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Abstract  

Purpose: Whether physical activity (PA) might have certain benefits for cardiovascular 

disease (CVD) primordial prevention even in the absence of clinically significant weight loss 

is of public health interest. In this study, we examined the independent and combined 

associations of simultaneous changes in PA and body weight with the subsequent 

development of major CVD risk factors in adults.  

Methods: This prospective analysis included 116,134 healthy men and women, aged ≥18 

years, with at least 3 medical examinations from the Taiwan MJ Cohort. Two-year changes in 

PA and body weight between the first and second examination were linked to subsequent 

development of hypertension, hypercholesterolemia, atherogenic dyslipidemia, metabolic 

syndrome, type 2 diabetes mellitus (T2DM), and chronic inflammation, which were assessed 

by physical examinations and laboratory tests.  

Results: During an average follow-up of 5.7±4.1 years after the second examination, 10840 

individuals developed hypertension, 10888 hypercholesterolemia, 6078 atherogenic 

dyslipidemia, 13223 metabolic syndrome, 4816 T2DM, and 2027 inflammation. Weight gain 

was associated with a subsequent higher risk of all CVD risk factors, with HR (95%CI) 

ranging from 1.11 (1.00-1.23) for inflammation to 1.74 (1.67-1.82) for metabolic syndrome, 

compared with participants who lost weight. A stable weight was also associated with a 

higher risk of all CVD risk factors except with inflammation. In combined analyses, 

participants who simultaneously gained weight and decreased PA levels had the highest risk 

compared with those who lost weight and increased PA. Increasing or maintaining PA 

reduced the increased subsequent risk of some CVD risk factors among participants who 

maintained a stable weight or gained weight. Among participants who lost weight, decreased 

PA was not associated with an increased risk.  
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Conclusions: Although weight loss is crucial for the prevention of CVD risk factors, 

increasing or maintaining PA is also important to prevent them among adults who gain or 

maintain their weight.  

 

Keywords: physical activity, weight loss, obesity, cardiovascular disease risk factors, 

prevention, prospective.   
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Introduction 

Cardiovascular disease (CVD) remains one of the main causes of death globally, and the 

major CVD risk factors are hypertension, hypercholesterolemia, atherogenic dyslipidemia, the 

metabolic syndrome, type 2 diabetes mellitus (T2DM) and chronic inflammation [1-3]. 

Primordial prevention consists of delaying the development of these CVD risk factors, and 

has been acknowledged as an important population-wide approach for preventing the onset 

and progression of CVD [4,5].  

 Excess body weight or fat is strongly associated with increased incidence of major 

CVD risk factors, as well as CVD morbidity and mortality [6,7]. A healthy weight is, 

therefore, one of the main tools for CVD prevention [7]. Regular physical activity (PA) is also 

crucial for CVD prevention because it has been consistently associated with lower incidence 

of CVD risk factors as well as fatal and non-fatal CVD events [8-10].  

One of the cardioprotective effects of regular PA has been attributed to increased total 

energy expenditure resulting in negative energy balance and, consequently, weight control [8-

12]. However, recent small clinical trials suggest that PA and exercise training might have 

certain benefits on some major CVD risk factors even in the absence of clinically significant 

weight or fat loss [12]. To date, it is unknown whether this evidence may also apply to the 

general population because previous cohort studies on the potential effect of PA on CVD risk 

factors regardless of body weight were mostly based on single baseline assessments [9,13]. 

Since weight and PA change over time, and the patterns of change vary among individuals, 

the purpose of this study was to examine the independent and combined associations of 

simultaneous changes in PA and body weight or fat with the subsequent development of 

major CVD risk factors in a large cohort of healthy adults.  
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Material and methods 

Participants 

This work was conducted using the Taiwan MJ Cohort resource [14,15], an ongoing and 

dynamic prospective study of apparently healthy people of all ages who participate in a large 

health screening service by the MJ Group, Taiwan (www.mjclinic.com.tw). The MJ Cohort 

has enrolled around 600,000 individuals since 1994. Participants completed a standardized 

protocol including a survey, physical examinations, and laboratory tests in the MJ Health 

Screening Center during a morning, which conformed to ISO 9001 for quality management. 

After the first examination, all participants were encouraged to return every year, and all data 

are updated by the MJ Health Research Foundation.  

For the current study, we selected men and women aged ≥18 years who attended the 

first examination (baseline) during 1997-2016. The exclusion criteria were: (i) history of 

cancer or CVD at the first and/or second examinations, (ii) having less than three 

examinations through 2016 with valid data on the specific CVD risk factors, (iii) lacking data 

at the first and second examinations on body weight and PA, (iv) incomplete data at the first 

examination on main covariates, and (v) prevalence or incidence of the specific CVD risk 

factor at the first and/or second examinations. Accordingly, a total of 116,134 individuals 

with the first examination between 1997 and 2013 formed the analytical sample for this work; 

specifically, we used data on n=97,416 for the analyses on the incidence of hypertension, 

n=98,837 for hypercholesterolemia, n=93,707 for atherogenic dyslipidemia, n=93,066 for 

metabolic syndrome, n=111,505 for T2DM, and finally, n=114,491 for chronic inflammation.   

Study participants provided informed written consent, and the study protocols were 

approved by the Institutional Review Boards of the MJ Health Management Institution and 

the National Health Research Institutes in Taiwan. Individual identification data were 

removed in the database, so that participants remained anonymous during the entire study 
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process [16]. To avoid research inaccuracies caused by the quality of the data, the MJ Health 

Research Foundation previously conducted a standardized data cleaning [17].  

 

Main exposure variables 

Body weight to the nearest 0.1 kg and height to the nearest mm were measured using an 

automatic anthropometer (Nakamura KN-5000A, Tokyo, Japan). Body mass index (BMI) was 

calculated as weight in kg divided by squared height in m. Since BMI is not a measure of 

body composition, we additionally included body fat percentage (BF%) assessed upright by 

foot-to-foot bioelectrical impedance analysis (TANITA® TBF models, Tokyo, Japan).  

The time spent in leisure-time PA has been assessed by the MJ PA Questionnaire 

[13,18], which was included in the MJ health screening procedures since 1997. Participants 

were asked to report the intensity, frequency, and duration of PA during the last 4 weeks, with 

several examples of activity types given for four intensity categories: light (e.g. slow 

walking), moderate (e.g. brisk walking), medium-vigorous (e.g. jogging), or high-vigorous 

(e.g. running). A metabolic equivalent of task (MET; 3.5 ml/kg/min) value of 2.5 was 

assigned for light, 4.5 for moderate, 6.5 for medium-vigorous, and 8.5 for high-vigorous PA 

intensity. To calculate the total volume of PA (MET-h/week), the MET value for the reported 

intensity was multiplied by its frequency and duration. This questionnaire has shown good 

reliability and excellent convergent validity predicting cause-specific mortality and cancer 

incidence [18].  

Change in BMI, BF% and PA as continuous variables was calculated as the difference 

between the first and second examinations, and divided by number of years between them 

because the interval between examinations varied among participants in this cohort. 

Participants were categorized into thirds of the annual changes in BMI and BF% variables for 

the analysis involving each CVD risk factor; the lowest and highest thirds represent weight or 
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fat ‘loss’ and ‘gain’, respectively, and the middle third a ‘stable’ condition. Participants with 

an annual PA change of 0 MET-h/week were categorized into the ‘no change’ group, whereas 

those with negative and positive values were categorized into the ‘decreasing’ and 

‘increasing’ PA groups, respectively.  

 

Ascertainment of CVD risk factors  

Hypertension was identified from the medical history or as systolic/diastolic blood pressure 

≥140/≥90 mm Hg. Hypercholesterolemia was also identified from the medical history or as 

serum total cholesterol ≥240 mg/dL. Atherogenic dyslipidemia was defined according to the 

National Cholesterol Education Program Adult Treatment Panel III criteria as triglycerides 

≥150 mg/dL and HDL-C <40 mg/dL in men and <50 mg/dL in women [19]. Participants were 

also classified as having metabolic syndrome if they met ≥3 of the following criteria [19]: i) 

Asian-criteria: waist circumference ≥90 cm in men and ≥80 cm in women, ii) 

systolic/diastolic blood pressure ≥130/≥85 mmHg, or on medication, iii) triglycerides ≥150 

mg/dL, iv) HDL-C <40 mg/dL in men or <50 mg/dL in women and v) fasting glucose ≥100 

mg/dL or on medication. A systemic inflammatory status in the current study was defined as 

having C-reactive protein (CRP) ≥3 mg/L or white blood cells ≥12.1x103/μL [20]; the white 

blood cells cut-point was selected because it corresponds to the same percentile as the 

standardized CRP cut-point in the cohort (i.e. 99.5th). Follow-up time was computed as the 

difference between the date of the second examination and the date of the examination where 

each CVD risk factor or inflammation was developed for the first time or the last examination 

through the end of 2016. 

 

Covariates  
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Participants reported their age, sex, educational attainment, and marital status. Information on 

smoking and alcohol consumption was based on standard questions. An optimal meal pattern 

was defined as an affirmative answer to the following question: “Do you eat on time and in 

regular amounts?” [13].  

 

Statistical analysis  

Baseline characteristics of the total sample according to changes in BMI (loss, stable, gain) 

and PA (decreasing, no change, increasing) were summarized as mean and standard deviation 

for continuous variables, and as percentage for categorical variables. Also we calculated the 

age- and sex-adjusted Pearson correlations between changes in BMI, BF% and PA.   

To model the individual dose-response relationship between changes in BMI, BF% 

and PA and the subsequent development of CVD risk factors and inflammation, we used 

restricted cubic spline Cox regressions with knots at the 10th, 50th, and 90th percentile, and 

the lowest levels in these variables as the reference category. These continuous variables were 

previously truncated at the <1st and >99th percentile to minimize the influence of outliers. 

Also Cox regressions were used to estimate hazard ratios (HRs) and their 95% confidence 

interval (CI) for subsequent CVD risk factor and inflammation incidence according to 

changes in BMI, BF% and PA. We built two Cox models for these analyses. Model 1 was 

adjusted for age (years), sex (men, women), year of baseline examination (1997-2013), 

educational attainment (middle school or below, high school, junior school, college or above), 

marital status (married, single), BMI at baseline (<18.50, 18.50-22.99, 23.00-24.99, 25.00-

26.99,≥27.00 kg/m2), PA at baseline (0, 0.01-3.74, 3.75-7.49, 7.50-15.00, >15.00 MET-

h/week), combined patterns of changes in smoking and alcohol drinking (never to never, 

never to current, past to past, past to current, current to past, current to current, 

never/past/current to missing indicator), meal patterns (optimal to suboptimal, optimal to 
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optimal, suboptimal to optimal, suboptimal to suboptimal, optimal/suboptimal to missing 

indicator), and baseline value or values of each CVD risk factor or inflammation (continuous 

variables). Model 2 was adjusted as model 1 plus changes in PA for BMI changes analyses or 

changes in BMI for PA changes analyses.  

We finally examined the combined association of changes in BMI and PA with the 

development of CVD risk factors and inflammation by creating 9 exposure categories; the 

potentially healthier condition was the reference category (i.e. weight loss and increasing PA). 

In addition, and for public purposes, we also examined individual and combined associations 

of changes in BMI (remained non-obese, became non-obese, became obese, remained obese; 

obesity ≥25.00 kg/m2) and PA (remained inactive, became inactive, became active, remained 

active; active ≥7.50 MET-h/week) status [9,21] with the development of CVD risk factors and 

inflammation, after adjustment for covariates, including number of years between baseline 

and second examinations.   

The proportional hazards assumption was checked by assessing the log–log survival 

plots. Statistical significance was set at 2-sided P< 0.05. Analyses were performed with 

STATA v.14.  
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Results  

At baseline, study participants had a mean±SD age of 37.8±11.5 years, 49% were 

women, 65% reported junior school or university studies, 66% were married, and mostly were 

never smokers (74%), never drinkers (83%) and with an optimal meal pattern (62%).  

Table 1 shows the baseline characteristics of study participants according to changes 

in BMI and PA. On average, the interval between the first and second examinations was 

1.9±1.6 years with an annual change in BMI, BF% and PA of 0.1±0.8 kg/m2, 0.2±2.2 %, and 

0.5±7.4 MET-h/week, respectively. Changes in PA showed only weak age- and sex-adjusted 

correlations with changes in BMI (r=-0.04, P<0.001) and BF% (r=-0.05, P<0.001). As 

expected, changes in BMI and changes in BF% were strongly correlated (r=0.64, P<0.001).  

During an average follow-up of 5.7±4.1 years after the second examination, 10840 

individuals (11.1%) developed hypertension, 10888 (11.0%) hypercholesterolemia, 6078 

(6.5%) atherogenic dyslipidemia, 13223 (14.2%) metabolic syndrome, 4816 (4.3%) T2DM, 

and 2027 (1.8%) inflammation. The corresponding incidence rates were 19.5, 19.7, 11.4, 

25.4, 7.3, and 3.0 per 1,000 person-years.  

Restrictive cubic spline models (Figure 1) showed a clear positive non-linear dose-

response association between changes in BMI and subsequent incidence of all CVD risk 

factors (all P for non-linear trend <0.001). Similar results were found for change in BF% 

(Supplementary Figure 1). Changes in PA showed significant non-linear dose-response 

associations (Figure 2) with subsequent incidence of hypertension, atherogenic dyslipidemia, 

and metabolic syndrome (all P for non-linear trend <0.05). The association between changes 

in PA and incident T2DM was not non-linear (P for non-linear trend =0.13) but linear (P for 

linear trend=0.019).  

Weight gain was associated with a subsequent higher risk of all CVD risk factors, with 

HR (95%CI) ranging from 1.11 (1.00-1.23) for inflammation to 1.74 (1.67-1.82) for 
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metabolic syndrome, compared with participants who lost weight (Table 2). A stable weight 

was also associated with a higher risk of all CVD risk factors except with inflammation; HR 

(95%CI) ranging from 1.07 (1.00-1.15) for atherogenic dyslipidemia to 1.25 (1.16-1.34) for 

T2DM. Compared to decreasing PA, an increase in PA was associated with a subsequent 

lower risk of hypertension, atherogenic dyslipidemia, metabolic syndrome and T2DM, with 

HR (95% CI) ranging from 0.87 (0.81-0.94) for T2DM to 0.94 (0.89-0.99) for hypertension. 

Also, no change in PA was linked to lower risk of T2DM (Table 2). Results were similar in 

analyses using changes in BF% as the exposure (Supplementary Table 1).   

Results for the combined association between changes in BMI and PA with 

subsequent incidence of CVD risk factors showed that participants who gained weight and 

decreased PA levels had the highest risk compared with those who lost weight and increased 

PA (Figure 3). Increasing or maintaining PA levels reduced the increased subsequent risk of 

some CVD risk factors among participants who maintained a stable weight or gained weight 

(Figure 4 and Supplementary Figure 2). Among participants who lost weight, decreased PA 

was not associated with an increased risk of most CVD risk factors (Figure 3).  

Individual analyses by changes in BMI categories at the first and second examinations 

showed higher incidence of CVD risk factors among participants who became or remained 

obese compared with those who remained non-obese (Supplementary Table 2). Among these 

participants with an increased risk, those who remained active or became active notably 

reduced the incidence of some CVD risk factors (Supplementary Table 3).  

 

 

 

 

 



12 
 

Discussion 

In this large prospective cohort of Asian men and women, weight loss was consistently 

associated with a lower incidence of major CVD risk factors. Also, after accounting for many 

confounders, including changes in other lifestyle behaviors and simultaneous changes in body 

weight, maintaining or increasing PA was associated with less frequent development of some 

major CVD risk factors, such as hypertension, atherogenic dyslipidemia, metabolic syndrome 

and T2DM. Of note was that the cardioprotective effects of PA were observed mostly in 

people who maintained or gained weight. Since many people who start to exercise, with 

weight loss as the primary goal, get disappointed when they fail to lose weight and, then, quit, 

our findings send an important message to these people to keep exercising or being physically 

active, because they suggest that PA contributes to CVD primordial prevention even if weight 

loss is not achieved. 

Data on the health risks of obesity has been conflicting, for example, with literature on 

the existence or not of a metabolically healthy obesity [22-24]. Our study confirms that 

obesity and its changes over time are tightly related to the development of CVD risk factors. 

In fact, for a given baseline weight status, and compared to weight loss, weight maintenance 

was associated with a higher risk of development of CVD risk factors. Hence, weight loss is 

clearly an important goal for primordial prevention in apparently healthy populations [4,5,7]. 

However, at population level, the obesity epidemic continues to increase in many countries or 

at best has leveled-off [25,26]. In addition, most clinical trials indicate that significant weight 

loss can be achieved in many people but it is maintained only in a few of them [27,28]. In this 

scenario, lifestyle modification, either improving diet or PA, is crucial for preventing CVD 

risk factors [23,24].  

In a prior work with data from almost 200,000 individuals in this same cohort [13], we 

found that PA was associated with lower incidence of hypertension, atherogenic dyslipidemia, 
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metabolic syndrome and T2DM, regardless of BMI. In addition, our results showed that even 

lower volumes of PA than those currently recommended prevented CVD risk factors. Results 

of this current analysis extend knowledge in this field by showing that PA change reduces the 

incidence of CVD risk factors, independently of baseline and simultaneous changes in BMI or 

BF%. Lee et al. [29] examined the association of changes in PA and incidence of 

hypertension and T2DM in 113,087 individuals in the South Korea Kangbuk Samsung 

Hospital cohort; compared to decreasing PA, increasing PA was negatively associated with 

both outcomes (HR, 0.93, 95%CI: 0.87-0.99 for hypertension and 0.83, 95%CI: 0.74-0.92 for 

T2DM), and no change in PA with lower risk of T2DM (HR, 0.89, 95%CI:0.81-0.97). 

However, simultaneous changes in body fat variables were not taken into account and part of 

the effect of PA on hypertension and T2DM could be mediated by its direct role on weight 

change. In small exercise-based clinical trials among patients unable to lose weight, increased 

PA led to some improvement in abdominal fat, cardiorespiratory fitness, insulin sensitivity, 

vascular compliance, endothelial function, and lipoprotein particle size [12].  

The modulatory effects of PA on cardiovascular health are complex and not 

completely elucidated. PA is associated with improvements in CVD risk factors, but these 

benefits may result from improvements in cardiorespiratory fitness through increased PA, 

which is a stronger predictor of CVD outcomes than PA alone [30,31]. In addition, although 

there are cardiorespiratory fitness variations by sex, age and genetic background, high levels 

of fitness are associated with lower risk of CVD risk factors such as obesity, hypertension, 

metabolic syndrome and T2DM [32].  

The major strength of our study was the inclusion of a large number of participants 

with a wide age range, a long follow-up period, objective measurements of major CVD risk 

factors and inflammation markers, and repeated assessments of exposure and outcome 

variables. The current study also has several limitations. PA was self-reported, which 
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regularly overestimates PA levels and underestimates the true effect of the associations; thus 

further evidence with objective measures of PA should be obtained in future research. Also, 

PA was limited to the leisure-time domain, so the dose-response association of changes in PA 

in other domains (i.e., occupational, household and transportation) with incidence of CVD 

risk factors regardless of body weight changes should still be investigated. Lack of data on 

other potentially important variables (e.g. family history of CVD, food intake, over-the-

counter medications) is also a limitation in the present work. In addition, study participants 

may not be representative of the general population of Taiwan, because they had slightly 

higher socioeconomic status; however, the prevalence of CVD risk factors and other 

characteristics in this cohort were similar to that in the Taiwanese population [14]. Thus, our 

analyses should be replicated in other Asian and non-Asian cohorts. Finally, as in any 

observational study, some residual confounding cannot be ruled out despite adjustment for 

many variables, including simultaneous changes in lifestyle behaviors.  

In conclusion, although weight loss is crucial for the prevention of CVD risk factors, 

increasing or maintaining PA is also important to prevent them among adults who gain or 

maintain their weight. Pragmatically, primordial CVD prevention should be based on 

promoting healthy lifestyle behaviors such as a PA, because it influences not only both weight 

status but also cardiorespiratory fitness and other CVD health outcomes.  

 

 

 

 

 

 

 



15 
 

Financial support  

This work was supported by Grant 02/2014 from the Plan Nacional sobre Drogas 

(Ministry of Health of Spain), FIS grants 12/1166 and 16/609 (State Secretary of R+D+I and 

FEDER/FSE), and MINECO R+D+I grant (DEP2013-47786-R). DM-G is supported by a 

’Ramon y Cajal’ contract (RYC-2016-20546). The MJ cohort was supported by the MJ 

Health Management Institution. All data used in this research were authorized by, and 

received from MJ Health Research Foundation by MJ Health Research Center (Authorization 

Codes: MJHRF2017006A and MJHRF2017007A). The funders had no role in study design, 

data collection and analysis, decision to publish, or preparation of the manuscript.  

 

Acknowledgments 

We thank MJ Health Research Foundation for making their large dataset available to 

us.  

 

Author contributions 

DMG had full access to all of the data in the study and takes responsibility for the 

integrity of the data and the accuracy of the data analysis. Study concept and design: DMG, 

FBO, MH, and CJL. Analysis and interpretation of data: all authors. Drafting of the 

manuscript: DMG, FBO, MH, CJL, and FRA. Critical revision of the manuscript for 

important intellectual content: FBO, MH, VCS, ES, EGS, HPG, KPS, and CJL. Statistical 

analysis: DMG, FBO, and MH. Administrative, technical, or material support: EGS, ES, 

VCS, HPG and KPS. Study supervision: CJL and FRA. All authors have read and approved 

the final manuscript.  

 

 



16 
 

References 

1. World Health Organization. The top 10 causes of death. https://www.who.int/news-

room/fact-sheets/detail/the-top-10-causes-of-death. Accessed: April 17, 2019. 

2. Benjamin EJ, Muntner P, Alonso A, et al. Heart Disease and Stroke Statistics-2019 

Update: A Report From the American Heart Association. Circulation. 

2019;139(10):e56-e528.  

3. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J 

Med 2005; 352: 1685–1695.  

4. Lloyd-Jones DM, Hong Y, Labarthe D, et al. Defining and setting national goals for 

cardiovascular health promotion and disease reduction: the American Heart 

Association's strategic Impact Goal through 2020 and beyond. Circulation. 

2010;121(4):586-613 

5. Turco JV, Inal-Veith A, Fuster V. Cardiovascular Health Promotion: An Issue That 

Can No Longer Wait. J Am Coll Cardiol. 2018;72(8):908-913 

6. Ortega FB, Lavie CJ, Blair SN. Obesity and Cardiovascular Disease. Circ Res. 

2016;118(11):1752-70. 

7. Lavie CJ, Laddu D, Arena R, Ortega FB, Alpert MA, Kushner RF. Healthy Weight 

and Obesity Prevention: JACC Health Promotion Series. J Am Coll Cardiol. 

2018;72(13):1506-1531. 

8. Fletcher GF, Landolfo C, Niebauer J, Ozemek C, Arena R, Lavie CJ. Promoting 

Physical Activity and Exercise: JACC Health Promotion Series. J Am Coll Cardiol. 

2018;72(14):1622-1639. 

9. 2018 Physical Activity Guidelines Advisory Committee. 2018 Physical Activity 

Guidelines Advisory Committee Scientific Report. Washington, DC: U.S. Department 

of Health and Human Services, 2018.  

https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death


17 
 

10. Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN. Sedentary Behavior, 

Exercise, and Cardiovascular Health. Circ Res. 2019 Mar;124(5):799-815.  

11. Hill JO, Wyatt HR, Peters JC. Energy balance and obesity. Circulation. 

2012;126(1):126-32. 

12. Swift DL, McGee JE, Earnest CP, Carlisle E, Nygard M, Johannsen NM. The Effects 

of Exercise and Physical Activity on Weight Loss and Maintenance. Prog Cardiovasc 

Dis. 2018;61(2):206-213. 

13. Martinez-Gomez D, Esteban-Cornejo I, Lopez-Garcia E, et al. Physical activity less 

than the recommended amount may prevent the onset of major biological risk factors 

for cardiovascular disease: A cohort study of 198,919 adults. Br J Sport Med. 2018 

Dec 15. doi: 10.1136/bjsports-2018-099740. 

14. Wu X, Tsai SP, Tsao CK, et al. Cohort Profile: The Taiwan MJ Cohort: half a million 

Chinese with repeated health surveillance data. Int J Epidemiol. 2017. 46(6):1744-

1744. 

15. MJ Health Research Foundation. The introduction of MJ Health Database. MJ Health 

Research Foundation, Technical Report MJHRF-TR-01, 2016. 

16. Chuang YC. MJ Health data-cleaning procedure. MJ Health Research Foundation, 

Technical Report MJHRF-TR-04, 2016.  

17. Chuang YC. MJ Health Data information security management guidelines. MJ Health 

Research Foundation, Technical Report MJHRF-TR-03, 2016. 

18. Wen CP, Wai JP, Tsai MK, et al. Minimum amount of physical activity for reduced 

mortality and extended life expectancy: a prospective cohort study. Lancet. 

2011;378(9798):1244-53. 

19. Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome: a 

joint interim statement of the International Diabetes Federation Task Force on 



18 
 

Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American 

Heart Association; World Heart Federation; International Atherosclerosis Society; and 

International Association for the Study of Obesity. Circulation. 2009; 120: 1640–5. 

20. Pearson TA, Mensah GA, Alexander RW, et al. Markers of inflammation and 

cardiovascular disease: application to clinical and public health practice: A statement 

for healthcare professionals from the Centers for Disease Control and Prevention and 

the American Heart Association. Circulation. 2003 Jan 28;107(3):499-511. 

21. World Health Organization. The Asia–Pacific perspective: redefining obesity and its 

treatment. Sydney, Australia: Health Communications Australia Pty Limited; 2000. 

22. Jakicic JM, Rogers RJ, Donnelly JE. The Health Risks of Obesity Have Not Been 

Exaggerated. Med Sci Sports Exerc. 2019 Jan;51(1):222-225 

23. Gaesser GA, Blair SN. The Health Risks of Obesity Have Been Exaggerated. Med Sci 

Sports Exerc. 2019;51(1):218-221 

24. Kennedy AB, Lavie CJ, Blair SN. Fitness or Fatness: Which Is More Important? 

JAMA. 2018;319(3):231-232.  

25. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, 

underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 

population-based measurement studies in 128·9 million children, adolescents, and 

adults. Lancet. 2017 Dec 16;390(10113):2627-2642.  

26. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index in 200 

countries from 1975 to 2014: a pooled analysis of 1698 population-based 

measurement studies with 19·2 million participants. Lancet. 2016 Apr 

2;387(10026):1377-1396.  

27. Kushner RF. Weight Loss Strategies for Treatment of Obesity: Lifestyle Management 

and Pharmacotherapy. Prog Cardiovasc Dis. 2018;61(2):246-252 



19 
 

28. Severin R, Sabbahi A, Mahmoud AM, Arena R, Phillips SA. Precision Medicine in 

Weight Loss and Healthy Living. Prog Cardiovasc Dis. 2019 Jan - Feb;62(1):15-20 

29. Lee JY, Ryu S, Sung KC. Association of baseline level of physical activity and its 

temporal changes with incident hypertension and diabetes mellitus. Eur J Prev Cardiol. 

2018 Jul;25(10):1065-1073.  

30. Ozemek C, Laddu DR, Lavie CJ, et al. An Update on the Role of Cardiorespiratory 

Fitness, Structured Exercise and Lifestyle Physical Activity in Preventing 

Cardiovascular Disease and Health Risk. Prog Cardiovasc Dis. 2018 Nov - Dec;61(5-

6):484-490. 

31. Arena R, Lavie CJ. Cardiorespiratory Fitness and Physical Activity: Two Important 

but Distinct Clinical Measures with Different Degrees of Precision - A Commentary. 

Prog Cardiovasc Dis. 2019 Jan - Feb;62(1):74-75. 

32. Lee DC, Sui X, Church TS, Lavie CJ, Jackson AS, Blair SN. Changes in fitness and 

fatness on the development of cardiovascular disease risk factors hypertension, 

metabolic syndrome, and hypercholesterolemia. J Am Coll Cardiol. 2012 Feb 

14;59(7):665-72.  

 

 

 

 

 

 

 

 

 



20 
 

Figure legends 

Figure 1. Incidence of cardiovascular disease risk factors according to changes in body mass index, 

based on restricted cubic splines with knots at the 10th, 50th, and 90th percentile of the body mass index 

distribution. Solid lines indicate hazard ratios and dashed lines indicate 95% confidence intervals. 

Analyses were adjusted for age, sex, year of baseline examination, educational attainment, marital 

status, body mass index at baseline, physical activity at baseline, changes in smoking, alcohol 

drinking, meal patterns and physical activity, and baseline value or values of each cardiovascular 

disease risk factor or inflammation markers. 

 

Figure 2. Incidence of cardiovascular disease risk factors according to changes in physical activity, 

based on restricted cubic splines with knots at the 10th, 50th, and 90th percentile of the physical activity 

distribution. Solid lines indicate hazard ratios and dashed lines indicate 95% confidence intervals. 

Analyses were adjusted for age, sex, year of baseline examination, educational attainment, marital 

status, body mass index at baseline, physical activity at baseline, changes in smoking, alcohol 

drinking, meal patterns and body mass index, and baseline value or values of each cardiovascular 

disease risk factor or inflammation markers. 

 

Figure 3. Combined association of changes in body mass index and physical activity with the 

subsequent incidence of cardiovascular disease risk factors. Analyses were adjusted for age, sex, year 

of baseline examination, number of years between baseline and second examinations, educational 

attainment, marital status, body mass index at baseline, physical activity at baseline, changes in 

smoking, alcohol drinking, meal patterns, and baseline value or values of each cardiovascular disease 

risk factor or inflammation markers.  

 

Figure 4. Association of changes in physical activity with the subsequent incidence of cardiovascular 

disease risk factors among individuals without weight loss. Analyses were adjusted for age, sex, year 

of baseline examination, educational attainment, marital status, body mass index at baseline, physical 
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activity at baseline, changes in smoking, alcohol drinking, meal patterns, and baseline value or values 

of each cardiovascular disease risk factor or inflammation markers. Individuals who maintained a 

stable weight or gained weight were included.  
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Table 1. Baseline characteristics of study participants according to changes in body mass index and physical activity during follow-up. 

 
Values are mean±SD or %. *n=115,

 Change in body mass index  Change in physical activity  

 Loss Stable Gain P Decreasing No change Increasing P 

N 38713 38713 38708  37256 32654 46224  

Women 49.9 49.9 47.0 <0.001 45.2 52.6 49.3 <0.001 

Age, y 39.5±12.2 37.7±11.2 36.4±10.8 <0.001 37.6±11.7 37.4±10.9 38.5±11.6 <0.001 

Educational attainment, %    <0.001     

Middle school or below 16.9 13.6 11.8  13.1 13.8 15.1  

High school 20.2 20.5 19.9  18.7 22.0 20.1  

Junior school 23.1 25.0 25.5  23.4 26.3 24.3  

College or above 39.8 40.9 42.8 <0.001 44.8 37.9 40.5 <0.001 

Married, % 68.8 67.6 62.2 <0.001 62.6 68.2 67.6 <0.001 

Smoking status, %         

Never  74.3 74.7 72.5  73.1 74.3 74.2  

Former 6.5 5.6 6.0  6.3 5.5 6.1  

Current 19.2 19.7 21.5 <0.001 20.6 20.2 19.7 0.015 

Alcohol drinking, %         

Never  82.7 83.2 82.9  82.2 84.0 82.8  

Former 2.1 2.0 2.3  2.2 2.0 2.2  

Current 15.2 14.8 14.8 0.518 15.6 14.0 15.0 0.223 

Optimal meal patterns, % 63.2 62.3 59.0 <0.001 62.9 59.0 62.0 0.109 

Body mass index, kg/m2 23.4±3.5 22.2±3.2 22.6±3.5 <0.001 22.8±3.4 22.5±3.5 22.8±3.4 0.257 

Body fat*, % 26.6±6.7 24.6±6.2 25.0±6.6 <.001 25.1±6.5 25.4±6.6 25.6±6.6 <0.001 

Physical activity, MET-h/week 6.2±9.2 5.8±8.9 5.7±8.9 <0.001 10.8±11.6 3.3±6.6 3.7±6.2 <0.001 

Hypertension, % 15.9 11.4 11.0 <0.001 12.7 11.7 13.6 <0.001 

Hypercholesterolemia, % 12.0 9.3 8.6 <0.001 9.7 9.6 10.5 <0.001 

Waist circumference, cm 77.9±10.3 75.1±9.9 75.8±10.0 <0.001 76.5±10.0 75.7±10.3 76.5±10.2 0.747 

HDL-cholesterol, mg/dL 52.3±14.9 53.6±15.1 53.4±15.0 <0.001 53.3±14.9 52.8±14.9 53.0±15.1 0.036 

Triglycerides, mg/dL 122.4±101.1 108.0±82.0 103.6±75.8 <0.001 109.7±84.7 110.7±86.8 113.1±89.7 <0.001 

Type 2 diabetes, % 4.3 2.2 1.9 <0.001 2.7 2.7 3.0 0.033 

C-reactive protein, mg/dL 0.2±0.4 0.2±0.4 0.2±0.5 0.126 0.2±0.4 0.2±0.4 0.2±0.5 <0.001 

White blood cells,  x103/μL 6.3±1.6 6.1±1.5 6.2±1.6 0.103 6.1±1.5 6.2±1.6 6.2±1.6 <0.001 
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Table 2. Association of changes in body mass index and physical activity with the subsequent incidence of cardiovascular disease risk factors  

 

 

HR: Hazard ratio; CI: Confidence interval. Model 1 was adjusted for age, sex, year of baseline examination, educational attainment, marital status, body mass index at 

baseline, physical activity at baseline, changes in smoking, alcohol drinking, meal pattern, physical activity at baseline, and baseline value or values of each cardiovascular 

disease risk factor or inflammatory markers. Model 2 was adjusted as model 1 plus changes in physical activity for body mass index changes analyses or changes in body 

mass index for physical activity changes analyses.  

 

 Body mass index change  Physical activity change 

 Loss Stable Gain  Decreasing No change Increasing 

Incident hypertension         

N/cases 32481/3532 32463/3459 32472/3849  31283/3424 27834/3138 38299/4278 

Model 1  HR (95%CI) 1 (Reference) 1.25 (1.19-1.31) 1.39 (1.33-1.46)  1 (Reference) 0.97 (0.92-1.02) 0.93 (0.89-0.98) 

Model 2  HR (95%CI) 1 (Reference) 1.25 (1.19-1.31) 1.40 (1.33-1.46)  1 (Reference) 0.97 (0.92-1.03) 0.94 (0.89-0.99) 

Incident hypercholesterolemia         

N/cases 32947/3665 32945/3514 32945/3709  31713/3404 28040/3190 39084/4294 

Model 1  HR (95%CI) 1 (Reference) 1.12 (1.07-1.17) 1.21 (1.16-1.27)  1 (Reference) 0.98 (0.93-1.04) 0.97 (0.92-1.02) 

Model 2  HR (95%CI) 1 (Reference) 1.12 (1.07-1.17) 1.21 (1.15-1.27)  1 (Reference) 0.98 (0.93-1.04) 0.97 (0.93-1.03) 

Incident atherogenic dyslipidemia         

N/cases 31273/1966 31236/1747 31234/2365  30264/1888 26224/1822 37219/2368 

Model 1  HR (95%CI) 1 (Reference) 1.08 (1.01-1.15) 1.45 (1.36-1.53)  1 (Reference) 0.97 (0.90-1.05) 0.90 (0.84-0.97) 

Model 2  HR (95%CI) 1 (Reference) 1.07 (1.00-1.15) 1.44 (1.35-1.53)  1 (Reference) 0.97 (0.90-1.04) 0.91 (0.85-0.98) 
Incident metabolic syndrome        

N/cases 31022/4048 31034/3873 31010/5302  30025/4203 26429/3908 36612/5112 

Model 1  HR (95%CI) 1 (Reference) 1.30 (1.24-1.35) 1.75 (1.68-1.82)  1 (Reference) 0.99 (0.94-1.04) 0.90 (0.86-0.94) 

Model 2  HR (95%CI) 1 (Reference) 1.29 (1.24-1.35) 1.74 (1.67-1.82)  1 (Reference) 1.00 (0.95-1.05) 0.91 (0.87-0.96) 

Incident type 2 diabetes         

N/cases 37172/1627 37168/1440 37165/1749  35788/1495 31432/1400 44285/1921 

Model 1  HR (95%CI) 1 (Reference) 1.25 (1.16-1.34) 1.48 (1.38-1.58)  1 (Reference) 0.89 (0.82-0.97) 0.86 (0.80-0.93) 
Model 2  HR (95%CI) 1 (Reference) 1.25 (1.16-1.34) 1.47 (1.37-1.58)  1 (Reference) 0.89 (0.82-0.96) 0.87 (0.81-0.94) 

Incident inflammation        

N/cases 38164/703 38164/589 38163/735  36095/635 32169/592 44792/800 

Model 1  HR (95%CI) 1 (Reference) 0.95 (0.85-1.06) 1.10 (1.00-1.22)  1 (Reference) 1.02 (0.89-1.16) 1.00 (0.89-1.13) 

Model 2  HR (95%CI) 1 (Reference) 0.95 (0.85-1.06) 1.11 (1.00-1.23)  1 (Reference) 1.02 (0.90-1.16) 1.00 (0.89-1.14) 


