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Abstract 

Aims: It is well known that a decline in physical activity is associated with 

an increase of all-cause death including cardiovascular events and cancer. 

Few studies have examined the association between occupational sitting 

time and mortality. Therefore, we investigated this issue in a general 

population. 

Methods: Physical activity and occupational sitting time were measured 

using the Baecke physical activity questionnaire (BPAQ) in 1999. The 

questionnaire generated indices in three physical activity categories: work, 

sport and leisure-time. A total physical activity index was calculated by 

adding these three indices. The BPAQ was able to evaluate occupational 

sitting time. Hazard ratios (HR) and 95% confidence intervals (CI) were 

calculated using Cox’s proportional hazard regression models. 

Results: We enrolled a total of 1,680 participants, who were followed up 

for 15.9±3.8 years. The final follow-up rate was 93%. During the follow-up 

period, 397 subjects died. A significant inverse association (p<0.0001) was 

found between physical activity and mortality after adjustment for age and 
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sex. Compared to lower levels of physical activity, the adjusted HR for 

mortality at higher levels of physical activity was 0.85 (95% CI: 0.78-0.92). 

Longer occupational sitting time was also significantly associated with 

higher mortality (p<0.01). The adjusted HR for mortality at longer 

occupational sitting time was 1.16 (95% CI: 1.05-1.27). These findings 

were observed in males, but not in females. 

Conclusions: Our data demonstrated that higher levels of physical activity 

are associated with a reduced risk of cancer and cardiovascular death. 

Further, longer occupational sitting time is associated with increased 

mortality. 

Key Words: Physical activity, Sitting time, Mortality, Epidemiology 
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Introduction 1 

Several cohort studies have confirmed the overall benefit of physical 2 

activity in reducing morbidity and mortality [1]. Some studies have 3 

reported that a lower physical activity was associated with an increase in 4 

all-cause death, including cardiovascular events [2,3], breast and colorectal 5 

cancers [4]. Although various methods have been used to evaluate physical 6 

activity [5], none are yet well established. In this study, we evaluated 7 

individual physical activity using the Baecke physical activity 8 

questionnaire (BPAQ) [6], which is an effective way to evaluate both 9 

occupational and leisure physical activities. In modern society, prolonged 10 

sitting has become common in various areas of life, such as the workplace, 11 

home, and transportation, and such prolonged sitting is considered to be 12 

detrimental to health. Although prolonged sitting has been reported to be a 13 

risk factor for all-cause mortality independent of physical activity, only a 14 

few studies have been conducted [7,8]. The Danish Work Environment 15 

Cohort Study reported that there was no statistically significant association 16 

between sitting time and all-cause mortality [9], and another study in 17 

England suggested that sitting time was positively associated with all-cause 18 
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mortality in females, but not in males [10]. The Japan Public Health 19 

Centre-based prospective study (JPHC study) reported no significant 20 

association between occupational sitting duration and mortality in the 21 

overall population, whereas longer sitting duration was significantly 22 

associated with higher mortality in male workers in primary industries [11]. 23 

However, this issue is still controversial. Therefore, in the present study we 24 

examined the relationship between physical activity and mortality using a 25 

questionnaire. Moreover, we also examined the relationship between 26 

occupational sitting time and mortality in a Japanese general population, by 27 

means of a prospective 18-year follow-up study of 1,680 general 28 

inhabitants living in a farming district. 29 

 30 

Methods 31 

Study population 32 

A periodic epidemiologic survey was performed in 1999 in the small 33 

farming community of Tanushimaru, Japan, which is one of the cohorts of 34 

the Seven Countries Study [12]. As previously reported, the demographic 35 

characteristics of the residents of this area were similar to those of the 36 

general Japanese population [13]. We performed epidemiological studies in 37 
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every 10 years and followed up the participants every year. In 1999, the 38 

total population aged over 40 years in this district was 3,463 persons 39 

(48.2% of men and 62.0% of women). A total of 1,920 subjects (794 males 40 

and 1,126 females; aged 40-95 years) were enrolled in this study, and 41 

physical activity and occupational sitting time were measured by the BPAQ 42 

[6]. We excluded 240 subjects from whom we were not able to collect a 43 

questionnaire. The remaining 1,680 (693 males and 987 females) subjects 44 

were finally included in this analysis, and the relationships among physical 45 

activity, occupational sitting time and mortality were examined. Exclusion 46 

criteria were 240 subjects from whom we were not able to collect a 47 

questionnaire. 48 

 49 

Measurements 50 

Baecke physical activity questionnaire (BPAQ) 51 

The questionnaire consists of 16 questions organized into three sections: 52 

physical activity at work (Questions 1-8), sport during leisure time 53 

(Questions 9-12), and physical activity during leisure excluding sport 54 

(Questions 13-16) [6]. We defined total index as total physical activity 55 
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index, which were summed up of work, sport, and leisure-time index. 56 

Occupational sitting time could be assessed by Question 2, “At work I sit”. 57 

The questionnaire defined three levels of occupational/work physical 58 

activity, namely low (e.g., clerical work, driving, shop keeping, teaching, 59 

studying, housework, medical practice and all other occupations with a 60 

university education), middle (e.g., farming, factory work, and carpentry), 61 

and high (e.g., dock work, construction work, and sport). Similarly, the 62 

questionnaire categorized sports into three levels: low (e.g., billiards, 63 

sailing, bowling and golf: average energy expenditure 0.76MJ/h), middle 64 

(e.g., badminton, cycling, dancing, swimming, and tennis: average energy 65 

expenditure 1.26MJ/h), and high (e.g., boxing, basketball, rugby, football, 66 

and rowing: average energy expenditure 1.76MJ/h). A sport score was 67 

calculated from a combination of the intensity of the sport which was 68 

played, the amount of time per week playing that sport, and the proportion 69 

of the year in which the sport was played regularly. Questions in each of 70 

the three indices (work, sport, and leisure) were scored on a five-point 71 

Likert scale, ranging from “1 = never” to “5 = always” or “5 = very often”. 72 

Summing the three indices gives a total physical activity index [6, 14]. We 73 
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applied a five-point Likert scales to all of the three indices and only in 74 

sports index, we applied the combinations of intensity and duration.  75 

 76 

Data collection 77 

Medical history, smoking habits, and alcohol intake were ascertained by a 78 

questionnaire. Smoking and alcohol intake were classified as current 79 

habitual use or not. Height and weight were measured, and body mass 80 

index (BMI) was calculated as an index of obesity. Waist circumference 81 

was measured at the level of umbilicus in the standing position. Blood 82 

pressure (BP) was measured in the supine position twice at 3-minute 83 

intervals using a standard sphygmomanometer. The second BP was taken 84 

after 5 deep breaths, and that was used for analysis. 85 

Blood was drawn from the antecubital vein in the morning after a 86 

12-hour fast for determinations of lipids profiles (total cholesterol, 87 

triglycerides, high-density [HDL], and low-density lipoprotein cholesterol 88 

[LDL]), fasting plasma glucose (FPG), HbA1c (NGSP), insulin, serum urea 89 

nitrogen, creatinine and uric acid. Fasting blood samples were centrifuged 90 

within 1 hour after collection, and measured at a commercially available 91 
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laboratory (Kyodo Igaku Laboratory, Fukuoka, Japan). The estimate of 92 

insulin resistance by homeostasis model assessment (HOMA) score was 93 

calculated with the formula: fasting insulin (µU/mL) × fasting glucose 94 

(mmol/L)/22.5 as described by Matthews et al. [15]. Insulin resistance was 95 

defined as HOMA ≥ 1.73 according to the diagnostic criteria used in Japan 96 

[16]. Estimated glomerular filtration rate (eGFR) was calculated according 97 

to the following estimation formula that has been recommended by the 98 

Japan Society of Nephrology: eGFR (mL/min/1.732) = (194 × Scr -1.094 × 99 

age -0.287) × (0.739 for females) [17]. 100 

The mean follow-up period was 15.9 years. The causes of death 101 

were determined based on a review of obituaries, medical records, death 102 

certificates, hospital charts, and interviews with primary care physicians or 103 

families of the deceased. Because many patients with cancer ultimately die 104 

from infection or other illnesses, care was taken to identify the underlying 105 

cause of death. The information was coded independently in accordance 106 

with the rules of the Seven Countries Study [12]. Follow-up data through 107 

the end of March 2017 were analyzed. The follow-up rate was 93%. 108 

This study was approved by the Ukiha Branch of the Japan Medical 109 
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Association, by the City Council of Tanushimaru, and by the Ethics 110 

Committee of Kurume University. All participants gave informed consent. 111 

 112 

Statistical analysis 113 

Because of skewed distributions, natural logarithmic transformations were 114 

performed for HOMA index and triglycerides. Log-transformed values 115 

were used for the statistical calculation and reconverted to antilogarithm 116 

forms in the tables. The medications for hypertension, hyperlipidemia, and 117 

diabetes, sex, smoking habits, and alcohol intake were used as dummy 118 

variables. 119 

First, we performed univariate regression analyses for correlates of 120 

physical activity and occupational sitting time at baseline in the 121 

cross-sectional study. Then, multivariate Cox’s proportional hazards 122 

regression model was used to estimate predictive physical activity, and 123 

occupational sitting time for all-cause mortality. Multivariable adjusted 124 

hazard ratios (HR) and 95% confidence intervals (CI) were calculated by 125 

using the models. Finally, Cox's proportional hazard regression model 126 

adjusted for age and sex was performed to obtain the survival function 127 
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estimation among total, work, sport, and leisure-time index quartiles and 5 128 

groups of occupational sitting time. Statistical significance was defined as a 129 

p value less than 0.05. All statistical analyses were performed using SAS 130 

version 9.4 (SAS Institute, Cary, NC, USA). 131 

 132 

Results 133 

Cross-sectional study 134 

1) Activity measurements 135 

Table 1 showed the baseline characteristics of the 1,680 participants in the 136 

cross-sectional study, which was performed in 1999. The mean total 137 

physical activity index was 7.78, with a work index of 3.27, sport index of 138 

2.00, and leisure-time index of 2.51. The mean occupational sitting time 139 

was 2.89. The total physical activity index showed a normal distribution 140 

with a peak score of 7-8 (Supplemental Figure 1-A). At the peak, the 141 

occupational sitting score was 3.0 (Supplemental Figure 1-B).  142 

 143 

2) Correlation between activity and comorbidities 144 

Univariate regression analysis for correlates of total physical activity index 145 
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at baseline was shown in Table 2. There was a significant relationship 146 

between total physical activity index and age (p=0.037), male gender 147 

(p=0.010), heart rate (p<0.0001; inversely), HOMA index (p=0.004; 148 

inversely), occupational sitting time (p<0.0001; inversely), and alcohol 149 

intake (p=0.015). Subjects with diabetes, hypertension and any other 150 

cardiovascular diseases were not associated with total physical activity 151 

index. Univariate regression analysis for correlates of occupational sitting 152 

time at baseline was shown in Table 3. There was a significant relationship 153 

between occupational sitting time and age (p=0.015; inversely), male 154 

gender (p<0.0001; inversely), heart rate (p<0.0001), uric acid (p=0.007; 155 

inversely), HOMA index (p=0.026), total physical activity index 156 

(p<0.0001; inversely), work index (p<0.0001; inversely), and alcohol 157 

intake (p=0.002; inversely). Multivariate linear regression analysis for 158 

correlates of total index adjusted for age and sex at baseline was shown in 159 

Supplemental Table 1. There was a significant relationship between total 160 

physical activity index and systolic BP (p=0.042; inversely), heart rate 161 

(p<0.0001; inversely), HOMA index (p=0.006; inversely), and 162 

occupational sitting time (p<0.0001; inversely). Multivariate linear 163 
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regression analysis for correlates of occupational sitting time adjusted for 164 

age and sex at baseline was shown in Supplemental Table 2. There was a 165 

significant relationship between occupational sitting time and heart rate 166 

(p=0.001), total physical activity index (p<0.0001; inversely), and work 167 

index (p<0.0001; inversely). 168 

 169 

Prospective study 170 

We were able to ascertain the cause of death for 78% of the deceased. A 171 

total of 397 (224 males and 173 females) subjects died: 118 (30%) of 172 

cancer, 36 (9%) of cardiovascular disease, 30 (8%) of cerebrovascular 173 

disease, 53 (13%) of infection, 24 (6%) of senility, 47 (12%) of others 174 

causes, and 89 (22%) of unknown causes.  175 

Multivariate Cox’s proportional hazards regression analysis of 176 

all-cause mortality adjusted for age and sex was shown in Supplemental 177 

Table 3. HbA1c (p=0.005), FPG (p=0.003), smoking (p<0.0001), and 178 

occupational sitting time (p=0.002) were significant positive predictors of 179 

all-cause mortality, whereas total cholesterol (p<0.0001), LDL-cholesterol 180 

(p<0.0001), and total physical activity index (p<0.0001) were inversely 181 



14 
Sakaue A, et al. R2 

associated with all-cause mortality. Work index (p=0.018), sport index 182 

(p=0.033), and leisure-time index (p=0.003) were also inversely associated 183 

with all-cause mortality. 184 

      Table 4 showed the multivariate Cox’s proportional hazards 185 

regression analysis of all-cause mortality adjusted for demographics and 186 

lifestyle factors. In the final model, total physical activity index (p=0.001) 187 

was inversely associated with mortality adjusted for age, sex, BMI, total 188 

cholesterol, systolic BP, FPG, and smoking. The leisure-time index 189 

(p=0.005) was also inversely associated with mortality. Work and sport 190 

indices were not statistically significant. In the final model, occupational 191 

sitting time (p=0.039) was also significantly associated with mortality 192 

adjusted for age, sex, BMI, total cholesterol, systolic BP, and total physical 193 

activity index. Occupational sitting time was a risk factor for all-cause 194 

mortality, independent of physical activity (Table 5). Table 6 showed 195 

multivariate Cox’s proportional hazards regression analysis of all-cause 196 

death adjusted for age stratified by sex. In males, but not in females, total 197 

physical activity index was a significant inverse predictor, and occupational 198 

sitting time was a significant positive predictor of all-cause death. 199 
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      Cox's proportional hazard regression model adjusted for age and sex 200 

was performed to estimate the survival function. The cumulative survival 201 

rate was significantly decreased in the lowest total physical activity index 202 

(Q1) compared with the remaining higher groups (Q2-Q4) (Supplemental 203 

Figure 2-A), and significantly increased at the highest occupational sitting 204 

time (Score 5) compared with the lower groups (Score 1-4) (Supplemental 205 

Figure 2-B). 206 

The multivariate Cox’s proportional hazards regression analysis 207 

stratified by the cause of death adjusted for age and sex was shown in 208 

Supplemental Table 4. Total physical activity index was inversely 209 

associated with cancer and cardiovascular deaths. Occupational sitting time 210 

was significantly and positively associated with cardiovascular death, but 211 

not with cancer deaths. 212 

 213 

Discussion 214 

We found that higher levels of physical activity reduced mortality, and that 215 

the longer occupational sitting time increased mortality, irrespective of 216 

physical activity. These investigations were novel in Japan. 217 
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 218 

Physical activity and clinical characteristics (cross-sectional study) 219 

The physical activity levels were high in elderly subjects, male gender, 220 

with low heart rate, low HOMA index, and alcohol intake (Table 2). Total 221 

physical activity index was gradually increased with age (Table 2), however, 222 

there is no significant association between total physical activity index and 223 

age groups (p=0.08). It was reported that exercise adherence reduced heart 224 

rate in elderly women [18]. As for the inverse significance of HOMA index, 225 

Holloszy suggested that regular exercise increased muscle insulin 226 

sensitivity [19]. 227 

Previous studies have also revealed that physical activity was 228 

associated with low mortality in the elderly [20] and that long-term regular 229 

physical activity, including walking, was associated with better cognitive 230 

function and less cognitive decline in elderly women [21], probably 231 

because the retired elderly have time to do exercise and may have a strong 232 

awareness of their health. To examine the relationship between physical 233 

activity and alcohol intake, we performed univariate regression analysis for 234 

correlates of alcohol intake. Alcohol intake was significantly and positively 235 
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associated with physical activity, especially work index and sport index, 236 

probably due to opportunities for elderly subjects to drink alcohol after 237 

hard labor and sports with their fellow workers or friends. 238 

 239 

Physical activity measurement (cross-sectional study) 240 

The 3 months test-retest reliability of the BPAQ was high in Dutch adults, 241 

work index (Pearson r = 0.88), sport index (Pearson r = 0.81), and 242 

leisure-time index (Pearson r = 0.74) [6]. The doubly labelled water method 243 

(DLW) is considered the gold standard in the assessment of physical 244 

activity. Due to its high cost, this method is used only in studies with small 245 

sample size but can provide accurate information about the average level of 246 

physical activity in terms of energy expenditure over a 1-3 week period. 247 

Therefore, this technique is useful in physical activity validation studies. 248 

The BPAQ showed a very high correlation with physical activity level from 249 

the DLW method (r = 0.69, p< 0.001) [22]. The validity of the 250 

questionnaire was also confirmed in a report by Sadeghisani M, et al. [23]. 251 

 252 

Sex-differences (prospective study) 253 
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The present study revealed that higher levels of physical activity reduced 254 

all-cause mortality and longer occupational sitting time increased all-cause 255 

mortality in males, but not in females (Table 6). As for the sex-difference, 256 

four reasons may be considered. The difference can be explained by muscle 257 

quantity and sex hormones. First, females have less muscle mass, lower 258 

basal metabolism [24], and sweat less than males during the same physical 259 

activity. Because the BPAQ contains items regarding sweat, the scores in 260 

females might be lower than in males. Second, participants with hot flashes 261 

among postmenopausal females may sweat more even at rest, so their 262 

scores might be much higher than those who do not have hot flashes [25]. 263 

Third, physical activity was self-reported, and some misclassification of the 264 

level of activity was inevitable. Finally, most physical activity 265 

questionnaires have been developed and validated in males, but the 266 

traditional activities in females such as housework may not be correctly 267 

evaluated. On the other hand, Ono, et al. reported that the BPAQ was a 268 

useful monitoring tool for assessing multiple domains of physical activity 269 

with acceptable reliability and validity in adult women with hip disorders 270 

[26].  271 
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 272 

Physical activity and mortality (prospective study) 273 

The present study demonstrated that physical activity reduced cancer and 274 

cardiovascular deaths (Supplemental Table 4). Several studies revealed an 275 

inverse association between physical activity and cancer death, but this 276 

issue remains controversial. O’Donovan, et al. followed more than 100,000 277 

adults and found that the HR of cancer death in ex-smokers was 0.66 278 

(95%CI: 0.52-0.84) in those who exercised compared to those who did not, 279 

and that in current smokers the HR of cancer death was 0.69 (95%CI: 280 

0.51-0.94) in those who exercised compared to those who did not [27]. 281 

Moore, et al. suggested that the increases in leisure-time physical activity 282 

were associated with lower risks of 13 types of cancers [28]. However, 283 

some studies did not show a significant association between physical 284 

activity and cancer mortality [29, 30]. Thus, further studies will be needed 285 

to clarify the association between physical activity and site-specific 286 

cancers. 287 

 288 

Limitations 289 



20 
Sakaue A, et al. R2 

This study had several limitations. First, we were unable to detect an 290 

association between physical activity and all-cause death in females, 291 

possibly because female participants tended to report lower and shorter 292 

amounts of physical activity than males. Second, although we carefully 293 

checked their causes of death, some asymptomatic subjects with 294 

cardiovascular diseases might have been included. Similarly, we were not 295 

able to exclude subjects with subclinical cancers. Third, we could not 296 

clarify the cause of death in 89 participants (22%), and the number of 297 

deaths might be insufficient to stratify by both sex and cause of deaths. 298 

Fourth, although we have adjusted for a variety of clinical characteristics, 299 

the possibility of residual confounding cannot be excluded. Fifth, we have 300 

no data regarding the detailed educational level. Finally, we performed the 301 

BPAQ only at baseline, and thus, we cannot negate the possibility of 302 

misclassification of participants' score during the follow-up. 303 

 304 

Conclusion 305 

Our 18-year prospective study revealed that higher levels of 306 

physical activity are associated with a reduced risk of cancer and 307 
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cardiovascular death. Further, these data demonstrated that longer duration 308 

of occupational sitting time is associated with increased mortality, 309 

irrespective of physical activity. 310 
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Table 1. Characteristics of the subjects at baseline  

Variables Male (n=693) Female (n=987) Total (n=1,680) 

Age (year) 62.4±10.5** 61.0±10.5 61.6±10.6 

40-49 years n=97 n=171 n=268 

50-59 years n=171 n=255 n=426 

60-69 years n=235 n=327 n=562 

     ≥70 years n=190 n=234 n=424 

Body mass index (kg/m2) 23.3±3.0 23.1±3.2 23.2±3.1 

Waist circumference (cm) 81.8±8.3*** 73.7±8.4 77.1±9.3 

Systolic blood pressure (mmHg) 135.1±20.5*** 131.1±20.8 132.7±20.8 

Diastolic blood pressure (mmHg) 81.2±12.0*** 77.2±11.3 78.9±11.8 

Heart rate (bpm/min) 61.2±9.6*** 65.4±9.6 63.7±9.8 

Estimated GFR (ml/min/1.73m2) 63.7±11.9*** 53.9±12.1 57.9±12.9 

Uric acid (µmol/L) 345.0±83.3*** 255.8±59.5 291.5±83.3 

Total cholesterol (mmol/L) 4.9±0.9*** 5.4±0.9 5.2±0.9 

HDL-cholesterol (mmol/L) 1.4±0.4*** 1.5±0.4 1.5±0.4 

LDL-cholesterol (mmol/L) 2.9±0.8*** 3.3±0.8 3.2±0.8 

Triglycerides† (mmol/L) (range)   1.2(0.3-13.5)** 1.1(0.3-5.8) 1.1(0.3-13.5） 

HbA1c (%) (NGSP) 5.6±0.8 5.6±0.7 5.6±0.8 

Fasting plasma glucose (mmol/L) 5.6±1.3*** 5.3±0.9 5.4±1.1 

HOMA-index† 1.0（0.2-23.6）** 1.2（0.2-24.9） 1.1（0.2-24.9）

Total index (①+②+③)  

(max score 15) 

7.87±1.21** 7.71±1.23 7.78±1.22 

① Work index (max score 5) 3.43±0.70*** 3.16±0.68 3.27±0.70 

② Sport index (max score 5) 2.01±0.57 1.98±0.54 2.00±0.56 

③ Leisure-time index (max score 5) 2.42±0.71*** 2.57±0.74 2.51±0.73 

Occupational sitting time (max score 5) 2.73±1.14*** 3.00±1.12 2.89±1.13 

Smoking (%, yes) 40.0*** 2.0 17.7 

Alcohol intake (%, yes) 50.7*** 3.4 22.9 

Medication for hypertension (%, yes) 18.9 18.5 18.7 

Medication for hyperlipidemia (%, yes) 2.6*** 6.6 5.0 

Medication for diabetes (%, yes) 3.5 2.4 2.9 

Data are mean ± standard deviation, geometric mean, range, or percent. 

Total index = Total physical activity index (①+②+③) 

†: These variables were represented in the original scale after analysis using log (natural) 

transformed values. *: p<0.05, **: p<0.01, ***: p<0.001 (males vs females) 



Table 2. Univariate regression analysis for correlates of total index at baseline 

Variables β SE p 

Age  0.006 0.003 0.037 

Sex (male=0, female=1) -0.157 0.061 0.010 

Body mass index (kg/m2) 0.006 0.010 0.537 

Waist circumference (cm) 0.003 0.003 0.293 

Systolic blood pressure (mmHg) -0.002 0.001 0.282 

Diastolic blood pressure (mmHg) -0.002 0.003 0.351 

Heart rate (bpm/min) -0.015 0.003 <0.0001 

Estimated GFR (ml/min/1.73m2) 0.003 0.002 0.235 

Uric acid (µmol/L) 0.028 0.022 0.201 

Total cholesterol (mmol/L) -0.001 0.001 0.291 

HDL-cholesterol (mmol/L) 0.002 0.002 0.258 

LDL-cholesterol (mmol/L) -0.001 0.001 0.591 

Triglycerides†(mmol/L) -0.073 0.062 0.239 

HbA1c (%)  0.022 0.036 0.537 

Fasting plasma glucose (mmol/L) 0.001 0.002 0.554 

HOMA-index† -0.134 0.047 0.004 

Occupational sitting time -0.256 0.026 <0.0001 

Smoking (no=0, yes=1) -0.033 0.078 0.677 

Alcohol intake (no=0, yes=1) 0.173 0.071 0.015 

Medication for hypertension  -0.006 0.077 0.941 

Medication for hyperlipidemia  0.085 0.138 0.537 

Medication for diabetes  0.018 0.179 0.919 

Total index = Total physical activity index (①+②+③) 

†: These variables were represented in the original scale after analysis using log (natural) 

transformed values. 

 

 

 

 

 

 

 

 

 



Table 3. Univariate regression analysis for correlates of occupational sitting time at baseline 

Variables β SE p 

Age  -0.006 0.003 0.015 

Sex (male=0, female=1) 0.272 0.056 <0.0001 

Body mass index (kg/m2) -0.00004 0.009 0.997 

Waist circumference (cm) -0.005 0.003 0.094 

Systolic blood pressure (mmHg) -0.001 0.001 0.441 

Diastolic blood pressure (mmHg) -0.003 0.002 0.215 

Heart rate (bpm/min) 0.011 0.003 <0.0001 

Estimated GFR (ml/min/1.73m2) -0.004 0.002 0.061 

Uric acid (µmol/L) -0.054 0.020 0.007 

Total cholesterol (mmol/L) 0.001 0.001 0.156 

HDL-cholesterol (mmol/L) 0.0004 0.002 0.856 

LDL-cholesterol (mmol/L) 0.001 0.001 0.496 

Triglycerides†(mmol/L) 0.002 0.057 0.980 

HbA1c (%) 0.022 0.036 0.537 

Fasting plasma glucose (mmol/L) 0.001 0.002 0.554 

HOMA-index† 0.096 0.043 0.026 

Total index (①+②+③)  -0.219 0.022 <0.0001 

① Work index  -0.721 0.035 <0.0001 

② Sport index  -0.015 0.050 0.765 

③ Leisure-time index  0.061 0.038 0.110 

Smoking (no=0, yes=1) -0.034 0.072 0.639 

Alcohol intake (no=0, yes=1) -0.203 0.066 0.002 

Medication for hypertension  -0.087 0.071 0.219 

Medication for hyperlipidemia  0.143 0.128 0.264 

Medication for diabetes  -0.122 0.166 0.461 

Total index = Total physical activity index (①+②+③) 

†: These variables were represented in the original scale after analysis using log (natural) 

transformed values. 

 

 

 

 

 

 



Table 4. Multivariate Cox’s proportional hazards regression analysis of all-cause death 

Models Variables β SE HR (95%CI) p 

Model 1 Total index (①+②+③)  -0.167 0.042 0.85 (0.78-0.92) <0.0001 

 ① Work index  -0.189 0.081 0.83 (0.71-0.97) 0.018 

 ② Sport index  -0.196 0.092 0.82 (0.68-0.99) 0.033 

 ③ Leisure-time index  -0.214 0.071 0.81 (0.70-0.93) 0.003 

Model 2 Total index (①+②+③)  -0.151 0.042 0.86 (0.79-0.94) 0.0003 

 ① Work index  -0.178 0.081 0.84 (0.71-0.98) 0.028 

 ② Sport index  -0.174 0.093 0.84 (0.70-1.01) 0.060 

 ③ Leisure-time index  -0.193 0.072 0.83 (0.71-0.95) 0.008 

Model 3 Total index (①+②+③)  -0.141 0.043 0.87 (0.80-0.95) 0.001 

 ① Work index  -0.151 0.083 0.86 (0.73-1.02) 0.070 

 ② Sport index  -0.135 0.096 0.87 (0.72-1.06) 0.160 

 ③ Leisure-time index  -0.213 0.076 0.81 (0.69-0.94) 0.005 

Total index = Total physical activity index (①+②+③) 

Model 1: adjusted for age and sex. 

Model 2: adjusted for model 1 + body mass index, total cholesterol, and systolic blood pressure. 

Model 3: adjusted for Model 2 + fasting plasma glucose, and smoking. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 5. Multivariate Cox’s proportional hazards regression analysis of all-cause death 

Models Variables β SE HR (95%CI) p 

Model 1 Occupational sitting time 0.145 0.048 1.16 (1.05-1.27) 0.002 

Model 2 Occupational sitting time 0.133 0.048 1.14 (1.04-1.26) 0.006 

Model 3 Occupational sitting time 0.092 0.050 1.10 (0.99-1.21) 0.068 

Model 4 Occupational sitting time 0.102 0.049 1.11 (1.01-1.22) 0.039 

Model 1: adjusted for age and sex. 

Model 2: adjusted for model 1 + body mass index, total cholesterol, and systolic blood pressure. 

Model 3: adjusted for model 2 + fasting plasma glucose, and smoking 

Model 4: adjusted for model 2 + total physical activity index. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 6. Multivariate Cox’s proportional hazards regression analysis of all-cause death  

adjusted for age stratified by sex 

Males β SE HR (95%CI) p 

Total index (①+②+③)  -0.251 0.054 0.78 (0.70-0.87) <0.0001 

① Work index -0.294 0.102 0.75 (0.61-0.91) 0.004 

② Sport index  -0.365 0.123 0.69 (0.54-0.89) 0.003 

③ Leisure-time index -0.289 0.096 0.75 (0.62-0.91) 0.003 

Occupational sitting time 0.248 0.064 1.28 (1.13-1.46) <0.0001 

Females β SE HR (95%CI) p 

Total index (①+②+③)  -0.048 0.065 0.95 (0.84-1.08) 0.456 

① Work index  -0.038 0.127 0.96 (0.75-1.24) 0.766 

② Sport index  0.033 0.139 1.03 (0.78-1.36) 0.810 

③ Leisure-time index -0.127 0.108 0.88 (0.71-1.09) 0.238 

Occupational sitting time 0.017 0.071 1.02 (0.88-1.17) 0.806 

Total index = Total physical activity index (①+②+③) 

 



Supplemental table 1. Multivariate linear regression analysis for correlates of total index adjusted for 

age and sex at baseline 

Variables β SE p 

Body mass index (kg/m2) 0.006 0.010 0.523 

Waist circumference (cm) -0.0008 0.004 0.821 

Systolic blood pressure (mmHg) -0.003 0.002 0.042 

Diastolic blood pressure (mmHg) -0.004 0.003 0.125 

Heart rate (bpm/min) -0.014 0.003 <0.0001 

Estimated GFR (ml/min/1.73m2) 0.002 0.003 0.466 

Uric acid (µmol/L) -0.008 0.026 0.752 

Total cholesterol (mmol/L) -0.0004 0.001 0.687 

HDL-cholesterol (mmol/L) 0.004 0.002 0.077 

LDL-cholesterol (mmol/L) -0.00006 0.001 0.950 

Triglycerides†(mmol/L) -0.094 0.062 0.131 

HbA1c (%) -0.002 0.039 0.961 

Fasting plasma glucose (mmol/L) -0.0002 0.002 0.924 

HOMA-index† -0.129 0.047 0.006 

Occupational sitting time -0.250 0.026 <0.0001 

Smoking (no=0, yes=1) -0.151 0.091 0.095 

Alcohol intake (no=0, yes=1) 0.115 0.085 0.177 

Medication for hypertension  -0.047 0.079 0.556 

Medication for hyperlipidemia  0.101 0.139 0.464 

Medication for diabetes  -0.028 0.180 0.875 

Total index = Total physical activity index (①+②+③) 

†: These variables were represented in the original scale after analysis using log (natural) 

transformed values. 

 

 

 

 

 

 

 

 

 

 



Supplemental table 2. Multivariate linear regression analysis for correlates of occupational sitting 

.time adjusted for age and sex at baseline 

Variables β SE p 

Body mass index (kg/m2) 0.001 0.009 0.952 

Waist circumference (cm) 0.002 0.003 0.521 

Systolic blood pressure (mmHg) 0.001 0.001 0.717 

Diastolic blood pressure (mmHg) -0.001 0.002 0.778 

Heart rate (bpm/min) 0.009 0.003 0.001 

Estimated GFR (ml/min/1.73m2) 0.001 0.002 0.547 

Uric acid (µmol/L) 0.001 0.024 0.971 

Total cholesterol (mmol/L) 0.0002 0.001 0.837 

HDL-cholesterol (mmol/L) -0.002 0.002 0.380 

LDL-cholesterol (mmol/L) -0.0004 0.001 0.657 

Triglycerides†(mmol/L) 0.039 0.057 0.487 

HbA1c (%) 0.031 0.036 0.398 

Fasting plasma glucose (mmol/L) 0.002 0.002 0.166 

HOMA-index† 0.083 0.043 0.053 

Total index (①+②+③)  -0.211 0.022 <0.0001 

① Work index  -0.729 0.036 <0.0001 

② Sport index  -0.002 0.050 0.973 

③ Leisure-time index  0.054 0.038 0.155 

Smoking (no=0, yes=1) 0.159 0.083 0.057 

Alcohol intake (no=0, yes=1) -0.050 0.079 0.528 

Medication for hypertension  -0.051 0.073 0.484 

Medication for hyperlipidemia  0.105 0.127 0.410 

Medication for diabetes  -0.066 0.165 0.690 

Total index = Total physical activity index (①+②+③) 

†: These variables were represented in the original scale after analysis using log (natural) 

transformed values. 

 

 

 

 

 

 

 



Supplemental table 3. Multivariate Cox’s proportional hazards regression analysis of all-cause death 

adjusted for age and sex 

Variables β SE HR (95%CI) p 

Body mass index (kg/m2) -0.024 0.018 0.98 (0.94-1.01) 0.167 

Waist circumference (cm) -0.004 0.006 1.00 (0.98-1.01) 0.476 

Systolic blood pressure (mmHg) 0.004 0.003 1.00 (1.00-1.01) 0.083 

Diastolic blood pressure (mmHg) 0.002 0.005 1.00 (0.99-1.01) 0.593 

Heart rate (bpm/min) 0.009 0.005 1.01 (1.00-1.02) 0.063 

Estimated GFR (ml/min/1.73m2) -0.003 0.004 1.00 (0.99-1.01) 0.552 

Uric acid (µmol/L) -0.025 0.041 0.98 (0.90-1.06) 0.549 

Total cholesterol (mmol/L) -0.008 0.002 0.99 (0.98-0.99) <0.0001 

HDL-cholesterol (mmol/L) -0.004 0.004 1.00 (0.99-1.00) 0.308 

LDL-cholesterol (mmol/L) -0.008 0.002 0.99 (0.98-0.99) <0.0001 

Triglycerides†(mmol/L) -0.139 0.118 0.87 (0.69-1.10) 0.237 

HbA1c (%) 0.175 0.062 1.19 (1.05-1.35) 0.005 

Fasting plasma glucose (mmol/L) 0.006 0.002 1.00 (1.01-1.02) 0.003 

HOMA-index† 0.104 0.077 1.11 (0.95-1.29) 0.180 

Total index (①+②+③)  -0.167 0.042 0.85 (0.78-0.92) <0.0001 

① Work index -0.189 0.081 0.83 (0.71-0.97) 0.018 

② Sport index -0.196 0.092 0.82 (0.68-0.99) 0.033 

③ Leisure-time index  -0.214 0.071 0.81 (0.70-0.93) 0.003 

Occupational sitting time  0.145 0.048 1.16 (1.05-1.27) 0.002 

Smoking (no=0, yes=1) 0.813 0.140 2.25 (1.71-2.98) <0.0001 

Alcohol intake (no=0, yes=1) -0.018 0.135 0.98 (0.75-1.29) 0.892 

Medication for hypertension 0.099 0.117 1.10 (0.87-1.39) 0.396 

Medication for hyperlipidemia -0.055 0.243 0.95 (0.58-1.54) 0.819 

Medication for diabetes 0.375 0.256 1.46 (0.87-2.43) 0.142 

Total index = Total physical activity index (①+②+③) 

†: These variables were represented in the original scale after analysis using log (natural) 

transformed values. 

 

 

 

 

 

 



Supplemental table 4. Multivariate Cox’s proportional hazards regression analysis of the cause of  

death adjusted for age and sex 

Cause of deaths Variables β SE HR (95%CI) p 

Cancer death Total index (①+②+③)  -0.193 0.075 0.82(0.71-0.96) <0.0001 

 ① Work index -0.091 0.143 0.91 (0.69-1.22) 0.525 

 ② Sport index  -0.158 0.167 0.85 (0.61-1.19) 0.346 

 ③ Leisure-time index -0.394 0.131 0.67 (0.52-0.88) 0.003 

 Occupational sitting time  0.092 0.086 1.10 (0.92-1.30) 0.286 

Cardiovascular 

death 

Total index (①+②+③)  -0.322 0.135 0.72 (0.55-0.95) 0.017 

 ① Work index  -0.583 0.253 0.56 (0.34-0.93) 0.021 

 ② Sport index  -0.461 0.314 0.63 (0.34-1.18) 0.143 

 ③ Leisure-time index -0.209 0.234 0.81 (0.92-1.30) 0.372 

 Occupational sitting time 0.330 0.159 1.39 (1.01-1.91) 0.038 

Total index = Total physical activity index (①+②+③) 
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