASDR (per 100,000 persons) of myocarditis in 2017. (C) The EAPC of myocarditis ASDRs between 1990 and 2017. ASDR, age-standardized death rate; EAPC, estimated annual percentage change.

Supplementary Figure 3. The global DALY burden of myocarditis in 195 countries and territories. (A) The absolute number of myocarditis DALY cases in 2017. (B) The age-standard DALY rate (per 100,000 persons) of myocarditis in 2017. (C) The EAPC of myocarditis age-standardized DALY rate between 1990 and 2017. DALY, disability-adjusted life year; EAPC, estimated annual percentage change.
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Background: A single measurement of grip strength (GS) could predict the incidence of cardiovascular disease (CVD). However, the long-term pattern of GS and its association with incident CVD are rarely studied. We aimed to characterize the GS trajectory and determine its association with the incidence of CVD (myocardial infarction, angina, stroke, and heart failure).

Methods: This study included 5,300 individuals without CVD from a British community-based cohort in 2012 (the baseline). GS was repeatedly measured in 2004, 2008, and 2012. Long-term GS patterns were identified by the group-based trajectory model. Cox proportional hazard models were used to examine the associations between GS trajectories and incident CVD. We identified three GS trajectories separately for men and women based on the 2012 GS measurement and change patterns during 2004–2012.

Results: After a median follow-up of 6.1 years (during 2012–2019), 392 participants developed major CVD, including 114 myocardial infarction, 119 angina, 169 stroke, and 44 heart failure. Compared with the high stable group, participants with low stable GS was associated with a higher incidence of CVD incidence [hazards ratio (HR): 2.17; 95% confidence interval (CI): 1.52–3.09; P <0.001], myocardial infarction (HR: 2.01; 95% CI: 1.05–3.83; P = 0.035), stroke (HR: 1.96; 95% CI: 1.11–3.46; P = 0.020), and heart failure (HR: 6.91; 95% CI: 2.01–23.79; P = 0.002) in the fully adjusted models.

Conclusions: The low GS trajectory pattern was associated with a higher risk of CVD. Continuous monitoring of GS values could help identify people at risk of CVD.

Keywords: muscle function, trajectory, myocardial infarction, stroke, heart failure


INTRODUCTION

Muscle dysfunction reduces the quality of life and increases healthcare budgets. Many studies suggest that muscle dysfunction predisposes to the development of diabetes (1), hypertension (2), and cardiovascular disease (CVD) (3, 4). Therefore, monitoring muscle function is essential to improve quality of life. However, the exact measurement of muscle content requires consuming and costly techniques, such as magnetic resonance imaging or dual-energy X-ray absorptiometry techniques (5–7); meanwhile, muscle content might not fully reflect muscle function (8). Muscle strength, as measured by grip strength (GS), has been shown to be a simple, inexpensive indicator of CVD in population studies (9).

CVDs are known as the leading causes of non-communicable disease-related deaths and one of the most serious health problems worldwide (10), which caused nearly one-third of all deaths worldwide (11). Universally, CVD can refer to a kind of disease that involves the blood vessels or heart (12). This disease consists of myocardial infarction (MI), stroke, heart failure, and many other vascular and cardiac problems (12). In the past few decades, the adverse impacts of CVD have been improved. However, CVD is still responsible for a huge reduction in quality of life and imposes remarkable expenditures on health systems in different countries (13).

Previous cohort (9, 14, 15) and Mendelian randomization (16) studies have consistently shown that muscle strength was a risk factor for CVD incidence. Data from the Prospective Urban Rural Epidemiology (PURE) study of nearly 140,000 participants from 613 communities in 17 countries showed that lower GS is associated with a higher risk of CVD incidence (9). Another study (17) conducted in the UK investigated the changes in GS to be associated with mortality, but GS has only been measured twice in 4 years, and that study did not investigate whether changes in GS are associated with CVD. So far, there is a lack of research on the GS trajectory and its relationship with CVD. Besides, few studies have simultaneously reported the association between GS and MI, angina, stroke, and heart failure. This might be partly due to the different goals of diverse studies, but it could also be due to data-driven emphasis about which outcome to report.

In view of these knowledge gaps, this study aimed to identify GS trajectories over 8 years among 5,300 English participants and to explore the relationship between long-term GS patterns and the subsequent CVD risk. We further investigated the association of GS trajectories with the components of the CVD events, including MI, angina, stroke, and heart failure. We hypothesized that (a) people have different GS patterns and (b) people with different GS patterns would be at different levels of risk for the incidence of CVD.



METHODS


Study Design and Participants

Data were obtained from the English Longitudinal Study of Ageing (ELSA). ELSA is a nationally representative, biannual, ongoing, longitudinal cohort study based on community-dwelling adults living in England (18). The detailed descriptions of the study design, sampling procedure, and data collection were published previously (18, 19).

The current study used data from wave 2 (2004/2005) to wave 9 (2018/2019). Every 4 years from 2004 (wave 2) through 2012 (wave 6), GS was measured by trained nurses. Participants were excluded if they did not have valid GS measurements between 2004 and 2008 (wave 2 or wave 4, n = 1,522) or if they already had a doctor-diagnosed CVD (i.e., MI, angina, stroke, and heart failure, n = 766) at the baseline (i.e., 2012). In addition, we excluded participants who were lost to follow-up from wave 7 to wave 9 (n = 466). Finally, a total of 5,300 participants were included in 2012 (the baseline), with at least two repeat GS measures and at least one follow-up reassessment (during 2012–2019) for the current analysis of CVD risk. The participant selection flowchart is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart of participant selection for the present study population. CVD, cardiovascular disease; MI, myocardial infarction; GS, grip strength.


All waves of the ELSA received ethical approval from the London Multicenter Research Ethics Committee (MREC/01/2/91), and all participants provided informed consents.



Objective Measurement of Grip Strength

The Smedley handheld dynamometer (Stoelting Co., Wood Dale, IL, USA) was used to measure GS (kg) three times on each hand. The participant was asked to squeeze the device for a couple of seconds and to rest at least 30 s between each measurement. The overall GS value was computed as the average of maximum GS of the non-dominant and dominant hands.



Assessment of Covariates

Covariates shown by previous studies to be associated with both CVD and GS were selected for our study, including age, sex, body mass index (BMI), education, current smoking, physical activity, sleep quality, depression, hypertension, and diabetes. BMI (kg/m2) was calculated based on body weight and height measured in light clothing without shoes. Education level was classified as (1) equivalent or less than the general certificate of education (GCE) O-level, (2) equivalent or GCE O-level, and (3) higher than GCE A-level or equivalent. Smoking status was categorized as non-smokers (never smoked or ex-smokers) and current smokers. Physical activity was divided into two levels based on whether once or more times moderate or vigorous exercises a week. Sleep quality was grouped as good (score ≤ 2) or bad (score >2) using the Jenkins sleep scale. The level of depression was evaluated by the Centre for Epidemiological Studies Depression scale (CES-D). A score ≥4 denoted a higher level of depression. The BPs were measured three times using an electronic sphygmomanometer (Omron HEM-907, Omron Corporation, Kyoto, Japan) after resting for more than 5 min, and the average value of the three consecutive readings was used in the analyses. Hypertension was diagnosed as individuals with a mean SBP ≥140 mmHg and/or mean DBP ≥90 mmHg, or individuals who reported hypertension or received antihypertensive treatment. Diabetes was defined as individuals who reported diabetes or use insulin/antidiabetic medications.



Outcomes

The primary outcome of the current study was the incidence of CVD, defined as the composite outcome of self-reported physician-diagnosed MI, angina, stroke, and heart failure. The secondary outcomes were the components of the primary composite outcome. The incidence of CVD was defined as the report of physician-diagnosed from wave 7 to wave 9. The date of diagnosis of the CVD event is recorded between the date of the last interview and the date of the interview reporting the CVD event. The researchers of ELSA had collected further information of incident CVD events from the medical records to confirm the diagnosis.



Statistical Analysis

To distinguish the heterogeneity of CVD by investigating the trajectory of the GS pattern before the CVD event, we applied the group-based trajectory model (GBTM) analysis (20–22) to categorize participants with similar GS change patterns through the TRAJ procedure in SAS. The GBTM could classify the participants with a similar GS pattern into a group automatically and fit the GS measurements in each group according to a generalized linear mixed model. Considering GS values change with time, the GBTM used in our study is useful because it simulates the group-specific trajectories of GS. In our study, GS patterns from 2004 to 2012 were modeled by the latent class method. As GS varies largely according to gender and age, GS was modeled separately for men and women as well as adjusting for age. Up to five trajectory groups were set in advance. We fitted the model from one group trajectory to five group trajectories, and visit wave (years) was used as the time scale. The censored normal model was used appropriately for continuous outcomes. To identify the model with optimal functional forms of distinct GS trajectories, starting from the highest polynomial, the cubic, quadratic, and linear terms were considered and assessed according to the significance level. Model fit was compared using the Bayesian information criterion (BIC) and Akaike's information criterion (AIC) value, with the smallest negative number indicating the best fit model. We described GS from 2004 to 2012 by mean [standard deviation (SD)].

Multivariable Cox proportional hazard models were used to analyze the association between GS patterns from 2004 to 2012 and the risk of CVD. The proportionality of hazards was checked by the Schoenfeld residuals method. Results of Cox models were presented as hazard ratios [HRs; 95% confidence intervals (CIs) and P-values]. All analyses are presented as the two models with adjustment of confounding factors in 2012. These confounders shown by previous studies to be associated with both CVD and GS were selected for our analyses. More specifically, the minimally adjusted model was adjusted for age and sex. The fully adjusted model was further adjusted for education, BMI, systolic blood pressure, smoking, physical activity, depression, and quality of sleep.

For the effects of sex or age, likelihood ratio tests were performed to explore statistical interactions between GS patterns and age ( ≤ 65 vs. >65) and GS patterns and sex of primary outcome, respectively, by comparison of the −2 logarithmic likelihood chi-square between the nested model with and without a product term. Stratified models by sex and age ( ≤ 65 vs. >65) were utilized to explore the associations between trajectories and CVD risks. We conducted all analyses with SAS version 9.4 (Cary, NC, USA).




RESULTS

The model with three trajectories according to the change patterns of GS from 2004 to 2012 was identified as the fit by comparing the BIC and the proportion of the participants within each trajectory group (Figure 2). For women, 507 participants were classified as low stable GS (15.8–19.0 kg), 1,656 as moderate stable GS (23.2–26.0 kg), and 820 as high stable GS (30.3–32.4 kg). For men, 325 participants were classified as low stable GS (27.0–31.9 kg), 1,241 as moderate stable GS (37.7–42.1 kg), and 751 as high stable GS (48.4–52.3 kg) (Supplementary Tables 1–3).


[image: Figure 2]
FIGURE 2. The trajectories of grip strength by sex predicted with 95% confidence intervals. Three groups are indicated by stable high (green), stable moderate (orange), and stable low (blue). Percentages represent the proportion of the cohort with the corresponding group number as the highest predicted posterior probability.


Table 1 shows the baseline characteristics of participants in each GS trajectory group. Compared with the low stable GS group, participants with high and moderate stable patterns of GS tend to be younger, have lower systolic BP and higher BMI and diastolic BP, and have a higher prevalence of levels of education above the GCE A-level or equivalent, moderate–vigorous activity, and good sleep quality. The proportion of participants who reported current use of tobacco, non-diabetes, and non-hypertension was the highest in the stable high GS group, followed by the moderate stable GS and low stable GS groups.


Table 1. Baseline characteristics of the participants based on trajectories of grip strength.

[image: Table 1]

During a median follow-up of 6.1 years (interquartile range: 5.8–6.3 years), we recorded 392 CVD events, with 114 MI, 119 angina, 169 stroke, and 44 heart failure. In comparing high vs. low, low stable GS was associated with a higher risk of CVD incidence during 2012–2019. Table 2 shows the HR for CVD incidence (HR: 2.29; 95% CI: 1.64–3.20; P <0.001) was greater in individuals with low stable GS compared with the high stable GS in age/sex-adjusted models. The association remained significant (HR: 2.17; 95% CI: 1.52–3.09; P <0.001) after adjustment for further confounding factors. Compared with the stable high group, participants in the stable low GS group had a double significantly higher risk of CVD incidence.


Table 2. Cox regression analyses for CVD incidence per trajectory of grip strength (2004–2012).
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Results stratified by age and sex are shown in Table 2. Associations between GS trajectories and CVD risk were generally consistent in the subgroup analysis, as no significant interactions were observed in terms of age (P-interaction = 0.572) and gender (P-interaction = 0.462). Besides, for individuals with older age (>65 years), low and moderate GS was associated with a more substantial increment of CVD risk (Table 2), as compared with younger participants (age ≤ 65 years). Furthermore, low GS was associated with significantly higher CVD risk in individuals aged >65 years, but lost its statistical significance (P = 0.572) in individuals aged ≤ 65 years.

Table 3 examines the associations of GS trajectories with the components of the CVD events. In the age/sex-adjusted model, low stable GS was positively associated with MI, angina, stroke, and heart failure incidence, respectively. The results remained similar after adjusting for additional covariates, except for the incidence of angina (fully adjusted HR: 1.73; 95% CI: 0.93, 3.19; P = 0.083). Compared with the high stable GS group, individuals with stable low GS had a higher risk of MI (fully adjusted HR: 2.01; 95% CI: 1.05, 3.83; P = 0.035), stroke (fully adjusted HR: 1.96; 95% CI: 1.11, 3.46; P = 0.020), and heart failure (fully adjusted HR: 6.91; 95% CI: 2.01, 23.79; P = 0.002), respectively.


Table 3. Cox regression analyses for the components of the CVD events per trajectory of grip strength (2004–2012).
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In addition, we have also added relevant data on the association between baseline grip strength and CVD risk in Supplementary Table 4.



DISCUSSION

Muscles, as the main sites for protein storage and glucose processing, play an important role in maintaining the health of people (23, 24). GS was chosen as a biomarker of muscular fitness given its sensitivity to physiological change and its use as a valid marker of muscle function (25). In this English cohort study from 2004 to 2019, we explored the different GS patterns (2004–2012) before the diagnosis of CVD. By using GBTM, we identified three GS groups. The incidence of CVD was highest in the low stable GS group (14.1%), followed by the moderate stable (6.7%) and high stable (5.2%) groups. As far as we know, this is the first prospective cohort study regarding the impacts of longitudinal GS patterns on the incidence of CVD.

The main finding of our study was that stable low GS was strongly associated with a wide range of CVD outcomes. Several studies (9, 14, 26–28) have documented the associations between GS and risk of CVD, where GS was only measured once at baseline. Our results showed that people with the low GS trajectory pattern had a double higher risk of CVD compared with those in the stable high GS group in the fully adjusted model. The associations observed were consistent between the sexes. Interpretations could be multiple regarding how muscle function decline could lead to the incidence of CVD. Musculoskeletal dysfunction may lead to a reduction in muscular contraction-inducing factors (also known as myokines) with anti-inflammatory effects (29), which increases the risk of developing CVD and relevant complications. Besides, endothelial dysfunction, autonomic imbalance, and arterial stiffness might mediate the relationship between CVD and muscle strength (28). Our data suggest that long-term GS patterns might be used to screen patients during physical examination, which has remarkable implications for primary healthcare practice. The general practitioners could stratify individuals given the values of GS change and prescribe physical activities to enhance the general muscular fitness of people with stable low GS, which may serve as an essential part in the management and prevention of CVD. Therefore, there is a demand for increasing recognition that the long-term GS value can be used as a useful clinical biomarker in a health monitoring system.

In the analysis by age subgroup, the association between GS patterns and CVD incidence was more obvious among participants aged >65 years compared with those aged ≤ 65 years. However, the interaction between age and GS trajectories for CVD was not statistically significant. Previously, few studies have investigated whether the associations between CVD and GS are consistent across age groups. A systematic review (30) including 53,476 individuals from 14 studies showed that the relationship between GS and mortality appeared to be weaker in people under 60 years, but the interaction with age was not formally verified due to the low number of available studies. Our results showed that in the elderly, the risk of CVD in the stable low GS population is 3.5 times that of the stable high GS population. Our findings are important for CVD prevention in the elderly, especially for the elderly with stable low GS. A future study is warranted to investigate whether improved muscle strength could directly lower the risk of CVD.

Furthermore, we examined the association of GS trajectories with the components of the CVD events. The predicted 6-year risk of MI and stroke increased substantially in the group of stable low GS. In the PURE study (9), a large longitudinal population study, baseline GS was more predictive of adverse health outcomes than SBP. It has also been shown that every 5 kg decline in GS was associated with a 7% increase in the risk of MI and a 9% higher increase in stroke. In addition, our research also suggested that stable low GS people were associated with a higher risk of heart failure. However, the accuracy of the estimation of HR value could be less accurate due to the rare incidence of heart failure and the wide confidence interval. Collectively, these data indicate that long-term GS testing should be used as a first-line screening for identifying people at high risk of a wide range of CVD events.

To our knowledge, the current study was the first to investigate the association between GS trajectory and the risk of CVD among a nationally representative English population. The prospective design and high follow-up rate minimized the possibility of recall bias and follow-up loss, allowing the capture of a considerable number of CVD events. Our study design involved repeated GS measurements, which enabled us to create the trajectory of GS change and obtain the GS performance of participants in the years before CVD diagnosis. Because we excluded participants with diagnosed CVD at baseline and used longitudinal GS changes instead of one measurement of GS, reverse causality bias is unlikely in our study.

Despite the strengths mentioned above, our study still has several limitations. First, the use of self-reported physician-diagnosed CVD could cause misclassifications of CVD events and might influence the results to a lesser extent. However, most CVD cases identified in our study were confirmed by ELSA researchers based on medical records. Second, the number of GS measurements is relatively less and the study may not acquire sufficient power to depict the full trajectories of GS. Defining the trajectory of GS changes based on three measurements within 8 years does not seem optimal. However, the systematic measurement of longitudinal GS data is already precious. Third, the use of data from the responders might have influenced our results, as non-responders might have a higher incidence of CVD and an accelerated rate of GS change compared with responders. Finally, although we have attempted to minimize potential confounding in the analyses, the findings might still be affected by the residual confounders from unknown and unmeasured factors (such as inflammation markers, lipid levels, and diet).



CONCLUSION

In summary, the long-term GS pattern was associated with the altered risk of CVD. People with stable low GS had twice the risk of developing CVD as those with stable high GS. When stratifying by age, the association was more pronounced in the older population. These results suggest that continuous GS values could be utilized to identifying people at risk of CVD, especially in the elderly. Furthermore, our research indicates that high stable muscle function may reduce the risk of CVD, which provides the potential to prevent and treat the condition.
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Background: Elite athlete's heart is characterized by a greater left ventricular mass indexed by body surface area (LVMI) and diastolic function; however previous studies are mainly conducted in non-Asian athletes compared to sedentary controls.

Methods: This study included 1,388 male adults, aged 18–34 years, enrolled in the same unified 6-month physical training program in Taiwan. During the midterm exams of 2020, all trainees completed a 3-km run (endurance) test, and 577 were randomly selected to attend a 2-min push-up (muscular strength) test. Elite athletes were defined as the performance of each exercise falling one standard deviation above the mean (16%). Cardiac structure and function were measured by echocardiography and compared between elite and non-elite athletes. Multiple logistic regression analysis was used to determine the independent predictors of elite athlete status at each exercise modality.

Results: As compared to non-elite controls, elite endurance athletes had greater LVMI (84.4 ± 13.6 vs. 80.5 ± 12.9 g/m2, p < 0.001) and lateral mitral E'/A' ratio (2.37 ± 0.73 vs. 2.22 ± 0.76, p < 0.01) with lower late diastolic A' (7.77 ± 2.16 vs. 8.30 ± 3.69 cm/s, p = 0.03). Elite strength athletes had greater LVMI (81.8 ± 11.4 vs. 77.5 ± 12.1, p = 0.004) and lateral mitral E'/A' ratio (2.36 ± 0.70 vs. 2.11 ± 0.71, p < 0.01) with a greater early diastolic E' (19.30 ± 4.06 vs. 18.18 ± 4.05 cm/s, p = 0.02). Greater LVMI and lower heart rate were independent predictors of elite endurance athletes [odds ratio (OR) and 95% confidence intervals: 1.03 (1.02, 1.04) and 0.96 (0.95, 0.98), respectively]. Greater LVMI, lateral mitral E'/A' ratio and right ventricular systolic pressure were independent predictors of elite strength athletes [OR: 1.03 (1.01, 1.05), 1.50 (1.06, 2.12), and 1.12 (1.05, 1.19), respectively].

Conclusions: Cardiac structural and functional characteristics differ between endurance and strength elite athletes. While greater LVMI predicts elite status in both groups of Asian athletes, consistent with findings from Western elite athletes, greater diastolic function, and right ventricular systolic pressure characterize strength elite athletes, while lower heart rate at rest predicts endurance elite athletic status.

Keywords: Asian athletes, cardiac remodeling, endurance exercise performance, muscular strength exercise, left ventricular diastolic function


INTRODUCTION

Aerobic and anaerobic fitness have been associated with cardiovascular (CV) health and mortality in the general population (1, 2). The performance in endurance and muscular strength exercises correlated well with aerobic and anaerobic fitness can modulate cardiac structure remodeling and diastolic left ventricular (LV) function. Prior studies have shown that elite athletes, such as Olympic athletes and US football players, had greater LV mass index (LVMI) and diastolic function measured by transthoracic echocardiography (3–5). In summary, elite athletes who expertise endurance exercise, or muscular strength exercise, or both had a greater LVMI than sedentary individuals or the reference values according to age suggested by the U.S. and European echocardiographic societies (6). With regard to the LV diastolic function, the E/A ratio evaluated by mitral inflow Doppler is slightly enhanced or normal in athletes compared to sedentary controls (5–7). As the LV diastolic function is assessed by tissue Doppler imaging of septal or lateral wall motion, the E'/A' ratio is significantly greater in athletes for an enhanced peak early E' or a reduced late atrial A' tissue velocity than controls (6–8). Currently, these findings for athlete's heart are mainly from the Western Countries.

Previous reports have revealed racial differences in the physiologically cardiac adaptions to regular exercise and to LV pressure overload (9–11). For given levels of physical training, athletes of African/Afro-Caribbean descent display more marked cardiac structure changes than do Caucasian athletes (10, 11), possibly due in part to genetic variations. However, there have been rare studies investigating CV health in Asian athletes. Moreover, prior studies compared elite athletes to sedentary controls but rarely to those in a similar training program whether the marked cardiac adaptations in elite athletes are also observed in physically active individuals are unknown (12). Therefore the aim of this study is to investigate the cardiac structure and function of elite athletes from a military population of physically active males in Taiwan.



METHODS


Study Population

The cardiorespiratory fitness and hospitalization events in armed forces study (CHIEF Heart Study) included 1,388 military males, aged 18–34 years, from the ROC Army Huadong Defense Command Base, in Taiwan in January 2020 (13–17). All participants underwent the annual health examination, and self-reported a questionnaire for their habits of toxic substance use including tobacco smoking and alcohol consumption (active vs. former and never) in the Hualien Armed Forces General Hospital of Eastern Taiwan. In the Base, all military males have to receive a unified physical training program for two 3-km runs at 6:00 a.m. and at 16:00 p.m., respectively, along with their Company members led by the Captain within 20 min daily. In addition, all military males perform at least 20 successive push-ups and 20 successive sit-ups in order after each run in unlimited time. In July, 2020, all participants attended the midterm exams for an evaluation of their physical fitness. Of these, 1,388 participants received a 3-km run for examining their endurance capacity, and 577 participants randomly selected from the overall subjects by the Commander for a 2-min push-up test 1 week later to examine their muscular strength capacity. After exams, all participants carried out a 12-lead electrocardiography (ECG) and transthoracic echocardiography (TTE) for assessing their cardiac structure and function before August 31, 2020.



Anthropometric Measurements

Measurements of body height and body weight of each study participant were performed in a standing position. Body mass index was defined as body weight (kg) divided by body height squared (m2). Mean blood pressure (BP) of each participant at rest was defined as (2 × diastolic BP + 1 × systolic BP) divided by 3. Body surface area was calculated as 0.20247 × body height (m)0.725 × body weight (kg)0.425 according to the Dubois formula (18).



Physical Fitness Measurements

The endurance capacity of each study participant was evaluated by time for a 3-km run. All examinees did not carry any heavy objects and the test was performed on a flat playground at the Military Physical Training and Testing Center in Hualien, Taiwan. The aerobic exercise test was held outdoor at 16:00 p.m. only when the product of outdoor temperature (°C) and relative humidity (%) × 0.1 was <40 and the weather was not raining.

The muscular strength capacity of each participant was investigated by the 2-min push-up performance (2, 19). The upward and downward movements of push-ups of each examinee were performed on a sponge pad, and were scored only if the examinee's back and buttock line got the baseline peak and bottom levels set by the infrared sensors of a computerized scoring system during the priming period. However, the push-up test was aborted when any parts of the examinee's body except the hands and foot touched the pad before the time ran out (2 min).



TTE Measurements

The TTE using a 1–5 MHz transducer (iE33; Philips Medical Systems, Andover, MA, USA) was performed by the same experienced technician under the supervision by the certificated cardiologist at the Hualien-Armed Forces General Hospital. Measurements of cardiac structure such as LV wall thickness and chamber dimensions were based on the recommendations of the American Society of Echocardiography (20). LV mass was calculated at end diastole according to the corrected formula proposed by Fernandes et al. (21). LV mass = 0.8 × {1.04 × [(LV internal diameter (LVIDd) + posterior wall thickness + interventricular septal thickness]3 – LVIDd3} + 0.6. LV hypertrophy for males was defined as the LV mass indexed by body surface area (LVMI) ≥88 g/m2 based on the Dubois formula (16, 22). Right ventricular (RV) hypertrophy for males was defined as the anterior RV wall thickness in parasternal long-axis window >5.2 mm (17). LV diastolic function was assessed by mitral inflow power Doppler for the early diastolic E wave, the late diastolic A wave related to atrial contraction and the E/A ratio, and assessed by tissue Doppler imaging for the lateral mitral annulus velocity of early diastolic E', the late diastolic A' and the E'/A' ratio. RV systolic pressure (RVSP) was assessed by the continuous wave Doppler in the four-chamber window.



Statistical Analysis

Elite athletes were defined as the score of each exercise falling one standard deviation above the mean (16%), and the controls were the other physically active males not getting to the level of elite athletes in each exercise (84%). Demographic, anthropometric, ECG and TTE characteristics of the elite athletes and the non-elite controls were expressed as mean ± standard deviation for continuous variables and numbers (%) for categorical variables, respectively. Continuous variables were compared by analysis of variance (ANOVA) and categorical variables were compared by chi-square or Fisher's exact test. Dimensions of cardiac chambers and wall thickness were compared utilizing analysis of covariance (ANCOVA) with adjustment for body surface area. Multiple logistic regressions were used to determine the odds ratio (OR) of the TTE characteristics with the elite athletes to non-elite controls. In model 1, age, smoking, LVMI, RVSP, and lateral mitral E'/A' ratio were adjusted. In model 2, BMI was additionally adjusted. In model 3, mean BP was additionally adjusted. In model 4, heart rate was further adjusted. A two-tailed value of P < 0.05 was considered significant. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). This study was approved by the Institutional Review Board of the Mennonite Christian Hospital (No. 16-05-008) in Taiwan, and written informed consent was obtained from all participants.




RESULTS


Clinical Features and Laboratory Findings

There were 233 males (16.8%) classified as elite endurance athletes who spent <780 s for a 3-km run and the other 1,155 physically active males (93.2%) were classified as non-elite controls (Table 1). In addition, there were 78 males (13.5%) classified as elite strength athletes who performed more than 54 push-ups within 2 min and the other 499 physically active males (86.5%) were classified as non-elite controls. Elite endurance athletes had lower levels of body weight related anthropometrics, such as BMI and waist circumference (WC), systolic BP, fasting plasma glucose and low-density lipoprotein, a higher level of high-density lipoprotein, and a relatively better 2-min push-ups score (49.9 ± 12.3 vs. 45.5 ± 10.0). Elite strength athletes had a lower WC and a higher high-density lipoprotein, and a relatively better 3-km run score (833.2 ± 82.2 vs. 869.8 ± 81.6 s).


Table 1. Clinical characteristics of elite endurance and strength athletes and non-elite controls.
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ECG Features

In Table 2, elite endurance athletes had significantly slower heart rate (sinus bradycardia), greater QRS duration and axis, and a higher prevalence of ECG-based LV hypertrophy (70.8 vs. 54.8%, p < 0.001) according to the Soklow-Lyon voltage criterion (23). Elite strength athletes merely had a higher prevalence of the corrected QT interval prolongation >480 ms on the basis of the Bazett's formula (2.6 vs. 0.4%, p = 0.03) (24).


Table 2. Electrocardiographic characteristics of elite endurance and strength athletes and non-elite controls.
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TTE Findings

In Table 3, elite athletes and non-elite controls had similar chamber dimensions of left atrium, LV and RV in diastole, and similar LVM and RV wall thickness, except that elite endurance athletes had greater LV diastolic dimension with adjustment for body surface area. As compared to non-elite controls, elite endurance athletes had greater LVMI (84.4 ± 13.6 vs. 80.5 ± 12.9 g/m2, p < 0.001) and lateral mitral annulus E'/A' ratio (2.37 ± 0.73 vs. 2.22 ± 0.76, p < 0.01) with lower late diastolic A' (7.77 ± 2.16 vs. 8.30 ± 3.69 cm/s, p = 0.03). In contrast, elite strength athletes had greater LVMI (81.8 ± 11.4 vs. 77.5 ± 12.1 g/m2, p = 0.004), lateral mitral E'/A' ratio (2.36 ± 0.70 vs. 2.11 ± 0.71, p < 0.01) with greater early diastolic E' (19.30 ± 4.06 vs. 18.18 ± 4.05 cm/s, p = 0.02) and RVSP (29.60 ± 4.35 vs. 27.83 ± 3.71 mmHg, p < 0.001).


Table 3. Echocardiographic characteristics of elite endurance and strength athletes and non-elite controls.
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Echocardiographic Predictors of Elite Athletes

Table 4 demonstrates the results of multiple logistic regression analysis for the predictors of elite endurance and strength athletes, respectively. In model 1, greater LVMI and lateral mitral E'/A' were independent predictors of elite endurance athletes. However, the association for the lateral mitral E'/A' ratio was null after additionally controlling for BMI. In model 4, Greater LVMI, and lower heart rate and BMI were independent predictors of elite endurance athletes [odds ratio (OR): 1.03 (95% confidence intervals (CI): 1.02, 1.04), 0.96 (95% CI: 0.95, 0.98) and 0.85 (95% CI: 0.81, 0.90), respectively]. In contrast, greater LVMI, lateral mitral E'/A' and RVSP were independent predictors of elite strength athletes [OR: 1.03 (95% CI: 1.01, 1.05), 1.50 (95% CI: 1.06, 2.12) and 1.12 (95% CI: 1.05, 1.19), respectively] in model 4. Both BMI and heart rate were not independent predictors of elite strength athletes.


Table 4. Multivariable logistic regression analysis for elite endurance and strength athletes.
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DISCUSSION

This study is the largest report to date to demonstrate the cardiac structure and function in Asian male athletes and compare them to physically active controls and to determine the predictors or eliteness based on endurance and muscular strength. The main findings in the present study were that elite endurance male athletes had greater LVMI and LV diastolic function which might be due to reduced heart rate. Greater LVMI, and lower heart rate and BMI were the independent predictors of falling in the elite endurance category. Elite strength male athletes also had greater LVMI and LV diastolic function; greater LVMI, lateral mitral E'/A' and RVSP were the independent predictors of being in the elite strength category.

Both elite endurance and strength athletes had greater LVMI, and endurance athletes had greater LV chamber size, which were consistent with the findings in prior studies (6, 25). Mechanisms for the LV hypertrophy induced by exercises have been proposed by a physiological compensation of cardiac muscle cells elongation in response to chronic hemodynamic overload that is regulated in part by the renin-angiotensin system (26, 27). The greater LV chamber size related to endurance exercises has been explained mainly by volume overload, but the LV chamber size is not enlarged in response to strength exercises (28). Although the LVMI of elite Asian male athletes in the present study was generally smaller than that reported in prior studies for Black and White male athletes, possibly due to the ethnical or racial differences in the genetic aspect, this study further confirmed the concept that LVMI could independently predict the performance of endurance and strength exercises in physically active males.

With regard to the enhanced LV diastolic function, the present study for elite Asian male athletes showed consistent results that elite endurance athletes had slightly greater E/A ratio due to a decrease in peak A wave velocity, and elite strength athletes had similar E/A ratio compared to their non-elite controls (11). In addition, with regard to the tissue Doppler image results, the greater lateral mitral E'/A' ratio in elite endurance athletes were due to a reduced A' velocity, whereas the greater lateral mitral E'/A' ratio in elite strength athletes were due to an increased peak E' velocity (6–8). In the multiple logistic regression model, the enhanced LV diastolic function in elite endurance athletes was due to a reduced resting heart rate, (29) and that in elite strength athletes might be related to an improved LV compliance. The reduced heart rate related to endurance exercise has been associated with an increase of parasympathetic tone (30). On the contrary, physically active Asian males regardless of endurance or strength exercise in the present study had a similar RVSP (25–29 mmHg) compared to non-Asian endurance athletes (26–27 mmHg), which was higher than that in sedentary controls in prior studies (16–22 mmHg) (25, 31). D'Andrea et al. reported that the RVSP was associated with RV chamber size and was higher in endurance athletes than strength athletes (20 mmHg) (25). However, the findings for right heart structure and function were contrary to the present study results whether these conflicts were because of racial/ethnic differences or for a presence of confounders such as the smoking habit which was not considered in prior studies requires further investigation.


Study Strengths and Limitations

The major strength of the present study was that the male participants were enrolled in the same army camp in Taiwan where the training program was standardized. In addition, since the army base is a closed system, the living environment for the participants is very similar and their daily schedule, such as the wake up time, bed time, meal time and the frequency of sentry duty is unified. Third, the detailed information for the baseline confounders to both physical fitness and cardiac structure and function, such as tobacco smoking and alcohol consumption, were considered in this study, which could reduce a potential bias. By contrast, there were merely 36.8% of the overall males randomly selected to attend the push-up test, possibly leading to a selection bias, despite that the baseline characteristics between those with and without attending the push-up test were similar (Supplementary Table 1). Second, the endurance and muscular strength capacity for males were measured only by a short- to medium- distance run and a 2-min push-up test that the cardiac structure results might not be appropriately applied to other elite athletes for different kinds of exercise. Third, this study reported data from males only that might not be the same for females. Fourth, since the study was a cross-sectional design, the interval changes in cardiac structure and function could not be evaluated. At last, in many prior studies in Western Countries, athletes were defined to be at Olympic or Professional levels, and whether the present study results for the male athletes in military were consistent with more competitive male athletes in Taiwan needs further investigations.




CONCLUSION

Our study uncovered that cardiac structural and functional characteristics differ between endurance and strength elite athletes in a physically active Asian male population. While greater LVMI predicts elite status in both groups of Asian athletes, consistent with findings from Western elite athletes, greater diastolic function and RV systolic pressure characterize strength elite athletes, while lower heart rate at rest predicts endurance elite athletic status.
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Background: Metabolically unhealthy obesity (MUO) has been associated with surface electrocardiographic (ECG) left ventricular hypertrophy (LVH), left atrial enlargement (LAE), and inferior T wave inversions (TWI) in the middle- and old-aged populations. However, the relationship between obesity phenotypes and these ECG abnormalities in physically active young adults is yet to be determined.

Methods: A total of 2,156 physically active military males aged 18–50 in Taiwan were analyzed. Obesity and metabolically unhealthy status were, respectively, defined as the body mass index ≥27 kg/m2 and the presence of metabolic syndrome based on the ATPIII criteria for Asian male adults. Four groups were classified as the metabolically healthy non-obesity (MHNO, n = 1,484), metabolically unhealthy non-obesity (MUNO, n = 86), metabolically healthy obesity (MHO, n = 376), and MUO (n = 210). ECG-LVH was based on the Sokolow–Lyon and Cornell voltage criteria, ECG-LAE was defined as a notched P wave ≥0.12 s in lead II or a notch of ≥0.04 s, and inferior TWI was defined as one negative T wave axis in limb leads II, III, or aVF. Physical performance was evaluated by time for a 3-km run. Multiple logistic regression analysis with adjustment for age, smoking, alcohol drinking, and physical performance was utilized to investigate the associations between obesity phenotypes and the ECG abnormalities.

Results: As compared to MHNO, MUNO, MHO, and MUO were associated with lower risk of Sokolow–Lyon-based ECG-LVH [odds ratios (OR) and 95% confidence intervals: 0.80 (0.51–1.25), 0.46 (0.36–0.58), and 0.39 (0.28–0.53), respectively; p for trend <0.001], and with greater risk of ECG-LAE [OR: 0.87 (0.44–1.72), 2.34 (1.77–3.10), and 3.02 (2.13–4.28), respectively; p for trend <0.001] and inferior TWI [OR: 2.21 (0.74–6.58), 3.49 (1.97–6.19), and 4.52 (2.38–8.60), respectively; p for trend <0.001]. However, no associations between obesity phenotypes and Cornell-based ECG-LVH were found.

Conclusion: In physically active young males, obesity was associated with higher risk of ECG-LAE and inferior TWI, whereas the risk between obesity and ECG-LVH might vary by the ECG criteria, possibly due to a high prevalence of exercise induced-LVH in military and greater chest wall thickness in obesity. The cardiovascular prognosis of ECG-LVH in physically active obese adults requires further study.

Keywords: aerobic fitness, electrocardiography, metabolic syndrome, obesity, military males, left ventricular hypertrophy


INTRODUCTION

Obesity has increased dramatically over the past few decades, which results in main public health issues because it is a major factor contributing to the global burden of chronic diseases, including type 2 diabetes mellitus, coronary heart disease, sleep-breathing disorders, and certain types of cancer (1). Obesity was defined initially according to body mass index [BMI] (2). However, BMI could not precisely estimate the visceral adiposity, ectopic fat deposition, and the risk of future obesity associated atherosclerosis and cardiometabolic cormobilities (1, 3). In the 1950s, Professor Jean Vague showed that the obese with different body fat distribution may have different propensity to develop diabetes or coronary heart disease (4). Recently, the concepts of metabolically healthy obesity (MHO) and metabolically unhealthy obesity (MUO) have been established (5).

MUO is an obesity phenotype that 70–90% of obese individuals belong to this category and MHO is another phenotype that the prevalence is 10–30% in obese individuals and more common in women than in men and decreased with age (5). Most studies have defined MHO as the absence of metabolic disturbances including insulin resistance, impaired glucose metabolism, type 2 diabetes, and dyslipidemia (5, 6). On the other hand, the body fat disposition in MUO persons is located in ectopic areas including visceral tissues and the liver, which leads to abdominal obesity and increases the future risk of cardiovascular disease and type 2 diabetes (7). Previous literatures have reported that MUO individuals have higher risk of developing cardiometabolic diseases as compared to individuals with MHO (8, 9).

Obesity has been reported with an association with some electrocardiographic (ECG) abnormalities such as inferior T wave inversions (TWI) (10), left ventricular hypertrophy (LVH) (11, 12), and left atrial enlargement (LAE) (12) in the middle- and old-aged general populations. For a few ECG markers like prolonged QT interval (11), Ahmad et al. revealed an association with metabolic syndrome rather than obesity. The US third national health and nutrition examination survey (13) also demonstrated the prevalence of ECG-LVH highest in MUO and lowest in metabolically healthy non-obese individuals (MHNO) (11), which was in line with the reports for echocardiographic LVH in obesity (14, 15). However, the association between obesity and echocardiographic LVH decreased much and was reversed with adjustment for the baseline blood pressure (BP) levels (15). It was clear that metabolically healthy and unhealthy obesity phenotypes (lean and obesity) and other confounding factors, such as different lifestyles, substance use habits, and physical fitness affecting the ECG abnormalities, should be taken into account. Therefore, we conducted a study in physically active young males to examine the relationships between obesity phenotypes and the ECG abnormalities.



METHODS


Study Population

The data in this study was obtained from the Cardiorespiratory Fitness and Hospitalization Events in Armed Forces (CHIEF) study in Eastern Taiwan (16). The protocol and research design of the CHIEF study have been described in detail previously (17–22). In brief, this study included 2,567 military individuals, aged 18–50 years, who underwent the annual health examinations including a self-report questionnaire survey, which included demographic factors, medical history, cigarette smoking habits (current vs. former/never), and alcohol intake status (current vs. former/never) in the past 6 months in the Hualien Armed Forces General Hospital, and performed the 3-km run test at the Military Physical Training and Testing Center in Hualien in 2014. As there were only 8 female MHO samples defined as BMI ≥ 27 kg/m2 and waist circumference <80 cm in metabolic syndrome, all female cases (n = 411) were excluded for a small sample size which had insufficient power to be analyzed, and the male subjects (n = 2,156) were left for the analyses. The study protocol was approved by the Institutional Review Board of the Mennonite Christian Hospital (No. 16-05-008) in Taiwan and the written informed consents were obtained from all subjects.



Definitions of Obesity Phenotypes and Metabolic Syndrome

For Asian male adults, obesity was defined as BMI ≥ 27 kg/m2 according to the Taiwan's Health Promotion Administration guideline (23). Metabolic syndrome was diagnosed as having the following three or more features: (1) abdominal obesity: waist circumference ≥90 cm in men (ethnic-specifically for Chinese); (2) elevated fasting serum triglycerides ≥150 mg/dL or on lipid-lowering therapy; (3) low high-density lipoprotein cholesterol <40 mg/dL in men; (4) increased systolic BP ≥ 130 mmHg and/or diastolic BP ≥ 85 mmHg or on antihypertensive therapy; (5) high fasting plasma glucose ≥100 mg/dL or on antidiabetic therapy, according to an updated clinical criteria of International Diabetes Federation (24). Four groups were thus classified into MHNO [BMI <27.0 kg/m2 and metabolic syndrome (–), n = 1,484], MUNO [BMI <27.0 kg/m2 and metabolic syndrome (+), n = 86], MHO [BMI ≥ 27.0 kg/m2 and metabolic syndrome (–), n = 376], and MNO [BMI ≥ 27.0 kg/m2 and metabolic syndrome (+), n = 210].



Measurements

Body height, body weight, waist circumference, and BP were measured in the standard manner. Physical examinations were performed by experienced nurses and physicians. Body height was measured in meters (without shoes), and body weight was measured in kilograms (take off heavy clothes). The definition of BMI was calculated as body weight in kilograms divided by the square of body height in meters. Waist circumference was measured at the midpoint between the rib cage and the iliac crest in the standing position. Hemodynamic status of BP was automatically measured once over the right upper arm in a sitting posture, after a rest for at least 15 min by the FT201 blood pressure monitor (Parama-Tech Co., Ltd, Fukuoka, Japan), which used the oscillometric method via the cuff inflated to exceed systolic BP and then deflated at a rate of 3 mmHg per second. The procedure of BP measurement was operated by an experienced outpatient nurse. If the BP level was too high to be detected, the whole procedure would be repeated for three times with a 15-min interval, and the latest two measurements were averaged to be the final level. Overnight fasting blood specimens were collected from each individual to measure serum concentrations of total cholesterol, high-density lipoprotein, low-density lipoprotein, triglycerides, and fasting glucose on an auto analyzer (AU640, Olympus, Kobe, Japan).



Surface Electrocardiography

Resting 12-lead ECGs were obtained by the Schiller AG CARDIOVIT MS-2015 (Baar, Switzerland). If the quality of ECG report was not visually interpretable, the technician would repeat for a new one. The ECG analysis was achieved by an automated process and interpreted by a board-certified cardiologist. ECG-LVH was diagnosed if (S-V1 or S-V2 + R-V5 or R-V6) ≥35 mm, according to the Sokolow–Lyon voltage criteria (25) and if (R-aVL + S-V3) ≥18 mm, on the basis of the Cornell voltage criteria specially for Asian young male adults (26). ECG-LAE was diagnosed as a notched P wave ≥0.12 s in lead II or a notch of ≥0.04 s (27). Inferior TWI was defined as at least one negative T wave axis in limb leads II, III, or aVF. ECG-RVH was defined if (R-V1 + S-V5 or S-V6) >10.5 mm according to the Sokolow–Lyon voltage criteria (28) or if (1) R/S ratio of V1 >1 or R/S ratio of V5 or V6 <1, or (2) R-V1 >6 mm, based on the Myers et al. criteria (29).



Statistical Analysis

Clinical characteristics of the four obesity phenotypes (MHNO, MUNO, MHO, and MUO) were presented as mean ± standard deviation (SD) for continuous variables and compared by analysis of variance (ANOVA) among four groups. Numbers and percentage (%) reported for categorical variables were compared by chi-squared test or Fisher's exact-test among the four groups. Multiple logistic regression analysis model was utilized to compute odds ratio (OR) and 95% confidence interval (CI) for the association of the four obesity phenotypes MHNO (reference), MUNO, MHO, and MUO with ECG-LVH, ECG-LAE, and inferior TWI, respectively. Model was adjusted for age, smoking status, alcohol intake status, and the cardiorespiratory fitness level assessed by time for a 3,000-m run. In addition, multiple logistic regression analysis was utilized to examine the associations of the ECG characteristics that were significantly different across four obesity phenotypes and metabolic syndrome components with ECG-LVH in those without and with obesity. Finally, multiple logistic regression analysis was used to identify the independent factors (age, obesity, metabolic syndrome, systolic BP, diastolic BP, heart rate, smoking status, alcohol consumption status, and physical fitness) of ECG-LVH, ECG-LAE, and inferior TWI, respectively. A 2-tailed value of p <0.05 was considered significant. All statistical analyses were performed using with SPSS statistical software (IBM Corp. Released 2013. IBM SPSS statistics for windows, version 22.0. Armonk, NY: IBM Corp.).




RESULTS


Baseline Group Characteristics

Table 1 shows the characteristics of each group stratified by obesity phenotypes. The prevalence of MHNO, MUNO, MHO, and MUO was 68.8, 4.0, 17.4, and 9.7%, respectively. All variables were statistically significant across obesity phenotypes except alcohol intake habits. Participants with obesity (MHO and MUO) were older and had lower levels of cardiorespiratory fitness.


Table 1. Clinical characteristics of four obesity phenotypes classified by body mass index and metabolic syndrome.
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Table 2 reveals the ECG characteristics of each group by obesity phenotypes. Across the four groups, MHNO had the lowest heart rate, PR interval, and QTc interval. In addition, MHNO had the greatest QRS axis and was more likely to have Sokolow–Lyon-based ECG-LVH, sinus bradycardia, right axis deviation, and prolonged QT interval. However, there were no significant differences in the prevalence of Cornell-based ECG-LVH and ECG-RVH. On the contrary, the obese groups were more likely to have ECG-LAE, first degree atrioventricular block, and inferior TWI.


Table 2. Electrocardiographic characteristics of four obesity phenotypes classified by body mass index and metabolic syndrome.
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Table 3 reveals the results of multiple logistic regression analyses for MUNO, MHO, and MUO compared to MHNO with ECG-LVH, ECG-LAE, and inferior TWI. As compared to MHNO, MUNO, MHO, and MUO were associated with lower risk of Sokolow–Lyon-based ECG-LVH [OR and 95% CI: 0.80 (0.51–1.25), 0.46 (0.36–0.58), and 0.39 (0.28–0.53), respectively; p for trend <0.001] and with greater risk of ECG-LAE [OR: 0.87 (0.44–1.72), 2.34 (1.77–3.10), and 3.02 (2.13–4.28), respectively; p for trend <0.001] and inferior TWI [OR: 2.21 (0.74–6.58), 3.49 (1.97–6.19), and 4.52 (2.38–8.60), respectively; p for trend <0.001]. However, no associations between obesity phenotypes and Cornell-based ECG-LVH were found.


Table 3. Associations of obesity phenotypes with ECG-LVH, ECG-LAE and inferior TWI.
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Table 4 reveals the results of multiple logistic regression analyses for specific ECG characteristics and metabolic syndrome components with ECG-LVH in those with and without obesity. In the non-obese, Sokolow–Lyon-based ECG-LVH was associated with higher risk of sinus bradycardia [OR: 1.27 (1.01–1.60)], but with lower risk of right axis deviation [OR: 0.53 (0.39–0.72)]; while Cornell-based ECG-LVH was associated with greater risk of right axis deviation [OR: 2.72 (1.91–3.87)]. ECG-LAE, first degree atrioventricular block, and inferior TWI were not associated with Sokolow–Lyonor Cornell-based ECG-LVH in both the non-obese and the obese groups except that a marginal association of ECG-LAE with Cornell-based ECG-LVH was observed in the non-obese [OR: 1.45 (0.99–2.12), p = 0.053]. Of the metabolic components, low high-density lipoprotein was associated with lower risk of both Sokolow–Lyon and Cornell-based ECG-LVH in the non-obese [OR: 0.70 (0.51–0.96) and 0.58 (0.35–0.96), respectively]. High BP was associated with greater risk of both Sokolow–Lyon and Cornell-based ECG-LVH in the obese [OR: 1.45 (1.01–2.07) and 1.70 (1.07–2.69), respectively]. No other metabolic syndrome components were significantly associated with the risk of ECG-LVH.


Table 4. Associations of specific ECG characteristics and metabolic components with ECG-LVH in the obese and non-obese.
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Table 5 shows the results of multiple logistic regression model to determine the independent predictors of the ECG abnormalities. Older age, obesity, metabolic syndrome, and current smokers were protective factors of Sokolow–Lyon-based ECG-LVH [OR: 0.95 (0.93–0.97), 0.42 (0.33–0.52), 0.73 (0.55–0.99), and 0.80 (0.65–0.99), respectively], and in contrast, systolic BP and current alcohol consumer were risk factors of Sokolow–Lyon-based ECG-LVH [OR: 1.02 (1.01–1.03) and 1.48 (1.20–1.82), respectively]. However, diastolic BP was the only risk factor of Cornell-based ECG-LVH [OR: 1.02 (1.01–1.04)]. For ECG-LAE and inferior TWI, obesity was a risk factor [OR: 2.51 (1.92–3.28) and 2.73 (1.59–4.67), respectively], whereas slower heart rate was a protective factor [OR: 0.97 (0.96–0.98) and 0.98 (0.95–0.99), respectively]. Systolic BP was also a risk factor of inferior TWI [OR: 1.03 (1.00–1.05)].


Table 5. Associations between cardiometabolic risk factors and ECG-LVH, ECG-LAE and Inferior TWI.
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DISCUSSION

In this study conducted in a well-controlled military environment, we found some interesting and important points. First, the prevalenceof Sokolow–Lyon-based ECG-LVH was highest in MHNO followed by MUNO, MHO, and then MNO; however, the prevalence of Cornell-based ECG-LVH was similar across the four groups. On the contrary, the prevalence of ECG-LAE and inferior TWI in the obese were higher than that in MUNO and MHNO. Second, MHO and MUO were associated with lower risk of Sokolow–Lyon-based ECG-LVH, while were with higher risk of ECG-LAE and inferior TWI with adjustments for age, cigarette smoking status, alcohol intake status, and physical performance level. There were no associations of obesity phenotypes with Cornell-based ECG-LVH. Third, greater BP was associated with higher risk of Sokolow–Lyon and Cornell-based ECG-LVH in obese participants; however, low high-density lipoprotein was associated with lower risk of Sokolow–Lyon and Cornell-based ECG-LVH in non-obese participants. For right axis deviation, there was an association for Cornell-based ECG-LVH, which was contradictory to an inverse association for Sokolow–Lyon-based ECG-LVH in the non-obese. Finally, in physically active male adults, younger age, obesity, metabolic syndrome, and cigarette smoking were independent protective factors of Sokolow–Lyon-based ECG-LVH, while greater systolic BP and alcohol consumption were independent risk factors of Sokolow–Lyon-based ECG-LVH. Diastolic BP was the only risk factor of Cornell-based ECG-LVH. Obesity was the independent factor of ECG-LAE and inferior TWI.

Prior studies reported that the components of metabolic syndrome such as high waist circumference were associated with ECG-LVH in general population (13, 15). The present study revealed that the prevalence of Sokolow–Lyon-based ECG-LVH and high level of the endurance capacity (the top 25% performance in the 3,000-m run test) were highest in MHNO and lowest in MUO among young physically active males. Obesity and metabolic syndrome were found inversely associated with Sokolow–Lyon-based ECG-LVH; however, the association was null for Cornell-based ECG-LVH. The mechanism might be reasoned in part by the distance between the heart and the ECG precordial leads is shorter and less insulated in lean individuals, leading to the electrical signals stronger than the obese individuals. Similarly, a meta-analysis showed that the prevalence of exercise-induced LVH (athlete heart) is higher in highly trained male athletes (30). Consistent to our findings, the work performed by Scharf et al. showed that interval changes in the left ventricular structure were highly correlated with an increase of high-intensity aerobic training (31). As compared with Sokolow–Lyon-based ECG-LVH, Cornell-based ECG-LVH, which utilized a limb lead voltage in the criteria to reduce the effect of chest wall thickness on the signals received in precordial leads, has shown higher accuracy to echocardiographic LVH in young males (26).

Among the components of metabolic syndrome, hyperglycemia and elevated BP were regarded as independent risk factors for the development of LVH (32–34). Similarly in the present study, we observed an association between higher BP and ECG-LVH in the obesity subgroup. However, there was no association of higher BP with ECG-LVH in non-obese participants. These findings suggested a marked attenuation in association between hypertension and ECG-LVH as the impact of lean body mass was taken into account among physically active obese individuals, which highlights a possibility of the presence of pathological LVH in this population. Consistent with our findings, Manolio et al. demonstrated that moderate and high alcohol consumption was positively associated with left ventricular mass in men (35). It is believed that alcohol has a direct toxic effect on the myocardium through ethanol or its major metabolite, acetaldehyde (36).

With regard to the ECG-LAE and inferior TWI, the present study findings for physically active young adults were consistent to the results in prior studies for middle- and old-aged general populations that the obese ones have higher risk of ECG-LAE and inferior TWI (10–12). Eisenstein et al. have uncovered that inferior TWI was possibly due to leftward and horizontal displacement of the base of the heart in central obesity (10). In addition, both obesity and metabolic syndrome have been associated with greater P wave duration as compared to the thin and metabolically healthy counterparts (11, 12). However, there were some controversies for other ECG characteristics with obesity among studies. Compared to MHNO, MUO had longer QRS duration and QT interval in the US third national health and nutrition examination survey (11), but not in the epidemiology of obesity study in the Netherlands (12). In the present study, MUO had longer QTc interval but with similar length in the QRS duration. The mechanisms for the conflicting findings were not fully understood and need further investigations.

There were a number of strengths of this study. First, the study sample size had sufficient numbers of military males for analyses of the four classified groups. Second, all the military males lived in the same environment and all laboratory measurements were standardized and performed in a referral medical center to minimize the potential confounders to affect the study results. On the other hand, several limitations of this study should be considered. First, this study recruited only physically active young male individuals so that the results may not be appropriately extrapolated to the age-matched general population of males. Second, we could not avoid the presence of potential bias that affect the ECG results such as a lack of information regarding the body temperature and duration of cardiovascular risk factors presence such as hypertension, despite that the effects were small in young adults. Third, the echocardiographic data were lacking to investigate the correlation with obesity phenotypes. Finally, we employed a cross-sectional design, the causality between the metabolic healthy status, obesity, and toxic substance use, and the risk of ECH-LVH could not be clarified. For example, an association of active tobacco smoking with Sokolow–Lyon-based ECG-LVH was not fully understood, which was possibly related to a higher prevalence of current smoking in participants of thin body weight.

In conclusion, our findings suggested that in physically active young males, the obese had higher risk of ECG-LAE and inferior TWI. Although higher BP level remained the potential risk factor of ECG-LVH, both metabolic syndrome and obesity were associated with the lower risk of Sokolow–Lyon-based ECG-LVH, but not associated with Cornell-based ECG-LVH, possibly due to a high prevalence of exercise induced-physiological LVH in military and low signal strengths of greater chest wall thickness in obesity. The cardiovascular prognosis of various ECG-LVH in physically active obese adults requires further study.
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Background: Walking, as the most common campaign in older people, is recommended to improve their cardiovascular health. However, the direct association between weekly walking activity and asymptomatic hypertensive mediated organ damage (HMOD) remains unclear.

Methods: 2,830 community-dwelling elderly subjects (over 65 years) in northern Shanghai were recruited from 2014 to 2018. Weekly walking activity was assessed by International Physical Activity Questionnaires (IPAQ). Within the framework of comprehensive cardiovascular examinations, HMOD, including left ventricular mass index, peak transmitral pulsed Doppler velocity/early diastolic tissue Doppler velocity, creatinine clearance rate, urinary albumin–creatinine ratio, carotid-femoral pulse wave velocity (cf-PWV), carotid intima–media thickness (CIMT), arterial plaque, and ankle-brachial index (ABI), were all evaluated.

Results: 1,862 (65.8%) participants with weekly walking activity showed lower CIMT, lower cf-PWV, fewer abnormal ABI, and lower prevalence of hypertension and coronary heart disease (p < 0.05). Walking activity was negatively correlated with age and smokers (correlation coefficient: −0.066, −0.042; both p < 0.05). After adjusting for cardiovascular risk factors and concomitant diseases, walking activity was significantly associated with better indicator of most vascular HMOD in multivariate logistic regressions, including arterial stiffness [odds ratio (OR) = 0.75, p = 0.01], increased CIMT (OR = 0.70, p = 0.03), and peripheral artery disease (OR = 0.72, p = 0.005), but not cardiac or renal HMOD. Subgroup analysis further showed that walking duration ≥1 h/day was significantly associated with decreased risk of most vascular HMOD after adjustment for confounders and moderate-to-vigorous physical activity based on IPAQ (all p < 0.05).

Conclusions: In the community-dwelling elderly Chinese, there was a significant negative association of weekly walking activity with vascular HMOD, but not cardiac or renal HMOD. Increased daily walking duration, but not walking frequency, was significantly associated with improved vascular HMOD. Hence, increasing daily walking duration seems to encourage a healthy lifestyle in terms of vascular protection.

Clinical Trial Registration: ClinicalTrials.gov, identifier: NCT02368938.

Keywords: walking activity, cardiovascular disease risk factors, hypertensive mediated organ damage, elderly, vascular protection


INTRODUCTION

Epidemiological studies in China showed a rapidly increasing prevalence of hypertension from 18.0% in 2002 to 27.8% in 2014 (1). Although awareness and treatment of hypertension were improved, the control rate of hypertension remains extremely low, resulting in the increasing mortality and huge economic burden to the society. Effective therapies to manage hypertension and hypertensive mediated organ damage (HMOD) are needed at a population level, especially in the elderly. Notably, besides treatment with anti-hypertensive medicine, physical activity also plays an important role in the prevention and control of elevated blood pressure, such as walking, morning exercise, square dancing, Yoga, etc. (2). Therefore, physical activity could be a potential nature therapy for many cardiovascular diseases (CVDs).

Accumulating evidence demonstrated that physical activity (including low, moderate, and vigorous intensity) could prevent CVD, exhibit multi-system anti-aging effects (3), and extend the life expectancy of the world's population, partly due to the improvement in cardiovascular (CV) risk factors (4, 5). The American College of Sports Medicine (ACSM) recommends that older adults do moderate intensity cardiorespiratory physical activity training for 30 min/day on 5 days/week, vigorous intensity training for 20 min/day on 3 days/week, or a combination of moderate and vigorous intensity training to consume up to 500–1,000 MET-minutes/week of energy (6). Similarly, WHO recommends more than 150 min/week of moderate intensity or more than 75 min/week of vigorous intensity physical activity, or an equivalent combination of moderate and vigorous intensity physical activity (version 2010) (7). However, the level of physical activity among the elderly tends to decrease along with the increase of age. Hence, elderly with hypertension presents a challenge to achieve the recommended physical activity, especially moderate or vigorous intensity physical activity (8). Walking as a low level of physical activity is easily to be accepted in the elderly. Walking involves the interaction of neuromuscular, sensory, and cognitive functions without a high risk of injury, great difficulties, additional cost, or exercise equipment (9). Numerous studies have demonstrated the beneficial effects of walking on cardiovascular protection (10–13); nevertheless, there are no detailed guidelines on the suggested walking time and weekly frequency for the elderly. It is noteworthy that walking over 60 min/week at a leisurely pace did not improve cardiorespiratory fitness (14). Furthermore, Foster et al. in the Framingham Heart Study found no association between physical activity with indices of kidney function over an average follow-up of 6.6 years (15). Thus, it is controversial whether weekly walking activity influenced the HMOD. Considering asymptomatic HMOD in the elderly as critical prodromes of CV events and mortality, we investigated the association of weekly walking activity with asymptomatic HMOD (cardiac HMOD, renal HMOD, and vascular HMOD) based on self-reported walking participation within the framework of CV risk assessment in a community-dwelling elderly.



METHODS


Study Design

The Northern Shanghai Study is a prospective, ongoing, and multistage study, and aims to investigate the CV risk assessment system in the elderly Chinese, as previously described (16, 17). We recruited residents from urban communities in the north of Shanghai (aged 65 years or more), who are also available for long-term follow-up. Subjects with severe cardiac disease (NYHA IV) or end-stage renal disease (CKD > 4), or malignant tumor with life expectancy <5 years, or stroke history within 3 months were excluded. Finally, 2,830 participants were enrolled from June 2014 to May 2018, including 1,259 (44.5%) male, 722 (25.5%) smokers, 1,530 (54.1%) with hypertension, 566 (20.0%) with diabetes mellitus, and 937 (33.1%) with coronary heart disease. The study was approved by the Ethics Committee of Shanghai Tenth People's Hospital, and written informed consent was obtained from each participant. Of note, the current study is a cross-sectional study from the Northern Shanghai Study to investigate the direct association between weekly walking activity and asymptomatic HMOD.



Definition of Weekly Walking Activity

Weekly walking activity was evaluated by standard questionnaires based on the International Physical Activity Questionnaires-short form (IPAQ, including how many days spent on walking at least 10 min at a time and walking duration time) (http://www.ipaq.ki.se), which has been validated and widely used in many clinical trials (18–20). In subgroup analysis, walking duration was classified into four groups (non-walking activity; 10–29 min/day; 30–59 min/day; ≥1 h/day), and walking frequency were categorized into <3 days/week and ≥3 days/week, with reference to the Korean National Health and Nutrition Examination Surveys (KNHANES) (18).

Furthermore, the metabolic equivalent of tasks (METs) was calculated as follows: walking activity METs = 3.3 × walking minutes × walking days (20). Then, physical activity was divided into three levels (low, moderate, vigorous intensity) as previously reported: vigorous, seven or more days of walking achieving at least 3,000 MET-minutes/week; moderate, five or more days of walking achieving at least 600 MET-minutes/week; low, not meeting the criteria of moderate or vigorous intensity (20, 21).



Social, Clinical, and Biological Parameters

We obtained social and clinical information from standard questionnaires, including gender, age, body weight, body height, smoking habits, history of hypertension/diabetes mellitus/coronary heart disease, etc. (16).

As to biological markers, venous blood samples and urine samples were obtained from subjects after an overnight fast. Biological markers were measured in the Department of Laboratory Medicine of Shanghai Tenth People's Hospital, including plasma creatinine (PCr), urinary microalbumin and creatinine, etc. We calculated creatinine clearance rate (CCR) and urinary albumin–creatinine ratio (UACR) based on the modified MDRD formula for Chinese and urinary microalbumin divided by urinary creatinine, respectively (16, 17).



Measurement of Blood Pressure, Ankle-Brachial Index, and Carotid-Femoral Pulse Wave Velocity

Specialized physicians measured the blood pressure (BP) of each subject in the morning by the electronic device three times after at least 10 min of rest in the sitting position, according to the recommendations of the European Society of Hypertension (22). The average of three BP readings was used in the subsequent statistical analysis.

Bilateral brachial and ankle blood pressures were measured and ankle-brachial index (ABI, calculated as ankle systolic BP divided by brachial systolic BP) was automatically calculated via the VP1000 system (Omron, Japan), according to the recommendations of the American Heart Association (23). Lower ABI was used for analysis in the present study.

Carotid-femoral pulse wave velocity (Cf-PWV) as a non-invasive golden standard was recommended to assess the arterial stiffness (Class I, Level of Evidence A) using SphygmoCor system (AtCor Medical, Australia) (24, 25). Briefly, after a 10-min rest, peripheral BP was recorded twice with an interval of 3 min, and measurements of the superficial distance directly from the carotid to the femoral artery were performed. Subsequently, pressure waveforms in the right carotid and right femoral arteries were recorded, and transit time for each artery was automatically calculated via ECG data. Finally, cf-PWV was calculated by traveling distance divided by traveling time. Notably, an operator index > 80% indicated a high-quality waveform.



Ultrasonography

All ultrasonographic measurements were performed by a single experienced sonographer. Arterial plaque and common carotid artery intima–media thickness (CIMT) was assayed by the MyLab 30 Gold CV system (ESAOTE SpA, Genoa, Italy). The presence or absence of plaques in the left and right carotid arteries was recorded. Also, CIMT was measured on the left common carotid artery (always on plaque-free arterial segments), 2 cm from the bifurcation, as previously described (16, 17). The average value of three CIMT measurements was used for further analysis.

Furthermore, M-mode and 2-dimensional echocardiography were performed using the same device, according to the guidelines of the American Society of Echocardiography (ASE) (16, 17). From the parasternal view, we measured left ventricular end-diastolic diameter (LVEDd), interventricular septal (IVSd) and posterior wall thickness at end-diastole (PWTd), and then calculated left ventricular mass index (LVMI) as previously described (18, 19). Simultaneously, peak transmitral pulsed Doppler velocity/early diastolic tissue Doppler velocity (E/Ea) was calculated for the evaluation of LV diastolic function. In addition, left atrial volume index (LAVI) was calculated using model formula as previously described (18, 19).



Definition of Asymptomatic Hypertensive Mediated Organ Damage

Asymptomatic HMOD included cardiac, renal, and vascular HMOD. With regard to cardiac HMOD, left ventricular hypertrophy was defined as LVMI ≥ 115 g/m2 (male) or LVMI ≥ 95 g/m2 (female) (26), and LV diastolic dysfunction was defined as E/Ea ≥ 15, or 15 > E/Ea > 8 with any of the following: LAVI > 40 ml/m2 or LVMI > 149 g/m2 (male) or LVMI ≥ 122 g/m2 (female) (27). Chronic kidney diseases (CCR <60 ml/min/1.73 m2) and microalbuminuria (UACR > 30) represented renal HMOD (28), while vascular HMOD included the presence of arterial plaque, increased CIMT (CIMT > 900 μm), arterial stiffness (cf-PWV ≥ 12 m/s), and peripheral artery disease (ABI < 0.9) (16, 17, 29).



Statistical Analysis

Data are presented as means ± SD or frequencies (percentage). Continuous variables were compared by unpaired Student's t-test for normally distributed variables or the Mann–Whitney U test when variables were not normally distributed. For multiple comparisons, the ANOVA test was conducted using Duncan's multiple range test to investigate the association of walking duration with vascular HMOD. Comparison of categorical variables was evaluated by χ2 test. Pearson's correlation analysis was applied to investigate the correlation of CV risk factors with weekly walking activity. The odds ratio (OR) and 95% CI of weekly walking activity were calculated for the risk of HMOD. Multivariate logistic regressions were performed to investigate the association of walking activity with HMOD, together with CV risk factors (including age, gender, smokers, body mass index, systolic blood pressure) and concomitant diseases (hypertension, diabetes mellitus, coronary heart disease). In subgroup analysis, we conducted multivariate logistic regressions to assess the relationship between risk of vascular HMOD and walking duration/frequency/different levels of physical activity. Statistical analysis was performed using SAS software, version 9.3 (SAS Institute, Cary, NC, USA). P < 0.05 was considered statistically significant.




RESULTS


Characteristics of Study Participants

Detailed characteristics of participants are presented in Table 1, including CV risk factors, asymptomatic HMOD, and concomitant diseases. There were 1,862 (65.8%) participants enrolled in weekly walking activity. Participants with walking activity, compared with non-walking activity, were younger and had fewer smokers (both p < 0.05). Interestingly, there was no significant difference between participants with and without walking activity in cardiac and renal HMOD (all p > 0.05). As to vascular HMOD, participants with walking activity had significantly lower cf-PWV (p = 0.004), lower CIMT (p = 0.001), and lower percentage of participants with abnormal ABI (p = 0.003). In addition, in comparison with non-walking activity group, participants with walking activity had a lower percentage of concomitant diseases, such as hypertension (p = 0.006) and coronary heart disease (p = 0.008).


Table 1. Characteristics of participants by walking activity.
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Correlation of Cardiovascular Risk Factor With Walking Activity

Correlation analysis was performed to investigate the correlation of CV risk factors with weekly walking activity. In line with the results in Table 1, walking activity was only correlated with age and smokers (both p < 0.05), but not male gender, body weight, body height, body mass index, or systolic blood pressure (all p > 0.05) (Supplementary Table 1).



Association of Weekly Walking Activity With Asymptomatic HMOD

To investigate the association of weekly walking activity with asymptomatic HMOD, multivariate logistic regressions were conducted, together with CV risk factors and concomitant diseases. As demonstrated in Figure 1, weekly walking activity is significantly associated with a low risk of most vascular HMOD, including arterial stiffness (OR = 0.75, 95% CI: 0.60–0.94, p = 0.01), increased CIMT (OR = 0.70, 95% CI: 0.51–0.96, p = 0.03), and peripheral artery disease (OR = 0.72, 95% CI: 0.57–0.91, p = 0.005), but not cardiac or renal HMOD (all p > 0.05).


[image: Figure 1]
FIGURE 1. Association of weekly walking activity with asymptomatic HMOD. Weekly walking activity was defined as walking more than 10 min at a time per week. The ORs and 95% CI of walking activity were presented after adjustment for cardiovascular risk factors (including age, gender, smokers, body mass index, systolic blood pressure) and concomitant diseases (hypertension, diabetes mellitus, coronary heart disease) using multivariate logistic regressions. CIMT, carotid intima–media thickness; HMOD, hypertensive mediated organ damage; OR, odds ratio.




Association of Walking Duration and Frequency With Vascular HMOD

Next, we performed subgroup analysis to investigate the association of walking duration and frequency with vascular HMOD. First, all participants were divided into four groups according to walking duration as previously described (18), including non-walking activity, 10–29 min/day, 30–59 min/day, and ≥1 h/day groups. Along with the increase of walking duration, cf-PWV, CIMT, and ABI were significantly and gradually improved, as well as the decreased prevalence of arterial stiffness, increased CIMT, and peripheral artery disease (all p < 0.05) based on Duncan's multiple range tests (Supplementary Table 2). Moreover, multivariate logistic regressions were performed to validate the risk of vascular HMOD across different walking duration without and with adjustment for walking days per week, together with risk factors and concomitant diseases. Walking duration ≥1 h/day was closely associated with lower crude ORs and adjusted ORs for most vascular HMOD than non-walking activity (p < 0.05) (Table 2; Figure 2).


Table 2. Risk of vascular HMOD across different walking duration.
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FIGURE 2. Subgroup analysis of the association of daily walking duration or walking frequency with vascular HMOD. Multivariate logistic regressions were performed to investigate the association of walking duration ≥ 1 h/day or walking frequency ≥ 3 days/week with vascular HMOD. Adjusted ORs and 95% CI are presented after adjustment for walking frequency or walking duration, together with cardiovascular risk factors (including age, gender, smokers, body mass index, systolic blood pressure) and concomitant diseases (hypertension, diabetes mellitus, coronary heart disease), respectively. CIMT, carotid intima–media thickness; HMOD, hypertensive mediated organ damage; OR, odds ratio.


Then, walking frequency was categorized into walking <3 days/week and ≥3 days/week, and we found significant differences between the two groups in the prevalence of arterial stiffness, increased CIMT, and peripheral artery disease (all p < 0.05), except arterial plaque (p = 0.93) (Supplementary Table 3). Further, multivariate logistic regressions were conducted to confirm the risk of vascular HMOD across different walking frequency without and with adjustment for walking duration. The crude ORs of walking ≥ 3 days/week relative to <3 days/week were 0.79 (0.63–0.98), 0.65 (0.48–0.89), and 0.73 (0.58–0.91) for vascular HMOD (arterial stiffness, increased CIMT, peripheral artery disease), respectively (Table 3). Of note, after adjustment for walking duration, there was no association between walking frequency and vascular HMOD (all p > 0.05) (Table 3; Figure 2).


Table 3. Risk of vascular HMOD across different walking frequency.
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Association of Walking Activity With Vascular HMOD Using Different Cut-Off Walking Duration

Afterwards, we used different cut-off walking duration per time (≥30 min/day or ≥1 h/day) to further confirm the association of walking frequency with vascular HMOD. As shown in Supplementary Table 4, under different cut-off walking duration, the prevalence of vascular HMOD, except arterial plaque, are consistently decreased between walking <3 and ≥3 days/week (p < 0.05). Subsequently, we checked the association of walking activity using different cut-off walking duration with vascular HMOD through multivariate logistic regressions. Consistent with aforementioned results using walking duration ≥10 min/day, weekly walking activity was also significantly associated with vascular HMOD using walking duration ≥30 min/day and ≥1 h/day (≥30 min/day: arterial stiffness, OR = 0.61, 95% CI: 0.77–0.96, p = 0.02; peripheral artery disease, OR = 0.73, 95% CI: 0.58–0.91, p = 0.006; ≥1 h/day: arterial stiffness, OR = 0.74, 95% CI: 0.58–0.94, p = 0.01; increased CIMT, OR = 0.72, 95% CI: 0.53–0.99, p = 0.04; peripheral artery disease, OR = 0.74, 95% CI: 0.58–0.94, p = 0.02).



Association Between Different Levels of Physical Activity and Vascular HMOD

Furthermore, we calculated the METs and categorized into three levels of physical activity based on IPAQ (20), including low (n = 1,379), moderate (n = 1,411), and vigorous (n = 40). To investigate the relationship between different levels of physical activity and vascular HMOD, we conducted multivariate logistic regressions after adjustment for confounders, and the results indicated that only the resulting OR for peripheral artery disease was significantly negatively associated with a moderate-to-vigorous level of physical activity (OR: 0.74, 95% CI: 0.60–0.93, p = 0.009) relative to a low level of physical activity (Table 4). Finally, to enhance the association between walking duration/frequency and vascular HMOD, multivariate logistic regressions were conducted after adjusting for moderate-to-vigorous physical activity and similar results were observed (Table 5). These findings validated the association of increased daily walking duration with improved vascular HMOD.


Table 4. Risk of vascular HMOD across different levels of physical activity.
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Table 5. Risk of vascular HMOD across different walking duration and frequency after adjustment for moderate-to-vigorous physical activity.
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DISCUSSION

The present study had two major findings. First, weekly walking activity was significantly associated with a lower risk of vascular HMOD, but not cardiac or renal HMOD. Second, subgroup analysis indicated that there was a significant association between increasing daily walking duration (≥1 h/day) and improved vascular HMOD in community-dwelling elderly population.

Accumulating evidence revealed that physical activity has an anti-aging effects in multi-system and increase the life expectancy (3). Both ACSM and WHO recommend adults engaging in moderate or vigorous intensity physical activity, or an equivalent combination (6, 7). Unlike moderate and vigorous intensity physical activity in elderly could potentially increase the risk of mortality, walking as a low intensity physical activity with a lower risk of injury than running or sport participation is easily accessible without any requirements of special equipment or training (30). Numerous studies have reported that walking exerts beneficial effects on reduction of CV risk, blood pressure, exercise capacity, cardiac capacity, maximal oxygen consumption, and quality of life in hypertensive patients with concomitant diseases (31–35), which is recommended to a wide range of people as primary and secondary prevention. Nevertheless, in our present study, walking activity was only significantly correlated with age and smokers, and no significant correlation existed between walking activity and body height, body weight, body mass index, or systolic blood pressure. The inconsistent findings might be partly due to a different level of physical activity and inclusive criteria. Thus, more randomized clinical trials are warranted to validate the correlation of walking activity and CV risk factors in the future.

In literature, physical activity is associated with adverse clinical outcomes of CVD (36, 37). However, it was still unclear whether weekly walking activity was associated with asymptomatic HMOD in an elderly population. First, few studies were conducted to investigate the relationship of walking activity with asymptomatic cardiac HMOD. Notably, a meta-analysis of prospective studies in 2021 showed that walking were not significantly associated with heart failure, although total physical activity, leisure-time activity, and vigorous activity were associated with a statistically significant decrease in the risk of heart failure (10). Similarly, there was no evidence of any association of self-reported walking activity on cardiac HMOD in our study, including left ventricular hypertrophy and LV diastolic dysfunction. Regarding the relationship between physical activity and renal HMOD, conflicting findings indeed existed. Some studies suggested that a high level of physical activity was associated with higher CCR and lower risk of CCR decline (38–40), while others showed no relationship between physical activity with CCR or UACR (15, 41–44). In this community-based elderly population, no association was observed between weekly walking activity and renal HMOD. With regard to vascular HMOD, several population-based studies indicated that physical activity was favorably associated with arterial stiffness (45) and atherosclerosis (46). In line with these results, our data indicated a significant association of walking activity on reduction of most vascular HMOD (including arterial stiffness, increased CIMT, and peripheral artery disease). Taken together, these findings suggested that vascular function and structure seemed to be influenced more than cardiac/renal abnormalities during walking activity in our community-based elderly population. Additional studies are needed to determine whether weekly walking activity prevent the onset or progression of vascular HMOD.

Accordingly, encouraging elderly subjects to walk could enable them to exercise at a low level against vascular HMOD. However, the required daily walking duration and walking frequency based on IPAQ remain unclear. Results of subgroup analysis showed a significant association of daily walking duration (especially ≥ 1 h/day) with most vascular HMOD after adjustment for walking frequency and all confounders. Intriguingly, there was no significant association of walking frequency with vascular HMOD after adjustment for walking duration and confounders. These outcomes suggested that daily walking duration ≥ 1 h/day was recommended to protect the elderly against vascular HMOD, but not walking frequency ≥ 3 days/week. To the best of our knowledge, this is the first study to investigate the relationship of self-reported weekly walking activity and asymptomatic HMOD according to daily walking duration and frequency of weekly walking activity in the elderly population. We indicated that, from the viewpoint of organ-protection-driven physical activity management, weekly walking activity (daily walking duration ≥ 1 h/day) was recommended for the Chinese elderly, especially those suffering from the vascular abnormalities.


Limitations

Our results should be interpreted within the limitations. First, this study was a cross-sectional study using data from the Northern Shanghai Study. Therefore, it is difficult to derive causal relationship between weekly walking activity and HMOD. With ongoing follow-up studies, more accurate data will be provided in the future. Second, weekly walking activity was evaluated based on self-reported questionnaires (leisure time). The data were subject to error and potentially systematic bias. More studies will be required through targeting heart rate or moderate/vigorous physical activity. Third, we could not adjust for the influence of medications, especially anti-hypertensive medication.




CONCLUSIONS

In the community-dwelling elderly Chinese, weekly walking activity was significantly associated with a low risk of vascular HMOD (including arterial stiffness, increased CIMT, peripheral artery disease), but not cardiac or renal HMOD. Subgroup analysis demonstrated a significant association between increased daily walking duration and improved vascular HMOD. Hence, increasing daily walking duration (≥1 h/day) would be encouraged in terms of vascular protection.
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Maximal oxygen consumption (VO2max) reflects aerobic capacity and is crucial for assessing cardiorespiratory fitness and physical activity level. The purpose of this study was to classify and predict the population-based cardiorespiratory fitness based on anthropometric parameters, workload, and steady-state heart rate (HR) of the submaximal exercise test. Five hundred and seventeen participants were recruited into this study. This study initially classified aerobic capacity followed by VO2max predicted using an ordinary least squares regression model with measured VO2max from a submaximal cycle test as ground truth. Furthermore, we predicted VO2max in the age ranges 21–40 and above 40. For the support vector classification model, the test accuracy was 75%. The ordinary least squares regression model showed the coefficient of determination (R2) between measured and predicted VO2max was 0.83, mean absolute error (MAE) and root mean square error (RMSE) were 3.12 and 4.24 ml/kg/min, respectively. R2 in the age 21–40 and above 40 groups were 0.85 and 0.75, respectively. In conclusion, this study provides a practical protocol for estimating cardiorespiratory fitness of an individual in large populations. An applicable submaximal test for population-based cohorts could evaluate physical activity levels and provide exercise recommendations.

Keywords: physical activity, aerobic capacity, cardiorespiratory fitness, maximal oxygen consumption (VO2max), machine learning, support vector machine (SVM)


INTRODUCTION

The WHO identified physical inactivity as the fourth leading risk factor for non-communicable diseases accounting for high-mortality rates every year (1). Physical inactivity may cause heart disease, stroke, colon cancer, breast cancer, depression, and anxiety (2). Furthermore, low cardiorespiratory fitness has been associated with all causes of mortality and is an independent predictor of cardiovascular diseases (3).

The WHO recommends adults aged 18–64 years should attend regular moderate-intensity (≥150–300 min) or vigorous-intensity (≥75–150 min) aerobic physical activity per week (4). According to the Lancet Physical Activity Series Working Group (5), around 30% of adults worldwide are physically inactive, and inactivity rises with age. Males and females also occupy different proportions, and physical inactivity appears more in women than men (5). Apart from a range of chronic diseases and early deaths associated with the pandemic of physical inactivity, it also causes a substantial economic burden (6, 7). According to a study by Ding et al. (8), physical inactivity cost more than 50 billion dollars in the healthcare system in 2013 globally. Evaluating cardiorespiratory fitness levels is crucial in preventing physical inactivity, and it can be achieved by measuring or predicting the maximal oxygen consumption (VO2max).

Aerobic capacity is a quantifiable indicator of physical fitness level (9). VO2max reflects the aerobic capacity and maximal cardiorespiratory function, and it is critical for assessing cardiorespiratory fitness and physical activity level. Matsuo et al. (10) found that physical activity levels of the workers (age: 30–60 years) are significantly correlated with VO2max. People (age: 48.5 ± 14.4 years) meeting the physical activity criteria of 150 min/week of the daily moderate-intensity exercise demonstrated approximately 10% higher VO2max than their counterparts (11). Better cardiorespiratory fitness is associated with a lower risk of all-cause mortality (12, 13). A 34-year follow-up study found life-long physical activity may reduce the risk of breast cancer among female teachers aged ≥ 25 years (14). Low levels of physical activity and low cardiorespiratory fitness are the indices of the development of metabolic syndrome in both male and female adolescence (15).

It is crucial to estimate VO2max utilizing a simple, valid, and reliable method for epidemiologic studies of physical activity (16). VO2max can be measured by direct gas analysis and submaximal cycle ergometry. Direct measurement of VO2max from gas analysis using a progressive exercise test demands a maximal effort from the subject restricted to a well-equipped laboratory environment and technical expertise (17). Hence, maximal exercise tests on a treadmill or cycle ergometer are unappealing to some individuals, and some elderly or physically inactive individuals may endure a high risk to undertake the test. Astrand-Rhyming is one of the most administered submaximal cycle ergometry tests. It calculates VO2max by evaluating the steady-state heart rate (HR) during a 6-min submaximal test. The test protocol and results also exhibited good validity and reliability in healthy populations (17, 18). Hoehn et al. (18) showed that the difference between the estimated VO2max from the Astrand-Rhyming cycle ergometer test and VO2max from the maximal cycle ergometer test was <1 ml/kg/min. Test-retest reliability analysis over 1 week also showed no mean difference (17). Huerta et al. (9) evaluated physical fitness among Israeli soldiers using the Astrand-Rhyming 6-min cycle ergometer test and found a sex-specific difference of the estimated VO2max.

Machine learning is the study of computer algorithms that improve automatically through experience and by the use of data (19). Machine learning has been widely utilized in health informatics and physical fitness investigation in the recent years (20, 21). Machine and deep learning techniques have accelerated human experiments and tests conducted from the laboratory to the real world in the past decades (22–25). Inertial wearable sensors combined with machine learning algorithms could predict and evaluate biomechanics performances and energy expenditure (26–28). Human activity, such as walking, running, sitting, and cycling, could be accurately detected and classified using supervised learning methods (29–31). Therefore, sedentary behavior and physical activity level can be estimated by wearable technology (27). AI-Mallah et al. (32) demonstrated that cardiorespiratory fitness data could predict all-cause mortality by classifying the data into predetermined categories using the K-Nearest Neighbor (KNN) algorithm. Sakr et al. (33) found that the cardiorespiratory fitness data could be used to predict the prevalence rate of hypertension.

Predicting VO2max by machine learning approaches is emerging recently. Anthropometric parameters, time of exercise, workload, and HR self-reported rating of perceived exertion (RPE) are commonly used variables or predictors (34–36). Beltrame et al. (35) revealed that machine learning algorithms successfully predicted VO2max of forty-five health participants during the early stages of the test at maximal cardiopulmonary exercise testing. Machine learning methods can also predict VO2max based on a 20 m shuttle run test with root mean square error (RMSE) <5.5 ml/kg/min with a sample size of 308 (37). Artificial neural networks (ANNs) could predict VO2max based on a single-stage submaximal exercise test of 126 healthy adults (34). Support Vector Machine (SVM) estimated VO2max of 100 healthy participants also achieved high accuracy (36, 38).

However, the previous studies were conducted from relatively small sample sizes and predicted VO2max based on general healthy participants. Furthermore, no study validates the prediction accuracy of cardiorespiratory fitness between age-based populations. Therefore, this study aimed to classify and predict the population-based (university teachers) cardiorespiratory fitness based on anthropometric parameters, workload, and steady-state HR of the submaximal exercise test. It was hypothesized that: (1) VO2max is correlated with physical fitness levels and could be predicted and classified by physical fitness tests; (2) increased age contributed to the decreased cardiorespiratory fitness in age-based groups and it can be predicted.



MATERIALS AND METHODS


Participants

This study evaluated cardiorespiratory fitness among a large population and aged-based sample. Five hundred and seventeen (255 males and 262 females, age: 40.75 ± 9.16 years; height: 165.40 ± 7.70 cm; weight: 63.49 ± 11.33 kg; BMI: 23.09 ± 3.04 kg/m2) university teachers from a university in the southeast of China were recruited into our study. Anthropometric parameters contain height, weight, and BMI. Maximal HR was calculated based on the age-predicted maximal HR: max HR = 220–age. All participants were healthy and free of any medical condition that may potentially affect VO2max and exercise activities. All subjects were informed of the purpose, requirements, and details of this study, and written consent was obtained from each participant before the test. The study was approved by the ethics committee in Ningbo University (RAGH20190825).



Experimental Setting and Test Protocol

All cardiopulmonary aerobic tests were conducted from April 2020 to July 2020. Monark ergometer (928E, Varberg, Sweden) was utilized for the Astrand-Rhyming 6 min cycle ergometer test. The approach estimates aerobic capacity based on HR and power during the sub-max intensity test on the cycle ergometer. Each participant was given 5 min to warm up and familiarize the test environment. Participants were introduced to adjust the heights of the cycle ergometer seat and handlebar before the test. Borg's rating of perceived exertion (RPE) scale was adopted to monitor fatigue. The speed of the cycle ergometer was set at 50 r/min before the test. The whole test lasted 6 min, and during the first 3 mins, the workload was adjustable to obtain the stable HR between 125 and 175 beats/min (approximately 75% max HR). HR was monitored during the tests by a Polar Electro (H10, Kempele, Finland). Test workload was recorded and accepted HR was evaluated for each participant. VO2max was estimated using the Astrand-Rhyming nomogram based on cardiac response to 6 min of constant submaximal cycle work (9). Each participant's cardiorespiratory fitness was further divided into poor, average, good, and excellent classes based on measured VO2max in Monark 1.0.15.0 (Vansbro, Sweden).



Machine Learning Approaches

This study initially classified the aerobic capacity followed by VO2max predicted using an ordinary least squares regression model with measured VO2max from submaximal cycle test as ground-truth. Furthermore, we predicted VO2max in the age 21–40 years and above 40 years groups. All predictors were z score normalized with a mean value of 0 and a standard deviation of 1 (39). XGBoost, KNN, logistic regression, decision tree, random forest, Naïve Bayes, and SVM algorithm were considered for this classification task. KNN assigned ten neighbors and used the standard Euclidean metric. The logistic regression algorithm employed the penalty algorithm of L1 and the LibLinear algorithm as the solver. We chose the kernel and C in the SVM as linear and 10, respectively. Gaussian naïve Bayes was picked in this study. The entropy criterion was selected for the decision tree and random forest algorithms, with maximum tree depth and the number of trees as 10 and 100, respectively. The number of trees, maximum tree depth, and learning rate were set as 10, 100, and 0.1, respectively, in the XGBoost model. SVM with linear kernel was selected as it performed the best prediction accuracy of the 10-fold cross-validation model. Based on the performance of the cycle ergometer test, cardiorespiratory fitness was classified into the following four categories: poor, average, good, and excellent.

Data were split into 60, 20, and 20% for training, validation, and testing, respectively. Twenty percent of the raw dataset was initially selected for testing. The remained 80% of the data was used for training and validation. Then, we further divided training and validation into the ratio of 75 and 25%. The SVM algorithm constructs hyperplanes between categories by maximizing the margin using support vectors. The soft margin parameter of C balances the trade-off between margin width and misclassification rate (40). To achieve a good trade-off between training and test accuracies and avoid underfitting and overfitting problems, we performed hyperparameter tuning based on four-fold grid search cross-validation (GridSearchCV) on the training dataset to determine the best C parameter of support vector classification (SVC) model from range 0.01, 0.1, 1, 10–100 [37]. Finally, C = 10 was selected as the best parameter and adopted for the test dataset.

The ordinary least squares regression was employed to predict VO2max of each participant. For classification and regression, gender, age, height, weight, body mass index (BMI), maximal HR, test workload, and accepted HR were adopted as predictors. The SVM classification model was evaluated by accuracy, precision, recall, F1-score, and Matthews correlation coefficient. The linear regression model was estimated by Pearson product-moment correlation coefficients (R2), the mean absolute error (MAE), and RMSE. The coefficient of each predictor was extracted to rank the feature importance of the regression model.



Statistical Analysis

Participants were divided into four groups, age 21–30, 31–40, 41–50, and above 50. The accepted HR, test workload, and aerobic capacity between groups were compared utilizing ANOVA analysis in R (version 4.0.5, R Foundation for Statistical Computing, Vienna, Austria). Tukey's honest significance differences (HSD) post hoc analysis was used to conduct statistical analysis of VO2max between groups with the significance level p < 0.01.




RESULTS


The Anthropometric and Submaximal Test Information

The anthropometric and cycle ergometer test information is presented in Table 1. The accepted HR during tests was decreased with the increase of age (from 137.6 ± 11.6 bpm in the age 21–30 group decreased to 133.8 ± 11.5 bmp in the age > 50 group), but no statistical significance (F = 2.6, p > 0.05). The test workload was gradually decreased with increased age in 21–30, 31–40, and 41–50 age groups (646.6 ± 198.8, 609.8 ± 190.3, and 568.4 ± 172.8 kpm/min, respectively). Also, there was no significant difference presented (F = 1.7, p > 0.05).


Table 1. The anthropometric and cardiopulmonary aerobic test information in different age groups (data was shown in mean ± SD).
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VO2max in the Different Age Groups

The ANOVA analysis of VO2max shows the statistical difference with F = 16.6 and p < 0.01. Tukey's HSD post-hoc analysis with 99% CI was demonstrated in Figure 1. Compared with the age 21–30 group, VO2max in the age 41–50 and >50 groups were significantly decreased (both p < 0.01, mean difference: −7.9 and −9.9, 99% CI: −14.4 to −1.5 and −16.4 to −3.4). VO2max was also significantly different in the age 41–50 (p < 0.01, mean difference −4.7, 99% CI: −8.1 to −1.3) and above 50 groups (p < 0.01, mean difference −6.7, 99% CI: −10.2 to −3.1) when comparing to the age 31–40 group.


[image: Figure 1]
FIGURE 1. Tukey's honest significance differences test of maximal oxygen consumption (VO2max) between age groups.




The Performance of the Classifier

The four-fold cross-validation accuracy was 76%, and the accuracy in the test dataset was 75%. The precision, recall, F1-score, and Matthews correlation coefficient are presented in Table 2. The accuracies of VO2max of the classifying participants into poor, average, good, and excellent categories were shown in the confusion matrix (Figure 2). The X-axis showed the actual level of VO2max, while the Y-axis depicted the predicted VO2max utilizing an SVM classifier, and values were normalized to present the percentage of each class. The average level of VO2max demonstrated the highest accuracy followed by the excellent level with 85 and 78%. The accuracies in the good and poor performances were relatively lower with 65 and 65%.


Table 2. The classification report of linear SVC classifier.
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FIGURE 2. Confusion matrix of the SVM classification model based on VO2max differences.




The Linear Regression Model

Gender, BMI, and height were the three most crucial input variables that contribute to performance of the model, followed by accepted HR, weight, age, maximal HR, and test workload. The ordinary least squares regression model showed the coefficient of determination (R2) between actual and predicted VO2max in the validation dataset was 0.81 and 0.83 in the test dataset (Figure 3A). MAE and RMSE were 3.37 and 4.45 ml/kg/min in the validation dataset, and 3.12 and 4.24 ml/kg/min in the test dataset. Figure 3B demonstrated the residuals plot of predicted VO2max compared with the true VO2max. The Bland-Altman plot exhibited the mean difference and 95% limits of agreement between the observed and predicted VO2max (Figure 4). The mean difference was very close to 0, which is −0.31, and most of the points are scattered in the ±1.96 SD (above −8.59 ml/kg/min and below 7.97 mm/kg/min).


[image: Figure 3]
FIGURE 3. Regression plot (A) and residuals plot (B) of the linear regression model.



[image: Figure 4]
FIGURE 4. Bland-Altman plot of true and predicted maximal oxygen uptake.


The coefficient of determination between the true and predicted VO2max in the validation and test datasets (Figure 5A) of the age 21–40 group was R2 = 0.8 and 0.85, respectively. MAE and RMSE in the test dataset were 2.72 and 4.02 ml/kg/min, respectively. Figure 5B presented R2 = 0.75 of the ordinary least squares regression model in the age ≥ 40 group of the test dataset, with MAE = 3.2 ml/kg/min and RMSE = 4.26 ml/kg/min in the test dataset.


[image: Figure 5]
FIGURE 5. Regression plot of the linear regression model of age 21–40 group (A) and age above 40 group (B).





DISCUSSION

VO2max is an essential part of health and physical fitness. This study predicted the VO2max based on anthropometric parameters and the cycle ergometer test utilizing machine learning. Furthermore, we estimated that the ordinary least squares regression model in younger and older groups. It was found the SVC algorithm could successfully classify the cardiorespiratory fitness level into four classes (i.e., poor, average, good, and excellent). The linear regression model can predict VO2max with gender, age, height, weight, BMI, maximal HR, test workload, and accepted HR as predictors. The ordinary least squares regression performance is better in the younger group (21–40 years old, R2 = 0.85) than the group with age above 40 years (R2 = 0.75).

Previous studies assessed and predicted VO2max using different predictors and test protocols (34–38), but no study classifies the aerobic capacity into subcategories in the previous work. SVM exhibited outstanding performance in the classification tasks (36, 38, 40, 41). This study adopted it as the classifier to separate the aerobic capacity. According to the findings of this study, the VO2max level is predictive. It can be classified based on the anthropometric parameters and workload and steady-state HR of the submaximal exercise test.

This study identified the anthropometric measurements that can be directly employed to evaluate cardiorespiratory fitness. The accuracy would be further improved by incorporating exercise parameters of an individual (i.e., HR during exercise and workload). Therefore, it provides a practical protocol for estimating cardiorespiratory fitness of an individual in large populations. By monitoring VO2max in the different age groups, people will better understand their health condition and improve cardiovascular endurance. On the other hand, people can be guided specifically to promote health.

Our aging population presents a significant health challenge globally (42–44). The medical and healthcare system is under increased pressure with an increased economic burden (8). Estimating and predicting physical activity may play a crucial role nowadays in lessening the burden on the healthcare system. Monitoring and evaluating physical activity or cardiorespiratory fitness levels among populations, especially for the elderly, would help guide policies to increase activity levels of the populations and reduce the burden of non-communicable diseases in the public health system (5).

Przednowek et al. (37) predicted VO2max based on a 20 m shuttle run test using ordinary least squares regression, ridge regression, Lasso regression, and ANNs. The results showed that the models for females generated less error than males, but only young participants (mean age: 20.6) were included in the study. Akay et al. (34) estimated VO2max of 126 participants utilizing ANNs (R2 = 0.94) with anthropometric parameters, steady-state HR of jogging, and jogging speed as predictors. The age range of the subjects, however, was from 17 to 40 years. VO2max of Children and adolescents can be predicted in a submaximal run test using multiple linear regression and ANNs models (45). Huerta et al. (9) employed the cycle ergometry evaluating VO2max among a large population-based sample of Israeli men and women with age ranging from 18 to 25 years. The submaximal cycle ergometry test has been developed as a valuable tool to estimate cardiorespiratory fitness and VO2max due to its lower cost, lower test risk of complications, and being applicable for the elderly (34). However, previous studies only estimated or predicted physical fitness of young adults. The ordinary least squares regression model in this study showed that VO2max is also predictable for the older population and predicted decreased cardiorespiratory fitness level with increased age, which is consistent with the previous study that physical inactivity raises with age (5).

It also showed that the predicted performance of the cycle ergometer test method is affected by age. Due to physiological changes, the elderly might potentially take less physical exercise or physical activity, and aerobic capacity is decreased with age (5). The cycle ergometer test exhibited relatively poor ability to predict VO2max. Using this approach to predict the VO2max in the younger population may be better than in the older age group. It is recommended to explore the replaceable method to estimate and predict the VO2max among the elderly population in the future. This study also found the cardiovascular endurance is significantly decreased for people aged more than 40 years. Physical inactivity in this period may contribute to decreased VO2max. Physical activity recommendations or exercise protocol should consider providing specific guidelines for this age group in the future.

Some limitations should be noted, despite the promising findings in this study. Although we predicted the cardiorespiratory fitness between the younger and older populations, the sample size of cohorts in the age 21–30 and age above 60 groups is relatively small. Thereby, future studies should add more elderly participants to investigate their physical activity and cardiorespiratory fitness level. As physiological mechanisms differ between males and females, sex difference should also be taken into consideration. On the other hand, due to directly measuring individuals age above 40 years has the higher medical risk, VO2max was measured from a submaximal test rather than maximal exertion test in this study. Furthermore, the ordinary least squares regression model was employed in this study. Other non-linear regression models may improve the performance of the model and decrease errors. Future studies should also attempt to predict VO2max from larger sample sizes or consider including synthetic data.



CONCLUSION

In conclusion, this study investigated population and age-based cardiorespiratory fitness levels and classified and predicted VO2max using classification and linear regression approaches. The findings showed that VO2max level is predictive and can be classified based on the anthropometric parameters and workload and steady-state HR of a submaximal exercise test. Physical activity or exercise recommendations could be given to the university teachers by conducting an applicable submaximal test. Although the regression model exhibited reasonable accuracy in predicting the aerobic capacity among population above age 40 years, it is worth exploring a more comprehensive model or test protocol to estimate the cardiorespiratory fitness of an elderly more accurately.
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Background: Greater changes in cardiac structure and function in response to physical training have been observed more often in male athletes than in female athletes compared with their sedentary controls. However, studies for the sex-specific cardiac remodeling related to strength exercises in Asian athletes are rare.

Methods: This study included 580 men and 79 women, with an average age of 25 years, for a 6-month military training program in Taiwan. Both men and women attended a 2-min sit-up test to assess muscular strength after the training. The test performance falling one standard deviation above the mean (16%) was to define the superior eliteness of athletes. Cardiac structure and function were investigated by electrocardiography and echocardiography for men and women. Multiple logistic regression was used to determine the predictors of elite athlete status.

Results: In men, greater QTc interval, left ventricular mass adjusted to body surface area (LVMI), lateral mitral E'/A' ratio and right ventricular systolic pressure, and lower diastolic blood pressure were independent predictors of elite strength athletes in the sit-up test [odds ratio (OR) and 95% confidence intervals: 1.01 (1.00, 1.02), 1.02 (1.00, 1.04), 1.45 (1.06, 1.98), 1.13 (1.06, 1.23), and 0.96 (0.93, 0.99), respectively. In contrast, in women, the greater right ventricular outflow tract dimension was the only independent predictor of elite strength athletes in the sit-up test [OR: 1.26 (1.04, 1.53)].

Conclusions: In the 2-min sit-up test, cardiac characteristics differ between elite male and female athletes. While greater QTc interval, LVMI, and diastolic function of left ventricle predict the eliteness of male strength athletes, greater right ventricular chamber size characterizes elite female strength athletes.

Keywords: athlete's heart, cardiac remodeling, muscular strength exercise, left ventricular diastolic function, sex differences


INTRODUCTION

Changes in cardiac structure and diastolic function in response to exercises are regarded as a benign process. Greater left ventricular mass and diastolic function measured by echocardiography are more commonly observed in elite athletes for either endurance or strength exercises than in sedentary controls (1, 2). However, some cardiac adaptations may vary based on the main exercise athletes perform. With regard to the left ventricular (LV) diastolic function, assessed by the E/A ratio utilizing mitral inflow doppler, it is slightly increased or normal in athletes compared to sedentary controls (3–5). While the LV diastolic function is evaluated by tissue doppler imaging of septal or lateral wall motion for the E'/A' ratio, it is greater in athletes due to an enhanced peak early E' or a reduced late atrial A' velocity than controls (4–6). To date, these findings on athletes' hearts were mainly obtained in studies from Western populations.

Previous reports have unveiled racial and sex differences in physiological cardiac adaptions to exercise and LV pressure overload (7–9). For a given level of physical training, athletes of African/Afro-Caribbean descent reveal more marked changes to cardiac structure than Caucasian athletes (8, 9), possibly due in part to genetic variations. In addition, greater changes in cardiac structure and function in response to regular physical training have been observed in male athletes than in female athletes compared to their sedentary controls (10). However, rare studies have investigated cardiovascular health between male and female Asian athletes. Moreover, most of the prior studies compared the physiological cardiac remodeling of elite athletes to sedentary controls but rarely to those under a similar training program. Therefore, this study aimed to compare the cardiac structure and function between elite male and female athletes for a 2-min sit-up exercise relative to their physical controls in the military in Taiwan.



METHODS


Study Population

The Cardiorespiratory Fitness and Hospitalization Events in Armed Forces study (CHIEF Heart Study) included 580 men and 79 women, aged 18-34 years, from the ROC Army Huadong Defense Command Base in Taiwan and took place in January 2019 (11). All participants underwent the same training program for a 3-km run at 6:00 a.m. and 16:00 p.m., respectively, and were asked to complete the run in a limited time of 20 min. In addition, all participants had to perform at least 20 successive push-ups and subsequently 20 successive sit-ups following each run within 30 min. In July 2019, all of them attended a midterm exam for an evaluation of their muscular strength fitness, assessed by the 2-min sit-up exercise test. After the midterm physical exam, all received an annual health examination, including a self-report regarding their habits of tobacco smoking and alcohol beverage consumption (active vs. former and never) in the Hualien Armed Forces General Hospital of Eastern Taiwan. All participants carried out 12-lead electrocardiography (ECG) and transthoracic echocardiography for assessing their cardiac structure and function. The study design of the CHIEF study has been described in detail previously (12–15).



Anthropometric and Hemodynamic Measurements

The body height and body weight of each participant were measured in a standing position. Body surface area was calculated as 0.20247 × body height (m)0.725 × body weight (kg)0.425 based on the Dubois formula (16). Body mass index was calculated as body weight (kg) divided by square of body height (m2). The Resting Blood pressure and pulse rate of each participant were measured once over the right upper arm in a sitting position by an automated blood pressure monitor (FT-201, Parama-Tech Co Ltd, Fukuoka, Japan).



Muscular Strength Measurements

The muscular strength of each participant was investigated by the performance of the 2-min sit-up exercise (17). Participants were prepared in a supine position and fixed their feet by the anchor on the pad floor with both hands attached to the ears. It was scored using a computerized infrared system merely when their upper trunk bent forward and elbows simultaneously touched the artificial sensors on both thighs. If either one of the hands left the ears temporarily, the score would not be counted by the supervisors.



Electrocardiographic and Echocardiographic Measurements

The 12-lead ECG features are interpreted via the software of the Schiller AG CARDIOVIT MS-2015 (Baar, Switzerland). The quality of ECG was required to be visually interpretable and with a smooth baseline; otherwise, the ECG would be repeated for acceptable quality. The echocardiography used a 1-5 MHz transducer (iE33; Philips Medical Systems, Andover, MA, USA) and was performed by an experienced technician and verified by a certificated cardiologist at the Hualien-Armed Forces General Hospital (18).

Cardiac structure such as LV wall thickness and size were measured according to the recommendations of the American Society of Echocardiography (19, 20). The corrected formula of LV mass proposed by Devereux et al. (21) was defined at end diastole as “0.8 × {1.04 × [(LV internal diameter (LVIDd) + posterior wall thickness + interventricular septal thickness]3 – LVIDd3} + 0.6.” LV hypertrophy for men was defined as the LV mass index as adjusted by body surface area (LVMI) ≥ 116 g/m2 based on the Dubois formula (11). Right ventricular (RV) hypertrophy for men was defined as the anterior RV wall thickness in parasternal long-axis window > 5.2 mm at end diastole (13). Mitral inflow Doppler for the velocity of the diastolic wave (E wave and A wave) and the E/A ratio. Tissue Doppler imaging for the lateral mitral annulus movement velocity (E' and A') and the E'/A' ratio were used to assess LV diastolic function. RV systolic pressure was evaluated by the continuous wave Doppler for trans-tricuspid velocity in the four-chamber window.



Statistical Analysis

Elite male and female athletes were defined as the 2-min sit-up test score falling one standard deviation above the mean (16%). The controls were their physically active counterparts, who did not achieve the level for elite athletes. Demographic, anthropometric, hemodynamic, ECG, and echocardiographic profiles of elite male and female athletes and sex-specific non-elite controls were presented as mean ± standard deviation for continuous variables and numbers (percentages) for categorical variables.

Continuous variables were compared by two-sample t-test and categorical variables were compared by chi-square or Fisher's exact test for men and women, respectively. Multiple logistic regressions were utilized to determine the odds ratio (OR) of the ECG and echocardiographic predictors of the elite athletes to non-elite controls in men and women. In addition, multiple linear regressions were also utilized to determine the independent predictors for sit-up numbers within 2 min in men and women. A two-tailed value of P < 0.05 was considered significant.

All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). This study was reviewed and approved by the Institutional Review Board of the Mennonite Christian Hospital (No. 16-05-008) in Taiwan and written informed consent was obtained from all participants.




RESULTS


Clinical Features and Laboratory Findings

In total, 93 (16.0%) of the 580 military men and 14 (17.7%) of the 79 military women who were classified as elite athletes performed >51 and 50 sit-ups within 2 min, as outlined in Table 1. In a study led by Ojeda et al. (22), the levels of very good or excellent young male and female athletes for sit-ups were consistent with the present study results. As compared with non-elite controls, elite strength athletes had similar levels of age, anthropometric parameters, and blood biochemistries except for lower diastolic blood pressure and greater serum levels of high-density lipoprotein and creatinine for elite male athletes, and greater serum triglycerides for elite female athletes.


Table 1. Clinical characteristics of elite male and female strength athletes and non-elite controls in the 2-min sit-up exercise.
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Electrocardiographic Features

As indicated by Table 2, in men, elite strength athletes had a significantly greater corrected QT (QTc) interval defined by the Bazett's formula (393.10 ± 27.15 vs. 387.43 ± 21.36 ms, p = 0.02) and a higher prevalence of QTc interval prolongation > 480 ms (3.2 vs. 0.2%, p = 0.001) (23), compared to non-elite controls. In women, there were no significant differences in any ECG characteristics between elite strength athletes and non-elite controls.


Table 2. Electrocardiographic characteristics of elite male and female strength athletes and non-elite controls in the 2-min sit-up exercise.
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Echocardiographic Findings

In Table 3, in men, elite strength athletes had greater LVMI (80.9 ± 11.7 vs. 77.5 ± 12.0 g/m2, p = 0.001), RV systolic pressure (29.5 ± 4.15 vs. 27.8 ± 12.0 mmHg, p = 0.001), and lateral mitral E'/A' (2.32 ± 0.70 vs. 2.11 ± 0.71, p = 0.01) compared to non-elite controls. In contrast, in women, elite strength athletes were found to have greater aortic root dimension (30.2 ± 3.70 vs. 26.9 ± 2.52 mm, p <0.01), and RV outflow tract dimension compared to non-elite controls (28.5 ± 4.04 vs. 25.7 ± 3.46 mm, p = 0.01).


Table 3. Echocardiographic characteristics of elite male and female strength athletes and non-elite controls in the 2-min sit-up exercise.
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Echocardiographic Predictors of Elite Strength Athletes

In Table 4, the multiple logistic regression results showed that, in men, greater QTc interval, LVMI, RV systolic pressure and lateral mitral E'/A', and lower diastolic blood pressure were independent predictors of elite strength athletes [odds ratio (OR): 1.01 [95% confidence intervals (CI): 1.00, 1.02], 1.02 (95% CI: 1.00, 1.04), 1.13 (95% CI: 1.06, 1.20), 1.45 (95%CI: 1.06, 1.98) and 0.96 (95% CI: 0.93, 0.99), respectively]. In contrast, RV outflow tract dimension was the only independent predictor of elite strength athletes in women [OR: 1.26 (95% CI: 1.04, 1.53)].


Table 4. Multivariable logistic regression analysis for elite male and female strength athletes.
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As shown in Table 5, the results of multiple linear regressions were consistent for LVMI, RV systolic pressure, and lateral mitral E'/A' in men [β: 0.068, 0.28, and 1.61, respectively; all p-values ≤ 0.01] and RV outflow tract dimension in women [β: 0.28; p = 0.01], except that the correlations of diastolic blood pressure and QTc interval with sit-up numbers were not significant.


Table 5. Multivariable linear regression analysis for sit-up numbers in men and women.
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DISCUSSION

This study is the largest to date for the Asian population to show the sex-specific cardiac structure and function of elite athletes compared to physically active controls and to determine the ECG and echocardiographic predictors of eliteness in the 2-min sit-ups. The main findings in the present study were that in men, greater QTc interval, LVMI, LV diastolic function, and RV systolic pressure, and lower diastolic blood pressure were found as independent predictors of falling in the elite strength category. By contrast, in women, the greater RV outflow tract dimension was the only independent predictor of being in the elite strength category.

Strength exercise training has been found to increase left ventricular mass, but not alter LV chamber size in both male and female athletes in prior studies (6, 9). Exercise related LV hypertrophy could be induced by an elongation of cardiac muscle cells resistant to chronic pressure overload, which is regulated partially by the renin-angiotensin system (24, 25). Prior studies have found greater changes in cardiac structure and function following strength exercises in male athletes than in female athletes compared to their sedentary controls (9, 10). The present study further confirmed the concept that greater LVMI and lateral mitral E'/A' ratio independently predict the performance of the sit-up exercise in physically active men but not women. The mechanisms for more marked cardiac structure changes in male athletes could be reasoned in part by an increased QTc interval, indicating a longer cardiac systolic phase and possibly leading to greater LVMI. By contrast, for physically active women, both elite and non-elite athletes had lower blood pressure at rest, causing lower LV pressure overload and thus less physiological cardiac remodeling.

For the cardiovascular structural changes in women, the present study revealed that elite female strength athletes had greater aortic root and RV outflow tract dimensions, implying greater stroke volume compared with non-elite controls. In addition, elite female strength athletes tended to have a higher systolic blood pressure than non-elite controls, whereas elite male strength athletes had lower diastolic blood pressure. The findings clarified that the hemodynamic changes related to the sit-up test performance might differ by sex and thus influence the cardiac structure remodeling. Moreover, prior studies showed that in athletes, RV chamber size was positively associated with RV systolic pressure (26), which was not observed in both our male and female strength athletes. Whether these conflicts were due to racial/ethnic differences or the presence of unrecognized confounders in prior studies needs further investigation.


Strengths and Limitations

A strength of the present study is that participants were enrolled from the military under the same training program. In addition, the army base was a closed system, which implies that consistency in living circumstances. Third, the performance of the sit-up exercise was standardized, which could reduce observer bias.

Limitations arise from the fact that strength capacity was assessed only by the 2-min sit-up test, meaning the cardiac structure and function results might not be applied appropriately to the athletes of other exercise modalities. Second, there were only 79 military women in the present study, meaning results might lack sufficient power to detect some important predictors of elite athletes for sit-ups. Finally, we did not have the 12-lead ECG and echocardiographic data prior to training, and the ECG and echocardiographic changes could not be compared between elite athletes and non-elite controls.




CONCLUSION

Our study revealed that in the 2-min sit-up test, the cardiac characteristics differ between elite male and female athletes compared with their physically active non-elite controls. While greater QTc interval, RV systolic pressure, LV diastolic function, and LVMI predict elite strength athletes in men, greater RV chamber size characterizes elite strength athletes in women.
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Background: Patients with cardiovascular disease (CVD) tend to have higher mortality rates and reduced physical activity (PA). We aimed to evaluate the effect of PA on mortality in older adults with specific CVD.

Methods: We enrolled 68,223 participants (n = 23,871 with CVD, n = 44,352 without CVD) aged ≥65 years with available physical activity data between 2005 and 2012 from the Korean National Health Insurance Service of Korea-Senior database. CVD was defined as a history of ischemic stroke, transient ischemic attack, heart failure, myocardial infarction, and peripheral artery disease.

Results: Patients with CVD were older than those without CVD. Compared with the sedentary group, the physically active groups with and without CVD had a lower incidence and risk of all-cause death during a median follow up period of 42 (interquartile range 30–51) months. A 500 metabolic equivalent task-min/week increase in PA resulted in an 11% and 16% reduction in the risk of mortality in the non-CVD and CVD groups, respectively. With regard to specific CVDs, the risk of mortality progressively reduced with increasing PA in patients with heart failure or myocardial infarction. However, the reduction reached a plateau in patients with stroke or peripheral artery disease, but was significantly greater in patients with stroke (20% vs. without stoke, 11%, Pint = 0.006) or heart failure (13% vs. without heart failure, 11%; Pint = 0.045)

Conclusions: PA was associated with a reduced risk of all-cause mortality in older adults with and without CVD. The benefits of PA in patients with CVD, especially patients with stroke or heart failure, were greater than those without.

Keywords: physical activity, all-cause mortality, cardiovascular disease, senior adults, stroke, heart failure


INTRODUCTION

The inverse relationship between physical activity and mortality has been proven in previous studies (1, 2). Current guidelines recommend that adults should perform at least 150–300 min/week of moderate-intensity physical activity, 75–150 min/week of vigorous physical activity, or 500–1,000 metabolic equivalent task (MET)-min/week of moderate-to-vigorous physical activity (3, 4). Satisfying recommended guidelines for physical activity is associated with a reduced risk of all-cause mortality, cardiovascular mortality, morbidity, and frailty compared with being inactive (5, 6).

The existing evidence on the dose relationship between exercise and outcomes has mostly been obtained from studies on healthy people (7–9). Individuals with cardiovascular disease (CVD) have higher mortality and morbidity, but also tend to have a sedentary lifestyle and less physical activity than those without CVD (10). While physical activity is generally recommended for secondary CVD prevention according to current guidelines, there are limited data regarding the relationship between physical activity and mortality, specifically among patients with pre-existing CVD (11–13). Recently, Jeong et al. reported that the benefit in the secondary prevention group was greater than that in the primary prevention group: every 500 MET-min/week increase in physical activity resulted in a 14 and 7% reduction in the risk of mortality in the secondary and primary prevention groups, respectively (interaction P < 0.001). However, the benefits of physical activity have not been precisely elucidated, especially in elderly patients with CVD (14).

In this study, we analyzed a population-based cohort to investigate the effect of physical activity on mortality in elderly populations with or without CVD. The aims of this study were as follows: (i) to identify the relationship between physical activity and mortality among elderly patients with and without CVD and (ii) to compare the associations between physical activity and mortality according to specific CVD.



METHODS


Study Population

Data were collected from the National Health Insurance Service of Korea (NHIS)-Senior database, which includes data for 5,58,147 individuals recruited by 10% simple random sampling from a total of 5.5 million populations aged ≥60 years in the National Health Information Database (15, 16). Individuals covered by the insurance system undergo a general health screening every 2 years. The NHIS-Senior database includes data on the following parameters: sociodemographic and socioeconomic information, health check-up examinations, insurance status, and records of participants' medical histories. This study was approved by the Institutional Review Board of the Yonsei University Health System (4-2021-0894). The study complied with the requirements of the Declaration of Helsinki, and the need for informed consent was waived.

From the Korean NHIS-Senior database, 68,223 participants aged ≥65 years with available physical activity data between 2005 and 2012 were enrolled in this study and followed up until December 2014. Each individual's claims records were reviewed for a history of CVD from 2002 until the date of the health check-up. Participants with prior myocardial infarction, peripheral artery disease, other vascular diseases, ischemic/hemorrhagic stroke, transient ischemic attack, and heart failure were considered to have CVD. Patients with one or more of the CVD were based on the first diagnosed CVD. A flow chart of the study population enrollment ant analysis is presented in Supplementary Figure 1.

Information on comorbid conditions was identified from the International Classification of Disease-10 codes, and prescription medications before the index date (Supplementary Table 1). In order to ensure diagnostic accuracy, participants were considered to have comorbidities when the condition was a discharge diagnosis or was confirmed at least twice in an outpatient setting, as in our previous studies (15–24).



Physical Activity Level Assessment

The leisure-time physical activity level was assessed using self-reported intensity and frequency of exercise via structured questionnaires using a 7-day recall method (25). The survey included three questions that assessed the usual frequency (days per week) of (i) vigorous physical activity for at least 20 min, (ii) moderate physical activity for at least 30 min, and (iii) light physical activity for at least 30 min. Vigorous physical activity was defined as intense exercise that caused severe shortness of breath, such as running and cycling at high speed. Moderate physical activity was defined as exercise that caused mild shortness of breath, such as brisk walking and cycling at usual speed. Light physical activity was defined as walking at a slow or leisurely pace. Completion of physical activity level assessment was performed during health check-up between 2005 and 2012 and followed up until December 2014.

Ratings of 3.3, 4.0, and 8.0 METs were assigned for light, moderate, and vigorous physical activity, respectively (20). The physical activity-related energy expenditure (MET-min/week) was calculated by summing the products of frequency, intensity, and duration of light, moderate, and vigorous physical activity. The participants were stratified on the basis of their weekly total physical activity levels as follows: (1) sedentary group: no leisure-time physical activity beyond basic movements; (2) insufficiently active group: energy expenditure between 1 and 499 MET-min/week; (3) active group: energy expenditure between 500 and 999 MET-min/week; (4) highly active: energy expenditure between 1,000 and 1,499 MET-min/week; and (5) very highly active group: energy expenditure ≥1,500 MET-min/week according guidelines and previous studies (3, 4, 20).



Outcomes

The endpoint was all-cause mortality. Using unique personal identification numbers, information on death (date and cause of death) was confirmed from the National Population Registry of the Korea National Statistical Office, in which deaths are centrally registered on the basis of death certificates (15–24). The NHIS and National Statistical Office are national agencies serving the entire Korean population, so this approach provides a complete event check. We also analyzed cause-specific mortality based on the causes of death confirmed by the Korea National Statistical Office.



Statistical Analysis

Descriptive statistics were used to characterize baseline characteristics and comorbidities. Categorical variables are reported as frequencies (percentages). Continuous variables are expressed as medians with interquartile ranges. Categorical variables were compared using Fisher's exact test or Pearson's chi-square test, and continuous variables were compared using Student's t-test.

Incidence rates of mortality were calculated by dividing the number of events by person-time at risk and presented as the rate per 1,000 person-years. We analyzed the hazard ratios and 95% confidence intervals or mortality according to the physical activity level. Competing risk regression was performed using the Fine-Gray sub distribution hazard model, with mortality as a competing risk for mortality events. Multivariable regression models were constructed by adjusting for age, sex, body mass index, smoking, alcohol consumption, hypertension, diabetes mellitus, dyslipidemia, chronic kidney disease, chronic obstructive pulmonary disease, osteoporosis, malignancy, hospital frailty risk score, and Charlson comorbidity index score. We used cubic spline curves to examine the effects of continuous values of physical activity (0 MET-min/week as reference) on all-cause mortality. We conducted subgroup analyses for the primary outcome stratified by age, sex, body mass index, and other baseline comorbidities.

All tests were two-tailed, and statistical significance was set at p < 0.05. Statistical analyses were conducted using R programming version 4.0.3 (The R Foundation for Statistical Computing, Vienna, Austria).




RESULTS

The baseline characteristics of the 68,223 study subjects are shown in Table 1. The median age of the participants was 73.6 years, and 38.8% were men. In the study population, 35.0% of participants had CVD (n = 23,871) and the remaining 65.0% (n = 44,352) had no history of CVD. In the CVD group, participants were older (74.7 vs. 73.0 years) and the proportion of men was lower (34.8 vs. 41.0%) than that in the non-CVD group (P < 0.001).


Table 1. Baseline characteristics according to cardiovascular disease.
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The range of physical activity level of the study population was 0-2653 MET-min/week. The median physical activity levels were 259 and 379 MET-min/week in the CVD and non-CVD groups, respectively (Figure 1). Participants with CVD were less physically active than those without CVD (P < 0.001). The proportion of sedentary participants was higher in the CVD group than in the non-CVD group (40.9 and 34.9%, respectively, P < 0.001) (Figure 1). Supplementary Figure 2 shows the proportions of participants with specific CVDs. There were differences in the median physical activity according to the history of stroke or heart failure, with no significant differences in physical activity in patients with peripheral artery disease or myocardial infarction.


[image: Figure 1]
FIGURE 1. Physical activity of participants with or without cardiovascular disease (CVD). (A) Box and whiskers plot for physical activity, (B) box plot for the proportions of physical activity classified into five categories.


Baseline characteristics of the whole study population, CVD group, and non-CVD group according to leisure-time physical activity are shown in Supplementary Tables 2–4, respectively.


Impact of Physical Activity on All-Cause Mortality According to CVD

The median follow-up duration was 42 months (interquartile range, 30–51). Figure 2A shows the incidence rate of mortality per 1,000 person-years stratified according to the presence of CVD and the level of physical activity. In participants without CVD, the unadjusted risk of all-cause mortality showed a J-shaped association with the amount of physical activity. After adjustment for age, sex, body mass index, and other baseline comorbidities, mortality risk was the highest in participants with a sedentary lifestyle and the lowest in participants with a physical activity level of 1000–1499 MET-min/week. A very high level of physical activity (≥1,500 MET-min/week) was associated with a significantly higher risk of mortality than the trough.


[image: Figure 2]
FIGURE 2. Mortality according to physical activity level stratified by cardiovascular disease. (A) Incidence rate (Deaths/1,000 patient years), (B) Spline curve for the hazard ratio of a continuous variable.


In participants with CVD, the unadjusted risk of mortality was reduced with a higher level of physical activity. After adjusting for age, sex, body mass index, and other baseline comorbidities, mortality risk was the highest in participants with a sedentary lifestyle and the lowest in participants with a physical activity level of >1,500 MET-min/week (Table 2). While individuals without CVD benefited the most with physical activity levels between 1,000 and 1,499 MET-min/week, the benefits in those with CVD progressively increased at levels ≥1,500 MET-min/week. The adjusted mortality risk of individuals with CVD who performed a high level of physical activity (≥1,500 MET-min/week) was shown to be lower than that of their counterparts without CVD.


Table 2. Leisure-time physical activity and the risk of all-cause mortality stratified according to the presence of cardiovascular disease.
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The cubic spline curve is shown in Figure 2B. Every 500 MET-min/week increase in physical activity resulted in an 11% and 16% reduction in the risk of mortality in the non-CVD and CVD groups, respectively (interaction P = 0.247). As physical activity increased, the difference in the adjusted hazard ratios between the two groups increased.

The risks of cardiovascular and non-cardiovascular deaths according to the level of physical activity were similar to those of all-cause mortality (Supplementary Tables 5, 6). In the subgroup analysis, the associations between physical activity level and mortality were consistent, regardless of age, sex, body mass index, and other comorbidities (Supplementary Table 7).



Impact of Physical Activity on All-Cause Mortality According to Specific CVD

The incidence rates and adjusted hazard ratios according to the physical activity level for each CVD are presented in Table 3. The incidence and risk of all-cause death were reduced in the physically active group, irrespective of the specific CVD.


Table 3. Leisure-time physical activity and the risk of all-cause mortality stratified according to the presence of each cardiovascular disease.

[image: Table 3]

Figure 3 shows the association between the risk of mortality and continuous measures of physical activity using restricted cubic spline curves according to each CVD. The risk of mortality progressively reduced with increase in physical activity in patients with heart failure (Figure 3B) or myocardial infarction (Figure 3C), but reached a plateau in patients with stroke (Figure 3A) or peripheral artery disease (Figure 3D). The differences in reduction in the risk of mortality according to the presence of specific CVD were significant in patients with heart failure and stroke, and showed the same trend in myocardial infarction. A 500 MET-min/week increase in physical activity was associated with a 20% and 11% (interaction P = 0.006), and 13 and 11% (interaction P = 0.045) reduction in the risk of mortality in participants with and without stroke and with and without heart failure, respectively.


[image: Figure 3]
FIGURE 3. Spline curve of all-cause mortality according to physical activity level in patients with specific cardiovascular disease. (A) Stroke, (B) heart failure, (C) previous myocardial infarction (MI), and (D) peripheral artery disease (PAD).





DISCUSSION

The present study investigated the association between physical activity and mortality according to the presence of specific CVDs in a nationwide elderly population. Our principal finding was that physical activity was associated with a reduced risk of all-cause mortality in older adults with or without CVD, and the benefits of physical activity were greater in patients with CVD than in those without CVD. Second, physical activity was associated with a reduced risk of all-cause mortality in older adults irrespective of the specific CVD. Third, the risk of mortality progressively reduced with increasing physical activity in patients with heart failure or myocardial infarction, but reached a plateau in patients with stroke or peripheral artery disease. Finally, the benefits of physical activity were greater, in patients with stroke or heart failure.


CVD and Physical Activity

Contemporary guidelines emphasize that physical activity can make people feel better, function better, sleep better, and reduce the risk of many chronic diseases. The suggested target range of physical activity is 500–1,000 MET-min/week of aerobic physical activity, which is equivalent to 150–300 min of moderate-intensity or 75–150 min of vigorous physical activity per week. This recommendation is based on observations that the greatest survival benefit is provided by achieving a physical activity level of 500–1,000 MET-min/week (2). The findings of the present study are consistent with these conclusions.

Previous studies that showed the survival benefits of physical activity primarily focused on healthy individuals and did not consider the presence of CVD (or specific CVD) (7–9). The present study provides a novel perspective on the preventive role of physical activity in patients with CVD in an elderly population. In the present study, individuals with CVD tended to have lower level of physical activity. Not only were they typically older with multiple comorbidities, but their cardiac condition also limited their physical capacity. Nevertheless, clinicians should emphasize the importance of a physically active lifestyle for those patients, as they may experience greater benefits than their counterparts without CVD at the same levels of physical activity.



Specific CVD and Physical Activity

Strong evidence supports exercise-based cardiac rehabilitation in patients with coronary heart disease and exercise training in patients with chronic heart failure (26–28). In previous studies on peripheral artery disease, low-intensity exercise was significantly less effective than high-intensity exercise and was not significantly different from the non-exercise control in improving the 6-min walk distance (29). However, recommendations on the level of physical activity for specific CVD groups are not consistent. The European Society of Cardiology guidelines on CVD prevention encourage at least 150–300 min/week of moderate-intensity or 75–150 min/week of vigorous aerobic physical activity (13). Meanwhile, the guidelines for stable ischemic heart disease from the American College of Cardiology Foundation and American Heart Association recommend 30–60 min of moderate-intensity aerobic activity for at least 5 days and preferably 7 days per week (30). The latter states that the recommended level of physical activity is in line with that recommended for healthy adults (31, 32).

In this study, physical activity was associated with a reduced risk of all-cause mortality in older adults irrespective of the specific CVD, but the effect was greater in patients with stroke or heart failure. Notably, the risk of mortality was progressively reduced by increasing physical activity in patients with heart failure or myocardial infarction. The benefits were not significantly different between patients with and without peripheral artery disease. In the case of peripheral artery disease, there is a possibility that the effect of physical activity was not fully elucidated, as peripheral artery disease may have restricted the amount of exercise. However, all data suggest that a physical activity level of 500 MET-min/week should be considered as the minimum requirement for patients with CVD.



Limitations

This study had several limitations. First, this retrospective and non-randomized cohort study cannot prove or disprove causal relationships. Second, we relied on self-reported questionnaires of physical activity collected at specific time points. The questionnaires surveyed lifestyle behaviors during the preceding 1 week. Information obtained from questionnaires may not represent the level of actual physical activity, and behavioral changes that occur during follow-up could be assessed in our study. However, the large sample size of this study reduced the level of potential uncertainty and provided a reliable approximation of the level of physical activity at the population level. Third, only physical activity during leisure time was analyzed, but various types of physical activity, such as household, occupation, and transportation, that can occur throughout the day were not included or analyzed. Firth, the existence of unadjusted confounders could not be excluded despite strict statistical adjustments. Confounders such as diet habits, changes in medication use, and compliance were not adjusted for in the analysis. Finally, the existence of CVD was determined using claims data, so there is a possibility of errors due to incorrect coding. To minimize this problem, definitions that were verified in previous studies using sample cohorts of the Korean NHIS were applied, and the diagnostic reliability of the cohort data was high (15–24).




CONCLUSION

Physical activity is important for improved outcomes in elderly patients with CVD and should be routinely recommended. Physical activity was associated with a reduced risk of all-cause mortality in older adults with or without CVD. The benefits of physical activity were greater in patients with CVD, especially patients with stroke of heart failure, than those in patients without CVD.
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Purpose: Snoring or obstructive sleep apnea, with or without uncontrolled hypertension, is common and significantly increases the risk of coronary heart disease (CHD). The aim of this study was to develop and validate a prognostic model to predict and identify high-risk patients for CHD among snorers with uncontrolled hypertension.

Methods: Records from 1,822 snorers with uncontrolled hypertension were randomly divided into a training set (n = 1,275, 70%) and validation set (n = 547, 30%). Predictors for CHD were extracted to construct a nomogram model based on multivariate Cox regression analysis. We performed a single-split verification and 1,000 bootstraps resampling internal validation to assess the discrimination and consistency of the prediction model using area under the receiver operating characteristic curve (AUC) and calibration plots. Based on the linear predictors, a risk classifier for CHD could be set.

Results: Age, waist circumference (WC), and high- and low-density lipoprotein cholesterol (HDL-C and LDL-C) were extracted as the predictors to generate this nomogram model. The C-index was 0.720 (95% confidence interval 0.663–0.777) in the derivation cohort and 0.703 (0.630–0.776) in the validation cohort. The AUC was 0.757 (0.626–0.887), 0.739 (0.647–0.831), and 0.732 (0.665–0.799) in the training set and 0.689 (0.542–0.837), 0.701 (0.606–0.796), and 0.712 (0.615–0.808) in the validation set at 3, 5, and 8 years, respectively. The calibration plots showed acceptable consistency between the probability of CHD-free survival and the observed CHD-free survival in the training and validation sets. A total of more than 134 points in the nomogram can be used in the identification of high-risk patients for CHD among snorers with uncontrolled hypertension.

Conclusion: We developed a CHD risk prediction model in snorers with uncontrolled hypertension, which includes age, WC, HDL-C, and LDL-C, and can help clinicians with early and quick identification of patients with a high risk for CHD.

Keywords: coronary heart disease, hypertension, snorer, prognosis, nomogram


INTRODUCTION

Coronary heart disease (CHD) is one of the main forms of cardiovascular disease and a leading cause of death and disease burden worldwide (1, 2). From a global perspective, the mean prevalence of CHD in adults older than 18 years is 6.03% [interquartile range (IQR) 3.70–7.60%], and this prevalence increases with age, reaching 19.34% (IQR 11.30–34.30%) among adults older than 65 years (3). Fortunately, CHD is a preventable non-communicable disease; therefore, strategic intervention for high-risk patients can effectively reduce the occurrence of CHD (4).

Snoring is a predictor of sleep apnea and a cardinal symptom of obstructive sleep apnea (OSA) (5), with a prevalence of approximately 7.9–56% in different populations and countries (6–8). Snoring is more common than OSA, accounting for 9–38% of population (9). Both of these conditions involve enhanced upper airway resistance during sleep (10), but OSA can only be distinguished from primary snoring with the evaluation by a physician and objective testing (11). Habitual snoring or the frequency of snoring is associated with the risk of hypertension in all age and sex groups (12), especially in midlife male snorers (13). Epidemiological and pathophysiological studies have revealed clear evidence of a causal relationship between OSA and hypertension (14–16) and also an increase in the hypertension risk with increasing severity of OSA (17). The involvement of snoring or OSA in poorly controlled hypertension may be owing to the activation of the sympathetic nervous system by upper respiratory tract resistance and intermittent hypoxia, subsequently inducing vasoconstriction, systemic vascular resistance, increased cardiac output, and elevated fluid retention, and finally leading to a sustained increase in blood pressure (BP) (12, 18, 19). Snoring or OSA, with or without uncontrolled hypertension, can increase cardiovascular morbidity and mortality (20–23).

An important strategy for primary prevention of CHD is the early identification of high-risk individuals (24). Useful methods for assessing patients’ risk of CHD include the use of prediction models, which can estimate a patient’s relative risk of outcomes and can help clinicians to decide whether to enhance management in certain individuals. Prediction models may be more effective than risk estimation based on BP level alone (25). Snorers have a 28% increased risk for coronary artery disease (20), and poor BP control has been a traditional predictor of CHD. Snoring and hypertension commonly coexist (15) and are associated with apnea, hypopnea, or hypoxemia, indicators that may be the predictors of CHD. However, population-based prediction models for CHD may not be appropriate or accurate when applied to snorers with uncontrolled hypertension owing to an absence of special parameters (26). Therefore, it is necessary to develop a prediction model to evaluate CHD risk in snorers with uncontrolled hypertension using characteristic predictors.

A variety of risk calculators are available to predict CHD, such as charts, Excel spreadsheets, algorithms, computer programs, and web-based tools. A nomogram is a novel way to present the results of an individualized prediction model because it is visual and can help clinicians better understand and apply prediction models. Therefore, the first aim of this study was to develop and internally validate a prognosis prediction model for CHD, which is displayed as a nomogram that is based on certain clinical features or routine biomedical or simple polysomnography (PSG) parameters. The second aim was to determine a risk classifier cutoff value of this model to identify patients with a high CHD, which can serve as a reference for clinicians in furthering education or strengthening patient management to prevent CHD.



MATERIALS AND METHODS


Study Cohort

Retrospective data with longitudinal follow-up information used in this study were obtained from the database of a single tertiary hospital. We reviewed the records of 2,456 inpatients with uncontrolled hypertension, who were admitted to the Hypertension Center of People’s Hospital of Xinjiang Uygur Autonomous Region referred from the community, primary care, or general clinic settings. All patients had undergone hypertension-related evaluation and PSG owing to self-reported or family members’ complaints of snoring at the Hypertension Center between January 1, 2010 and December 31, 2013. We excluded patients aged less than 18 years (n = 10), those with known CHD at baseline (n = 348), and those who were missing physician-confirmed outcome information (n = 276). Finally, we analyzed the data from 1,822 snorers with uncontrolled hypertension (Figure 1). Follow-up began at least 1 year after discharge and took a variety of forms, such as telephone contact or rehospitalization. The follow-up ended on December 31, 2020. The minimum follow-up was 1 year, and the longest was 10 years. Clinical data were collected and primary endpoints were identified and extracted from the medical records. The Institutional Ethics Committee of People’s Hospital of Xinjiang Uygur Autonomous Region approved the study design and data analysis and waived the need for informed consent owing to the retrospective nature of the study and use of anonymized data.
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FIGURE 1. The flowchart of this study design.




Definitions

Uncontrolled hypertension was defined as systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg in patients receiving antihypertensive treatment, regardless of the type of drugs. According to the medical records, CHD events were defined as physician-confirmed angina, myocardial infarction, coronary revascularization, and coronary death.



Data Collection

The following clinical variables were collected from the electronic medical records on admission (Supplementary Table 1): ethnic, age, sex, smoking status, body mass index (BMI), neck circumference (NC), waist circumference (WC), hypertension duration, history of chronic respiratory diseases, diabetes mellitus (DM) presence, office BP on admission, and biochemical indicators that include fasting plasma glucose (FPG), serum total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), and high-sensitivity C-reactive protein (hs-CRP). We also calculated the estimated glomerular filtration rate (eGFR) as follows: 186 × (serum creatinine)–1.154 × (age in years)–0.203 × (0.742 if female sex). Biochemical indicators were measured via enzymatic methods using an auto-analyzer (7600-010 Automatic Analyzer: Hitachi Medical Systems, Suzhou, China). Some important factors influencing cardiovascular prognosis in hypertensive patients were also collected from the electronic medical records, including target organ damage (TOD) and concomitant clinical diseases (CCDs) (27). Specifically, TOD includes left ventricular hypertrophy, carotid ultrasound, or atherosclerotic plaque or stage 2–3 chronic kidney disease (CKD) (eGFR 30–59 mL/min/1.73 m2), and CCDs are defined as hemorrhage or ischemic stroke, lacunar infarction, atrial fibrillation, diabetic nephropathy, stage 4–5 CKD (eGFR < 30 mL/min/1.73 m2), retinal hemorrhage, or papillary edema. We collected sample PSG (Ultrasom, Nicolett, Madison, WI) parameters, including the apnea–hypopnea index (AHI) and lowest oxygen saturation (LSpO2). AHI was calculated using the number of obstructive apneas and hypopneas per hour of sleep. Apnea events were defined as the absence of airflow for >10 s, and hypopnea events were defined as any airflow reduction lasting for >10 s and resulting in arousal or oxygen desaturation ≥ 4%, as previously described (28).



Development and Validation Sets

A total of 1,822 patients were randomly divided into two groups: the training set (n = 1,275, 70%) to construct the nomogram model and the validation set (n = 547, 30%).



Statistical Analysis

Continuous variables are presented as mean ± standard deviation or median and interquartile range, and categorical variables are expressed as percentage. In the training set, clinical characteristics were compared between groups with and without CHD using Student’s t-test for normally distributed continuous variables, the Wilcoxon rank-sum test for non-normally distributed variables, and the chi-square test for categorical variables. Cox regression analyses were used to estimate the hazard ratio (HR), and the 95% confidence interval (CI), or p-value.

For missing data, we used multiple imputations based on the all indicators and CHD events. We created five imputed datasets for missing variables that were then combined across all datasets. Extreme values after interposition (e.g., a negative measured value) were shifted to the lowest line values of those indicators to prevent undue leverage effects.

Univariate Cox regression was used to quantify the association between candidate predictors and CHD in the training set. We used the least absolute shrinkage and selection operator (LASSO) regression model, which is a popular method for removing independent variables that are irrelevant or have multicollinearity to prevent overfitting when selecting the candidates. Before multivariate Cox proportional hazards (PH) regression analysis, variance inflation factors for each predictor were calculated to determine the collinearity, and the PH assumption was tested to verify that the HR did not change over time with p > 0.05. Backward stepwise selection (stepAIC) was used to obtain a simplified model in multivariate Cox regression analysis to help to determine the predictors from candidates. Based on this single-split verification, we performed another 1,000 bootstrap internal samples in the combined set, and the split ratio was still 7:3. Adding the original single-split verification, there were 1,001 splits in total. In the backward stepwise selection of multivariate Cox regression analyses, those variables more frequently included in the final model were predictors. According to a comparison of integrated discrimination improvement (IDI) and continuous net reclassification improvement (NRI) between before (model 1) and after (model 2) stepwise selection analysis in multivariable Cox regression, we determined a final prediction model to establish the nomogram. The number of events per variable (EPV) was also used to evaluate the sample size, according to CHD events per number of candidate predictors.

Model discrimination was quantified using Harrell’s c-statistic and area under the receiver 158 operating characteristic (ROC) curve (AUC) values, and 1,000 bootstrap resampling was used for unbiased evaluation of the nomogram. An AUC of 0.60–0.75 indicates possibly helpful discrimination, and an AUC greater than 0.75 indicates clearly useful discrimination (29). Calibration curves were plotted to describe the consistency between nomogram-predicted probability and actual CHD-free survival at 3, 5, and 8 years in the training and validation sets, respectively.

Once the nomogram model was successfully established, both the total points and linear predictor (lp) could be obtained, which is a relatively fixed part of the semiparametric model in the Cox regression formula:
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In the above formula, S0(t) is the baseline survival function estimated from the data, and S(t) is the cumulative survival; then, cumulative incidence is equal to 1 − S(t). The total points corresponding to lp = 0 were set as the cutoff in risk stratification to determine the nomogram-predicted patients with a relatively low or high risk of developing CHD. After stratification, we compared the frequency of CHD occurrence between low-risk and high-risk groups and also calculated the 10-year cumulative incidence of CHD using different total risk scoring. Because Kaplan–Meier analysis may overestimate the outcome risk, competitive risk bias should be addressed, mainly considering non-CHD death as a competing event.

This article was prepared in accordance with the TRIPOD reporting checklist (30), and the methods were assessed with PROBAST (31). Tests were two-sided and 0.05 was set as the p-value for statistical significance. The statistical analyses were performed using IBM SPSS version 25.0 (IBM Corp., Armonk, NY, United States) or R version 4.1.0 (The R Project for Statistical Computing, Vienna, Austria).




RESULTS


Clinical Characteristics of Snorers With Uncontrolled Hypertension

According to the available data, among 2,456 snorers with uncontrolled hypertension, 473 can be diagnosed with CHD (19.3%), with a mean follow-up of 7.0 (7.0–8.0) years. Of the 1,822 included patients, the median age at baseline was 46.7 years (range 18–83 years), data were analyzed, and no significant difference was found between the training and validation cohort for all characteristics and follow-up times (Table 1). In the group with 10-year follow-up, 125 cases of new-onset CHD occurred, accounting for 6.8%. In total, there are 23 candidate predictors; therefore, the EPV was equal to 5.43 (125/23). Our cohort had missing information on NC (n = 146, 8.0%), TC (n = 42, 2.3%), TG (n = 47, 2.6%), HDL-C (n = 46, 2.5%), LDL-C (n = 44, 2.4%), FPG (n = 64, 3.5%), and hs-CRP (n = 58, 3.2%); the interpolated data are shown in Supplementary Table 2.


TABLE 1. Comparison of characteristics between training and validation sets.
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Predictors and Construction of the Nomogram Model

In the training set, patients with CHD were less ethic Han (p = 0.006), older (p < 0.001) and had higher values of BMI (p = 0.006), NC (p = 0.004), WC (p < 0.001), more hypertensive with TOD (p = 0.039) and DM (p = 0.038), AHI (p = 0.024), and LSpO2 (p = 0.027) than patients without CHD (Supplementary Table 3). We performed LASSO regression analysis and identified ten candidate predictors without multicollinearity in the training set: age, male, BMI, NC, WC, hypertension with TOD, DM, HDL-C, LDL-C, and AHI (Table 2, Supplementary Table 4, and Supplementary Figure 1). In the PH assumption test conducted prior to performing Cox regression analysis, the p-values of all predictors were >0.05 (Supplementary Table 5). After backward stepwise selection in multivariate Cox regression analysis, we obtained two models. Model 1 retained all predictors from the LASSO analysis; the AUC (95% CI) was 0.727 (0.670–0.783) at 8 years. In model 2, five predictors were extracted owing to the weaker association with CHD, including male, BMI, NC, DM and AHI, with AUC (95% CI) 0.720 (0.662–0.774) at 8 years. Comparisons of the AUC between the two models revealed no significant difference (Supplementary Figure 2). Continuous NRI and IDI revealed a slightly negative improvement from models 1 to 2 (-0.175 and -0.007, p > 0.05; Table 3). Model 1 maintains the characteristics of the specific group studied, such as larger NC and elevated AHI; however, as a practical predictive tool, model 2 is simpler and easier to use because it only involves five predictors, including age, WC, hypertension with TOD, HDL-C, and LDL-C (Table 3), as similar as that from the 1,000 bootstrap analyses. There were few differences in their coefficients between the two internal validation forms (Supplementary Table 6). Of these five predictors, CHD is weakly associated with hypertension with TOD [HR (95% CI): 1.51 (0.96–2.36), p = 0.073] in the COX regression analysis (Table 3). Then, we performed a further exploring analysis (Supplementary Figure 3). The results suggested that it is almost negligible about the median improvement of the model in risk score with or without hypertension with TOD (AUC: 0.720 vs. 0.717, p = 0.432). Therefore, the four predictors, including age, WC, HDL-C, and LDL-C, were selected to establish the final nomogram model (Figure 2A). The processes and methods of modeling, including ROC curve and optimal threshold analysis of prediction model, are shown in Supplementary Table 7.


TABLE 2. Univariable Cox regression analysis and least absolute shrinkage and selection operator (LASSO) regression analysis to extract the potential predictors in the training set.
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TABLE 3. Multivariate cox regression analysis to construct a nomogram model from randomly grouped data for prediction CHD in the training set.
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FIGURE 2. Nomogram for predicting new onset coronary heart disease (CHD) in the training set (A), the receiver operating characteristic (ROC) curves of the model in training set (B) and in validation set (C), and the calibration plots in the training set (D) and in the validation set (E) at 3, 5, and 8 years.




Assessment of Nomogram Model Accuracy

The C-index was 0.720 (95% CI 0.663–0.777) in the derivation cohort and 0.703 (95% CI 0.630–0.776) in the validation cohort. In the training cohort, the AUC for the established nomogram was 0.757 (95% CI 0.626–0.887), 0.739 (95% CI 0.647–0.831), and 0.732 (95% CI 0.665–0.799) for 3-, 5-, and 8-year CHD-free survival (Figure 2B); these AUC values were 0.689 (95% CI 0.542–0.837), 0.701 (95% CI 0.606–0.796), and 0.712 (95% CI 0.615–0.808) in the validation cohort (Figure 2C), respectively. Time-dependent AUC and C-index of the nomogram model from 1,000 bootstraps were shown in Supplementary Figures 4, 5, respectively. With the extension of follow-up time from 3 to 8 years, the nomogram model’s AUC values of both training and validation sets were always above 0.68 (Supplementary Table 7). The calibration plots for 3-, 5-, and 8-year CHD-free survival showed acceptable consistency in the training (Figure 2D) and validation cohorts (Figure 2E) between the nomogram-predicted probability of CHD-free survival and the observed CHD-free survival.



Risk Classifier for Coronary Heart Disease and Utility of Model

Based on the lp in the nomogram model, we calculated the total points for every patient and set a risk classifier according to a cutoff of lp = 0 in the training and validation sets.

The total points were calculated as follows (all formulas about nomogram model in Supplementary Table 8):

[image: image]

In the training set, if the lp was 0, the total was 134 points based on the nomogram. Patients with more than 134 total points were assigned to the group with a high risk of CHD. For further convenience of application, based on the above formula, the nomogram was converted to a score sheet for screening high-risk patients and evaluating total points and CHD probability (Figure 3A); the quantization table is provided in the Supplementary Excel algorithm. Regardless of which calculation method was used, patients with a total score of more than 134 points were predicted to be at high risk for CHD, thus requiring special attention and active management by clinicians.
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FIGURE 3. A score sheet and risk classifier to identify high-risk patients for CHD in snorers with uncontrolled hypertension (A), and the cumulative incidences after risk stratification in the training set and (B) in the validation set (C).




Cumulative Incidence

The actual CHD occurrence was significantly more frequent in the nomogram-predicted high-risk than the low-risk groups not only in the training set (9.76%, 62/635 vs. 3.28%, 21/640; χ2 = 20.009, p < 0.001; Supplementary Excel 1) but also in the validation set (10.84%, 31/286 vs. 4.21%, 11/261; χ2 = 8.448, p = 0.004; Supplementary Excel 2). Although we considered that competitive risk bias may influence estimates of CHD risk, after careful checking, only 2 of 1,822 patients died from non-CHD. Therefore, the result of competitive risk bias was insufficient to lead to the cumulative incidence misestimation of CHD events. The observed 10-year cumulative incidence of CHD in the nomogram-predicted high-risk group was also higher than that in the low-risk group in the training set (p < 0.0001; Figure 3B) and the validation set (p < 0.001; Figure 3C).



Self-Assessment of Writing and Methodology Quality

Based on the PROBAST checklist, the overall risk assessment of the methodology was “high risk of bias” because of the retrospective cohort, small sample (EPV = 5.43), and the absence of mediating effect tests, crossvalidation, or external validation (Supplementary Table 9). According to the TRIPOD reporting checklist, writing quality self-assessment of this article is shown in Supplementary Table 10.




DISCUSSION

According to the published literature, the global prevalence of CHD ranges from 3.45 to 19.88% (3). In this study of snorers with uncontrolled hypertension, the total incidence rate of CHD was 19.3%, and the 10-year new-onset cumulative incidence was 6.86%. It should be noted that all patients with hypertension in this study had taken at least one antihypertensive drug, were hospitalized owing to concern for their health, and had good adherence to treatment. The incidence of CHD in patients with common snoring and hypertension may be much greater than the above rate. Therefore, this group is at high risk of CHD and requires greater attention from clinicians. Individualized management strategies should be developed according to the patients’ specific indicators. The prognosis model presented in this report involved only four commonly used indicators (age, WC, HDL-C, and LDL-C) to predict the risk of developing CHD within the subsequent decade among snorers with uncontrolled hypertension. This model offers a visual presentation that can help clinicians to better understand the results and apply the prediction model. The nomogram model had similar predictive accuracy in both training and validation cohorts, with AUCs of more than 0.7 and tolerable calibration. Using total points ≥ 134 in the nomogram, patients with a high risk of CHD can be identified and actively managed.

In the nomogram model, apart from WC, age, HDL-C, and LDL-C are known as traditional predictors for CHD (24). According to epidemiological data, the proportion of snorers with abdominal obesity is significantly higher (12) and the WC was positively correlated with the AHI (32). In a recent Mendelian randomization study, the results revealed that WC was causally associated with CHD, and a 12.5-cm increase in WC predicted more than a 1.5-fold increased risk of CHD (33). Therefore, WC is a powerful predictor of CHD that is reflected in the physical characteristics of snorers and can easily be measured (34). NC is also a user-friendly indicator of a relationship with CHD (35); unfortunately, NC was eliminated in the model after performing backward stepwise selection. Although we included AHI in our analysis, which can represent snoring or OSA severity (11), the AHI may contribute less to CHD than traditional predictors of CHD. In addition, the results based on the Cox regression analysis revealed that hypertension with TOD is more weakly associated with CHD than the other four predictors. Moreover, given that information on hypertension in association with organ damage is not readily available without a comprehensive assessment of the patient, the model’s generalizability and applicability will be limited. To prioritize simplicity of the risk model, only four easily obtainable indexes were retained in the final nomogram model. According to NRI and IDI assessments, the results showed that the accuracy of this simplified model in predicting CHD did not decrease significantly.

Although the nomogram is intuitive, its calculation requires measuring the points of each predictor, which is time-consuming in the clinic. Therefore, based on the known formula, the nomogram model can be translated into a score sheet and an Excel spreadsheet for clinicians to quickly obtain a rough determination of whether a patient is at high risk for CHD. Formulae to calculate the total points of the nomogram and probability of CHD occurrence are provided in Supplementary Material, which can help researchers evaluate patient data in batches or validate our model.

A difficulty in this study was determining cutoff points to distinguish high-risk patients for CHD. If ROC curves were used to identify these cutoff points, we could obtain multiple different cutoff values for different follow-up years. The non-uniformity among cutoff values makes this model difficult to use and affects the users’ understanding. Therefore, we used the semiparametric characteristic of the Cox regression model to solve this issue because the estimation of the lp value is a relatively stable part of this equation. Once the Cox model is established, the partial regression coefficients for each predictor can be determined, and the patient’s lp can be calculated according to the sum of weighted observations for each predictor, which corresponds to the total points in the nomogram. The total points estimated from baseline data at follow-up initiation will not change over time. Additionally, according to the principle that combined predictors increase hazards when lp is greater than 0, we suggest that the total points (n = 134) corresponding to lp = 0 are the cutoff values for identifying high-risk patients. This is consistent with what we predicted, that is, that the incidence of actual CHD was significantly increased among high-risk patients with lp > 0 in comparison with low-risk ones.

The strength of this study is that, for snorers with uncontrolled hypertension, patients with a high risk for CHD can be identified early and quickly according to the individuals’ age, WC, HDL-C, and LDL-C values. We maintained the continuous nature of each predictor to minimize the loss of patient’s information. To illustrate how this model can be applied, we can use a clinical example. A 40-year-old (36 points) man has failed to lower his BP to below 149/90 mmHg after regularly taking two antihypertensive drugs; he has self-reported snoring, WC 110 cm (40 points), HDL-C 0.8 mmol/L (49 points), and LDL-C 3.3 mmol/L (22 points). According to our nomogram, score sheet, or Excel algorithm, his total points are 147 (n > 134); this patient would therefore be identified as a patient with a high risk for CHD. Clinicians can then target this patient’s abnormal indicators, such as central obesity and hyperlipidemia, with reasonable use of antihypertensive drugs, informing the patient of the high risk of CHD and providing suggestions and a diet and exercise prescription and also lipid-lowering therapy. Establishment of health records and a follow-up schedule are needed to properly manage this patient. Adherence should be evaluated, and the patient should be reminded to see a doctor and undergo cardiac examinations to prevent irreversible ischemic heart disease if the patient experiences any chest discomfort.

This study includes several limitations. (i) According to PROBAST, the overall risk assessment of the methods used showed a “high risk of bias” owing to the use of a retrospective cohort, small sample (EPV < 10) and the absence of external validation. (ii) We must acknowledge that the nomogram’s ability to correctly distinguish CHD is limited because the AUC was less than 0.75. (iii) This was a single-center study with data from a tertiary hospital. Although many patients were referred from primary hospitals for uncontrolled hypertension, extensive use of the model in the general patient population is limited. (iv) Selection bias is inevitable in retrospective studies, especially when excluding some patients without baseline or follow-up outcome data. (v) Xinjiang province is a multiethnic region. Although we had complete data on all patients’ ethnicity, it was not included in the candidate predictors, considering from a non-population cohort and the hospitalization bias. (vi) OSA mainly increases nighttime systolic and 24-h diastolic BP variability in patients with hypertension, which may be a major risk determinant of cardiovascular diseases (36). Although ambulatory-monitored blood pressure (ABPM) data may provide a more precise prediction model for OSA patients, the ABPM is not yet an easily accessible measurement, involving which may limit the scope of this nomogram model application. Whereas office BP at admission is more random without being adjusted by hypertensive specialists, and thus results can be generalized more. And last but not least, DM presence, as a recognized predictor of CHD, was not included in the final nomogram model. The possible reason is that some patients have not developed diabetes at baseline but may gradually become diabetic during the 10-year follow-up. Therefore, the use of baseline data analysis may underestimate the impact of diabetes on CHD outcomes. In addition, besides DM and FPG, we also considered postprandial blood glucose or glycosylated hemoglobin as representative indicators of hyperglycemia, whereas there were a lot of missing data on these parameters, which unfortunately limited our analysis.

In summary, we developed a risk prediction model of CHD including age, WC, HDL-C, and LDL-C, for snorers with uncontrolled hypertension, which may help clinicians to identify patients with a high risk of CHD. Given that snoring and uncontrolled hypertension are both common, this risk-scoring system is useful for application in clinical practice in primary healthcare clinics. The accuracy and applicability of the model should be verified in further cohort studies.
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High-income North America 5.1(4.1-7.9) 02(0.1-0.3) 12.4 (8.3-14.4) 0.29(0.20-0.33) —02(~1.6-1.1)
North Africa and Middle East 14.7 (11.0-18.2) 05(0.4-0.6) 16.9(14.5-19.8) 034 (0.25-0.39) ~2.1(-23t0-18
Oceania 09(0.7-1.4) 29(2.2-4.0) 1.9(1.4-2.6) 2.61(1.98-3.39) ~0.6(~1.8-0.6)
South Asia 37.5(23.1-50.9) 05(0.3-08) 703 (44.6-104.5) 055 (0.35-0.81) 1.0(0.9-1.2)
Southeast Asia 17.3(13.0-20.8) 05(0.4-0.6) 26.1(21.1-335) 0.47 (0.37-0.60) ~0.8(~83-1.9)
Southern Latin America 22(1.7-2.7) 05(0.4-06) 25(2.1-3.1) 032 (0.27-0.40) —2.6(-5.1-0.1)
Southern Sub-Saharan Africa 1.7 (1.5-2.1) 0.4(0.4-0.5) 2.0(1.6-3.0) 0.31(0.25-0.47) —8.4(-6.610-0.1)
Tropical Latin America 36(3.0-5.4) 03(0.3-05) 66(5.5-9.8) 0.31(0.26-0.45) —1.1(-34-12)
Western Europe 286(20.7-51.2) 05(0.4-0.9) 62.9(37.9-75.2) 056 (0.37-0.66) ~8.8(~4.7 10 -3.0)
Western Sub-Saharan Africa 86(5.5-11.8) 08(05-1.1) 87 (7.0-106) 0.4(0.60-0.79) ~1.0(-1210-0.7)
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Characteristics

Global
Sex

Female

Male
Andean Latin America
Australasia
Caribbean
Central Asia
Central Europe
Central Latin America
Central Sub-Saharan Africa
East Asia
Eastern Europe
Eastern Sub-Saharan Africa
High-income Asia Pacific
High-income North America
North Africa and Middle East
Oceania
South Asia
Southeast Asia
Southern Latin America
Southern Sub-Saharan Africa
Tropical Latin America
Western Europe
Western Sub-Saharan Africa

1990
DALY no. x10° (95% Ul)

1,240.2 (1010.2-1,470.4)

670.5 (519.5-829.5)
569.7 (437.9-670.6)
58(4.2-72)
41(356.7)
10.6 (8.2-13.6)
14.1(12.3-16.5)
64.4(43.4-81.3)
18.3(14.2-205)
11.6(6.9-17.9)
408.2 (327.9-472.1)
251 (20.9-31.3)
44.2 (27.6-70.9)
51.0 (40.9-56.6)
295 (24.0-42.2)
1025 (72.3-128.0)
43(3.1-63)
196.7 (130.0-306.4)
99.6 (74.4-126.1)
9.3(7.5-11.3)
9682-11.3)
21.3(17.6-30.6)
61.1(51.4-87.9)
48.7 (30.8-67.0)

Age-standardized

DALY rate

per 100,000 no. (95%

)

235 (19.3-27.7)

25.0(19.6-30.7)
21.9(17.5-26.7)
155 (11.4-19.0)
209 (17.7-29.1)
31.3(24.7-39.2)
22.2(19.3-26.1)
49.1(33.8-60.5)
11.3(8.9-12.6)
19.6(12.3-28.2)
33.9 (27.4-39.0)
11.2(9.3-18.7)
20.3(12.9-319)
29.3 (22.9-32.5)
112(0.2-16.2)
25.4(19.0-312)
85.9 (63.8-125.6)
19.2(12.2-29.9)
21.8(16.7-26.4)
19.2(15.4-23.2)
18.7 (16.3-22.0)
140 (11.8-20.2)
139(118-19.3)
25.3(16.4-34.3)

2017

DALY no. x10° (95% Ul)

1,390.7 (1,224.2-1,470.4)

646.1 (561.1-723.2)
7446 (624.8-893.8)
43(3.7-5.2)
45(38-5.4)
11.4 (9.7-13.5)
312(28.1-36.9)
60.4 (50.5-67.2)
228 (20.5-27.4)
143 (8.7-24.4)
415.8(353.9-451.3)
386 (32.6-48.9)
402 (22.7-68.2)
36.0(20.8-46.7)
515 (37.6-58.9)
93.4(79.4-110.3)
8.1(6.0-11.2)
282.3(190.2-401.1)
109.7 (94.8-132.3)
7.6 (6.4-9.7)
10.2 (7.8-15.4)
22.5(18.6-32.7)
785 (59.0-89.4)
474 (38.3-66.9)

Age-standardized

DALY rate

per 100,000 no. (95%

)

18.27 (16.1-20.4)

16.7 (14.5-18.7)
19.9(16.8-23.7)
7.3(6.3-86)
14.9(12.8-18.2)
24.4(206-29.9)
34.7 (315-40.5)
35.4(30.0-39.0)
9.0(8.1-10.9)
13.3 (8.1-20.8)
29.2(25.2-31.5)
15.2 (13.0-18.5)
11.7 (6.0-20.3)
14.5 (12.3-18.1)
155 (11.5-17.5)
15.9 (13.5-18.6)
788 (59.7-106.1)
17.3(11.6-24.7)
17.4(15.0-20.8)
11.1(9.3-14.6)
13.5(10.4-20.1)
11.0(9.0-15.9)
12,0 (9.2-13.6)
12.4(10.1-14.8)

1990-2017

EAPC No.
(95% Cl)

-15(-23t0-08)

—15(-20to —1.1)
~0.3(~0.6-0.0)
-2.8(-3310-23)
~2.0(-8.410-05)
1.1 (-4.6-2.4)
—1.5(~3.6-06)
—1.2(~4.2-2.0)
—02(-2.9-25)
-1.3(-2.0t0 -0.6)
—29(-4.1t0-18)
0.4(-2.7-87)
~1.0(-5.2-3.9)
—1.7(-2610-08)
~07(~1.6-0.9)
—2.4(-36t0-12)
—0.7 (-8.4-2.0)
0.1(~0.4-0.6)
-0.9(~2.8-0.9)
—2.8(-5.1t0 -0.3)
~3.6(-6810-03)
—1.5(-8:8-1.0
—27(-38t0-16)
-1.0(-2.3-0.4)
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1990 2017 1990-2017

Characteristics Incidence cases ASIR per 100,000 Incident cases ASIR per 100,000 EAPC No.
No. x10* (95% UI) No. (95% UI) No. x10% (95% UI) No. (95% UI) (95% Cl)

Global 192.5 (171.4-216.4) 41.0(36.1-46.1) 307.1 (274.5-307.1) 39.21 (35.1-39.2) 0.0(-0.6-0.5)
Sex

Female 94.0 (83.7-105.6) 39.0(34.8-43.9) 161.8 (135.7-171.3) 37.5(33.5-42.1) -0.2(-0.7-0.2)

Male 985 (87.6-110.5) 43.0(33.5-48.4) 155.3 (138.7-175.0) 41.0(36.8-46.1) ~0.1(~0.6-0.4)
Andean Latin America 1.1(1.0-1.2) 38,00 (33.98-42.99) 2.3(2.1-2.6) 40,01 (35.72-45.12) 02(-03-08)
Australasia 0.8(0.7-0.9) 33.78 (30.34-38.09) 1.3(1.4-1.4) 3276 (20.38-36.72) 0.1(-04-0.7)
Caribbean 1.3(1.2-1.5) 4358 (38.92-49.05) 23(2.0-25) 45.87 (41.01-51.64) 0.1(0.1-0.2)
Central Asia 20(1.8-22) 34.28 (30.74-38.72) 27 (2.4-8.1) 38.49 (30.02-37.66) 0.0(-08-08)
Central Europe 6.1(5.4-6.8) 44,87 (40.2-50.45) 7.1(63-80) 44,22 (39.71-49.48) ~0.1(~1.0-08)
Central Latin America 5.2 (4.65.8) 42,65 (38.18-48.04) 10.5 (9.3-11.8) 42.73 (38.3-48.1) 0.0(-02-03)
Central Sub-Saharan Africa 1.4(1.2-1.6) 38.46 (34.4-43.37) 3.1(2.7-3.5) 40.4 (36.0-45.59) 0.1(-0.6-0.8)
East Asia 539 (47.9-60.3) 49.8 (44.63-65.85) 792 (70.6-69.6) 46.72 (41.81-52.39) ~0.1 (-12-1.0)
Eastern Europe 14.4 (12.9-16.2) 56.9 (51.12-63.76) 13.7 (12.2-15.4) 49.8 (44.51-55.82) -1.0(-2.2-0.1)
Eastern Sub-Saharan Africa 4.7 (41-63) 38.11 (33.94-43.02) 10.1(8.9-11.5) 39.1 (34.9-44.04) 0.1(-0.4-0.7)
High-income Asia Pacific 8.4(7.5-9.5) 4435 (39.69-49.69) 12.0 (10.7-13.6) 42.18 (37.81-47.26) —0.1 (-1.6-1.4)
High-income North America 5.8(5.1-6.6) 17.82 (16.76-20.25) 7.8(7.1-8.6) 16.18 (14.86-17.68) ~0.1(~2.8-2.6)
North Africa and Middle East 9.1(8.1-10.2) 37.2(33.19-41.79) 195 (17.3-22.0) 38.29 (34.22-43.13) 0.1(-06-08)
Oceania 02(02-0.2) 4258 (38.14-48.22) 0.4(0.4-05) 43.45 (38.83-49.05) 0.0(-0.7-08)
South Asia 29.8(26.4-33.6) 36,69 (32.76-41.24) 555 (49.4-62.8) 35.82 (32.04-40.48) 0.1(0.0-0.1)
Southeast Asia 16.5(14.6-18.6) 45.8 (41.07-51.62) 295 (26.3-33.4) 47.57 (42.58-53.60) 0.1(-08-1.0)
Southern Latin America 1.1(1.0-1.2) 23,01 (20.48-25.95) 1.7 (1.5-1.9) 22,65 (20.13-25.57) 00(-19-1.9)
Southern Sub-Saharan Africa 1.6(1.4-1.7) 39,83 (35.66-44.85) 27(2.4-30) 40.4 (36.00-45.59) 0.0(-05-05)
Tropical Latin America 5.6(5.0-6.9) 46.25 (41.40-52.00) 10.7 (95-12.0) 46.64 (41.75-52.56) 0.0(-02-02)
Western Europe 19.0 (17.0-21.4) 56.9 (51.12-63.76) 24.1 (215-272) 36.99 (33.2-41.48) 0.0(-05-0.4)

Western Sub-Saharan Africa 49(4.4-5.5) 37.51(33.49-42.45) 11.1(98-12.5) 38.31(34.22-43.26) 0.1(-0.4-06)
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Variables Combined set (N = 1822)

Training Validation P

(n =1,275) (n = 547) value
Ethnic Han (%) 816 (64.2) 350 (64.1) 0.968
Sex [male (%)] 869 (68.2) 352 (64.4) 0.113
Age (years) 46.5 £ 10.0 47.0+£9.9 0.327
BMI (kg/m?) 28.1 £ 3.8 281 +£3.7 0.892
NC (cm) 40.0 £ 3.6 401 +£35 0.523
WC (cm) 99.4 £10.4 99.3 4+ 102 0.896
Current smoking [n (%)] 385 (30.2) 168 (30.7) 0.826
Hypertensive duration (years) 3.0(1.0, 7.0) 3.0(1.0,7.0) 0.959
Single hypertension [n (%)) 444 (34.8) 186 (34.0) 0.736
Hypertension with TOD [n (%)) 436 (34.2) 176 (32.2) 0.403
Hypertension with CCD [n (%)] 395 (31.0) 185 (33.8) 0.233
DM presence [n (%)] 179 (14.0) 74 (13.5) 0.773
Chronic respiratory diseases [n (%)] 33 (2.6) 10(1.8) 0.327
eGFR (ml/min/1.73 m?) 97.8+ 211 98.3+21.3 0.634
Office SBP in admission (mmHg) 146.2 +17.0 146.9+16.3 0.397
Office DBP in admission (mmHg) 978+ 115 97.4+11.5 0.487
FPG (mmol/L) 5.24+1.3 52+1.6 0.311
Serum TC (mmol/L) 46+12 45+12 0.596
Serum TG (mmol/L) 2.3(1.8,2.9) 2.2(1.8,29 0447
Serum HDL-C (mmol/L) 1.1+03 11403 0.795
Serum LDL-C (mmol/L) 2.6+0.8 26+08 0.215
Serum hs-CRP (mmol/L) 2.0(0.9, 8.7) 1.9(0.9, 3.7) 0.263
AHI (events/hour) 13.2(62,27.9) 13.0(6.6,26.8) 0.830
LSpO2 (%) 82.0(77.0, 86.5) 82.0(77.0,86.0) 0.842
Coronary heart disease [n (%)] 83 (6.5) 42 (7.7) 0.825
Confirmed angina [n (%)] 56 (4.4) 31(6.7)
Myocardial infarction [n (%)] 3(0.2) 1.2
Coronary revascularization [n (%)] 11 (0.9) 4(0.7)
Coronary death [n (%)] 13(1.0) 6(1.1)
Follow-up time (years) 7.0(7.0, 8.0) 7.0(7.0,8.0 0.873

AHI, apnea hypopnea index; BMI, body mass index; CCD, concomitant
clinical diseases; CHD, coronary heart disease; DBP, diastolic blood pressure;
eGFR, glomerular filtration rate; FPG, fasting plasma glucose; HDL-C, high-density
lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein;, LDL-C, low-
density lipoprotein cholesterol; LSpO,, lowest oxygen saturation; NC, neck circum-
ference; SBR systolic blood pressure; TC, total cholesterol;, TG, triglycerides;
TOD, target organ damage; WC, waist circumference. Continuous variables are
presented as mean =+ standard deviation or medians and interquartile spacing and
categorical variables are expressed as percentages. Student’s t-test (continuous
variables) and Pearson’s chi-square test (categorical variables) were performed to
compare between training and validation sets.
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0.0000000000000001
0.0081677379934463
0.0148402550539110
0.0188237783613461

0

0

0
0.0055683324443603

0
0.0027472424787100

0

o O O O O

0
—0.4454591060154290
0.1889524482600690
0
0.0007788607916679
0

AHI, apnea hypopnea index; BMI, body mass index; CCD, concomitant clinical
diseases; CHD, coronary heart disease; Cl, confidence interval; DBF, diastolic
blood pressure; eGFR, lomerular filtration rate; FPG, fasting plasma glucose; HDL-
C, high-density lipoprotein cholesterol; HR, hazard ratio; hsCRR high-sensitivity
C-reactive protein; LASSO, least absolute shrinkage and selection operator; LDL-
C, low-density lipoprotein cholesterol; LSpOa, lowest oxygen saturation;, NC, neck
circumference; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides;
TOD, target organ damage; WC, waist circumference. Tuning parameter (lambda)
selection in the LASSO model used 10-fold crossvalidation.
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Variables Model 1 Model 2#

B HR (95% CI) p-value B HR (95% CI) p-value
Age 0.063 1.06 (1.04, 1.09) <0.0001 0.057 1.06 (1.04, 1.08) <0.0001
Male 0.259 1.30 (0.67, 2.44) 0.423 o
BMI 0.031 1.03 (0.93, 1.14) 0.541 o
NC 0.016 1.01 (0.93, 1.11) 0.718 —
wWC 0.014 1.01 (0.98, 1.05) 0.467 0.032 1.03 (1.01, 1.05) 0.0013
Hypertension with TOD 0.347 1.41 (0.89, 2.25) 0.143 0.410 1.51 (0.96, 2.36) 0.0731
DM presence 0.227 1.25(0.71,2.22) 0.436 =
Serum HDL-C —0.796 0.45(0.19, 1.10) 0.080 —0.949 0.39(0.16, 0.93) 0.0330
Serum LDL-C 0.312 1.37 (1.04, 1.79) 0.023 0.291 1.34 (1.02, 1.75) 0.0323
AHI 0.003 1.00 (0.99, 1.01) 0.627 -

*AUC (95% Cl)
TIDI (95% Cl)
T Continuous NRI (95% Cl)

0.727 (0.670, 0.783)

0.720 (0.662, 0.778)
—0.007 (-0.049, 0.001), p = 0.066
—0.175 (-0.300, 0.009), p = 0.060

AHI, apnea hypopnea index; AIC, Akaike information criterion; AUC, area under the curve for receiver operating characteristic curves;, CHD, coronary heart disease;
Cl, confidence interval; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; IDI, integrated discrimination improve-
ment; NC, neck circumference; NRI, net reclassification improvement; TOD, target organ damage; WC, waist circumference. *Stepwise (stepAIC) selected model.
*AUC at 8-year. tModel 1 as a reference.
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(1429 x age —21.429) + (0.800 x WC — 48.016) +
(~24.468 x HDL-C + 68.511) + (7.800 x LDL-C
— 3.900).
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2456 snorers with hypertension who referred in a tertiary hospital
between January 1, 2010 and December 31, 2013
follow up until December 31, 2020

A4

Exclusion (n=634):
Without physician confirmed outcomes data (n=276)
With known CHD in baseline (n=348)
With less than 18 years old (n=10)

\ 4

A combined set: snorers with uncontrolled hypertension (n=1822)

Outcomes: CHD (n=125)

Including:1) physician confirmed angina (n=87); 1) myo cardial infarction (n=15);

111) coronary revasculanization (n=19); 1v) coronary death (n=4)

Randomly grouping

Training set

n=1273, 70%

Validation set
n=347, 30%

Development of model

LASSO regression to extract predictors Internal

StepAIC selection of multivariate COX regression to establish verification

a nomogram prediction model at 3-, 5- and 8-follow-up-year

y

Exploration of a cut-off point in nomogram to 1dentify high-rnisk CHD patients
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Age (years)

2-min sit-ups (numbers)

(Range: min-max, median)
Height (om)

Weight (kg)

Body surface area (m?)

Waist circumference (om)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Blood test

Serum creatinine (mg/dl)

Total cholesterol (mg/di)
HDL-C (mmol/L)

LDL-C (mmol/L)

Serum triglyceride (mg/d)
Fasting plasma glucose (mg/d)
Hemoglobin (¢/dl)

Current tobacco smoking

Male athletes (N = 580)

Elite Non-elite controls
(=51 numbers) (<51 numbers)
N=93) (N=487)
25.13£3.60 2521+373
59.34 £ 6.85 43.26 + 5.59
(51-80, 60) (2050, 44)
17157 £ 553 172.16 £ 5.62
7100 £ 1002 725+ 1159
1.83+0.14 1.85+0.16
80.50 +8.01 82214893
116.14 £ 11.36 117.20 £ 11.91
65.98:+£8.70 68.35+8.60
097 +0.11 0.94+0.10
170.67  34.37 168.07 33,10
51.41+£11.21 48.98 +9.22
104.56 & 30.45 104.08  30.32
94.40 + 68.46 97.50 + 67.44
93.66+9.64 9305+ 887
15.22 +0.96 16.29 0.90
461495) 208 (42.7)

P-value

0.85
<0.001

0.35
0.24
0.24
024
0.38
001

0.04
0.49
0.02
0.88
0.68
0.55
0.65
0.22

Continuous variables are expressed as mean  standard deviation, and categorical veriables as n (%),
HDL-C, high-density lipoprotein cholesterol: LDL-G, low-density lipoprotein cholesterol.

Female athletes (N = 79)

Elite Non-elite controls
(250 numbers) (<50 numbers)
(V=14 (N=65)
2379+£2.94 24,05 +2.90
53.57 + 4.92 36.29 + 6.06
(50-62, 50) (20-45, 36)
160.62 % 7.78 160.17  4.82
6067 £ 11.09 50.30 % 7.687
1.64 £0.18 1.62+0.11
7492 +£10.27 7565 +7.19
11057 & 18.41 104.88 + 10.11
64.64 £ 10.73 63.11 £6.32
068+008 069 +0.07
17329 23,99 167.28 + 25.30
57.43 +8.74 63.23 £ 11.70
95.79 +21.23 91,57 +20.62
91.00 + 60.68 50.68 + 2091
95.07 £9.77 9135 %7.42
12,65 +1.38 12.97 £096
2[14.3] 10 [15.4]

P-value

0.76
<0.001

0.82
061
0.65
075
0.07
047

0.92
0.41
0.08
0.49
<0.001
0.1
031
091
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Heart rate (beats/min)

P duration (ms)

PR interval (ms)

QRS duration (ms)

QTe interval (ms)

QRS axis (degree)

ECG based LVH (%)

ECG based RVH (%)

Sinus bradycardia (%)

Ectopic P rhythm (%)

Left atrial enlargement (%)

First degree atrioventricular block (%)
Left axis deviation (%)

Right axis deviation (%)

Complete right bundie branch block (%)
Incomplete right bundle branch block (%)
QT interval prolongation (%)

QTe prolongation (%)

T wave inversion (%)

Categorical variables are expressed as N [%).

Male athletes (N = 580)

Elite
(251 numbers)
(N=93)

65.82 + 11.67
107.88 + 13.15
157.38 + 26,14
98.19 £ 10.18
398.10 +27.15
64.76 £ 23.86
59(63.4)
15[16.1]
30(32.3)
101.1)
11[11.8)
3p2)
222
5[5.4)
222
10[10.8)
2[22)
32
2[22)

Non-elite controls
(<51 numbers)
(N =487

65.97 + 10.62
105.56 + 14.39
154.45 % 17.94
97.30 £ 10.00
387.43+21.36
66.29 & 28.42
287[58.9)
80[16.4]
136 (27.9)
21(43)
83[17.0)
8[1.6)
3(0.6)
50[10.3)
1429
285.7)
701.4
102
15[3.1)

P-value

0.89
014
0.18
0.43
0.02
0.86
0.41

0.94
0.39
0.13
021

0.30
0.14
0.14
0.69
0.07
061

0.001
0.62

Female athletes (N = 79)

Elite Non-elite controls
(250 numbers) (<50 numbers)
(N=14) (V=65
67.50  11.07 68.74 +£9.46
99.74 £+ 11.50 99.12+ 13.72
147.75 = 21.47 151.86 % 20.10
8429+ 5.42 85.88 + 7.80
40814+ 17.33 411,89 + 30.62
72.43 £ 13.60 64.11 £34.79
174 2[8.1]
0[0.0] 0[0.0]
2[14.3) 12[185]
0[0.0) 3[4.6)
17.4) 12[185)
0[0.0] 2181
0(0.0) 3(4.6)
2(143) 9[13.8)
0[0.0) 00.0]
0[00] 0[0.0]
0[00] 1(1.5)
0[0.0) 28.1)
000] 462)

P-value

0.66
0.87
0.49
0.47
0.66
038
0.47

0.71
0.41
0.30
0.50
0.41
0.96

0.64
0.50
034





OPS/images/fcvm-08-737607/fcvm-08-737607-t003.jpg
Male athletes (N = 580) Female athletes (N = 79)

Elite Non-elite controls  P-value Elite Non-elite controls ~ P-value
(251 numbers) (<51 numbers) (250 numbers) (<50 numbers)
(N =93) (N =487) W=14) (N =65)

Aortic valve open (mm), PLAX 2053+ 1.72 2035 +1.85 038 1993+ 2.05 18.66 + 181 0.02
Aortic root dimension (mm), PALX 30.09 + 2.45 2083 +£2.74 0.39 30.21 £3.70 26.92 +2.52 <0.001
LV posterior wall (mm), PLAX 841082 829 0.83 020 7.07 £082 741075 0.83
LV internal dimension in diastole (mm), PLAX 49.60 + 3,37 49.07 +3.48 0.7 44.64 +8.02 4452:+288 088
LV internal dimension in systole (mm), PLAX 31.33:+308 30,37 £3.22 0,006 30.86 + 3,67 28.12:+284 0.003
Interventricular septum, (mm), PLAX 856 = 0.80 8.48 + 0.89 052 7.20£099 7284078 097
RV wall thickness (mim), PLAX 465+ 063 469+ 0.59 054 449073 433045 030
RV outflow tract dimension in diastole (mm), PLAX  26.47 & 8.72 26.30 +3.99 070 2850 + 4.04 25.72+3.46 001
Left atrial dimension (mm), PLAX 32.97+£334 3283+ 4.00 074 3321+374 30,98+ 4.94 0.1
LV mass (gm) 14864£ 2401  144.85+27.16 0.15 10087 £21.98  100.40 + 1884 093
LV mass index (gm/m?) 80.93% 11.78 7752 % 12.00 001 61.11:£9.19 61.65+9.28 084
LV hypertrophy 104 5[1.0] 096 0[0.0] 2(8.1) 050
RV hypertrophy 212 26(5.3) 0.18 2[14.3) 2[8.1) 0.08
LV ejection fraction (%), PLAX 6252536 6250 +5.32 097 63.43+ 568 6120+ 4.91 0.13
Tricuspid valve prolapse, PSAX 19(51.4) 89 [49.7] 085 1200 12(63.2) 0.08
Rortic regurgitation = mild grade 1014 3[0.6] 062 2[14.3) 231 0.08
Mitral regurgitation > mild grade 82(88.2) 419 [86.0] 058 13[92.9) 56 (86.2) 0.49
Pulmonary regurgitation > mild grade 71[76.3) 346 [71.0] 029 11[786] 49[75.4) 0.80
Tricuspid regurgtation > mild grade 87 (93.5) 451 (02.6] 074 14[100.0] 60(92.3) 028
RV systolic pressure (mmHg) 2953+ 4.15 27.80 £8.73 <0.001 2821 £8.19 27.49£3.75 050
Mitral inflow power Doppler E-wave (m/s) 80.64 % 14.62 87.32+ 1445 015 94.35 + 10.49 96.75 + 13.75 054
Mitral inflow power Doppler A-wave (m/s) 49.25 +9.40 4925 +9.95 099 47.67 832 50.85 + 1043 029
E/A ratio 1.88 £ 049 184 +0.47 041 203044 1.98 £ 050 068
Mitral lateral annuius tissue Doppler E' (cmvs) 18.80 + 4.21 18.20  4.04 0.13 19.75 = 8.40 18.88 £ 390 0.44
Mitral lateral annulus tissue Doppler A' (cm/s) 8.50 + 1.90 933+ 4.99 011 952275 892219 037
E/A ratio 232+070 2412071 001 2234080 223+ 068 097

Continuous variables are expressed as mean  SD (standard deviation), and categorical variables as N [%.
LV, left ventricle; RV, right ventricle;PLAX, echocardiographic parasternal fong axis view; PSAX, echocardiographic parasternal short axis view.
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Age (years)

21-80(1=29) 27515
31-40 (n = 192) 360+27
41-50(1=159) 44629
S50(1=137) 54982

HR, heart rate; VOamax, maximal oxygen consumption.

Height (cm)

1686 +7.4
166.4 + 8.1
164.6 £7.0
1643 +7.7

Weight (kg)

639 11.1
63.1+12.3
629+ 107
64.6 £ 10.7

BMI (kg/cm?)

224427
226+£32
23.1+£30
238+28

Test workload (kpm/min)

646.6 + 198.8
609.8 + 190.3
568.4 £ 172.8
683.6 + 166.9

Accepted HR (bpm)

137.6+ 11.6
136.2 + 10.9
1368 + 11.0
1338+ 115

VOmax (mi/kg/min)

467115
435+ 113
38.8+93
36.8+9.2
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Physical performance Number of Cross- Accuracy  Precision Recall F1-Score Matthews

observations Validation correlation
accuracy coefficient
Validation dataset  Poor 59 076 0.74 073 074
Average 121 072 074 073 066
Good 17 0.70 0.67 068
Excellent 116 0.83 0.87 085
Test dataset Poor 20 075 081 0.65 072 066
Average 34 0.69 085 0.76
Good 23 068 0.65 067

Excellent ey 0.88 0.78 0.82
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Patients

With cardiovascular disease

Sedentary 9,760
1-499 MET-min/week 5,721
500-999 MET-min/week 5,178
1,000-1,499 MET-min/week 1,444
>1,500 MET-min/week 1.768
Without cardiovascular disease

Sedentary 15,494
1-499 MET-min/week 10,838
500-999 MET-min/week 10,782
1,000-1,499 MET-min/week 3,321
1,500 MET-min/week 3917

Deaths

1,739
560
463

29
112

1,567
668
610
146
204

Deaths/1,000 PYR

60.0
309
282
21.0
19.2

305
18.2
169
129
15.4

Unadjusted HR (95% CI)

Reference
051 (0.47-0.56)
0.47 (0.42-0.52)
0.35 (0.28-0.43)
0.32(0.26-0.38)

Reference
0.60 (0.54-0.65)
055 (0.50-0.61)
0.42(0.35-0.50)
050 (0.44-0.58)

P value

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

Adjusted HR (95% CI)

Reference
069 (0.63-0.76)
0.71(0.64-0.79)
059 (0.48-0.72)
052 (0.43-0.63)

Reference
0.75 (0.69-0.83)
0.73(0.66-0.80)
0.62(0.52-0.74)
0.72(0.62-0.83)

P value

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

“Adjusted for age, sex, bodly mass index, hypertension, diabetes melitus, dysliidemia, chronic kidney disease, chronic obstructive pulmonary disease, malignancy, smoking, alcohol,

osteoporosis, hospitel frailty risk score, Cherlson comorbidity index score.
PYR, person-years; MET, metabolic equivalent task; HR, hazard ratio; Cl, confidence interval.
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Stroke or TIA

Sedentary
1-499 MET-min/week
500-999 MET-min/week
1,000-1,499 MET-min/week
>1,500 MET-min/week

Heart failure

Sedentary
1-499 MET-min/week
500-999 MET-min/wesk
1,000-1,499 MET-min/week
1,500 MET-min/week

Myocardial infarction

Sedentary

1-499 MET-min/week
500-999 MET-min/week
1,000-1,499 MET-min/week
21,500 MET-min/week

Peripheral artery disease

Sedentary
1-499 MET-min/week
500-999 MET-min/week
1,000-1,499 MET-min/week
21,500 MET-min/week

Patients Deaths

5,850

3,178

2,905
751

3,936

2,154

1,825
487
580

1,273
727
662
187
277

2,452

1,635

1,520
467
549

1,196
312
256

50
64

776
283
218
38
44

Deaths/ Adjusted HR (95% CI)
1,000

PYR

With previous stroke or TIA
7061 Reference
30.90 0.62 (0.54-0.70)
27.85 0.61(0.53-0.70)
20.29 0.49 (0.37-0.66)
20.74 0.49 (0.38-0.63)

With previous heart failure

67.34 Reference

42.40 0.82(0.71-0.94)
37.92 0.84(0.71-0.98)
24.05 0.56 (0.40-0.79)
23.42 0.54 (0.40-0.74)

With previous myocardial infarction

281
96
84
21
19

78.12 Reference
44.07 0.74(0.58-0.94)
4068 0.73(0.57-0.94)
3509 0.75(0.48-1.18)
21.39 0.43(0.27-0.68)

With previous peripheral artery disease

321
134
97
35
35

44.02 Reference
26.20 0.72 (0.59-0.89)
20,09 0.61(0.49-0.78)
2328 0.78 (0.54-1.12)
19.68 0.61(0.43-087)

P value

<0.001
<0.001
<0.001
<0.001

0.006
0.024
<0.001
<0.001

0.016
0.015
0.215
<0.001

0.002
<0.001
0.173
0.008

Patients Deaths Deaths,
/1,000
PYR

Adjusted HR (95% CI)

Without previous stroke or TIA

Reference
0.7 0.71-089)
077 (0.70-0.83)
0.65 (0.56-0.75)
0.69 (0.60-0.78)

Without previous heart failure

Reference
070 0.64-0.75)
069 (0.64-0.75)
0.61(0.53-0.70)
0.65 (0.57-0.74)

Without previous myocardial infarction

19,404 2110 3328
13381 916 2049
13055 817 1885
4014 195 1432
4750 2562 16.76
21318 2530 3676
14,405 945 19.64
14135 855 1827
4,278 207 14.27
5105 272 1580
23,981 3,025 39.42
15832 1132 2151
16,208 989 19.60
4578 224 1446
5408 207 1632

Reference
0.72(0.67-0.77)
0.71(0.66-0.77)
059 (0.51-0.68)
065 (0.57-0.73)

Without previous peripheral artery disease

22,802 2,985 40.86
14,924 1,094 22.02
14,440 976 20.46
4,298 210 14.40
5,136 281 16.23

Reference
0.72(0.67-0.78)
0.73(0.67-0.78)
058 (0.50-0.67)
0.63(0.56-0.72)

P value

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

*Adjusted for age, sex, body mass index, hypertension, diabetes melitus, dyslipidemia, chronic kidney disease, chronic obstructive pulmonary disease, malignancy, smoking, alcohol,
osteoporosis, hospital frailty risk score, Charlson comorbidity index score.
PYR, person-years; MET, metabolic equivalent task: HR, hazard ratio; Cl, confidence interval.
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Variables Total (N = 68,223)  Cardiovascular disease (N = 23,871) No cardiovascular disease (N = 44,352) P value

Demographic

Age, years 736£57 747 £60 730£5.4 <0001
Male 26,483 (33.8) 8,209 (34.8) 18,184 (41.0) <0001
Body mass index 238484 24135 236+33 <0001
Waist 83.1£89 840+92 826+88 <0.001
Systolic blood pressure 1313+ 17.1 1312 17.2 1813+ 17.0 0.430
Diastolic blood pressure 783+ 105 779106 784 £10.4 <0.001
Smoking 16,718 (24.5) 5,136 (21.5) 11,582 (26.1) <0001
Alcohol 13,431 (19.7) 3,430 (14.4) 10,001 (22.5) <0.001
Income status <0001
Low 20927 (30.7) 7.214(30.2) 18,713 (30.9) -
Mid 15,018 (22.0) 5,110 21.4) 9,008 22.3)

High 32,278 (47.3) 11,547 (48.4) 20,731 (46.7)

Risk scores

Hospitality fraity risk score 20£42 36£58 11£25 <0.001
Charison comorbidity indlex 32+27 50+28 22£22 <0001
Pre-existing non-cardiovascular disease

Hypertension 41,726 (612) 20,279 (85.0) 21,447 (48.4) <0001
Diabetes melitus 14,767 (21.6) 7,430 31.1) 7,387 (16.5) <0.001
Dysiipidemia 35,048 (51.4) 17,202 (72.1) 17,846 (40.2) <0001
Chronic kidney disease 1,937 2.8) 1,286 (5.2) 701(1.6) <0.001
COoPD 8,505 (12.5) 4,302 (18.0) 4,203 95) <0.001
Malignancy 11,141(163) 4,881(20.4) 6,260 (14.1) <0001
Osteoporosis 28,476 (41.7) 12,150 (50.9) 16,326 (36.8) <0001
Pre-existing cardiovascular disease

Heart failure 8982 (13.2) 8,982 (37.6) - E
Ischemic stroke or TIA 18,172 (193) 18,172 (55.2)

Previous MI 3,126 (4.6) 3,126 (13.1)

Peripheral artery disease 6,623(9.7) 6,623 (27.7)

Laboratory findings

Fasting blood glucose 106.181.6 1085 +84.5 104.8.+20.8 <0.001
Total cholesterol 196.1 % 40.5 190.7 +41.8 199.0 +89.5 <0001
Triglyceride 1400+ 80.9 142.4 £809 1388+ 80.9 <0001
LDL-cholesterol 116.0+ 37.9 111.4 £386 1186+ 37.3 <0.001
HDL-cholesterol 53.1254 516235 539+ 26.4 <0001
AST 26.5+ 19.1 26.1+186 268+ 19.4 <0.001
AT 219+ 180 216+17.3 221 %184 <0001
Gamma-GT 38,6+ 528 329466 34.0+558 <0.001
Serum creatinine 1.0£1.0 11212 1.0£08 0.004
GFR 7124178 679+ 19.1 780+ 16.8 <0001

*Values are presented as mean + standard deviation, median (Q1, Q3, quartiles [25th and 75th percentiles}), or %.
COPD, chronic obstructive pulmonary disease; TIA, transient ischemic attack; MI, myocardial infarction; LDL, low-density lipoprotein; HDL, high-density lipoprotein; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; Gamma-GT, gamma-glutamyl transpeplidase; eGFR, estimated glomerular filtration rate.
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Characteristics

Systolic blood pressure
Diastolic blood pressure
Qe interval

LV mass index

RV outflow tract dimension
RV systolic pressure

E'/A ratio

Data are presented as odds ratios (OR) and 95% Cl (confidence intervals) using multiole logistic regression.

LV, left ventricle; RV, right ventricle.

OR

1.007
0.962
1.012
1.020
1.016
1.126
1.450

Elite male athletes (N = 580)

95% CI

0.984-1.031
0.931-0.994
1.002-1.022
1.000-1.040
0.958-1.078
1.060-1.196
1.083-1.978

P-value

0.55
0.02
0.01
0.04
0.59
<0.001
0.01

OR

1.058
0.988
1.003
0.980
1.262
1.016
1.176

Elite female athletes (N = 79)

95% ClI

0.984-1.137
0.894-1.091
0.977-1.031
0.911-1.086
1.042-1.529
0.836-1.233
0.475-2.911

P-value

0.12
0.80
0.80
0.59
0.01
0.87
072
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Sit-up numbers in men (N = 580) Sit-up numbers in women (N = 79)

Characteristics B 95% ClI P-value [ 95% Cl P-value
Systolic blood pressure -0.012 —0.079-0.055 072 0.144 —0.086-0.375 021
Diastolic blood pressure -0.060 —0.150-0.030 0.19 -0.130 -0.470-0211 0.44
QTc interval 0.013 —0.016-0.043 0.37 -0.033 —0.108-0.041 0.37
LV mass index 0.068 0.011-0.124 0.01 -0.023 —0.243-0.196 0.83
RV outflow tract dimension 0.031 —0.139-0.201 072 0.676 0.118-1.233 0.01
RV systolic pressure 0.284 0.112-0.456 0.001 0.127 —0.418-0.672 0.64
E'/A ratio 1.608 0.665-2.552 0.001 -0.191 —3.065-2.684 0.89

Data are presented as odds ratios (OR) and 95% Cl (confidence intervals) using multiple logistic regression.
LV, left ventricle; RV, right ventricle.
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ECG characteristics
Sinus bradycardia

Right axis deviation

ECG-LAE

First degree atrioventricular block
Inferior TWI

Metabolic components

Blood pressure = 130/85 mmHg
Serum triglycerides =150 mg/dL
HDL-C <40 mg/dL

Waist circumference =90 cm
FPG 100 mg/dL.

Sokolow-Lyon based ECG-LVH

Non-obesity
OR(95%Cl)  p-value
1.27(101-1.60) 004
0.53(0.39-0.72) <0.001
102(076-137) 090
096(0.49-188 090
1.06(051-221) 087
122(098-159 015
1.18(0.85-1.69 082
070(0.51-096 002
0.71(0.48-1.05) 0.08
099(0.75-130) 092

Obesity
OR (95% Cl)

0.89 (0.58-1.37)
1.06 (0.53-2.12)
1.09 (0.75-1.06)
1.66 (0.74-3.28)
0.76 (0.38-1.50)

1.45 (1.01-2.07)
0.86 (0.57-1.29)
0.86 (0.57-1.30)
0.70 (0.45-1.07)
1.25 (0.84-1.87)

p-value

0.59
0.87
0.64
0.24
0.42

0.04
0.46
0.48
0.10
0.27

Data are presented as odds ratios (OR) and 95% Cl (confidence intervals) using multile logistic regression.
Model adjusted for age plus cigarette smoking status, alcohol drinking stetus and 3,000-m running categorical performance.
Sokolow-Lyon based ECG-LVH was diagnosed if (S-V1 or S-V2 + R-V5 or R6) 235 mm and Comell based ECG-LVH was defined if R-aVLL + S-V3 >18mm, specifically for Asian

young male adults.

Cornell based ECG-LVH

Non-obesity
OR(95%Cl)  p-value
1.13(083-155) 043
2.72(1.91-3.87) <0.001
1.45(099-2.12) 0,053
073(025-208) 055
178(0.76-4.19)  0.18
1.15 (0.80-1.63) 0.45
079(0.50-125) 031
058(0.35-096)  0.03
1.28(0.77-2.13) 0.33

086 (0.58- 1.27)

0.44

Obesity
OR (95% Cl)

085 (0.48-1.53)
1.49 (0.65-3.44)
1.14(0.70-1.85)
1.36 (0.55-3.33)
1.64 (0.78-3.41)

1.70 (1.07-2.69)
1.21(0.75-1.94)
0.80 (0.48-1.34)
1.45 (0.78-2.70)
0.80 (0.48-1.33)

p-value

0.60
034
0.61
0.50
0.19

002
0.44
039
024
038

ECG, electrocardiography; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol: LAE, left atrial enlargement; LVH, left ventricular hypertrophy; TWI, T wave inversion.
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‘Sokolow-Lyon based ECG-LVH

OR (95% Cl)
Age (years) 0.95 (0.93-097)
Obesity 0.42(0.33-052)
Metabolic syndrome 0.73 (0.55-0.99)
Systolic blood pressure (mmHg) 1.02 (1.01-1.03)
Diastolic blood pressure (mmHg) 1.00 (0.98-1.01)
Heart rate (beats per min) 0.9 (0.98-1.00)
Current cigarette smoking 0.80 (0.65-0.99)
Current alcohol beverages intake 1.48 (1.20-1.82)
3,000-m running categorical levels

Top 26% performance 1.03(0.84-1.27)
Middle 50% performance 1.00
Bottom 25% performance 0.94(0.74-1.20)

Data are presented as odds ratios (OR) and 95% Cl {confidence intervals) using multiple logistic regression.

Obesity was defined as body mass index >27.0 kg/m?.

p-value

<0.001
<0.001
0.04
<0.001
0.46
0.06
0.03
<0.001

0.76

0.62

Cornell based ECG-LVH

OR (95% Cl)

1.02 (0.99-1.04)
1.00(081-1.47)
0.87 (0.59-127)
0.99 (0.98-1.01)
1.02 (1.01-1.04)
1.00(0.99-1.01)
1.15 (0.87-1.51)
1.00(0.76-1.32)

1.09 (0.83-1.43)
1.00
0.95 (0.60-1.33)

p-value

0.15
0.57
0.46
0.86
0.006
0.91
0.32
0.99

0.54

0.77

Metabolic syndrome was defined according to the International Diabetes Federation criteria for Asian male adults.
Sokolow-Lyon based ECG -LVH was diagnosed if (S-V1 or S-V2 + R-V5 or R-V6) =35mm and Cornel based ECG- LVH was defined if R-aVL + S-V3 18 mm, specifically for Asian

young male aduts.

ECG, electrocardiography; LAE, left atrial enlargement; LVH, left ventricular hypertrophy; TWI, T wave inversion.

ECG-LAE

OR (95% Cl)

0.99 (0.96-1.01)
251 (1.92-3.28)
1.26 (0.90-1.78)
1.00 (0.99-1.02)
1.01 (0.99-1.02)
097 (0.96-0.98)
1.19 (0.91-1.54)
092 (0.71-1.20)

093 (0.71-1.21)
1.00
091 (0.67-1.24)

p-value

0.17
<0.001
0.18
0.96
0.26
<0.001
0.20
053

058

0.54

Inferior TWI
OR (95% Cl)  p-value
1.01(0.97-1.06) 0.65
2.73(1.59-4.67) <0001
127 (071228 042
1.03(1.00-1.05)  0.03
1.01(0.98-1.04) 068
098(095-099  0.02
1.56 (0.91-2.66) 0.10
093(0.56-158 0.7
1.25(068-229)  0.46
1.00
1.83(099-336)  0.06
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Non-obesity Obesity

ECG characteristics Metabolically healthy ~ Metabolically unhealthy ~ Metabolically healthy  Metabolically unhealthy ~ p-value
(N =1,484) (N =86) (N =376) (N =210)
Age (years) 26.77 £ 5.63 30.56 + 5.68 28.55+5.78 3138 +5.76 <0.001
Body mass index (kg/m?) 23.02+2.38 2513+ 1.64 2020+ 1.86 30.26 + 2,61 <0001
(Range: min-max) (15.87-26.99) (19.47-26.94) (27.00-37.03) (27.01-43.28)
Waist circumference () 79.14 £7.27 87.54:£548 92.97 +6.47 97.42 + 6,67 <0001
Prior history of hypertension 59 (4.0) 11(12.8) 38(10.1) 59 (28.1) <0.001
Prior history of hyperlipidemia 199 (13.4) 27(314) 94 (25.0) 69(32.9) <0001
Systolic blood pressure (mmHg) 116.44 £ 11.58 128.81 + 13.84 12332 + 13.43 13163 £ 14.26 <0.001
Diastolic blood pressure (mmHg) 69.07 +£9.26 77431099 7224 % 10,66 78.85 + 12.28 <0001
Blood test
Total cholesterol (mg/dlL) 166.30 = 31.22 185.43  43.03 170,11 £ 30.39 19130 & 40.38 <0001
HDL-C (mg/dL) 50.48 +9.77 3849:+7.94 4821814 39.92+7.56 <0001
LDL-C (mg/dlL) 100.75 +27.73 112,19+ 32,20 114.70 + 27.16 12091 + 8155 <0001
Triglycerides (mg/dL) 87.85 % 49.83 246.06 £ 167.17 10430 & 60.01 200.08 £ 144.10 <0001
FPG (mg/dL) 92.48 + 9.50 108,37 + 16.92 92.91£7.32 102.40 & 24.31 <0001
Blood pressure >130/85 mmHg 243 (15.7) 52(60.5) 125 (33.2) 137 (65.2) <0.001
Serum triglycerides =150 mg/dL. 136 (8.8) 69(80.2) 46 (12.2) 142 (67.6) <0001
HDL-C <40 mg/dL 189 9.0) 61(709) 38(10.1) 119 (86.7) <0001
Weaist circumference =90cm 87(5.6) 36(41.9) 266 (70.7) 202(96.2) <0001
FPG 2100 mg/dL. 218 (14.1) 56(65.1) 45 (12.0) 112/(53.9) <0001
Unhealthy behavior
Current cigarette smoker 634 (42.7) 49(57.0) 165 (43.9) 100 (47.6) 004
Current alcohol drinker 704 (47.4) 43 (50.0) 189 (60.3) 106 (50.5) 067
3,000-m running (5) 849.98 + 76.74 907.15 % 101.10 908,61  105.32 946.96 + 106.35 <0001
Top 25% performance 664 (44.7) 30(34.9) 99 (26.3) 65 (31.0) <0001
Middle 50% performance 589 (39.7) 29(33.7) 146 (38.9) 50 (23.8)
Bottom 25% performance 231 (15.6) 27(31.4) 131(34.8) 95 (45.2)

Continuous variables are expressed as mean = stendard deviation, and categorical veriables as n (%)
ECG, electrocardiography; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVH, left ventricular hypertrophy; FPG, fasting plasma glucose.
Obesity was defined as the body mass index >27.0 kg/m?.

Metabolically health was defined as absence of metabolic syndrome, according to the Intemational Diabetes Federation criteria for Asian male adults.
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ECG characteristics

Heart rate (beats/min)
P duration (ms)

PR interval (ms)

QRS duration (ms)

Qe interval (ms)

QRS axis (degree)

Sokolow-Lyon based ECG-LVH (%)
Cornell based ECG-LVH (%)

ECG-RVH (%)

Sinus bradycardia (%)

Ectopic P rhythm (%)

ECG-LAE (%)

First degree atrioventricular block (%)
Loft axis deviation (%)

Right axis deviation (%)

Complete right bundie branch block (%)
Incomplete right bundie branch block (%)
QT interval prolongation (%)

QT interval prolongation (%)

Inferior TWI (%)

Non-obesity

Metabolically healthy
(N =1,484)

65.68 £ 10.40
105.98  14.19
156.29 + 10.65
97.81 £ 1078
388,49 +£21.84
67.8929.11
890 (60.0)
213 (14.4)
226 (15.2)
432 (29.1)
58(3.9)
205 (13.8)
37 (2.5)
19(13)
186 (12.5)
51(3.4)
101 (6.8)
16(1.1)
6(0.4)
27(1.8)

Metabolically unhealthy

(N =86)

68.08 + 11.53
109.43 + 13.48
157.18 & 14.52
97.56 + 12.10
302,01 +22.44
50.85+36.75
42(48.8)
11.(12.8)
6(7.0)

19 (22.1)
44.7)
10(11.6)
0(0.0)
3(35)
8(9.9)
4@7)
8(9.9)
0(0.0)
0(0.0)
4@7)

Obesity
Metabolically healthy ~ Metabolically unhealthy
(N =376) (N =210)
66.44 + 10.34 72.07 £ 12.81
106.45  15.65 107.97 + 15.66
150.78  20.82 16151 21.44
97.66 + 1004 97.42 + 1191
393.77 +26.14 401.68 +25.17
51.20 £33.26 44.36 + 33.71
145 (38.6) 66(31.4)
59(15.7) 38(18.1)
61(162) 27 (12.9)
88(23.4) 32(15.2)
143.7) 11(62)
99(263) 64(30.5)
16 (4.3) 15(7.1)
7(19 629
24 (6.4) 13(6.2)
12(3.2) 10(4.8)
29(7.7) 8(38)
9(2.4) 629
4(1.4) 2(1.0)
25(6.6) 20(9.5)

p-value

<0.001
0.06
<0.001
0.96
<0.001
<0.001
<0.001
047
0.13
<0.001
0.79
<0.001
0.001
0.16
0.001
0.70
022
0.04
0.32
<0.001

Continuous variables are expressed as mean = standard deviation, and categorical variables as n (%).

Obesity was defined as body mass index >27.0 kg/m?.
Metabolically health was defined as absence of metabolic syndrome, according to the Intemational Diabetes Federation criteria for Asian male adults.
Sokolow-Lyon ECG based-LVH was diagnosed f (S-V1 or $-V2 + R-V5 or R-VE) 35 mm and Comell ECG-based LVH was defined if R-aVL + S-V3 218mm, specifically for Asian

young male adults.

ECG, electrocardiography; LAE, left atrial enlargement; LVH, left ventricular hypertrophy; RVH, right ventricular hypertrophy; TWI, T wave inversion.
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Sokolow-Lyon based ECG-LVH

Obesity phenotypes  OR (95% Cl)

MHNO 1.00

MUNO 0.80 (0.51-1.25)
MHO 0.46 (0.36-0.58)
MUO 039 (0.28-053)

p-value for trend

p-value

0.32
<0.001
<0.001
<0.001

Cornell based ECG-LVH

OR (95% Cl)

1.00
0.79 (0.41-1.53)
1.08(0.79-1.50)
1.19 (0.80-1.77)

p-value

0.48
0.62
0.39
0.39

ECG-LAE

OR (95% Cl)

1.00
087 (0.44-1.72)
2.34(1.77-3.10)
3.02(2.13-4.28)

Data are presented as odds ratios (OF) and 95% Cl (confidence intervels) using multiple logistic regression analysis.
Model adjusted for age, cigarette smoking status, alcohol drinking stetus and 3,000-m running categorical performance.
Sokolow-Lyon ECG based-LVH was diagnosed if (S-V1 or S-V2 + R-V5 or R-V6) 35mm and Comell ECG-based LVH was defined if R-aVIL + S-V3 > 18mm, specificall for Asian

young male adults.

p-value

0.68
<0.001
<0.001
<0.001

Inferior TWI

OR (95% Cl)

1.00
2.21(0.74-6.58)
3.49 (1.97-6.19)
452 (2.38-8.60)

p-value

0.15
<0.001
<0.001
<0.001

MHNO, metabolicall healthy non-obesity, defined as bodly mass index <27.0 ke/m? and absence of metabolic syndrome, according to the Interational Diabetes Federation criteria
for Asian male adlults; MHO, metabolically healthy obesity defined as bodly mass index 27.0 kg/m? and absence of metabolic syndrome; MUNO, metabolically unhealthy non-obesity
defined as body mess index <27.0 kg/m? and presence of metabolic syndrome; MUO, metabolically unhealthy obesity defined as body mass index >27.0 ky/m? end presence of
metabolic syndrome; ECG, electrocardiography; LAE, left atrial enlargement; LVH, left ventricular hypertrophy; TWI, T wave inversion.
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Participants attending a 3-KM run test (N = 1,388) Participants attending a 2-min push-up test (V = 577)

Clinical characteristics Elite endurance  Controls (>780s) P-value Elite strength Controls P-value
athletes (<7805) (N =1,155) athletes (=54 times) (<54 times)
(N =233) (N=18) (N = 499)
Age (years) 25,04 +3.64 2521+368 052 2504375 2522 +8.73 069
(Range: min-max) (19-34) (18-34) (19-33) (19-34)
Height (cm) 171.65 % 5.61 17221£5.76 017 17132 + 553 17218 + 5,62 021
Weight (ko) 68.43£9.23 73.58 & 12.08 <0.001 70.00 £ 9.61 7270 % 1152 0.05
Body mass index (kg/m?) 2320 £2.75 24.77 3,62 <0001 23.83 +3.07 24.49 £ 3.50 0.12
Body surface area (im?) 1.80+0.13 187 +0.16 <0.001 1824013 186540.16 004
Waist circumference (cm) 78.51 % 6.97 8310+ 9.41 <0.001 79.76 £7.73 8230 +8.90 0.01
Systolic blood pressure (mmHg) 116.07 £ 11.18 118.46 £ 12.30 0.006 116.36 £ 11.80 117.26 £ 11.85 053
Diastolic blood pressure (mmHg) 67.94 841 69.15 % 9.40 007 66.25 % 8.60 6824 +8.73 0.06
Blood test
Creatinine (mg/clL) 094 +0.10 094 %0.11 096 096+ 0.12 094 +0.10 0.11
Total cholesterol (mg/dL) 167.14 +31.83 167.68 £ 32.10 081 171.49 £ 34.32 167.93 +33.12 038
HDL-C (mg/dL) 52.55 £ 10.69 48.40 £9.72 <0001 5263+ 1124 48.92 £9.19 0001
LDL-G (mg/dL) 98.40 % 26.46 103.20 £ 28.77 001 103.90  29.10 104.00  30.38 097
Triglycerides (mg/dL) 86,51 £71.72 100.63  76.39 0.009 93,35 + 71.81 97.60  67.10 0.60
Fasting glucose (mg/clL) 91.36 4832 92,95 +10.02 002 93.42 % 10.09 93094884 0.76
Current tobacco smoking 87(37.3) 522[45.2) 002 37 148.7) 215 [43.1) 035
Exercise performance
3-KM running (seconds) 748.08 & 31.71 880.12 + 74.30 <0.001 833.15 £ 82.75 860.84 + 81.58 <0.001
2-min push-ups (numbers)* 49.95 +12.28 45.54 %1004 <0.001 61.14:£ 1092 4388833 <0.001

Continuous variables are expressed as mean  SD (standard deviatior), and categorical variables as 1 [%].
HDL-C, high-density lipoprotein cholesterol; K, kiometer; LDL-C, low-density lipoprotein cholesterol.
‘N=577
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Participants attending a 3-KM run test (V= 1,388) Participants attending a 2-min push-up test (N = 577)

ECG characteristics Elite endurance ~ Controls (~780s)  P-value Elite strength Controls P-value
athletes (<780s) (N =1,155) athletes (254 times) (<54 times)
(N =233) W=78) (N = 499)
Heart rate (oeats/min) 61.93 + 1002 66,68+ 10.58 <0001 65.37 & 12.05 6603 10.62 061
P duration (ms) 10636+ 1178 10590 & 14.05 0.64 10835+ 11.75  105.56 + 14.57 0.10
PR interval (ms) 156.77 + 16.56 156.62 + 18.81 0.38 156.41 £ 16.78 154.71 £ 19.93 0.47
QRS duration (ms) 99.95 + 1128 97.90 + 10.95 0.03 98,62 + 1021 97.25 £ 1002 026
QTc interval (ms) 387.02 £21.95 388.67 +22.81 0.30 392.23 £ 26.56 387.75£21.73 0.10
QRS axis (degree) 71.06 % 22.00 62.89 + 31,61 <0001 64.69 + 25.05 65.00 + 28.22 092
ECG based LVH (%) 165[70.8) 633 [54.8) <0001 51(65.4) 293(58.7) 026
ECG based RVH (%) 35[15.1) 177 [15.3) 092 13[16.7] 81(16.2) 092
Sinus bradycardia (%) 102 (43.8) 295 [26.5] <0.001 2835.9] 137 [27.5) 0.12
Ectopic P rhythm (%) 1918.2) 108[9.4) 056 5[6.4] 55(11.0] 021
Left atrial enlargement (%) 36[155) 199[17.2) 050 11[14.1] 81[16.2) 063
First degree atrioventricular block (%) 3013 25[2.2) 0.38 2126 901.8 0.64
Left axis deviation (%) 0[0.0] 1811.6] 0.05 2[26) 3[0.6] 008
Right axis deviation (%) 30(12.9) 123 [10.6) 032 5(6.4) 50 (10.0] 031
Complete right bundie branch block (%) 12[5.1) 42[36) 027 2[26) 1428 090
Incomplete right bundle branch block (%) 23[0.9) 79(6.8) 0.10 8[10.3) 30(6.0) 0.16
QTe prolongation > 480ms (%) 1004) 7(06] 074 2[26) 2[0.4] 003
T wave inversion (%) 6(2.6) 3732 0.61 226) 15 (3.0) 083

Categorical variables are expressed as N [%.
ECG, electrocardiography; LVH, left ventricular hypertrophy; KM, kilometer; RVH, right ventricular hypertrophy.
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Echocardiographic characteristics

Aortic valve open (mm), PLAX
Aortic root dimension (mim), PALX

LV posterior wall (mm), PLAX"

LV internal dimension in diastole (mm), PLAX
Interventricular septum, (mm), PLAX

RV wall thickness (mm), PLAX"

RV outflow tract dimension in diastole (mim), PLAX
Left atrial cimension (mm), PLAX

LV mass (gm)

LV mass index (gmvm?)

LV hypertrophy

RV hypertrophy

LV ejection fraction (%), PLAX

Triouspid vaive prolapse, PSAX

Aortic regurgitation 2 mild grade

Mitral regurgitation > mild grade

Pulmonary regurgitation > mild grade
Tricuspid regurgitation > mild grade

RV systolic pressure (mmHg)

Mitral inflow power Doppler E-wave (m/s)
Mitral inflow power Doppler A-wave (m/s)
E/A ratio

Mitral lateral annulus tissue Doppler E' (cm/s)
Mitral lateral annulus tissue Doppler A’ (cm/s)
E'/A ratio

Participants attending a 3-KM run test

Elite endurance
athletes (<780')
(N =233)

19.93 + 198
29.49+3.23
8.44 £0.89
50.03+3.35
861+£095
472055
25.04 +8.84
3255 + 4.00
162.63 + 28.43
84.44 + 13.56
147
20[8.6)
6179503
34(20.4)
3013
190 (81.5)
162 (69.5)
196 (84.1)
2768+ 435
87.00 + 14.13
46.44 +9.59
1.94 +0.46
17.33£383
777 £2.16
237073

(N =1,388)

Controls (>780s)
(N =1,155)

20.08 +1.91
2968 +3.25
854094
49.24 £3.42
8.74 £1.02
4.66 0,62
27.19 + 12.49
32,95 £3.93
161.05 4 29.83
80.52 +12.94
242.1)
84[7.3)
61.97 +506
206 (26.6]
13[1.1]
890 [77.1)
763 [66.1]
928(80.3]
27.19+£4.36
86.21 £ 14.87
48.69 + 9.81
1.83 £ 046
17.04 £3.75
830 +8.69
2224076

P-value

067"
0.66"
031"
0.003*
0.44"
0.98"
0.82*
0.21*
0.16
<0.001
0.01
0.48
0.78
0.09
0.83
0.13
0.30
0.18
027
0.45
0.001
0.001
0.29
0.03
0.007

Continuous variables are expressed as mean = SD (standard deviation), and categorical variables as N (%),
LV, left ventricle; RV, right ventricl: PLAX, echocardlographic parastemel long axis view; PSAX, echocardiographic paresternal short axis view.
“Analysis of covariance (ANCOVA) with adjustment for body surface area.

Participants attending a 2-min push-up test

Elite strength
athletes (=54 times)
=18

2068+ 1.65
30,13 £2.48
840076
49.74 £8.19
8.53 £0.80
460 0.67
26.47 +3.82
33.09 £3.40
148.98 + 23.54
81.76 1136
1018
2[26]
62.86 +5.36
13[41.9)
101.3]
69(88.5]
61[78.2)
73(93.6)
2960 +4.35
90.07 + 13.63
48.81 +£9.42
1914048
19.30 = 4.06
851 1.82
236070

(N =577)

Controls
(<54 times)
(N = 499)

2035+ 1.86
20824274
8294084
49.07 +8.50
8.49 £+ 0.89
470+ 058
2633+ 8.96
32834395
144.45 £ 27.18
7751+ 1205
501.0
26(5.2)
6243+ 532
94 [51.1)
3[08)
429 [86.0)
354 [70.9)
462 (92.6)
27.83+3.71
87.41 + 1459
49.31 +9.88
1.84 £0.47
18.18 % 4.05
931 £4.95
211£0.71

P-value

0.61"
0.19*
0.84*
0.36"
0.45*
0.49"
0.45
0.11*
0.16
0.004
0.82
0.31
051
0.34
0.50
056
0.18
0.76
<0.001
0.13
0.67
0.20
0.02
0.16
0.004
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Characteristics

OR

Model 1

95% ClI

Elite endurance athletes (N = 1,388)

Age
Tobacco smoking

LV mass index

RV systolic pressure
E'/A ratio

Body mass index
Mean blood pressure
Heart rate

Elite strength athletes (N =

Age
Tobacco smoking

LV mass index

RV systolic pressure
E'/A ratio

Body mass index
Mean blood pressure
Heart rate

0.998
0.704
1.023
1.027
1.291

577)
1.013
1.171
1.027
1.124
1.540

0.969-1.039
0.525-0.943
1.012-1.034
0.994-1.061
1.072-1.656

0.947-1.085
0.714-1.918
1.007-1.048
1.066-1.197
1.108-2.141

P-value

0.93
0.01
<0.001
0.1
0.007

0.70
053
0.008
<0.001
0.01

OR

1.026
0.694
1.031
1.018
1.163
0.847

1.023
1.191
1.029
1.122
1.480
0.954

Model 2

95% Cl

0.983-1.068
0.515-0.936
1.020-1.043
0.985-1.053
0.968-1.411
0.806-0.890

0.964-1.096
0.726-1.954
1.008-1.050
1.063-1.195
1.058-2.072
0.882-1.033

P-value

0.24
0.01
<0.001
028
0.12
<0.001

0.62
0.49
0.006
<0.001
0.02
025

Date are presented as odds ratios (OR) and 95% Cl (confidence intervals) using multiple logstic regression.
LV, left ventricle; RV, right ventricle.
Model 1 covariates included age, tobacco smoking and left ventricular mass index; Model 2 covariates included Model 1 covariates plus body mass index; Model 3 covariates included
Model 2 covariates plus mean blood pressure; Model 4 covariates included Model 3 covariates plus heart rate.

OR

1.028
0.687
1.032
1.018
1.159
0.854
0.987

1.028
1.189
1.030
1121
1.470
0.966
0.981

Model 3

95% ClI

0.986-1.071
0.509-0.927
1.021-1.044
0.984-1.053
0.956-1.407
0.812-0.898
0.970-1.004

0.958-1.108
0.724-1.954
1.009-1.051
1.052-1.195
1.050-2.056
0.890-1.048
0.952-1.012

P-value

0.19
0.01
<0.001
0.30
0.13
<0.001
0.12

0.44
0.49
0.005
<0.001
0.02
0.96
0.22

OR

1.021
0.759
1.027
1.019
1.076
0.852
0.991
0.964

1.030
1.170
1.031
1121
1.500
0.964
0.980
1.007

Model 4

95% ClI

0.979-1.065
0.560-1.029
1.015-1.039
0.985-1.054
0.883-1.312
0.809-0.897
0.974-1.008
0.949-0.979

0.960-1.106
0.710-1.928
1.010-1.053
1.062-1.194
1.063-2.116
0.888-1.046
0.961-1.011
0.983-1.032

P-value

0.32
0.07
<0.001
0.28
0.46
<0.001
0.29
<0.001

0.40
0.53
0.004
<0.001
0.02
0.38
0.20
0.57
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Vascular HMOD

Arterial stiffness
(n=27293)

Increased CIMT
(n=2810)

Arterial plaque
(n=2,807)

Peripheral artery
disease
(n=2669)

<3 days/week

23 days/weck
<3 days/week

23 days/week
<8 days/week

23 days/week
<3 days/week

>3 days/wesk

Crude OR
(95% CI)

1

0.79 (0.63-0.98)
1

0.65 (0.48-0.89)
1

0.97 (0.83-1.14)
1

0.73 (0.58-0.91)

Adjusted OR
(95% C1)

1

1.10 (0.63-1.90)
1

0.58 (0.30-1.12)
1

1.15 (0.80-1.65)
1

1.10 (0.62-1.93)

Bold values indicate significant results (P < 0.05). Multivariate logistic regressions were
performed to investigate the risk of vascular HMOD across different walking days per
week without and with adjustment for waking duration, together with cardiovascular
risk factors (including age, gender; smokers, body mass index, systolic blood pressure),
and concomitant diseases (hypertension, diabetes melitus, coronary heart disease).
CIMT, carotidintima-meda thickness; HMOD, hypertensive mediated organ demage; OR,

odds ratio.
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Vascular HMOD
Arterial stifiness Low
(h=2723) Moderate to vigorous
Increased CIMT (n = 2,810)  Low
Moderate to vigorous
Arterial plaque Low
(n=2:807) Moderate to vigorous
Peripheral artery disease Low
(n=2,663) Moderate to vigorous

OR (95% Cl)

P
090 (0.72-1.12)
1
0.73(0.54-1.01)
1
1.06 (0.91-1.23)
1
0.74 (0.60-0.93)

Bold values indicate significant results (P < 0.05). Multivariate logistic regressions
were performed to investigate the risk of vascular HMOD across different levels of
physical activity, together with cardiovasculer isk factors (incluing age, gender, smokers,
body mass index, systolic blood pressure) and concomitant diseases (hypertension,
diabetes melitus, coronary heart disease). CIMT, carotid intima-media thickness; HMOD,

hypertensive mediated organ damage; OR, odds ratio.
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Vascular
HMOD

Arterial
stiffness.
=272

Increased
CIMT
(n=2810)

Arterial
plaque
(n=2807)

Peripheral
artery disease
(n=2,663)

Non-walking
activity

210-29 min/day
280-59 min/day
>1 h/day
Non-walking
activity

>10-29 min/day
230-59 min/day
=1 hvday
Non-walking
activity

>10-29 min/day
>80-59 min/day
>1 h/day
Non-walking
activity

>10-29 min/day

>80-59 min/day

=1 h/day

g duration OR (95% Cl)

035
0.11-1.08)
0.37
(0.18-0.75)
0.29
(0.14-0.58)
1

0.80
(0.19-337)

1.06
(0.44-2.57)

0.64
(0.26-1.58)
1

1.07
(0.53-2.15)
082
(0.53-1.26)
088
(0.58-1.36)
1

0.41
0.14-1.22)
054
(0.28-1.04)
0.48
(0.24-0.89)

Frequency

<3
days/week

>3
days/weck

<3
days/week

>3
days/week

<3
days/week

>3
days/week

<3
days/week

=3
daysiweek

OR (95% Cl)

0.80
(0.41-153)

0.54
(0.28-1.24)

098
(0.65-1.49)

114
(0.60-2.17)

Bold values indicate significant results (P < 0.05). Multivariate logistic regressions were
performed to investigate the risk of vascular HMOD across different wakking duration
and frequency after adjustment for moderate-to-vigorous physical activity, together with
cardiovascular risk factors (including age, gender; smokers, body mass index, systolic
blood pressure) and concomitant diseases (hypertension, diabetes melltus, coronary
heart disease). CIMT, carotid intima-media thickness; HMOD, hypertensive mediated
organ damage; OR, odds ratio.
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Overall Walking P
(1=2830)  activity
(n=1,862)

Cardiovascular risk factors

Age (years) 7163625 7128604 7210661 <0.001
Male gender, n (%) 1250 (445)  836(449)  423(487) 054
Smokers, n (%) 722(255)  451(242)  271(280)  0.03
Body weight (kg) 62.69+080 62.61+1051 62841134 080
Body height (cm) 1508+£84 150983 1507£87 052
Body mass index 2402364 2397+854 24.11+383 035
(kg/m?)

Systolic blood pressure 135.117.4 1347 £17.4 1358£17.4 009
(mmHg)

Hypertensive mediated organ damage

Leftventricular mass 904289 904£282 905302 092

index (g/m?)

E/Ea 9674391 0504383 982+405 018

Creatinine clearance 932243 937£247 923235 065

rate (ml/min/1.73 m?)

Urinary 653+ 1535 645+1725 67.1+107.6 065

albumin-creatinine ratio

(mg/g)

Carotid-femoral pulse ~ 9.49£2.33  9.39£223 067250 0.004
wave velocity (m/s)

CIMT (um) 63814 159.1 631.1 4+ 1568 650.8+ 1628 0.001
Arterial plaque, n (%) 1,780 (63.6)  1,166(63.1)  614(634) 048

Ankle-brachialindex < 868(135)  212(121)  146(15.1)  0.008
09,n (%)

Concomitant diseases

Hypertension, n (%) 1,530 (54.1) ~ 973(62.3) 557 (67.5)  0.006
Diabetes melltus, n (%) 566 (20.0)  381(205)  185(19.1) 041

Coronary heart 937(331)  586(315)  351(36.3)  0.008
disease, n (%)

Bold values indicate significant results (P < 0.05). Walking activty was defined as
walking more than 10min at a time per week. Data are means  SD or numbers with
percentages in parentheses. Student's t-test (or Mann-Whitney U test) and x? test
were conducted to compare the differences between walking activity and non-walking
activity groups for quantitative and qualtative variables, respectively. Creatinine clearance
rate was calculated with mocified MDRD formula for Chinese. CIMT, carotid intima-
media thickness; E/Ea, peak transmitral pulsed Doppler velocity/early diastolic tissue
Doppler velocity.
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Vascular HMOD Crude OR Adjusted OR
(95% CI) (95% C1)

Arterial stiffness Non-walking 1 1
(n=2723) activity

210-20min/day  0.75(0.41-1.37)  0.38 (0.17-0.85)

>30-59 min/day 0.84 (0.63-1.10) 0.38 (0.20-0.74)

=1 h/day 0.67(0.52-0.87) 029 (0.15-0.58)
Increased GIMT  Non-walking 1 1
(n=2810) activity

210-20min/day 074 (0.31-1.74)  0.94 (0.33-2.66)

>30-59 min/day ~ 0.82 (0.58-1.17)  0.68 (0.30-1.56)

=1 h/day 052(0.33-0.81) 1.2 (0.49-2.56)
Arterial plaque Non-walking 1 1
(n=2.807) activity

Peripheral artery
disease
(n=2669)

=10-29 min/day
230-59 min/day
>1h/day
Non-walking
activity

=10-29 min/day
230-59 min/day

=1 h/day

093 (0.62-1.41)

089 (0.73-1.09)

1.00 (0.83-1.20)
1

081 (0.45-1.46)
0.78 (059-1.03)
0.65 (0.50-0.84)

0.78 (0.47-1.30)

0.73 (0.49-1.08)

080 (0.54-1.20)
1

069 (0.33-1.46)
065 (0.35-1.18)
0.53 (0.28-0.99)

Bold values indicate significant results (P < 0.05). Multivariate logistic regressions were
performed to investigate the risk of vascular HMOD across different walking duration
without and with acfustment for walking days per week, together with cardiovascular
risk factors (including age, gender, smokers, body mass index, systolic blood pressure)
and concomitant diseases (hypertension, diebetes meltus, coronary heart disease).
CIMT, carotid intima-meda thickness; HIMOD, hypertensive mediated organ damage; OR,

odds ratio.
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