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Objectives: We investigated the associations of mean levels of leisure-time physical activity (LTPA) and latent LTPA trajectories with all-cause mortality risk.
Methods: Trajectories of LTPA were established using group-based trajectory analysis with a latent class growth model in a population-based cohort between 1996 and 2014. A Cox-proportional hazard model was conducted to examine the associations of LTPA quintiles and LTPA trajectories with all-cause mortality.
Results: A total of 21,211 participants (age 18–90 years) were analyzed (median follow-up 16.8 years). The study participants were divided into five groups according to percentiles of LTPA (<20th, 20th–<40th, 40th–<60th, 60th–<80th, ≥80th) and LTPA trajectories (low/stable, medium/stable, increasing, decreasing, and fluctuating), respectively. Participants with a decreasing trajectory did not have a significantly lower risk of all-cause mortality despite having the highest baseline level of LTPA. In contrast, participants with a medium/stable (HR 0.84, 95% CI 0.72–0.98, p = 0.031) or an increasing (HR 0.57, 95% CI 0.33–0.97, p = 0.037) trajectory had a significantly lower risk of all-cause mortality.
Conclusion: Promotion of maintaining stable LTPA is beneficial for public health and survival.
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INTRODUCTION
Adopting a healthy lifestyle has been associated with longevity [1]. Physical activity is an important part of healthy lifestyles [1, 2], whereas physical inactivity has been shown to be associated with various non-communicable diseases, which are major burdens of public health worldwide [3]. Unfortunately, levels of physical activity have declined in most developed countries in recent decades [4, 5]. This decline may have contributed, at least in part, to the decrease in life expectancy [3–6]. According to a previous report [3], physical inactivity accounted for 9% of premature mortality worldwide in 2008. The authors estimated that if inactivity were decreased by 10%, more than 533 thousand deaths could be averted every year [3].
Evidence supporting the importance of maintaining physical activity to promote health has been found in a number of studies, which have reported an association of leisure-time physical activity (LTPA) with risk of mortality [7–13]. Nevertheless, the assessment of physical activity was conducted only at baseline in most of these investigations [9–13]. As lifestyle and physical activity might change during the follow-up period, this could constitute an important confounding factor when investigating the association between baseline LTPA and risk of all-cause mortality. To address this issue, levels of physical activity were assessed at several time points (mostly at two time points) in some studies [7, 8, 14–16] investigating their effects on risk of mortality.
In this study, we collected data on LTPA at several time points in a general population to establish LTPA trajectories using a validated method [17, 18] and investigated the associations of mean levels of LTPA and LTPA trajectories with risk of all-cause and cardiovascular/cancer mortality. The joint effects of LTPA levels and LTPA trajectories on all-cause and cardiovascular/cancer mortality were also examined.
METHODS
This study was conducted in accordance with the Declaration of Helsinki. We analyzed data from a population-based cohort established by the MJ Health Management Institution, Taipei, Taiwan. All participants had undergone a health check-up between 1996 and 2014, and provided informed consent to authorize the MJ Health Management Institution to process data for research use. To apply the data, we firstly had our study protocol approved by an Institutional Review Board. We then applied for data from the MJ Health Database/MJ Health Survey Data with the approval of our study protocol. The MJ Health Management Institution approved our application and we have the data for analyses. The check-ups of each participant included anthropometric measurements, physical examination, laboratory tests (including fasting plasma glucose, serum creatinine, lipids profile, …), and questionnaires on medical history and assessment of LTPA. We selected participants who were at least 18 years old and had received more than 5 health check-ups in an 8-year period between 1996 and 2014 to establish their trajectories of LTPA for analyses.
Using information from the validated questionnaires [9, 19, 20], we determined the intensity, duration, and frequency of LTPA for each participant. The intensity was assessed using metabolic equivalent (MET) [9, 21]. A MET value was assigned [21] according to the intensity of physical activity (2.5 for light, 4.5 for moderate, 6.5 for medium-vigorous, and 8.5 for high-vigorous exercise). The MET value was multiplied by duration and frequency, and was expressed as MET-h per week. Repeated measures of the MET value were used to establish trajectories of LTPA (MET-h per week) using group-based trajectory analysis with a latent class growth model [17, 18]. We decided the number of trajectories according to the Information of Bayesian Information Criterion (BIC) [22]. Then the study participants were assigned to distinct trajectory groups by posterior probabilities from the trajectory model. This method allowed us to group study participants by “naturally occurring” LTPA trajectories [23]. The use of a censored normal model was appropriate due to the continuous outcomes of MET. The models were fitted using the SAS ProcTraj procedure [22]. Finally, five trajectories of LTPA were established (Figure 1; Supplementary Table S1).
[image: Figure 1]FIGURE 1 | Latent trajectories of leisure-time physical activity levels (MJ cohort, Taiwan, 1996–2014). The time interval between each assessment was at least 1 year. MET, metabolic equivalent.
The study participants were divided into five groups according to percentiles (<20th, 20th–<40th, 40th–<60th, 60th–<80th, ≥80th) of their mean MET-h per week and their trajectories of LTPA (low/stable, medium/stable, increasing, decreasing, and fluctuating, Figure 1), respectively. The primary outcome was all-cause mortality. Data on mortality up to May 2021 were obtained. The associations of quintiles of LTPA and LTPA trajectories with all-cause and cause specific (cardiovascular and cancer) mortality were examined.
All of the statistical analyses were conducted using SAS software (Version 9.4; SAS Institute, Inc., Cary, NC, United States). The statistical significance of the differences in categorical and continuous variables among the LTPA percentiles and LTPA trajectory groups were examined using the Chi-square test and one-way ANOVA, respectively. To examine the associations of LTPA quintiles and LTPA trajectories with all-cause mortality, a Cox-proportional hazard model was used with adjustments for age, sex, body mass index, systolic blood pressure, smoking, history of cardiovascular disease, fasting plasma glucose, total cholesterol, and renal function. For cause-specific mortality, we considered cardiovascular death a competing event for cancer death, and vice versa. We conducted an extended Cox’s proportional hazards model to determine the subdistribution hazard ratio (SHR) [24] of cardiovascular and cancer mortality among the quintiles of LTPA and LTPA trajectory groups. To examine the joint effects of mean levels of LTPA and LTPA trajectories on all-cause and cause-specific mortality, we regrouped the study population according to quintiles of LTPA and LTPA trajectories. In all of the analyses, a two-sided p-value of <0.05 was considered statistically significant.
RESULTS
A total of 21,211 participants were analyzed, and the median follow-up time was 16.8 years. Table 1 shows the baseline characteristics of the study participants according to percentile of their mean MET-h per week during the study period. Participants in the highest quintile were older and more likely to be male, had a higher body mass index and blood pressure, and had a worse lipid profile (higher total and low-density lipoprotein cholesterol and triglyceride, and lower high-density lipoprotein cholesterol) than those in the lower quintiles.
TABLE 1 | Baseline characteristics of the study participants according to percentile of mean physical activity levels (MJ cohort, Taiwan, 1996–2014).
[image: Table 1]Table 2 shows the baseline characteristics according to the study participants’ latent trajectory of LTPA during the study period. Participants with a low/stable trajectory had the lowest mean MET-h per week (8.01 ± 9.60), while those with a decreasing trajectory had the highest mean MET-h per week (98.77 ± 33.99). The two groups were younger, had a lower body mass index and blood pressure, and had a better lipid profile (lower total and low-density lipoprotein cholesterol and triglyceride, and higher high-density lipoprotein cholesterol) than the other three groups.
TABLE 2 | Baseline characteristics of the study participants according to latent trajectory of physical activity levels (MJ cohort, Taiwan, 1996–2014).
[image: Table 2]During the follow-up period, a total of 960 participants died (morality rate 264.9 per 100,000 person-years). The numbers for cardiovascular and cancer death were 177 and 399, respectively. The associations of baseline characteristics and physical activity levels with all-cause mortality are shown in Supplementary Table S2. Table 3 shows the associations of quintiles of LTPA and distinct LTPA trajectories with all-cause and cardiovascular/cancer mortality. Compared with participants who had the lowest quintile (<20th percentile), only those with the highest quintile (≥80th percentile) had a significantly lower risk of all-cause mortality (HR 0.76, 95% CI 0.58–0.99, p = 0.041) after multivariate adjustment. With regard to LTPA trajectories (using the low/stable trajectory as the reference group), participants with a decreasing trajectory did not have a significantly lower risk of all-cause mortality (HR 0.58, 95% CI 0.27–1.22, p = 0.151) despite having the highest mean MET-h per week. In contrast, participants with a medium/stable (HR 0.84, 95% CI 0.72–0.98, p = 0.031) or an increasing (HR 0.57, 95% CI 0.33–0.97, p = 0.037) trajectory had a significantly lower risk of all-cause mortality, compared with the reference group. Similar findings were noted with respect to cancer mortality.
TABLE 3 | Cox proportional hazards models for all-cause and cardiovascular/cancer mortality by percentile of mean physical activity levels and latent trajectory groups (MJ cohort, Taiwan, 1996–2014).
[image: Table 3]Table 4 shows the distribution of study participants by quintiles of LTPA and LTPA trajectories. It is interesting to note that participants with an increasing (group 7), decreasing (group 8), and fluctuating (group 9) trajectory had a mean LTPA level in the highest quintile (≥80th percentile). Nevertheless, their risks of all-cause mortality might be different. Using group 1 as the reference group, the joint effects of mean levels of LTPA and LTPA trajectories on all-cause and cardiovascular/cancer mortality are shown in Table 5. After multivariate adjustment, group 7 (≥80th percentile of LTPA with an increasing trajectory) had a significantly lower risk of all-cause mortality (HR 0.52, 95% CI 0.29–0.92, p = 0.024). A similar finding (HR 0.77, 95% CI 0.59–1.02, p = 0.066) was noted for group 6 (≥80th percentile of LTPA with a medium/stable trajectory).
TABLE 4 | Distribution of study participants by percentile of mean physical activity levels and latent trajectory groups (MJ cohort, Taiwan, 1996–2014).
[image: Table 4]TABLE 5 | Joint effects of mean physical activity level and physical activity trajectory on all-cause and cardiovascular/cancer mortality (MJ cohort, Taiwan, 1996–2014).
[image: Table 5]DISCUSSION
In this study on a large general population with long-term follow-up, we demonstrated that LTPA trajectories (medium/stable or increasing) were associated with a decrease in all-cause and cancer mortality (Table 3). Although the study participants with LTPA ≥80th percentile had a significantly lower risk of all-cause mortality with a modest decrease in cancer mortality (Table 3), the benefit in survival was only observed in those with a medium/stable (group 6) or increasing (group 7) trajectory of LTPA (Table 5). Our findings highlight the importance of maintaining a stable amount of physical activity, in terms of survival in a general population.
Maintaining a physically active lifestyle has been associated with a lower risk of all-cause mortality. In contrast to most previous studies [7-16, 25] in which levels of physical activity were assessed only at baseline or at two time points, we used several assessments of LTPA to establish latent trajectories of physical activity levels during the study period. This method allowed us to categorize the study population into several groups according to naturally occurring trajectories [23, 26-28] rather than artificially defined cutoff values. Our findings were consistent with previous results [7-16, 25-29] that showed maintaining (medium/stable) or increasing physical activity levels was associated with a lower risk of all-cause mortality. In contrast, those who had decreasing or fluctuating LTPA trajectory did not have a significantly lower risk of mortality (Table 3) despite having a higher mean MET-h per week (Table 2) during the study period. These results indicate that LTPA trajectory is important with regard to the benefit in survival [1, 2] in the general population.
We further examined the joint effects of mean levels of LTPA and LTPA trajectories on all-cause mortality. Although participants who had ≥80th percentile of LTPA in our study had a lower risk of all-cause mortality (adjusted HR 0.76, 95% CI 0.58–0.99, p = 0.041, Table 3), the benefit was only observed in those who also had an increasing LTPA trajectory (group 7 in Tables 4, 5). Group 5, group 6, and group 8 had a modest, but non-significant, decrease in all-cause mortality risk compared with the least active group (group 1, Tables 4, 5). It is interesting to note that group 8 (281 of 294 participants with a decreasing LTPA trajectory) had a mean MET-h per week of about 100 (Table 2). The values in group 5/group6 and group 7 were around 23 and 25, respectively. These findings support the notion that maintaining an active lifestyle confers a survival advantage. Similar to our findings, a previous cohort study reported that a change from being active at baseline to being sedentary during follow-up in women aged 65 years or older was associated with a similar risk of all-cause mortality compared with those who stayed sedentary [7].
The decrease of all-cause mortality risk in the medium/stable and increasing LTPA trajectory was likely due to a lower risk of cancer mortality, rather than cardiovascular mortality (Table 3). This finding was similar to some previous studies [30-32], although there were inconsistent results [33-35]. In the aforementioned studies [30-35], cancer mortality was not considered a competing event for cardiovascular mortality (and vice versa) [24]. This may help explain the inconsistent findings. Since cancer and cardiovascular diseases share common risk factors (such as obesity, sedentary lifestyle, diabetes) [36], it is not surprising that maintaining physical activity was associated with a lower risk of either cardiovascular or cancer mortality. We speculate that the non-significantly lower risk of cardiovascular and cancer mortality in our study participants with an increasing LTPA trajectory might be due to the relatively small sample size. The decrease in cancer mortality risk in the study population with a medium/stable LTPA trajectory supports previous findings [30-32], and underlines the importance of adopting a healthy lifestyle in reducing cancer mortality [37], which has become one of the main causes of death worldwide [38].
This study has some limitations. First, this was a cohort study rather than a randomized controlled trial. Although we adjusted for multiple relevant variables in the statistical models, we cannot exclude the possibility that our findings were confounded by between-group differences in baseline characteristics. Nevertheless, long-term follow-up is needed to investigate the effects of physical activity on mortality risk. There would likely be considerable variation among study participants in the persistence of physical activity over time. Hence, randomizing study participants to different levels of physical activity for a long period of time might be impractical. As the persistence of physical activity is important in terms of its effects on outcomes [14-16, 25-29], our method of establishing latent physical activity trajectories [17-18, 23] could help address this issue despite its limitations. Second, data on LTPA were collected through self-reported questionnaires. We analyzed data from participants with more than 5 LTPA assessments within an 8-year period to establish the latent trajectories of LTPA. We acknowledge that there might have been bias in the information collected through questionnaires, and this issue should be taken into account when interpreting our results.
In conclusion, using data from a large cohort with long-term follow-up, we demonstrated that a medium/stable or increasing LTPA trajectory was independently associated with a lower risk of all-cause mortality in a general population. The association was independent of mean levels of LTPA during the study period. Our findings suggest that promotion of maintaining a stable LTPA level in a general population is benefit for public health and survival.
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Groups All-cause mortality Cardiovascular mortality Cancer mortality
Univariate P Multivariate® P Multivariate® P Multivariate® P
HR (95% CI) HR (95% CI) SHR (95% Cl) SHR (95% CI)

1: <20th percentile; Low/Stable 1 (reference) 1 (reference) 1 (reference) 1 (reference)

2: 20th-<40th percentile; Low/Stable 110(083-146) 0491 084 (0.62-1.15) 0274  139(064-306) 0408 079 (050-123)  0.293
3: 40th-<60th percentie; Low/Stable 148(1.14-192) 0003  096(0.73-127) 0769 101(047-217) 0977  1.18(0.79-1.74)  0.417
4: 60th-<80th percentie; Low/Stable 213(1.65274) <0001 087 (0.66-1.15) 0332 097 (0.46-205) 0942 093 (0.62-1.39)  0.707
5: 60th-<80th percentie; Medum/Stable 213 (1.62-3.00) <0001 ~ 073 (0.50-1.07) 0104  1.01(0.39-260) 0990 073 (0.41-1.30)  0.283
6: 280th percentile; Medium/Stable 266 (2.08-3.40)  <0.001 077 (0.59-1.02) 0066  1.11(054-2.30) 0771 066 (0.43-1.01)  0.055
7: 280th percentile; Increasing 164(1.00-270) 0051  052(0.29-092) 0024 087(024-317) 0835 0.70(0.31-158)  0.389
8: 280th percentie; Decreasing 098 (0.45-2.11) 0954  053(0.24-1.16) 0.111  158(0.43-578) 0491 040 (0.09-1.72)  0.218
9: >80th percentile; Fluctuating 300 (2.07-435) <0001 090 (0.60-1.35) 0602 1.43(0.57-359) 0442  103(0.56-1.90) 0917

“Adfusted for age, sex, body mass index, systolic blood pressure, smoking, history of cardliovascular disease, fasting plasma glucose, estimated glomenular fitration rate, and total

cholesterol.

bConsidering competing risk of mortality in addition to multivariate adiustment. MET, metabolc equivalint: SHR, subdisiribution hazard ratio.
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Variable Latent trajectory of physical activity levels p-value

Low/Stable Medium/Stable Increasing Decreasing Fluctuating

N (%) 16,100 (75.9%) 3913 (18.4%) 436 (2.1%) 294 (1.4%) 468 (2.2%)

MET-h, per week 801 +9.60 23.38 + 15.87 2553+ 21.24 98.77 + 33.99 41.00 = 26,62 <0.001
Age, years 375112 44.2 + 141 42.8 + 142 38.4 £ 143 448 £ 140 <0.001
Male, n (%) 8469 (52.6) 2447 (62.5) 301 (69.0) 208 (70.8) 338 (72.2) <0001
Body mass index, kg/mz 229+35 235+32 28737 230+ 34 236 +3.1 <0.001
Systolic BP, mm Hg 118 £ 16 123 + 18 122 + 16 121 £17 123 + 18 <0.001
Diastolic BP, mm Hg aER) 7411 Taz2 73+1 74 £12 <0.001
Smoking, n (%) 3481 (23.2) 779 (21.8) 102 (25.5) 63 (23.3) 92 (21.3) 0.266
History of OVD, n (%) 224 (1.4) 96 (2.5) 10 (2.9) 8(27) 15(3.2) <0.001
FPG, mmol/L 5.42 + 0.93 5.54 + 0.98 5.57 + 0.89 5.5+ 008 5.67 + 1.26 <0.001
eGFR, mimin/1.73 m? 866+ 17.1 829 + 199 86.9 + 207 8704225 805 = 187 <0.001
Total cholesterol, mmol/L. 4.96 + 0.91 511+ 094 5.08 + 091 494 +0.98 5.08 + 0.94 <0.001
LDL cholesterol, mmolA 299 £ 081 315085 311:085 299093 307 = 081 <0.001
HDL cholesterol, mmol/L. 1.41 £ 040 1.37 £ 038 1.40 £ 0.39 1.48 + 0.36 141 £ 041 <0.001
Triglyceride, mmolL 1.27 £ 1.03 1.33 £ 098 128078 1.06 + 061 134 1.20 <0001

Data are presented as mean (95% Cl) or n (%). CVD, cardiovascular disease; BP, blood pressure; eGFR, estimated glomerular fitration rate; FPG, fasting plasma glucose; HDL, high-
density lipoprotein; LDL, low-density lipoprotein: MET, metabolic equivalent.
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20th-<40th
40th-<60th
60th-<80th
280th

Trajectory
Low/Stable
Medium/Stable
Increasing
Decreasing
Fluctuating

All-cause mortality

Cardiovascular mortality

Cancer mortality

Univariate
HR (95% Cl)

1 (reference)
1.10 (0.83-1.46)
1.48 (1.14-1.92)
212 (166-2.71
251 (197-3.19

1 (reference)

1.76 (1.53-2.02)
1.14 (0.72-1.79)
0.65 (0.31-1.38)
2,07 (1.51-2.83)

P

0.495
0.003
<0.001
<0.001

<0.001
0.588
0.262
<0.001

Multivariate® P Multivariate®
HR (95% CI) SHR (95% CI)
1 (reference) 1 (reference)
0.84 (0.62-1.15) 0271 1.39 (0.63-3.06)
0.96 (0.72-1.27) 0.760 1.01 (0.47-2.17)
0.84 (0.64-1.10) 0.198 098 (0.47-2.03)
0.76 (0.58-0.99) 0.041 1.15 (0.57-2.33)
1 (reference) 1 (reference)
084 (0.72-0.98) 0.031 1.03 (0.72-1.48)
057 (0.33-097) 0.087 0.82 (0.26-2.54)
058 (0.27-1.22) 0.151 1.48 (0.47-4.62)
0.99 (0.70-1.39) 0.947 1.35 (0.68-2.67)

P

0410
0.979
0.957
0.703

0.854
0.729
0.501
0.394

Multivariate®

SHR (95% CI)

1 (reference)
0.79 (0.50-1.23)
1.18 (0.79-1.74)
0.88 (0.59-1.30)
0.69 (0.46-1.04)

1 (reference)

0.68 (0.52-0.89)
0.71 (0.34-1.51)
0.40 (0.10-1.65)
1.05 (0.62-1.77)

0.291
0.419
0.523
0.078

0.005
0.377
0.206
0.852

*Adjusted for age, sex, body mass index, systolic blood pressure, smoking, history of cardiovascular disease, fasting plasma glucose, estimated glomenuier fittation rate, and total

cholesterol.

bConsidering competing risk of mortality in addition to multivariate adiustment. MET, metabolc equivaknt: SHR, subdisiribution hazard ratio.
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miss data)

N

MET-h, per week

Age, years

Male, n (%)

Body mass index, kg/m” (3)
Systolic BP, mm Hg (635)
Diastolic BP, mm Hg (635)
Smoking, n (%) (1495)

History of GVD, n (%) (1)

FPG, mmol/L (25)

eGFR, m/min/1.73 m? (9)
Total cholesterol, mmol/L (22)
LDL cholesterol, mmol/L (1200)
HDL cholesterol, mmol/L (1125)
Triglyceride, mmol/L (11)

Data are presented as mean (95% Ci) or n (%). CVD, cardiovascular disease; BP, blood pressure;
density lipoprotein; LDL, low-density lipoprotein: MET, metabolic equivalent.
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290+ 0.79
1.46 + 0.40
1.22 £1.04

20th-<d0th
percentile

4233
567 +593
364 10.4
2134 (50.4)
228135
17 + 16
70£ 11
915 (23.1)
51(1.2)
539 £ 090
872+ 167
492 + 087
296 +0.78
1.42 £ 0.39
124 +0.97

40th—<60th
percentile

4249

10.02 + 8.94

383114
2395 (56.4)
231234
19+ 16
72211
886 (22.5)
67(1.6)
545+ 092
85.8  18.0
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3.02 £ 0.82
1.40 £ 0.39
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percentile

4244

16.06 + 12.93

416134
2537 (59.8)
233:33
121 £17
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873 (225)
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5.48 £ 097
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310 +085
1.38 + 0.39
1.34 £1.05

280th
percentile

4243
32.63 = 27.48
439 143
2767 (65.2)
23533
12318
74112
859 (22.1)
115 2.7)
5.54 +1.01
832213
500 £ 095
3.13 £ 0.86
1.38 +0.38
1.30 £ 0.97

p-value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.136
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

©GFR, estimated glomerular fitration rate; FPG, fasting plasma glucose; HDL, high-
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