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*  WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT? 

 Most prospective cohort studies on the association between physical activity and 

weight change have used only a baseline measure of physical activity.  

 Assessment of changes in physical activity better estimates the potential effect of 

physical activity-based interventions to control adiposity and provide a closer 

approach to causal evidence. 

*  WHAT DOES THIS STUDY ADD? 

 In this work we found that increasing physical activity may help to prevent both 

overall and abdominal obesity.  

 As regards to obesity management, our results also suggest that among participants 

with obesity, increasing physical activity may help to lose sufficient weight or reduce 

their waist circumference to become non-obese. 

 Adopting a more active lifestyle could play a key role in the prevention and 

management of obesity in the population. 
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ABSTRACT 

Objective: We examined the dose-response relationship between changes in physical activity 

(PA) and subsequent incidence or remission of overall and abdominal obesity.  

Methods: A total of 113,950 healthy individuals aged ≥18 years participating in the Taiwan 

MJ Cohort. Two-year changes in PA between the first and second examination were linked to 

subsequent development and remission of overall and abdominal obesity.  

Results:  During a mean 5.6-y follow-up after the second examination, 9,991 and 11,488 

individuals developed overall and abdominal obesity, respectively; also 3,588 and 3,156 

participants with obesity lost sufficient weight or reduce their waist circumference to be 

classified as non-obese. Compared to no changes in PA, the multivariable hazard ratio (95% 

confidence interval) of overall obesity was 0.95 (0.90-1.00) for a PA increase of 0.01 to 3.74 

MET-h/week, and 0.86 (0.80-0.91) of PA increase of ≥3.75 MET-h/week. Corresponding 

values for remission of obesity were 1.00 (0.91-1.09) and 1.16 (1.05-1.28). Similar results 

were observed for the development and remission of abdominal obesity. Any decrease in PA 

was not associated with the risk of obesity outcomes when compared with a stable pattern (0 

MET-h/week).  

Conclusions: Increasing PA was consistently associated with a progressively lower incidence 

and higher remission of overall and abdominal obesity.  

 

Keywords: physical activity, obesity, abdominal obesity, epidemiology.  
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INTRODUCTION 

Overall and abdominal obesity have reached epidemic levels worldwide and represent 

an enormous health (1-4) and economic burden (5-6). Physical activity (PA) promotes a 

negative energy balance by increasing total energy expenditure (1,7) and, thus, could play a 

key role in both prevention and management of obesity. Accordingly, public health and 

obesity management guidelines highlight PA as a significant contributor to weight 

maintenance and weight loss, but evidence is still insufficient to inform effective population-

based strategies (8-13).  

Most previous epidemiological studies on the association between PA and weight 

change have used only baseline measurements of PA (13,14). However, the assessment of 

changes in PA levels could serve to estimate more accurately the potential effect of PA-based 

interventions to control weight and adiposity, and also provide a closer approach to causal 

relationships (15-18). To date, only a few studies have examined the prospective association 

between changes in PA and obesity. However, these studies have limitations such as the use 

of weight without any standardization as the main outcome, obesity measurements based on 

self-report, restricted use of obesity outcomes as continuous variables, inclusion of 

participants with any class of obesity, and no stratified analyses across obesity groups (15-

18).  On the other hand, exercise-based clinical trials with obese adults have been of short 

duration (i.e. 6-12 months) and were conducted in relatively small and motivated samples, 

under highly structured regimes; thus, their results might not represent the long-term benefits 

of PA in most individuals with obesity (14).  

The present study, conducted with a large prospective cohort with repeated measures 

of PA and objective overall and abdominal obesity in Asian adults, examined the dose-

response relationship between changes in PA and subsequent incidence and remission of 

obesity.  
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METHODS 

Study population 

This research was conducted using the Taiwan MJ Cohort resource, an ongoing and 

dynamic prospective study of women and men who participated in a large health check-up 

program run by the MJ Health Management Institution, Taiwan (www.mjclinic.com.tw). The 

details of the MJ Cohort study population and data collection methods have been reported 

elsewhere (19,20). Briefly, the MJ Cohort has enrolled around 600,000 Taiwanese individuals 

since 1994. Participants completed a standardized protocol including a self-administered 

questionnaire, physical examinations, and laboratory tests in the morning; these procedures 

conformed to ISO 9001 for quality management. After the first examination, all participants 

were encouraged to return annually, and all data are updated by the MJ Health Research 

Foundation.  

Study participants provided informed written consent, and the study protocol was 

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, so that participants remained anonymous during the entire study process (21). To 

avoid research inaccuracies caused by the quality of the data, the MJ Health Research 

Foundation previously conducted standardized data cleaning (e.g. extreme or incorrect values) 

(22).  

For this analysis, 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 

cardiovascular disease (CVD) at the first and/or second examinations, (ii) incomplete data at 

the first examination on main covariates, with the exception of educational attainment and 

marital status, which were replaced with information from the next examination with these 

data, (iii) having less than three examinations through 2016 with valid data on the specific 

http://www.mjclinic.com.tw)/
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obesity variables, (iv) lacking data at the first and second examinations on PA data, and (v) 

incidence or remission of obesity at the second examination.  

 

Study variables 

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

since 1997 (23,24). In this questionnaire participants were asked to report participation in 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 (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 (23,24). To calculate the total 

volume of PA (MET-h/week), the MET value for the reported intensity was multiplied by the 

frequency and duration. For participants who indicated activities in more than one intensity 

category, an average MET value was assigned. The MJ PA Questionnaire has been slightly 

modified over the years and all the data were harmonized before pooling (Supplementary 

Table 1) as detailed previously (24). This questionnaire has shown acceptable reliability and 

excellent convergent validity predicting cause-specific mortality and cancer incidence (23). 

Change in PA as a continuous variable was calculated as the difference in total volume of PA 

at the first and second examinations, and divided by number of years between them (MET-

h/week per year) because the interval between examinations varied among participants in this 

cohort. Participants with an annual change of 0 MET-h/week were categorized into the stable 

or no change group, whereas those with negative and positive values were categorized into 

the decrease and increase groups, respectively. Among these latter groups, the cut-off point of 

3.75 MET-h/week per year (equivalent to ½ times the minimum recommended amount of PA, 

that is, 75 min per week of moderate intensity PA or 37.5 min at vigorous intensity) was used 
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to define small to moderate vs. moderate to large changes in PA; this amount of PA has been 

previously associated with a reduced risk of obesity (24).  

From the first to the last examination, 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). Also, waist circumference (WC) to the nearest mm was measured at the 

midpoint between the lower end of the rib cage and the crest of the ilium. BMI was calculated 

as weight in kg divided by squared height in m, and participants with values ≥25 kg/m2 were 

classified as obese according to guidelines for Asian populations (25). Asian cut-off points of 

WC ≥90 cm in men and ≥80 cm in women identified participants with abdominal obesity 

(26).  

In the clinical examinations, participants also reported their educational attainment 

(middle school or below, high school, junior school, college or above), and marital status 

(single, married, widowed). Information on smoking and alcohol consumption (never, former, 

currently) based on standard questions was recorded at the first and second examinations. An 

optimal meal pattern at the first and second examinations was defined as an affirmative 

answer to the following question: “Do you eat on time and in regular amounts?” (24). 

Hypertension was identified from the medical history, systolic blood pressure ≥140 mm Hg or 

diastolic blood pressure ≥90 mm Hg. Hypercholesterolemia was defined as serum total 

cholesterol ≥240 mg/dL or use of lipid-lowering drugs. Type 2 diabetes was defined as a 

history of diabetes or fasting blood glucose ≥126 mg/dL.  

 

Statistical analyses  

Baseline characteristics of the total sample and by study groups were summarized as 

mean and SD for continuous variables, and as percentage for categorical variables. Follow-up 

time was computed as the difference between the date of the second examination and the date 
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of the examination where overall and abdominal obesity was developed or remitted for the 

first time or the last examination through the end of 2016.  

To model the dose-response relationship between changes in PA and overall and 

abdominal obesity risk and remission, we used restricted cubic spline Cox regression with 

knots at the 10th, 50th, and 90th percentile, and a change of 0 MET-h/week as the reference 

value; these knots ensure that the curve interpolates the end points assuming a Gaussian 

distribution. Departure from linearity was assessed by a Wald test and an F statistic is 

computed to calculate the significance level of the hypothesis test. Total PA in MET-h/week 

per year was previously truncated (winsorization) at the <1st and >99th percentile to 

minimize the influence of outliers. Also Cox regression was used to estimate hazard ratios 

(HRs) and their 95% confidence interval (CI) for obesity incidence and remission across the 

following categories of change in PA: moderate to large decrease (≤-3.75 MET-h/week), 

small to moderate decrease (-0.01 to -3.74 MET-h/week), no change or stable, small to 

moderate increase (0.01 to 3.74 MET-h/week), and moderate to large increase (≥3.75 MET-

h/week); no change was the reference category. We built three Cox models with sequential 

adjustment for potential confounders: model 1 adjusted for age (years), sex (men, women), 

year of baseline examination (year), educational attainment (middle school or below, high 

school, junior school, college or above), marital status (single, married), BMI (kg/m2) and PA 

at baseline (MET-h/week); model 2 further adjusted for hypertension (yes, no), 

hypercholesterolemia (yes, no) and diabetes (yes, no); and model 3 further adjusted for 

baseline and changes in smoking (never to never, never to current, past to current, current to 

past, and current to current, never/past/current to missing), alcohol drinking (never to never, 

never to current, past to current, current to past, and current to current, never/past/current 

missing), and meal pattern (optimal to optimal, optimal to suboptimal, suboptimal to optimal, 
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suboptimal to suboptimal, never/past/current to missing). WC (cm) at baseline was also used 

as a covariate in abdominal obesity analyses.  

Since severe obesity (BMI>30 kg/m2 in Asian populations) (21) has a greater harmful 

effect on health, we also examined the effect of changes in PA on severe obesity incidence 

and remission. In addition, to minimize reverse causation, we repeated the analyses among 

participants without baseline metabolic disturbances (hypertension, hypercholesterolemia and 

diabetes).   

Finally, to further examine the effect of baseline PA levels on the association between 

changes in PA on overall and abdominal obesity risk and remission, we categorized 

participants in the first and second examinations as inactive (0 MET-h/week), insufficiently 

active (>0 to 7.49 MET-h/week), and active (≥7.5 MET-h/week [equivalent to 1 time the 

minimum recommended amount of PA], thus creating nine groups. Cox regressions were run 

using participants who were inactive at baseline and follow up as the reference category, with 

adjustment for the aforementioned covariates plus the number of years between both 

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 

According to the exclusion criteria, a total of 113,950 individuals with the first 

examination between 1997-2013 were included for this work. Specifically, our final sample 

included 83,567 and 91,700 participants without overall and abdominal obesity at the first and 

second examinations, respectively, for obesity risk analyses. In addition, we included 24,153 

and 12,688 participants with overall and abdominal obesity at the first and second 

examinations, respectively, for obesity remission analyses. Figure 1 shows the flow of 

participants for the present analysis of the Taiwan MJ Cohort. At baseline, study participants 

had a mean±SD age of 37.8±11.4 years, 49% were women, 66% reported junior school or 

university studies, 66% were married, and were mostly never smokers and drinkers (Table 1). 

Prevalence of hypertension, hypercholesterolemia, and type 2 diabetes was 13%, 10%, and 

3%, respectively. Men, older participants, those with lower educational attainment, married, 

and with a worse metabolic profile were more likely to have overall or abdominal obesity 

(Table 1). 

On average, the interval between the first and second examinations was 1.9±1.6 years 

with an annual change in PA levels of 0.5±5.8 MET-h/week. Participants with obesity had a 

slightly greater increase in PA between the first and second examinations than their 

counterparts without obesity (Supplementary Figure 1). Baseline characteristics according to 

categories of change in PA among participants with and without obesity are shown in 

Supplementary Tables 2-5. A total of 9,991 of 83,567 and 11,488 of 91,700 participants 

developed overall and abdominal obesity, respectively, during a mean±SD follow-up of 

5.7±4.1 and 5.6±4.1 years; the corresponding incidence rates were 20.9 and 22.3 per 1,000 

person-years. During a mean follow-up of 5.0±3.8 and 4.4±3.5 years, 3,588 of 24,153 and 

3,156 of 12,688 obese participants lost sufficient weight or WC to be classified as non-obese, 

respectively; the corresponding remission rates were 29.7 and 56.5 per 1,000 person-years.  
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Restrictive cubic spline models (Figure 2) showed a non-linear dose-response 

association between changes in PA and subsequent incidence and remission of overall and 

abdominal obesity (all P for non-linear trend <0.001). We observed a reduced incidence of 

obesity (Figures 2A and 2B) and an increased obesity remission (Figures 2C and 2D) among 

participants who increased PA during follow-up; and the greater the increase in PA, the 

stronger the favorable association with incidence of obesity or its remission. In contrast, 

decreasing PA levels did not show a clear association with obesity outcomes, but we found 

some tendency to increased obesity remission (Figures 2C and 2D) among those who 

decreased PA (a U-shaped dose-response curve).  

As compared with having stable PA levels, a moderate to large increase in PA was 

associated with 14% and 16% lower incidence of subsequent overall and abdominal obesity, 

respectively (Table 2); even a small to moderate increase in PA showed a 5% lower risk of 

overall obesity and a 6% lower risk of abdominal obesity. Moreover, a moderate to large 

increase in PA was linked to a 16% and 22% higher frequency of remission of overall and 

abdominal obesity, respectively (Table 2). A decrease in PA was not significantly associated 

with either a greater obesity development or remission (Table 2). In these models, baseline 

PA was significantly associated with obesity incidences, but not with obesity remissions.  

Similar associations were found when examining severe obesity incidence and 

remission (Supplementary Figure 2 and Table 6). When excluding participants with an 

unfavorable metabolic profile, the results were virtually identical, with the exception of a 20% 

higher remission of abdominal obesity in participants with a moderate to large decrease in PA 

compared to those with stable PA (Supplementary Table 7).  

Inactive participants at the first examination who increased PA in the second 

examination showed lower incidence of both types of obesity and higher frequency of 

remission, as compared with consistently inactive participants (Figure 3). Also, those who 
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were consistently active over time had a notable reduction of incident overall and abdominal 

obesity (Figure 3). Participants who were initially active but became inactive in the second 

examination had a lower frequency of overall obesity reduction that those who were 

continually inactive (Figure 3).  
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DISCUSSION 

In this large prospective cohort of Asian men and women, increasing PA was 

associated with a progressively lower incidence and higher remission of overall and 

abdominal obesity, irrespective of some important potential confounders, including baseline 

PA. These findings have public health and clinical relevance by highlighting PA promotion 

could be an important strategy with potential to significantly curve the obesity epidemic in the 

general population. (11,12)  

People with obesity are at increased risk of many serious chronic conditions, including 

hypertension, dyslipidemia, type 2 diabetes, CVD and cancer; and it also translates in higher 

mortality (2,4). Thus, from a public health perspective, avoiding obesity development and its 

progression is crucial for future health. Increasing PA or maintaining high levels of PA have 

been included as key goals in public health guidelines for obesity prevention (10,11). 

Evidence for these recommendations are mainly based on observational studies rather than 

clinical trials (13). The majority of these observational studies, however, were conducted with 

only a single measure of PA at baseline (12,13). Regarding a few studies that have examined 

changes or trajectories in PA, weight, WC or other obesity outcomes were analyzed as 

continuous variables, and therefore, participants with any class of obesity were included. For 

example, in 3554 men and women (age 18- 30 years at baseline) from the Coronary Artery 

Risk Development in Young Adults (CARDIA) study, Hankinson et al. (15) evaluated the 

relationship between PA and changes in BMI and WC over 20 years. May et al. examined the 

effect of change in PA on body fatness over a 10-y period in 4944 participants from the 

Doetinchem Study (age 26-66 years at baseline). Hamer et al. (17) examined PA patterns over 

10 years in relation to BMI and WC in 4,880 participants (mean age 49.3 years at baseline) 

from the Whitehall II cohort. Lee et al. (18) examined the association of different amounts of 

PA with long-term weight changes among women consuming a usual diet, involving 34,079 
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healthy US women (mean age, 54.2 years at baseline) from 1992-2007. All these studies 

found a negative relationship between changes in PA and gain in overall and abdominal 

obesity markers.  

Our previous study with baseline data on PA among ~200.000 participants in this 

same cohort showed that, as compared with inactive participants (i.e. 0 MET-h/week), those 

who spent 0.1–3.74, 3.75–7.49, 7.50–14.99, and ≥15 MET-h/week in PA reduced their 

obesity risk by 2%, 8%, 10% and 10%, respectively. Although previous research and current 

PA guidelines suggest a minimum of 7.5 MET-h/week (i.e. 150 min per week of moderate 

intensity PA or 75 min at vigorous intensity) for obesity prevention, this initial work showed 

that doing at least ½ of the recommended amount of PA (i.e. 3.75 MET-h/week) may prevent 

the onset of overall obesity (20). The present study extends knowledge by confirming that 

increasing such amounts of PA may have certain benefits preventing obesity development: 

persons without obesity who increased PA at least 3.75 MET-h/week per year reduced the 

risk of overall obesity by 14% when compared to those with stable PA, irrespective of their 

baseline PA. In contrast to prior work (20), our study indicates that more benefits may be 

attained with a greater increase in PA (>3.75 MET-h/week per year), even though only a very 

small percentage of participants achieved such increase. In addition, our results also support 

that maintaining high PA levels would be important for obesity prevention.  

Curving the obesity epidemic requires a focus on prevention, but effective 

management of obesity is also important. Anti-obesity medications and bariatric surgery are 

recommended in severe or complicated obesity, but the first-line treatment for obesity is 

lifestyle modification, including increased PA (9,11,12). In the absence of dietary restriction, 

the minimum levels of PA recommended may induce only a modest weight loss (i.e. 2-3 kg); 

thus, at least 1.5 times the recommended amount of PA (i.e. ≥11.25 MET-h/week) is indicated 

in accordance with clinical trials without changes in dietary intake among patients with 
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obesity (11,14). This large cohort study has allowed to examine how participants with obesity 

moved to a healthier non-obese status, as well as the role of changes in PA on obesity 

remission during a longer follow-up than most clinical trials. In contrast to prior trial 

evidence, an increase of at least ½ times the usually recommended amount of PA was 

associated with a 16% higher frequency of obesity remission, compared with no change PA 

during follow-up. Also, our results suggest that only increasing PA, but not initial PA levels 

or maintaining high PA, is essential for obesity remission.  

We did not obtain clear results on the association between decreased PA and obesity 

outcomes. While analyses using categories of change in PA and adjusting for baseline PA did 

not show that decreased PA was linked to higher incidence of obesity (Table 2), analyses 

using a continuous variable of change in PA (cubic splines in Figure 2) suggest some 

tendency for higher risk of obesity. However, when analyses where stratified according to PA 

at baseline (Figure 3), individuals who were active o insufficiently active at first examination 

and that decreased their PA at the second examination experienced a lower reduction in 

obesity risk than those who remained active in both examinations. Likewise, those who were 

initially active but became inactive in the second examination had a lower frequency of 

obesity reduction that those continually active. Taking all these results together, it seems that 

some, but not all, of the benefits of PA remain in those who reduce their activity level. In fact, 

previous research has shown that the health benefits of doing high and very high levels of PA 

remain during some time (13,14); moreover, PA is an important determinant of 

cardiorespiratory fitness, which is a more stable biological marker with a strong inverse 

relationship with obesity (2,13) and critical component for predicting major clinical outcomes 

in obesity (2,11,27). Future research with a longer follow-up may shed more light in this 

issue; for instance, one study on the timing of dietary changes on subsequent health outcomes 
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indicates that the associations were strengthened when changes over a longer duration were 

evaluated (28).  

Another important feature of this study was the assessment of abdominal obesity, 

because most previous research focused on BMI-based overall obesity (13,14) and there is 

evidence that abdominal obesity is a risk factor for CVD and death independently of BMI 

(29). Our results agree with data from prospective studies and clinical trials since the 

beneficial effect of PA is usually greater for abdominal than for overall obesity (14). In 

addition, since our results are independent of BMI levels, it supports the contention that 

people exercising regularly may reduce abdominal fat, as measured by waist circumference, 

regardless of weight change (14).  

The strengths of this study include a large sample size, a wide age range, objective 

measures of obesity, and repeated assessments of exposure and outcome variables. However, 

several limitations should be acknowledged. PA was self-reported, which usually 

overestimates PA levels and add a source of error and inaccuracy to the PA measurement. 

Self-reported PA data might underestimate the true effect of the associations and hence, more 

accuracy measurements would be important. However, a few prospective studies that used 

objectively measured PA, with smaller sample sizes (i.e. 47-739 participants) and shorter 

lengths of follow‐up (i.e. 1.5-5.6 years) than reports with self-reported PA, found mixed 

findings on the association between baseline and changes in PA and different obesity markers 

(30). Also, PA was limited to leisure-time domains; thus, the dose-response association of 

changes in PA at different intensities in other domains (i.e., occupational, household and 

transportation) with incidence and remission of obesity are of major importance and should 

still be investigated (31-33). Lack of information on other potentially important variables (e.g. 

energy intake, medications, family history of CVD) is also a major limitation in the present 

work. Another limitation is that participants may not be representative of the general 
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population of Taiwan, because they had somewhat higher socioeconomic status; however, the 

prevalence of obesity and other characteristics in this cohort are similar to that in the 

Taiwanese population (19). Also, these analyses should be replicated in other Asian and non-

Asian cohorts because the results may differ. Finally, although analyses were adjusted for 

many variables, including changes in lifestyle over time, some residual confounding cannot 

be ruled out.  

In conclusion, in this large Asian cohort, even a relatively small increase in PA was 

associated with a lower incidence, as well as higher remission, of overall and abdominal 

obesity. These results suggest that adopting a more active lifestyle could play a key role in 

prevention and management of obesity in the population with potentially profound public 

health implications. Future research should confirm our results in other populations, and 

evaluate the effectiveness of interventions to better promote PA at the individual and 

population levels (12).  
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Table 1. Baseline characteristics in the total sample and by overall and abdominal obesity study groups in Taiwanese individuals from the MJ Cohort. 

 

 

Values are mean ± SD or %. * Overall obesity: body mass index ≥25 kg/m2. ** Abdominal obesity: waist circumference ≥90 cm in men and ≥80 cm.  

  

  Overall obesity* Abdominal obesity** 

 All No Yes No Yes 

N 113950 83567 24153 91700 12688 

Women 49.0 56.1 28.6 51.2 38.8 

Age, y 37.8±11.4 36.8±11.1 41.2±11.8 36.5±10.6 44.6±13.0 

Educational attainment, %      

Middle school or below 14.0 11.8 21.4 10.8 30.6 

High school 20.2 20.6 18.9 20.5 18.3 

Junior school 24.6 25.6 21.7 25.7 18.9 

College or above 41.2 42.0 38.0 43.0 32.2 

Marital status, %      

Single 33.9 36.1 26.1 35.9 25.2 

Married 66.1 63.9 73.9 64.1 74.8 

Smoking status, %      

Never  73.9 77.1 64.2 75.4 66.2 

Former 6.0 5.1 8.6 5.6 8.2 

Current 20.1 17.8 27.2 19.0 25.6 

Alcohol drinking, %      

Never  83.1 85.3 76.2 84.5 76.5 

Former 2.1 1.8 3.0 1.9 3.2 

Current 14.8 12.9 20.8 13.7 20.3 

Optimal meal patterns, % 61.5 62.6 58.2 61.9 59.0 

Body mass index, kg/m2 22.7±3.4 21.1±2.1 27.7±2.4 21.6±2.5 28.4±3.0 

Overall obesity*, % 23.2 0 100 10.0 90.0 

Hypertension, % 12.6 8.4 26.2 8.8 33.9 

Hypercholesterolemia, % 9.9 8.0 15.9 8.2 18.2 

Type 2 diabetes, % 2.9 1.9 6.3 1.7 9.6 

Physical activity, MET-h/week 5.9±9.0 5.6±8.8 6.5±9.5 5.8±9.1 6.1±8.7 
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Table 2. Association of changes in physical activity with the subsequent incidence and remission of overall and abdominal obesity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

HR: Hazard ratio; CI: Confidence interval. *Overall obesity: body mass index ≥25 kg/m2. **Abdominal obesity: waist circumference ≥90 cm in men and ≥80 cm in women.  

Model 1 was adjusted for age, sex, year of baseline examination, educational attainment, marital status, body mass index, waist circumference in abdominal obesity analyses, and 

physical activity at baseline.  

Model 2 was adjusted as Model 1 plus hypertension, hypercholesterolemia, and diabetes.  

Model 3 was adjusted as model 2 plus baseline and changes in smoking, alcohol drinking, and meal patterns.  

 

 Decrease Stable Increase 
 Moderate to large 

≤-3.75 MET-h/week 

Small to moderate 

-0.01 to -3.74 MET-h/week 

No change  

0  MET-h/week 

Small to moderate  

0.01 to 3.74 MET-h/week 

Moderate to large 

≥3.75 MET-h/week 

Obesity incidence      

Overall obesity*      

N/cases 10275/1386 16216/1840 24052/2926 21419/2362 11605/1477 

Model 1 HR (95%CI)  1.01 (0.94-1.09) 1.00 (0.94-1.06) 1 (Reference) 0.95 (0.90-1.00) 0.85 (0.79-0.90) 

Model 2 HR (95%CI) 1.01 (0.94-1.09) 1.00 (0.94-1.06) 1 (Reference) 0.94 (0.89-1.00) 0.85 (0.79-0.90) 

Model 3 HR (95%CI) 1.01 (0.94-1.09) 1.00 (0.95-1.07) 1 (Reference) 0.95 (0.90-1.00) 0.86 (0.80-0.91) 

Abdominal obesity**      

N/cases 11579/1582 17924/2094 25970/3365 23326/2681 12901/1726 

Model 1 HR (95%CI)  1.00 (0.93-1.07) 0.97 (0.92-1.02) 1 (Reference) 0.94 (0.89-0.98) 0.83 (0.78-0.88) 

Model 2 HR (95%CI) 1.00 (0.93-1.07) 0.97 (0.92-1.03) 1 (Reference) 0.93 (0.89-0.98) 0.83 (0.78-0.88) 

Model 3 HR (95%CI) 0.99 (0.92-1.06) 0.97 (0.92-1.03) 1 (Reference) 0.94 (0.89-0.99) 0.84 (0.79-0.89) 

Obesity remission      

Overall obesity*      

N/cases 3422/558 4464/563 6534/982 5707/817 4026/668 

Model 1 HR (95%CI)  1.04 (0.92-1.17) 0.90 (0.81-1.00) 1 (Reference) 1.00 (0.91-1.09) 1.16 (1.05-1.28) 

Model 2 HR (95%CI) 1.05 (0.93-1.18) 0.91 (0.81-1.01) 1 (Reference) 0.99 (0.91-1.09) 1.16 (1.05-1.28) 

Model 3 HR (95%CI) 1.05 (0.93-1.18) 0.91 (0.82-1.01) 1 (Reference) 1.00 (0.91-1.09) 1.16 (1.05-1.28) 

Abdominal obesity**      

N/cases 1741/455 2239/468 3532/870 3038/745 2138/618 

Model 1 HR (95%CI)  1.07 (0.94-1.22) 0.92 (0.82-1.03) 1 (Reference) 1.03 (0.93-1.14) 1.23 (1.11-1.37) 

Model 2 HR (95%CI) 1.07 (0.94-1.23) 0.92 (0.82-1.03) 1 (Reference) 1.03 (0.94-1.14) 1.23 (1.11-1.37) 

Model 3 HR (95%CI) 1.07 (0.94-1.22) 0.92 (0.82-1.03) 1 (Reference) 1.03 (0.94-1.14) 1.22 (1.10-1.36) 
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FIGURE LEGENDS 

 

Figure 1. Flowchart of participants in the Taiwan MJ Cohort. BMI: body mass index. WC: waist 

circumference. Overall obesity: BMI ≥25 kg/m2. Abdominal obesity: WC ≥90 cm in men and ≥80 cm 

in women.  

 

Figure 2. Incidence and remission of overall and abdominal obesity 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. Body mass index ≥25 kg/m2 identified participants with overall obesity and 

waist circumference ≥90 cm in men and ≥80 cm in women identified participants with abdominal 

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

marital status, body mass index, waist circumference in abdominal obesity analyses, physical activity 

at baseline examination, hypertension, hypercholesterolemia, diabetes, and baseline and changes in 

smoking, alcohol drinking, and meal patterns. 

 

Figure 3. Incidence and remission of overall and abdominal obesity according to changes in physical 

activity categories. I bars represent 95% confidence intervals. Inactive: 0 MET-h/week. Insufficiently 

active: 0.01-7.49 MET-h/week. Active: ≥7.50 MET-h/week, equivalent to 150 min/wk of moderate 

physical activity, 75 min/wk at vigorous intensity, or a combination of both. Body mass index ≥25 

kg/m2 identified participants with overall obesity and waist circumference ≥90 cm in men and ≥80 cm 

in women identified participants with abdominal obesity. 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, waist circumference in abdominal obesity analyses, 

hypertension, hypercholesterolemia, diabetes, and baseline and second examinations in smoking, 

alcohol drinking, and meal patterns. 

 


