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ABSTRACT 

Objectives: We investigated associations between daily-life physical activity (PA) 
and prospective weight gain in non-obese people. We also examined whether these 
associations are independent of other lifestyle factors and changes in muscle mass 
and whether they are age-dependent and change over a person’s life course. 
Methods: The data were extracted from the Lifelines cohort study (N=52,498; 
43.5% men) and excluded obese individuals (BMI>30kg/m2). We used the validated 
Short Questionnaire to Assess Health Enhancing  Physical Activity (SQUASH) 
questionnaire to estimate moderate-to-vigorous (MVPA; MET≥4), moderate (MPA; 
MET between 4 and 6.5) and vigorous PA (VPA; MET≥6.5) within non-occupational 
(commuting and leisure) and occupational domains. Body weight was objectively 
measured and changes were standardized over a 4-year period. Separate analyses, 
adjusted for age, educational level, diet, smoking, alcohol consumption and changes 
in creatinine excretion (a marker of muscle mass), were performed for men and 
women. 
Results: The average weight gain was +0.45±0.03 kg in women. Non-occupational 
MVPA, MPA and VPA were associated with less gain in body weight in women after 
adjusting for potential confounders, described above. Beta coefficients (95%CI) for 
the MVPA>0, MPA>0 and VPA>0 relative to each reference groups (No-MVPA, No-
MPA and No-VPA) were, respectively -0.34 (-0.56;-0.13), -0.32 (-0.54;-0.10) and -
0.30 (-0.43;-0.18) kg. These associations were dose-dependent when using four sets 
of PA categories. Beta-coefficients (95%CI) for the lowest, middle, and highest MVPA 
tertiles relative to the ‘No-MVPA’ were, respectively, -0.24 (-0.47;-0.02), -0.31 (-
0.53;-0.08), and -0.38 (-0.61;-0.16) kg. The average weight gain in men was 
+0.13±0.03 kg, and only non-occupational VPA was associated with less body weight 
gain. Beta-coefficients (95%CI) for the VPA tertiles relative to the ‘No-VPA’ group 
were, respectively, -0.25 (-0.42;-0.09), -0.19 (-0.38;-0.01) and -0.20 (-0.38;-0.02) 
kg. However, after adjusting for potential confounders, the association was no longer 
significant in men. The potential benefits of non-occupational PA were age-stratified 
and mainly observed in younger adults (men: <35 years; women: <55 years). 
Moreover, occupational MVPA was not associated with favourable changes in body 
weight in males and females. 
Conclusion: Higher non-occupational MVPA, MPA and VPA were associated with less 
weight gain in women <55 years. In younger men (<35 years), only non-
occupational VPA was associated with less weight gain. 

Keywords: physical activity, weight gain prevention, moderate-to-vigorous physical 
activity, occupational physical activity, life course 
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INTRODUCTION 

Obesity contributes to the development of a number of chronic diseases, such as 
type 2 diabetes, cardiovascular diseases, and certain cancers [1]. Obesity rates 
among adults nearly trebled between 1975 and 2016 [2], and the epidemic 
proportions of obesity and obesity-related diseases continue to pose major health 
problems, globally. The global rate of type 2 diabetes among adults rose from 4.7% 
in 1980 to 8.5% in 2014 [1]. while one-third of all deaths worldwide are attributed to 
cardiovascular diseases [3]. With obesity acknowledged as the underlying cause of 
these health concerns, attention has shifted to the primordial prevention of obesity in 
non-obese people, necessitating the development and improvement of strategies for 
preventing weight gain. Genetic, socio-economic, and environmental factors 
generally account for body weight gain [1, 4-5]. These factors influence energy 
balance-related behaviors that determine energy intake and expenditure. The 
primordial prevention of excessive calorie intake and of low levels of energy 
expenditure (i.e., low physical activity) constitute the main strategy for reducing the 
risk of weight gain [1, 5-6].  

Previous studies have mainly focused on the benefits of increased physical 
activity (PA) as a strategy for promoting body weight loss and for preventing the 
regaining of body weight in obese individuals [5]. They have shown that individuals 
who become more active lose more body weight. Several large-scale studies have 
found that PA plays a role in the prevention of body weight gain [7-9]. By contrast, 
other studies have found no association between baseline PA and changes in body 
weight during follow-up assessments [10-13]. In some studies that mostly included 
small sample sizes, this association was only observed in subgroups, for example, in 
normal weight, female, or younger adults [14-15]. Therefore, large-scale population-
based studies that test the benefits of PA across groups differentiated by age and 
sex are required. Moreover, little is known about how the intensity and type of daily-
life PA impact on its association with prospective changes in body weight. Although 
clinical guidelines recommend that physical activities should be conducted at 
moderate-to-vigorous and not at light intensity levels, most previous studies focused 
on total PA, including light PA [10-16]. Moreover, there are still unanswered 
questions as to whether vigorous PA is necessary for achieving a health benefit. Not 
all individuals are able or willing to perform vigorous PA, and this may not even be 
necessary if a moderate intensity level is in fact effective. Furthermore, it is not clear 
whether all types of activities can contribute to the recommended amount of daily 
PA. There is emerging evidence that occupational moderate-to-vigorous PA (MVPA) 
may not have the same level of health benefits as do physical activities conducted at 
leisure [17-18].  
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To address these questions, we investigated the associations of daily-life PA at 
different intensities (moderate or vigorous) within different domains (non-
occupational and occupational) relating to 4-year changes in body weight in non-
obese adults. We also examined whether these associations are independent of other 
lifestyle factors, such as diet, smoking and alcohol use, and changes in creatinine 
excretion, which is a marker of muscle mass. Furthermore, we examined whether the 
associations were age-dependent and differed over the life course within a large 
cohort deemed representative of the general population. 

METHODS 

Data source and study population 
Lifelines is a multidisciplinary prospective population-based cohort and biobank of 
more than 167,000 people living in the North of the Netherlands [21]. It employs a 
broad range of investigative procedures in assessing the biomedical, socio-
demographic, behavioral, physical, and psychological factors that contribute to the 
health and disease of the general population, with a special focus on multi-morbidity 
and complex genetics. The study was conducted according to the Helsinki 
Declaration, and it was approved by the medical ethical committee of the University 
Medical Center Groningen in the Netherlands. All participants provided their written 
informed consent [19].  

In this study, the analyses were based on the data at baseline and at 4-year 
follow-up. We included non-obese (BMI<30kg/m2) adult (>18 years) subjects of 
Western European origin. The first exclusion was any missing and/or implausible 
data related to the main determinant and outcome: assessment of physical activity 
and the measurements of body weight. Further exclusions were related to minimize 
bias from changes in physical activity or body weight: excessive or unwanted weight 
loss, pregnancy, type 2 diabetes, thyroid diseases, irritable bowel syndrome, 
transplantation, cancer, heart failure, stroke, stent or bypass and pacemaker. In all, 
52,498 participants were included in the current analyses (Figure S1).  

Assessment of physical activity 
Physical activity was assessed using the Short QUestionnaire to ASsess Health-
enhancing (SQUASH) physical activity, a validated questionnaire, which estimates 
habitual physical activities with reference to a normal week in the past month.[20] 
The SQUASH is pre-structured into four domains: commuting, leisure time, 
household, and occupational activities. Questions consisted of three main queries: 
days per week, average time per day, and intensity. Each activity in minutes per 
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week was calculated by multiplying frequency (days/week) by duration (min/day). 
Then, the activities were assigned to a certain level of effort, or intensity, indicated 
by the MET value of the activity[20][21] MET values were assigned to activities with 
the help of Ainsworth’s Compendium of Physical Activities.[22]  

In this study, non-occupational (combination of commuting and leisure-time) 
moderate-to-vigorous PA (MVPA; MET ≥ 4.0), moderate PA (MPA; MET between 4 
and 6.5) and vigorous PA (VPA; MET ≥ 6.5) categories were used as the main 
measures of physical activity. Participants were divided into distinct categories based 
on the amount of MVPA, MPA and VPA. Individuals who performed no physical 
activity at MVPA, MPA and VPA, respectively were classified as ‘No-MVPA’, ‘No-MPA’ 
and ‘No-VPA’ (T0). The other participants (MVPA>0 min/week, MPA>0 min/week and 
VPA>0 min/week) were divided into distinct tertiles of MVPA, MPA and VPA ranging 
from low (tertile 1, T1), middle (tertile 2, T2) to high (tertile 3, T3). Thus, T0, T1, T2 
and T3 were considered as ‘inactive’, ‘a little bit active’, ‘active’, and ‘very active’ 
respectively. 

Additionally, activity minutes per week for specific types of daily-life physical 
activity (walking, cycling, sports and odd jobs) at moderate or vigorous intensity 
were categorized into two levels: No-MPA and MPA>0 minutes per week, or No-VPA 
and VPA>0 minutes per week.   

Body weight measurement 
Participants’ body weights (in kg) were measured by well-trained assistants who are 
permanent staff members using a standardized protocol.[19] At a follow-up session 
conducted after 4 years, their body weights were measured to the nearest 0.1 kg 
using the same baseline protocol. Changes between baseline and follow-up 
measurements were standardized over a 4-year period.  

Other baseline measurements 
Body height, waist circumference and blood pressure were measured by trained 
assistants at the baseline. BMI is weight (kg) divided by height squared (m2). Blood 
samples were collected in the fasting state and analyzed on the day of collection at 
the Department of Laboratory Medicine of the University Medical Center Groningen, 
the Netherlands (Supplementary method 1) [19].  

The supplementary methods section (Supplementary method 2) provides 
definitions for the covariates. In brief, education levels were categorized as low, 
medium, and high. Current smoking status was categorized as non-smokers and 
smokers. Daily caloric and alcohol intakes were calculated using the Food Frequency 
Questionnaire and presented as kilocalories per day (kcal/day) and grammes of 
alcohol per day (g/day). Diet quality was assessed using the Lifelines Diet Score 
(LLDS), which is described in greater detail elsewhere [23]. Creatinine excretion was 
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calculated as the mean value derived from two urine samples collected over a 24-
hour period [24]. The method applied for analysing the urine samples is described in 
detail elsewhere [19].  

Statistical analysis 
The study characteristics were expressed as means with a standard deviation for 
normally distributed variables or as medians with interquartile range (25th to 75th 
percentile) for non-normally distributed variables and numbers with percentages in 
case of categorical data. The differences between groups were compared using 1-
way analysis of variance tests or Kruskal-Wallis tests for continuous variables. The 
frequency distributions of categorical variables were analyzed using the Pearson Chi-
Square test. Furthermore, estimated changes in body weight were calculated 
according to the level of non-occupational physical activity (MVPA and VPA) using 
age and education adjusted ANOVA. Outcomes were presented as mean of kilogram 
body weight with standard error.  

Linear regression analysis was performed to evaluate the association between PA 
and changes in body weight. First we used two sets of PA categories (No-PA and 
PA>0) of MVPA, MPA and VPA at non-occupational and occupational domains. In the 
main analysis, we created dummy exposure variables for each PA category (MVPA, 
MPA and VPA) for comparison with the reference group (No-MVPA, No-MPA and No-
VPA) and each tertile of MVPA, MPA and VPA (T1-3). Outcomes were presented as 
unstandardized beta-coefficients with 95% confidence intervals (95%CI). In the 
regression analyses, the basic model was adjusted for age and education level. In 
model 1, we added diet (LLDS for diet quality and  daily caloric intake for diet 
quantity), current smoking (yes/no) and alcohol consumption (g/day) as potential 
lifestyle confounders to the basic model. Model 2 was adjusted for changes in 
creatinine excretion,  a marker of muscle mass, in addition to adjustments in model 
1. All the regression analyses were repeated for age categories (<35, 35-55, and
>55 years). Furthermore, the role of specific types of daily-life physical activities 
were tested in the association with changes in body weight.  

All statistical analyses were performed using IBM SPSS V.22.0 (Chicago, IL) and 
GraphPad Prism V.4.03 (San Diego, CA). A two-sided statistical significance was set 
at p<0.05 for all tests. 

RESULTS 

Female participants were more likely to maintain healthy lifestyles. Fewer women 
were smokers or consumed alcohol, and their diet scores were healthier than those 
of men (P<0.05). Of the participants, 13.3% of males (n = 3,035) and 8.8% of 
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females (n = 2,519) did not perform any activities at a moderate-to-vigorous level 
(No-MVPA). Participant characteristics are shown by non-occupational MVPA level in 
males and females (Table 1).   

Table 1. General characteristics of the study population 
Characteristics Total According to MVPA level

T0 T1 T2 T3
Men 
MVPA min/week 210 (60-400) 0 3-160 162-360 361-4015
Number (%) 22,827 (43.5) 3035 (13.3) 6597 (28.9) 6888 (30.2) 6307 (27.6)
Age (years) 45 (36-52) 45 (37-51) 44 (37-51) 45 (36-51) 46 (35-56)
Education: Lower (%, n) 24.7 (5,630) 36.4 (1,195) 24.2 (1,597) 21.3 (1,465) 23.2 (1,463)

Middle (%, n) 38.5 (8,784) 42.0 (1,275) 40.4 (2,668) 36.7 (2,525) 36.7 (2,316)
Higher (%, n) 36.9 (8,413) 21.6 (655) 35.3 (2,332) 42.1 (2,898) 40.1 (2,528)

Current smoking, (%, n) 20.6 (4,695) 30.3 (1,192) 21.5 (1,349) 17.8 (1,112) 16.4 (1,057)
Alcohol use, (gr/day) 6.9 (2.7-15.5) 6.6 (2.2-15.8) 6.8 (2.7-14.9) 6.9 (3.1-15.6) 7.6 (2.8-15.8)
Lifelines Diet score 22.7 ± 5.63 21.3 ± 5.56 22.5 ± 5.48 23.3 ± 5.59 23.5 ± 5.67
Energy intake (kcal/day) 2406.7±621.1 2426.7±641.0 2405.9±610.4 2363.7±595.6 2443.1±644.9
Body weight (kg) 84.7 ± 9.95 85.1 ± 10.3 85.0 ± 9.93 84.8 ± 9.85 84.2 ± 9.89
BMI (kg/m2) 25.2 ± 2.5 25.6 ± 2.5 25.3 ± 2.5 25.2 ± 2.4 25.1 ± 2.4
Waist circumference (cm) 92.2 ± 8.2 94.0± 8.2 92.9 ± 8.1 92.0 ± 8.0 90.7± 8.1
Systolic BP (mm Hg) 129.0 ± 13.2 130.1 ± 13.3 129.2 ± 13.2 128.6 ± 12.9 128.5 ± 13.3
Diastolic BP (mm Hg) 76.0 ± 9.1 77.1 ± 9.0 76.3 ± 9.1 75.9 ± 9.0 75.5 ± 9.2
Cholesterol (mmol/L) 5.18 ± 0.98 5.27 ± 0.99 5.20 ± 0.98 5.15 ± 0.96 5.14 ± 0.98
HDL-cholesterol 1.35 ± 0.31 1.28 ± 0.31 1.32 ± 0.30 1.36 ± 0.31 1.41 ± 0.33
Triglycerides (mmol/L) 1.09 (0.8-1.5) 1.21 (0.9-1.8) 1.14 (0.8-1.6) 1.08 (0.8-1.5) 1.02 (0.8-1.4)
Plasma glucose (mmol/L) 5.01 ± 0.46 5.08 ± 0.46 5.03 ± 0.46 5.01 ± 0.46 4.98 ± 0.45
Women
MVPA min/week 210 (60-420) 0 3-150 151-330 331-3440
Number (%) 29,671 (56.5) 2599 (8.8) 9200 (31.0) 8979 (30.3) 8893 (30.0)
Age (years) 45 (38-52) 45 (38-50) 44 (37-50) 45 (38-52) 47 (39-57)
Education: Lower (%, n) 26.7 (7,924) 33.3 (865) 25.1 (2,308) 24.5 (2,203) 28.7 (2,548)

Middle (%, n) 46.1 (12,333) 41.4 (1,076) 42.6 (3,918) 41.3 (3,711) 40.8 (3,628)
Higher (%, n) 31.7 (9,414) 25.3 (658) 32.3 (2,974) 34.1 (3,065) 30.6 (2,717)

Current smoking, (%, n) 17.5 (5,206) 29.8 (1,132) 19.0 (1,672) 15.0 (1,410) 13.0 (1,008)
Alcohol use, (gr/day) 2.9 (0.7-7.2) 2.5 (0.3-7.1) 2.7 (0.6-6.9) 3.1 (0.8-7.2) 3.4 (0.8-8.8)
Lifelines Diet score 25.4 ± 6.00 23.6 ± 6.07 24.7 ± 5.84 25.7 ± 5.83 26.5 ± 6.11
Energy intake (kcal/day) 1861.6±456.2 1796.7±461.0 1873.1±451.1 1863.4±443.9 1867.0±470.0
Body weight (kg) 69.8 ± 8.96 70.1 ± 9.30 70.2 ± 9.14 69.7 ± 8.85 69.3 ± 8.69
BMI (kg/m2) 24.2 ± 2.8 24.5 ± 2.8 24.3 ± 2.8 24.2 ± 2.7 24.0 ± 2.7
Waist circumference (cm) 83.1 ± 8.8 84.5 ± 9.0 83.7 ± 8.9 83.0 ± 8.8 82.2 ± 8.6
Systolic BP (mm Hg) 120.7 ± 14.6 122.3 ± 14.9 120.2 ± 14.2 120.5 ± 14.7 120.9 ± 14.8
Diastolic BP (mm Hg) 71.4 ± 8.6 72.3 ± 9.0 71.2 ± 8.5 71.4 ± 8.6 71.3 ± 8.7
Cholesterol (mmol/L) 5.08 ± 0.99 5.09 ± 0.97 5.01 ± 0.98 5.08 ± 0.98 5.16 ± 1.03
HDL-cholesterol 1.68 ± 0.39 1.62 ± 0.39 1.64 ± 0.38 1.69 ± 0.38 1.74 ± 0.41
Triglycerides (mmol/L) 0.83 (0.6-1.1) 0.89 (0.7-1.2) 0.84 (0.6-1.1) 0.82 (0.6-1.1) 0.81 (0.6-1.1)
Plasma glucose (mmol/L) 4.76 ± 0.44 4.77 ± 0.43 4.75 ± 0.43 4.76 ± 0.44 4.76 ± 0.45

Note: Data are presented as mean ± SD or median (25th to 75th percentile) and number (percentages, %). 
BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol;  HbA1c, 
hemoglobin-A1c; MVPA, moderate-to-vigorous physical activity; VPA, vigorous physical activity; T, tertile. 
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The numbers of smokers and of participants with lower education levels were higher 
in the No-MVPA group compared with those in the MVPA group. Furthermore, higher 
concentrations of total cholesterol and triglycerides and a lower concentration of 
HDL-C as well as lower diet scores were noted for this group (P<0.05). Table S1 
shows the participants’ characteristics stratified by age. Men’s PA levels (min/week), 
and especially VPA were significantly higher than those of women. The adjusted 
MVPA mean values for men and women in min/week were, respectively, 288.0 ± 1.9 
and 279.4 ± 1.7, and those for VPA were 133.4 ± 4.2 and 88.8 ± 1.1, respectively. 
Figure S2 shows the levels of specific types of non-occupational MVPA.  

After 4 years, the body weights of male and female participants had increased on 
average by 0.13 ± 0.03 kg and 0.45 ± 0.03 kg, respectively. Changes in body 
weight, estimated with an age- and education-adjusted ANOVA and visualized 
according to PA levels, were significantly higher in inactive men and women 
belonging to the T0, No-MVPA, and No-VPA’ categories compared with these changes 
in groups with higher MVPA and VPA categories (Figure 1).  

Figure 1. Estimated changes in body weight (kg) adjusted for age and education 
level, stratified by levels of moderate-to-vigorous (A and B) and vigorous (C and D) 
physical activity.  
Note: Measured body weight change adjusted with ANOVA. MVPA, moderate-to-vigorous physical activity; VPA, 
vigorous physical activity; T, tertile. Non-occupational MVPA and VPA were used in the analysis. 
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On average, all of the female participants gained body weight, but this increase in 
body weight was attenuated with increasing MVPA and VPA levels (T1–T3). Increases 
in the body weights of participants, stratified by age, were mostly observed in 
younger men (18–35 years) and young and middle-aged women (18–54 years) 
(Figure S3). Figure S4 sheds light on whether these changes may have been more 
or less related to body fat or lean mass through its depiction of changes in body 
weight and creatinine excretion. Taking PA levels into consideration, the results of 
our analysis indicated that very active young men demonstrated lower levels of 
change in their body weights but higher levels of change in their creatinine excretion 
compared with the inactive group. To incorporate this finding within subsequent 
regression analyses, we adjusted for changes in creatinine excretion when 
considering changes in body weight.  

In regression analyses, higher non-occupational MVPA, MPA and VPA were 
associated with less gain in body weight in women. (Figure 2). Beta coefficients 
(95%CI) for the MVPA>0, MPA>0 and VPA>0 relative to each reference groups (No-
MVPA, No-MPA and No-VPA) were, respectively -0.34 (-0.56;-0.13), -0.32 (-0.54;-
0.10) and -0.30 (-0.43;-0.18) kg.   

Figure 2. Domain- and intensity-specific associations of physical activity and 4-year 
changes in body weight. 
Note: Regression analysis. Determinants are dummy exposure variables for physical activities (reference groups 
of No-MPA, No-VPA, and No-MVPA and MPA>0, VPA>0, and MVPA>0). Data are expressed as B coefficient 
with 95% confidence interval (95% CI). OPA, occupational physical activity; MPA, moderate physical activity, 
VPA, vigorous physical activity, MVPA, moderate-to-vigorous physical activity; B, unstandardized beta coefficient.
Analyses adjusted for age, education, Lifelines diet score, caloric intake, smoking and alcohol use.

These associations were dose-dependent when using four sets of PA categories 
(Table 2). The beta-coefficients attenuated by 10-20% but remained significant 
after adjusting for potential confounders, including muscle mass. An in-depth 
investigation of the roles of the confounders indicated that the diet-based 
confounding effect was stronger than the confounding effects of smoking and alcohol 
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consumption (Table S2). In men, higher VPA, but not higher MPA or MVPA, was 
associated with less body weight gain (Figure 2). However, after adjusting for 
potential confounders, the association was no longer significant (Table 2). 
Furthermore, for both men and women, there was no clear association between 
occupational MVPA and changes in body weight. The crude association was 
significant and positive for men but ceased to be significant after adjusting for age, 
education, diet, smoking, and alcohol use. In women, the association was positive 
but non-significant.  

Table 2. Non-occupational daily-life PA and 4-year changes in body weight 
Physical 
activity

Unstandardized beta coefficients kg body weight
Basic model Model 1 Model 2
B (95%CI) P-value B (95%CI) P-value B (95%CI) P-value

Men 
MVPA-T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
MVPA-T1 -0.14 (-0.35; 0.07) 0.19 -0.05 (-0.26; 0.16) 0.61 -0.03 (-0.25; 0.19) 0.78
MVPA-T2 -0.03(-0.24; 0.18) 0.81 0.10 (-0.11; 0.31) 0.35 0.12 (-0.10; 0.33) 0.30
MVPA-T3 0.02 (-0.19; 0.24) 0.82 0.19 (-0.03; 0.40) 0.09 0.20 (-0.02; 0.42) 0.08
VPA-T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
VPA-T1 -0.25 (-0.42; -0.09) 0.03 -0.20 (-0.37;-0.03) 0.02 -0.20 (-0.37;-0.02) 0.03
VPA-T2 -0.19 (-0.38; -0.01) 0.04 -0.11 (-0.30; 0.07) 0.24 -0.09 (-0.28; 0.11) 0.39
VPA-T3 -0.20 (-0.38; -0.02) 0.03 -0.09 (-0.27; 0.09) 0.34 -0.10 (-0.28; 0.09) 0.32

Women 
MVPA-T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
MVPA-T1 -0.32 (-0.55; -0.10) 0.005 -0.24 (-0.47; -0.02) 0.036 -0.25 (-0.48; -0.02) 0.037
MVPA-T2 -0.42 (-0.65; -0.20) 0.000 -0.31 (-0.53; -0.08) 0.008 -0.35 (-0.59; -0.12) 0.003
MVPA-T3 -0.53 (-0.75; -0.30) 0.000 -0.38 (-0.61; -0.16) 0.001 -0.42 (-0.65; -0.18) 0.001
VPA-T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
VPA-T1 -0.27 (-0.44; -0.10) 0.002 -0.22 (-0.39; -0.05) 0.011 -0.24 (-0.42; -0.07) 0.007
VPA-T2 -0.35 (-0.51; -0.18) 0.000 -0.30 (-0.46; -0.13) 0.001 -0.33 (-0.51; -0.16) 0.000
VPA-T3 -0.38 (-0.55; -0.21) 0.000 -0.32 (-0.49; -0.15) 0.000 -0.33 (-0.51; -0.15) 0.000

Note: Regression analysis. Determinants are dummy exposure variables for physical activities for comparison 
between the reference group (No-MVPA, and No-VPA, T0) and tertiles of MVPA and VPA (T1-3). Data are 
expressed as unstandardized beta coefficient with 95% confidence interval (95% CI). MVPA, moderate-to-
vigorous physical activity; VPA, vigorous physical activity; MPA, moderate physical activity; T, tertile. Data on 
MPA is shown in Supplementary material, Table S3. 
Basic model: age and education 
Model 1: Basic model + Lifelines diet score and  daily caloric intake, smoking and alcohol use 
Model 2: Model 1 + 24-hour urinary creatinine excretion. 

Stratification of the participants by age revealed significant associations mainly in 
younger adults (Figure 3). For men below 35 years and for women below 55 years, 
non-occupational VPA was dose-dependently associated with less gain in body 
weight after fully adjusting for confounding factors. 

We conducted additional analyses aimed at elucidating the role of individual 
daily-life activities within the non-occupational domain (Table 3). These analyses 
were performed for men below 35 years and women below 55 of age years because 
significant associations of non-occupational PA and changes in body weight were 
observed for individuals in these age groups. Our findings, based on the application 
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of two sets of PA categories (No-MPA and MPA > 0 or No-VPA and VPA > 0) 
indicated that higher levels of moderate (cycling) and vigorous (cycling and sports) 
PA were associated with less weight gain in women after fully adjusting for 
confounding factors. For men, only higher levels of VPA (cycling and sports) were 
associated with less weight gain. 

Figure 3. Association between vigorous physical activity and changes in body 
weight, stratified by age in men (A) and women (B).  
Note: Regression analysis. Data are expressed as unstandardized beta coefficient (presented as bar) with 95% 
confidence interval (95% CI, presented as arrow). Physical activity was shown as vigorous physical activity 
categories (T0-T3). VPA, vigorous physical activity; T, tertile. Analysis was adjusted for age, education. diet, 
smoking and alcohol use. 

DISCUSSION 

In this large-scale, population-based study, a higher non-occupational MVPA was 
found to be dose-dependently related to less weight gain in women. Moreover, these 
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associations were stronger and independent of other potential confounders in women 
under the age of 55 years.  

Table 3. Individual non-occupational MVPA and 4-year changes in body weight 
Physical activity Unstandardized beta coefficients kg body weight (95% CI)

Basic model Model 1
PA=0
(Ref)

PA>0 P-
value

PA=0
(Ref)

PA>0 P-
value

Men (<35 y)
Walking (moderate) 0 -0.14 (-0.89; 0.21) 0.71 0 -0.04 (-0.81; 0.73) 0.92
Cycling at moderate 0 -0.01 (-0.48; 0.02) 0.96 0 0.14 (-0.33; 0.61) 0.56
Cycling at vigorous 0 -0.74 (-1.15;-0.32) 0.001 0 -0.61 (-1.03;-0.19) 0.001
Sports at moderate 0 0.12 (-0.46; 0.69) 0.69 0 0.34 (-0.24; 0.92) 0.25
Sports at vigorous 0 -0.44 (-0.76;-0.12) 0.01 0 -0.35 (-0.67;-0.02) 0.04
Odd jobs (moderate) 0 0.21 (-0.54; 0.95) 0.59 0 0.29 (-0.46; 1.05) 0.45
Women (<55 y) 
Walking (moderate) 0 -0.44 (-0.74;-0.13) 0.01 0 -0.23 (-0.54; 0.09) 0.17
Cycling at moderate 0 -0.42 (-0.65;-0.18) 0.001 0 -0.27 (-0.51;-0.03) 0.03
Cycling at vigorous 0 -0.45 (-0.66;-0.25) 0.001 0 -0.37 (-0.57;-0.16) 0.001
Sports at moderate 0 -0.39 (-0.66;-0.12) 0.01 0 -0.26 (-0.54; 0.01) 0.058
Sports at vigorous 0 -0.38 (-0.52;-0.24) 0.001 0 -0.32 (-0.46;-0.17) 0.001
Odd jobs (moderate) 0 -0.03 (-0.48; 0.42) 0.89 0 -0.23 (-0.24; 0.69) 0.34

Note: Regression analysis. Determinants are dummy exposure variables for physical activities for 
comparison between the reference group (No-MVPA or No-VPA) and MVPA>0 or VPA>0. Data are 
expressed as unstandardized beta coefficient with 95% confidence interval (95% CI). PA, physical activity.  
Analysis was adjusted for age, education. diet score, smoking and alcohol use.  
Basic model=age and education 
Model 1 = Basic model + Lifelines diet score and  daily caloric intake, smoking and alcohol use.

Furthermore, the potentially favourable effects of PA for women applied to both 
moderate and vigorous physical activities like cycling and sports. Among male 
participants, strenuous physical activities, such as vigorous cycling and sports, were 
predominantly related to lower weight gain but only in younger (< 35 years) men 
after adjusting for other lifestyle factors. There was no clear association between 
occupational MVPA and changes in body weight among both men and women. 

Several previous prospective studies found an inverse association between PA 
and changes in body weight [7-9, 25-26]. However this association has not been 
confirmed in other studies [10-13]. Moreover, this association was found to be 
restricted to specific groups in some studies [14][15]. For instance, a large-scale, 
multi-country EPIC study (n = 288,498) found an association between PA and 5-year 
changes in body weight only in younger women (<50 years) and those of normal 
weight.[14] In our large-scale, population-based study, the benefits of PA differed 
among men and women relative to the PA intensity level. Moreover, the associations 
between PA and changes in body weight differed according to the PA domain (non-
occupational or occupational), in addition to being age-dependent. These core 
findings are discussed in more detail below. 
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Clinical guidelines on PA levels state that physical activities at the moderate-to-
vigorous level, but not at the light level, are essential for maintaining a healthy body 
weight [27]. However, most previous studies focused on total PA, including light PA, 
and did not test for or report on different PA intensity levels [10-16]. The few studies 
that tested intensity levels suggest that physical activities at higher intensity levels 
are more effective than those at lower intensity levels in weight management [13, 
28]. For instance, in their study of a 6.2-year prospective follow-up assessment, 
Williams et al. found that weight loss from running exceeded that from walking [28].  

A question that we aimed to address in our study was whether a vigorous level 
of PA better predicts future changes in body weight. This was found to be the case in 
men for whom only vigorous activities were related to weight changes. In women, 
both moderate (cycling) and vigorous (cycling and sports) activities were related to 
body weight changes. However, the benefits of total daily-life MVPA were mostly 
explained by MPA in women; associations between VPA and body weight changes 
were not stronger than those observed for MPA. By contrast, only VPA, and not MPA, 
or a combination of moderate and vigorous PA, was associated with less weight gain 
in men. The considerably lower changes in the body weights of men compared with 
those of women during the follow-up assessment may be indicative of a statistical 
power issue that could partly account for this difference. Another explanation could 
be that male participants’ reporting of VPA was more accurate than their reporting of 
MPA or other physical activities in the questionnaire.[29] Accordingly, more 
longitudinal studies are needed to establish the effects of different PA intensities for 
men to prevent body weight gain. For women, not only VPA but also MPA can be 
considered as an option for avoiding body weight gain. 

Obesity is mainly caused by a long-term energy imbalance, any increase in PA, 
irrespective of the type of daily-life activities, which can be work-related, may 
support an active lifestyle. However, along with other researchers, we found that 
occupational MVPA has no association with weight gain [17-18, 30-31]. Evidently, 
there is a possibility of (residual) confounding by socio-economic status, type of 
work, transportation to/from work, or energy intake associated with work-related 
cultures and habits. In line with the findings of the above-mentioned studies, our 
results did not change after adjusting for factors relating to diet and socio-economic 
status. Furthermore, increased muscle mass observed during the follow-up 
assessment may have occurred because of higher MVPA in the occupational domain. 
However, the results remained unchanged after we adjusted for changes in 
creatinine excretion. Nevertheless, it should be noted that some studies have found 
that occupational PA could be beneficial in the prevention of weight gain [32-36]. 
Among these studies, only one Chinese study tested the prospective association of 
occupational PA with changes in body weight, reporting an inverse association [34]. 
However, the definition of occupational PA in this study differed from that used in 
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other studies, as it included a wide range of work-related activities such as unpaid 
home-based jobs (e.g., working on a farm or vegetable garden). Two more Chinese 
cross-sectional studies found an inverse association between occupational PA and 
body weight [35-36]. These inconsistent findings may be partly explained by cultural 
differences. They indicate a need for future studies to test the effects of specific 
types of occupational PA on changes in body weight, attending especially to cultural 
differences within a broader context. 

In this study, the association of physical activity with changes in body weight 
was mainly observed in younger adults. This association may be related to the 
observation that life-time weight gain mostly occurred during this period (Figure 
S3). In line with our findings, another study found that the transition from normal 
weight to obesity was mostly observed around the ages of 28–33 and 31–36 years 
[26]. The findings of this and other studies suggest that a high level of activity 
during those ages can prevent overweight or obesity [7, 26]. This finding raises the 
question of whether the mechanisms for the prevention of weight gain differ from 
those for the resolution of overweight requiring weight loss. Our results confirm that 
MVPA is inversely associated with body weight gain independently of daily caloric 
intake and other lifestyle factors. This finding indicates that PA may influence weight 
gain or weight loss through different mechanisms. This conclusion is reasonable, as 
findings reported in the literature suggest that PA may support weight loss in 
combination with energy restriction, but that it may not, on its own, lead to weight 
loss [5]. Thus, more studies should explore the role of increased PA in the prevention 
of weight gain, rather than focusing on PA as a strategy for reversing overweight and 
obesity. Furthermore, a number of studies have reported that a very active lifestyle 
at younger adult ages may entail the benefit of obesity prevention at later ages [9, 
12, 30]. Moreover, a higher BMI in early adult life is a predictor of cardiovascular 
diseases in later life [6].  Thus, a conclusion that merits emphasis is that increasing 
PA at younger ages may be an important primordial obesity prevention strategy 
while simultaneously preventing non-communicable diseases in later adult life. 

It should be noted that our outcome measure focused on changes in overall 
body weight and not specifically on body fat mass. Therefore, we were unable to 
determine whether the changes were more or less related to changes in body fat 
mass or lean mass. Changes in body weight, especially in younger adults, could 
reflect changes in muscle mass. Indeed, in our descriptive analyses, we observed 
that whereas active younger men evidenced smaller changes in body weight 
compared with less active younger men, the latter showed greater changes in 
creatinine excretion compared with the former (Figure S4). Consequently, we 
adjusted for creatinine excretion in all of the analyses. We found that the association 
between PA and changes in body weight was independent of changes in muscle 
mass over time. These results are supported by those of previous studies that used 
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direct measures of body composition, indicating smaller changes in body fat in very 
active younger adults and greater gains in body fat in inactive young adults [7, 37]. 
Although 24-hour urinary creatinine excretion may not be a precise marker for the 
absolute level of muscle mass, changes in creatinine excretion have been found to be 
a more sensitive measure for changes in body composition compared with Dual-
energy X-ray absorptiometry (DEXA) [38]. Therefore, we concluded that increased 
PA can be an effective strategy for preventing body weight gain independently of 
muscle mass.  

The main strength of our study is its large sample size obtained from the general 
population, which enabled us to estimate the dose-dependency of different PA 
intensities with changes in body weight for sex- and age-differentiated groups with 
sufficient statistical power. A second strength of the study relates to the objective 
measurements of body weight that were taken during the baseline and follow-up 
phases. Most previous studies used self-reported body weight measures. 
Furthermore, we excluded participants with several diseases to minimize cause-effect 
bias relating to changes in PA or body weight caused by poor health. However, our 
study had some limitations. PA was reported only at the baseline stage. A few 
studies have concluded that a single measure of PA weakly predicts future changes 
in body weight [10, 39], which may be related to a bidirectional association of PA 
and obesity [13, 40]. The inclusion of more obese individuals in the analyses could 
attenuate the association between baseline PA and body weight at the follow-up 
assessment because obese individuals are mostly inactive while simultaneously 
making conscious efforts to prevent weight gain through diet. In our study, we 
included only non-obese individuals with the aim of reducing such information bias. 
Another limitation relates to our assessment of PA that was based on self-reporting 
and therefore subject to recall bias. However, the SQUASH questionnaire has been 
validated within the general population, demonstrating a Spearman correlation 
coefficient for reproducibility of 0.58 [20]. Furthermore, although PA quantification 
may have been subject to reporting bias, the qualitative information about the types 
and domain of MVPA proved valuable. 

CONCLUSIONS 

A higher level of non-occupational daily-life MVPA is associated with less gain in body 
weight in women. The potentially favourable effects of MVPA for women applied to 
both moderate and vigorous physical activities. The associations were found to be 
dose-dependent, suggesting that more MVPA is more beneficial. Furthermore, the 
associations were strongest in younger and middle-aged women (<55 years) and 
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were independent of diet, smoking, alcohol use, and 4-year changes in creatinine 
excretion, considered a marker of muscle mass. For men, only vigorous non-
occupational PA was associated with less weight gain in younger adults (<35 years). 
By contrast, a higher level of occupational MVPA was not conclusively associated with 
changes in body weight. 
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Supplementary methods 

1. Anthropometry and laboratory measurements
Body height, waist circumference, and blood pressure were measured by a 
permanent staff of well-trained assistants using a standardized protocol. Height was 
measured with a stadiometer placing the heels against the rod and the head in 
Frankfort Plane position. Waist circumference was measured in standing position with 
a tape measure all around the body, at the level midway between the lower rib 
margin and the iliac crest. Body mass index (BMI) was calculated as weight (kg) 
divided by height squared (m2).[1][2] 

The blood samples were collected in the fasting state, between 8.00 and 10.00 
a.m. and analyzed on the day of collection at the Department of Laboratory Medicine 
of the University Medical Center Groningen, the Netherlands. Participants were 
requested to fast for at least 12 hours prior to the blood draw. Fasting plasma 
glucose (FPG) was measured by the hexokinase method.. Serum levels of total and 
HDL cholesterol were measured using an enzymatic colorimetric method, 
triglycerides using a colorimetric UV method on a Roche Modular P chemistry 
analyzer (Roche, Basel, Switzerland).[1][2] 

2. Definition of lifestyle confounders and diseases
Education level: Education was categorized as low (no education, primary education, 
lower or preparatory vocational education and lower general secondary education), 
medium (intermediate vocational education or apprenticeship, higher general senior 
secondary education or pre-university secondary education) and high (higher 
vocational education and university).  

SUPPLEMENTARY MATERIALS 
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Current smoking: Smoking status was categorized as non-smokers and smokers. 
Non-smokers were those who had not smoked during the last month and had also 
never smoked for longer than a year.  

Daily caloric intake and alcohol intake: From the Food Frequency Questionnaire, 
daily caloric intake and alcohol intake were calculated and  presented as kilocalories 
a day (kcal/day) and grams of alcohol a day (gr/day). The calculation was based on 
intake frequency and the average number of units consumed on a day (divided the 
number of alcoholic drinks/week by 7). In the Netherlands a standard unit contains 
9.9 grams of alcohol. For each type of alcoholic beverage, respondents indicated 
whether they consumed it never (0%), sometimes (30%), often (70%) or always 
(100%) [1-2]. 

The Lifelines Diet Score: Based on food groups derived from the food frequency 
questionnaire, diet quality was scored by The Lifelines Diet Score (LLDS). The LLDS 
is based on the international scientific evidence on diet and chronic disease relations 
from prospective cohort analyses and randomized controlled trials, summarized by 
the Dutch Health Council and underlying the 2015 Dutch dietary guidelines. The 
LLDS ranks the relative intake of nine food groups for which there is strong 
international peer-reviewed scientific evidence of positive health effects (vegetables, 
fruit, whole grain products, legumes & nuts, fish, oils & soft margarines, 
unsweetened dairy, coffee and tea) and three food groups for which there is strong 
international peer-reviewed scientific evidence of negative health effects (red & 
processed meat, butter & hard margarines and sugar-sweetened beverages). For 
each of the food groups, quintiles of consumption in grams/1000 kcal are determined 
and awarded zero to four points. For the positive food groups, higher scores are 
awarded to higher quintiles of consumption, whereas intake for negative food groups 
is scored inversely. The sum of these components leads to a LLDS between zero and 
48.[3]  

References:  
1. Stolk RP, Rosmalen JGM, Postma DS, de Boer RA, Navis G, Slaets JPJ, et al.

Universal risk factors for multifactorial diseases: LifeLines: a three-generation
population-based study. Eur J Epidemiol. 2008;23: 67±74. doi: 10.1007/s10654-
007-9204-4 PMID: 18075776.

2. Scholtens S, Smidt N, Swertz MA, Bakker SJL, Dotinga A, Vonk JM, et al. Cohort
Profile: LifeLines, a three-generation cohort study and biobank. Int J Epidemiol.
2015; 44: 1172±1180. doi: 10.1093/ije/dyu229 PMID: 25502107.

3. Vinke PC, Corpeleijn E, Dekker LH, Jacobs DR, Navis G, Kromhout D:
Development of the food-based Lifelines Diet Score (LLDS) and its application in
129,369 Lifelines participants. Eur J Clin Nutr 2018;72:1111–1119.
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Table S1. General characteristics of the study population, by age 
Characteristics <35 35-55 >55 P-value 
Men 
Number (%) 5,530 (24.2) 13,027 (57.1) 4,270 (18.7) -
Age (years) 29 (26-32) 45 (41-49) 62 (59-66) -
Education: Low, (%, n) 13.9 (769) 24.7 (3224) 38.3 (1637) <0.001
Current smoking, (%, n) 27.9 (1544) 20.0 (2605) 12.8 (546) <0.001
Alcohol use, (gr/day) 7.6 (3.2-15.8) 6.7 (2.6-13.9) 8.2 (3.0-17.0) <0.001
Lifelines Diet score 20.8 ± 5.4 22.8 ± 5.4 25.2 ± 5.5 <0.001
Energy intake (kcal/day) 2507.3 ± 653.4 2440.6 ± 614.8 2173.0 ± 534.5 <0.001
Body weight (kg) 82.5 ± 10.6 86.1 ± 9.8 83.4 ± 9.0 <0.001
BMI (kg/m2) 24.2 ± 2.6 25.5 ± 2.4 25.7 ± 2.2 <0.001
Waist circumference (cm) 87.6 ± 8.2 93.1 ± 7.6 95.2 ± 7.4 <0.001
Total cholesterol (mmol/L) 4.6 ± 0.9 5.3 ± 0.9 5.5 ± 0.9 <0.001
HDL-cholesterol 1.3 ± 0.3 1.3 ± 0.3 1.4 ± 0.3 <0.001
Triglycerides (mmol/L) 1.0 (0.7-1.4) 1.2 (0.8-1.6 1.1 (0.8-1.5) <0.001
Plasma glucose (mmol/L) 4.9 ± 0.4 5.0 ± 0.5 5.2 ± 0.5 <0.001
Moderate-to-vigorous PA

No MVPA, (%, n) 12.2 (676) 14.6 (1902) 10.7 (457) <0.001
MVPA (min/week) 225.5 (80-420) 180 (60-360) 270 (120-495) <0.001

Vigorous PA
No VPA, (%, n) 35.7 (1976) 48.1 (6263) 52.6 (2245) <0.001
VPA (min/week) 90 (0-270) 40 (0-180) 0 (0-180) <0.001

Women
Number (%) 6,046 (20.4) 18,201 (61.3) 5,424 (18.3) -
Age (years) 27 (22-32) 45 (41-49) 61 (58-65) -
Education: Low, (%, n) 11.8 (713) 23.1 (4199) 55.5 (3012) <0.001
Current smoking, (%, n) 23.4 (1412) 17.9 (3250) 10 (544) <0.001
Alcohol use, (gr/day) 2.6 (0.7-6.4) 2.8 (0.7-7.1) 3.6 (0.8-9.9) <0.001
Lifelines Diet score 22.7 ± 5.9 25.4 ± 5.8 28.2 ± 5.5 <0.001
Energy intake (kcal/day) 1859.5 ± 464.6 1890.7 ± 460.5 1766.3 ± 417.4 <0.001
Body weight (kg) 68.2 ± 9.4 70.4 ± 8.9 69.5 ± 8.3 <0.001
BMI (kg/m2) 23.3 ± 2.8 24.3 ± 2.7 25.0 ± 2.6 <0.001
Waist circumference (cm) 79.3 ± 8.7 83.3 ± 8.5 86.4 ± 8.5 <0.001
Total cholesterol (mmol/L) 4.4 ± 0.8 5.1 ± 0.9 5.9 ± 1.0 <0.001
HDL-cholesterol 1.6 ± 0.3 1.7 ±0.4 1.8 ± 0.4 <0.001
Triglycerides (mmol/L) 0.8 (0.6-1.1) 0.8 (0.6-1.1) 1.0 (0.8-1.3) <0.001
Plasma glucose (mmol/L) 4.6 ± 0.4 4.8 ± 0.4 4.9 ± 0.5 <0.001
Moderate-to-vigorous PA

No MVPA, (%, n) 7.4 (447) 9.6 (1748) 7.4 (402) <0.001
MVPA (min/week) 210 (90-380) 190(80-360) 270 (120-480) <0.001

Vigorous PA
No VPA, (%, n) 44.8 (2710) 57.2 (10416) 47.9 (2597) <0.001
VPA (min/week) 45 (0-150) 0 (0-100) 30 (0-120) <0.001

Note: Data are presented as mean ± SD or median (25th to 75th percentile) and number (percentages, %). BMI, 
body mass index, BP, blood pressure, HDL-C, high-density lipoprotein cholesterol, HbA1c, hemoglobin-A1c, 
MVPA, moderate-to-vigorous physical activity, VPA, vigorous physical activity, T, tertile.
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Table S2. Role of lifestyle confounders in the association between physical activity 
and changes in body weight 

PA Unstandardized beta coefficients kg body weight
Basic model Model 1A Model 1B
B (95%CI) P B (95%CI) P B (95%CI) P

Men 
Moderate-to-vigorous PA
T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
T1 -0.140 (-0.349; 0.069) 0.19 -0.097 (-0.306; 0.112) 0.37 -0.092 (-0.301; 0.117) 0.39
T2 -0.026(-0.235; 0.183) 0.81 0.043 (-0.167; 0.252) 0.69 0.038 (-0.171; 0.248) 0.72
T3 0.024 (-0.187; 0.235) 0.82 0.120 (-0.092; 0.333) 0.27 0.099 (-0.113; 0.311) 0.36
Vigorous PA
T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
T1 -0.254 (-0.423; -0.085) 0.03 -0.223 (-0.392;-0.054) 0.01 -0.228 (-0.397;-0.059) 0.008
T2 -0.192 (-0.376; -0.008) 0.04 -0.144 (-0.329; 0.040) 0.13 -0.154 (-0.338; 0.030) 0.10
T3 -0.197 (-0.377; -0.018) 0.03 -0.131 (-0.312; 0.049) 0.15 -0.147 (-0.327; 0.032) 0.11
Women 
Moderate-to-vigorous PA
T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
T1 -0.323 (-0.547; -0.099) 0.005 -0.260 (-0.485; -0.035) 0.023 -0.298 (-0.523; -0.073) 0.009
T2 -0.420 (-0.645; -0.195) 0.000 -0.339 (-0.565; -0.113) 0.003 -0.380 (-0.606; -0.154) 0.001
T3 -0.525 (-0.750; -0.300) 0.000 -0.425 (-0.652; -0.198) 0.000 -0.475 (-0.701; -0.249) 0.000
Vigorous PA
T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
T1 -0.266 (-0.435; -0.097) 0.002 -0.243 (-0.412; -0.074) 0.005 -0.238 (-0.407; -0.068) 0.006
T2 -0.345 (-0.512; -0.178) 0.000 -0.321 (-0.489; -0.154) 0.000 -0.315 (-0.483; -0.148) 0.000
T3 -0.382 (-0.552; -0.212) 0.000 -0.346 (-0.517; -0.175) 0.000 -0.348 (-0.518; -0.177) 0.000

Note: Regression analysis. Determinants are dummy exposure variables for physical activities for comparison 
between the reference group (No-MVPA, and No-VPA, T0) and tertiles of MVPA and VPA (T1-3). Data are
expressed as unstandardized beta coefficient with 95% confidence interval (95% CI). PA, physical activity, T, 
tertile; MVPA, moderate-to-vigorous physical activity; VPA, vigorous physical activity.  
Basic model: age and education.  
Model 1A:  Basic model + Lifelines diet score and  daily caloric intake 
Model 1B:  Basic model + smoking and alcohol use. 

Table S3. Non-occupational MPA and 4-year changes in body weight 
Physical 
activity

Unstandardized beta coefficients kg body weight
Basic model Model 1 Model 2
B (95%CI) P-value B (95%CI) P-value B (95%CI) P-value

Men 
MPA-T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
MPA-T1 -0.26 (-0.48; -0.03) 0.02 -0.05 (-0.37; 0.07) 0.19 -0.11 (-0.33; 0.11) 0.32
MPA-T2 -0.02 (-0.25; 0.21) 0.85 0.10 (-0.13; 0.34) 0.38 0.13 (-0.10; 0.36) 0.27
MPA-T3 0.18 (-0.05; 0.41) 0.13 0.32 (0.09; 0.55) 0.007 0.34 (0.11; 0.56) 0.004

Women 
MPA-T0 0 (Reference) - 0 (Reference) - 0 (Reference) -
MPA-T1 -0.39 (-0.62; -0.15) 0.001 -0.29 (-0.53; -0.05) 0.018 -0.28 (-0.52; -0.04) 0.022
MPA-T2 -0.43 (-0.67; -0.20) 0.000 -0.31 (-0.55; -0.07) 0.011 -0.30 (-0.54; -0.06) 0.014
MPA-T3 -0.50 (-0.73; -0.27) 0.000 -0.36 (-0.60; -0.13) 0.003 -0.36 (-0.59; -0.12) 0.003

Note: Regression analysis. Determinants are dummy exposure variables for physical activities for comparison 
between the reference group (No-MPA, T0) and tertiles of MPA (T1-3). Data are expressed as unstandardized 
beta coefficient with 95% confidence interval (95% CI). MPA, moderate physical activity; T, tertile.  
Basic model: age and education.  
Model 1: Basic model + Lifelines diet score and  daily caloric intake, smoking and alcohol use.  
Model 2: Model 1 + 24-hour urinary creatinine excretion. 
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Figure S1. Flowchart of the study population. 
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Figure S2. Level of daily-life physical activity according to sex.   
Note: PA (min/week) are expressed as adjusted means (adjusted for age, gender, education) for total and 
domain-specific physical activities. *indicates significant difference between men and women at P value < 0.05.  
PA, physical activity; MVPA, moderate-to-vigorous physical  activity; VPA, vigorous physical activity; OPA, 
occupational physical activity. 

Figure S3. 4-year changes in body weight, according to 6 categories of age 
Note: means of body weight is shown at baseline (bliue) and after 4-years (red).  
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Figure S4. 4-year changes in body weight and creatinine excretion – a marker of 
muscle mass, according to age 
Note: Measured body weight and creatinine excretion change were adjusted with ANOVA. MVPA, moderate-to-
vigorous physical activity; VPA, vigorous physical activity; T, tertile. Non-occupational MVPA and VPA were used 
in the analysis. 
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