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Abstract

:

In contrast to leisure time physical activity (LTPA), occupational physical activity (OPA) does not have similar beneficial health effects. These differential health effects might be explained by dissimilar effects of LTPA and OPA on cardiorespiratory fitness (CRF). This study investigated cross-sectional associations between different physical behaviours during both work and leisure time and CRF by using a Compositional Data Analysis approach. Physical behaviours were assessed by two accelerometers among 309 workers with various manual jobs. During work time, more sedentary behaviour (SB) was associated with higher CRF when compared relatively to time spent on other work behaviours, while more SB during leisure time was associated with lower CRF when compared to other leisure time behaviours. Reallocating more time to moderate-to-vigorous physical activity (MVPA) from the other behaviours within leisure time was positively associated with CRF, which was not the case for MVPA during work. The results of our study are in line with the physical activity health paradox and we call for further study on the interaction between LTPA and OPA by implementing device-worn measures in a longitudinal design. Our results highlight the need for recommendations to take into account the different effects of OPA and LTPA on CRF.
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1. Introduction


The health benefits of being physically active on a regular basis have been clearly established [1,2]. International guidelines therefore advise people to engage in at least 150 min of moderate- to vigorous-intensity physical activity (MVPA) per week to decrease the risk of cardiovascular disease (CVD) and all-cause mortality [3,4,5]. However, the beneficial effects of physical activity (PA) have mostly been demonstrated for PA performed outside the job setting, i.e., leisure time physical activity (LTPA), most notably in the context of sports and planned exercises [6]. PA that takes place in job settings, i.e., occupational physical activity (OPA), does not seem to have similar health benefits [7,8,9]. Additionally, it has been suggested that OPA might even be detrimental to cardiovascular health and a contributor to higher mortality [7,8,9,10]. The opposite health effects of LTPA and OPA are often referred to as the “PA health paradox” [11,12,13]. The PA health paradox might be accounted for by the different characteristics of LTPA and OPA, including the type, duration, intensity, and activity-rest-patterns of PA that differ between work and leisure time [11,14]. Furthermore, different physiological mechanisms might mediate between the opposite effect of the two types of PA on various health-related outcomes [15,16,17]. For example, the insufficient recovery time typical of OPA, together with the connected physiological damage, has been suggested as one potential mediating mechanism [14,18].



One potential underlying mechanism explaining the PA health paradox is that LTPA and OPA might have different effects on cardiorespiratory fitness (CRF). CRF (mlO2/min/kg) is defined as the ability of the cardiovascular and respiratory systems to supply oxygen to the muscles per kilogram of body weight [19]. Regular LTPA at a moderate- to vigorous-intensity combined with regular rest periods is known to maintain or even improve CRF levels [20]. By contrast, OPA and especially OPA which includes heavy lifting or prolonged standing, does not seem to have similar positive effects on CRF [21]. Studies have highlighted that OPA is often carried out at too low an intensity or for too long a duration, and with a too limited possibility of sufficient recovery breaks to be able to positively affect CRF levels [11]. Low levels of CRF are in turn strongly related to a spectrum of health-related problems, including CVD and all-cause mortality [22,23].



However, the international recommendations regarding PA, which can be summarized by the advice ‘move more and sit less’, do not differentiate between OPA and LTPA [4,5,6]. Workers already meeting the recommendations on PA through OPA might therefore mistakenly think that they already meet the recommendations on PA and think they can spend their leisure time in a sedentary fashion [24,25,26,27]. In reality, these types of workers might benefit from recommendations to take more sitting breaks during their work and to participate in leisure time MVPA to maintain or improve their CRF in order ‘to be fit for the job’ [28].



Yet, only a few studies have investigated the relation between OPA, LTPA, and CRF using technical measures of PA, and they often suffer from a number of methodological shortcomings and inconsistencies. First, previous studies have mainly relied on self-reported measurements to assess PA [21,29,30], resulting in low accuracy of the measurements and an increased likelihood of generating biased results. Second, findings have been notoriously inconsistent for workers involved in physically demanding jobs, who are likely to be impacted the most by the detrimental effects of OPA [31,32]. In particular, there is a lot of confusion regarding sedentary behaviour (SB), which is a major risk factor for cardiovascular morbidity and mortality [33,34,35]. On the one hand, sitting during work hours has been associated with increased levels of mortality [36], but results have also shown improved cardiovascular health when compared with other occupational physical activities, such as standing upright and/or walking [37,38]. Another limitation of the current literature is that the majority of studies have relied upon standard statistical regression techniques to investigate the associations between physical behaviours and CRF. This entails that activities such as sitting, standing, walking, or MVPA are conceptualized as individual entities, independent from one another. However, time-use of PA is by definition ‘compositional’ in nature, meaning that different physical activities are intrinsically co-dependent, as they inherently add up to ‘24 h a day’ or ‘100%’. In fact, it is impossible to increase the time spent on one particular activity without decreasing the time spent on another activity. Therefore, the use of Compositional Data Analysis (CoDA) is highly recommended [39,40], as it is based on the key assumption that the amount of time spent on one activity is only meaningful in light of the time spent on other activities. Only few studies in the field of OPA have hitherto adopted CoDA [41,42,43] and none for the study of the associations between OPA and LTPA on CRF.



Thus, if we want to enable researchers to put forward better health recommendations for workers with high levels of OPA and increase our general understanding of the PA health paradox, it is of importance to further investigate the impact of domain-specific types of PA on CRF and the possible mediating factors. Furthermore, it is necessary to differentiate between various types of PA behaviours on the basis of criteria that pertain to the intensity, posture, and dynamicity of the behaviour. In particular, sedentary behaviour (SB), standing, low-intensity physical activity (LIPA), and MVPA should be differentiated as fundamentally different kinds of PA behaviours, regardless of whether they form part of OPA or LTPA. In fact, these kinds of PA are known to have different traits and also different effects on various health-related outcomes [22,37,44].



This study therefore aims to investigate the association between device-worn measures of physical behaviours during both work and leisure time and CRF among workers with high levels of OPA, while distinguishing between various types of PA and implementing a Compositional Data Analysis approach.




2. Materials and Methods


The data used in this study were collected as part of the larger cross-sectional Flemish Employees’ Physical Activity (FEPA) study, which was conducted from February 2017 until June 2018. The participants in the sample of the FEPA study consisted of workers from seven companies within the service and production sector, i.e., a logistics and courier company, a food producing company, a hospital, and four manufacturing companies, all situated in Flanders, Belgium. Eligible participants for the FEPA study provided written consent to participate, were employed for at least 50%, were aged between 18 and 65 years, non-pregnant, and Dutch speaking. Further details about the study protocol, recruitment, and inclusion and exclusion criteria can be found in a recent protocol paper [45]. The FEPA study was approved by the Research Ethical Committee of Ghent University Hospital (number 2017/0129).



This study focuses on a subsample of the FEPA study, including only those workers not having primarily desk-based jobs and thus excluding workers with sedentary jobs, e.g., administrative workers. Figure 1 provides a detailed overview of the recruitment process in our study. Eventually, a total sample of 309 workers was included in the further analysis. In addition to the level of OPA, there were only two other factors significantly different in the comparison of the workers with high OPA included in our sample and those with sedentary jobs (low OPA), i.e., the educational level and smoking behaviour. Workers with high OPA had a lower educational level and smoked on average less compared to the sedentary workers. For other factors, including age, sex, and body mass index (BMI), we found no significant differences between the two groups.



2.1. Measurements


2.1.1. Exposure Variables: OPA and LTPA


OPA and LTPA were measured using data from two tri-axial Axivity AX3 (AX3 User Manual) accelerometers, one worn on the back and one on the right thigh. The accelerometers were worn for 2 to 5 consecutive working days, for 24 h a day. Simultaneously, workers were asked to keep a diary reporting on the beginning and end of their working day, their time of going to and getting out of bed, non-wear time, and the time of a reference measurement, i.e., standing still for 15 s in a neutral and upright position each day used to calibrate the two accelerometers. Further details about the measurements are provided in Ketels et al. [45].



The accelerometer data were downloaded using Axivity software (AX3-GUI, Omgui software) and analysed using a custom-made MATLAB software called Acti4 developed at the National Research Centre for the Working Environment, Copenhagen, Denmark, and the Federal Institute for Occupational Safety and Health, Berlin, Germany [46]. The Acti4 program is able to identify different types of PA and postures, including lying, walking, running, sitting, standing, moving, walking on stairs, rowing, and cycling, with high sensitivity and specificity [46]. To identify OPA and LTPA, the information retrieved from the diary was used to classify the accelerometer data into three time periods, i.e., leisure time, work time, and time spent in bed. The work period was defined as the hours spent in the primary occupation, i.e., during work, whereas leisure time, i.e., the time before and after work, was defined as time away from work, not including sleep. Non-wear periods were excluded according to previously defined criteria [45]. Only participants with measurements of both work and leisure time for at least one valid day were included for further analysis. A valid day was defined as including at least 4 h of work and leisure time, or 75% of the average reported work and leisure time.



SB was defined as time spent sitting and/or lying. Time spent standing was retrieved directly from the accelerometer data. Time spent moving (a standing position with small movements but without regular walking) and walking slowly (≤100 steps per minute) was combined to estimate time spent on LIPA. MVPA was defined as the time spent running, walking on stairs, and fast walking (>100 steps per minute). The mean time spent on three activities, i.e., SB, LIPA, and MVPA, was calculated for both work and leisure time in minutes per day. The accelerometers also detected other physical behaviours, such as cycling and rowing, but these behaviours hardly occurred during either work (0 ± 1 s/day for cycling and 1 ± 5 s/day for rowing) or leisure time (4 ± 10 s/day for cycling and 1 ± 3 s/day for rowing), and were therefore removed from the dataset for further analysis.




2.1.2. Outcome Variable: Cardiorespiratory Fitness (CRF)


To measure the level of CRF, the Harvard step test (HST) [47] was used. The Harvard step test is a single-stage test used to determine the physical fitness index (PFI) [48]. Participants were asked to step up and down on a bench (33 cm for women and 40 cm for men) for 5 min [49]. The rhythm was indicated by a metronome with a stepping rate of 22.5 steps/minute. Before the test, the participants received the necessary information about the testing procedure, and they had a one-minute practice session to become acquainted with the protocol. After the test, participants were asked to sit down, which was followed by a measurement of three recovery heart rates (in beats per minute) using a polar device (Polar A300 HR, Kempele, Finland) with a one-minute epoch. The three heart rates were used to calculate the physical fitness index (PFI), which is determined by the following equation: PFI% = (Duration of exercise in seconds × 100)/(2 × (recovery heart rate 1 + 2 + 3)) [48]. For example, if a total test time amounted to 300 s, and the three recovery heart beats were respectively 100, 90, and 80, the physical fitness score would amount to (300 × 100)/(2 × 270) = 55.55. The PFI was used as a continuous measure to estimate the CRF levels of the participants.




2.1.3. Baseline Characteristics and Confounding Variables


Baseline characteristics were assessed by a self-administered questionnaire and baseline clinical measures. The questionnaire data included socio-demographic data, i.e., age, sex, marital status, education level, and occupational information, including seniority, work schedule, and working hours per week. Smoking status was classified as ‘non-smoker’ or ‘current smoker’ and educational achievement was categorised in three levels, until primary school was coded as ‘low’, secondary school and/or 1 to 2 years of specialisation as ‘medium’, and university or university college as ‘high’. The Job Content Questionnaire (JCQ) was used to assess specific measures of physical exertion, i.e., physical effort, heavy physical work, a lot of rapid work, difficult body positions, and difficult head and arms positions. The items on the JCQ had to be rated by means of a 4-point Likert scale ranging from ‘completely disagree’ to ‘completely agree’. The mean score of the 5 items was then calculated, which was used to capture the overall physical work demands of the participants. Height (m) and body weight (kg) were measured by using a SECA 704-column scale (SECA Medical Measuring Systems and Scales, Birmingham, UK; scales 701/704). Based on the outcome of height and weight, the corresponding body mass index (BMI, kg/m2) was calculated and classified following World Health Organisation (WHO) guidelines as ‘underweight’ (<18.5 kg/m2), ‘normal weight’ (18.5–24.9 kg/m2), ‘overweight’ (25–30 kg/m2), and ‘obese’ (>30 kg/m2). The use of any prescribed medication was determined by asking the participants the following question: “Have you over the last 2 weeks been taking medication for one of the following health conditions? (please tick the relevant box): heart disease, high blood pressure, high cholesterol, respiratory disease, mental illness, cancer, diabetes, and/or other”.





2.2. Statistical Analyses


All analyses were conducted in R version 3.6.1 (RStudio, Vienna, Austria) [50], using the ‘Compositions’ [51] and ‘zCompositions’ [52] packages. The data used for this study were compositional in nature (cf. introduction) and provided relative information. Therefore, a CoDA approach was implemented [39,53]. Because the number of working hours is generally fixed and there is limited possibility to change behaviours between work and leisure time, both work and leisure time were treated as two separate 4-part compositions, consisting of time spent on SB (sitting and lying), standing, LIPA (moving and slow walking), and MVPA (fast walking, running, and walking on stairs).



2.2.1. Compositional Descriptive Statistics


As a measure of central tendency, the geometric mean for time-use of OPA and LTPA was calculated and normalised or closed to 100% and 460 min, i.e., the mean accelerometer-assessed amount of minutes for both work and leisure time, to obtain the so-called ‘compositional mean’ [39].




2.2.2. Log Ratio and Multiple Regression Analysis


The 4-part OPA and LTPA compositions were transformed to three isometric logratios (ilrs) separately for OPA and LTPA composition. For calculation of ilrs, we used a sequential partition of one part to the remaining parts. This means that the first log ratio has the first compositional part as its numerator, and the geometric mean of all other compositional parts as its denominator [40]. We constructed four ilrs sets (3 ilrs in each set), corresponding to four different types of behaviours, i.e., SB, standing, LIPA, and MVPA, by rotating the sequence of the compositional parts so that each part was iteratively considered as the first compositional part. In this way, the relative importance of each part was sequentially represented in the first ilr-coordinate. Subsequently, four multiple linear models were constructed, one for each ilr-coordinate set, to estimate the association between each relative time spent on each behaviour during work and leisure time separately (exposure variables expressed as ilr-coordinates) and CRF (outcome variable). Confounders were included in our analysis based on insights expressed in previous literature and on a number of theoretical assumptions regarding their possible influence on work behaviours, leisure time behaviours, and CRF [54,55,56,57]. The models were adjusted for age, sex (reference group = female), educational level (reference group = low education), BMI, smoking (reference group = smoker), MVPA (MVPA work expressed as ilr for the relation of LTPA and CRF and MVPA leisure expressed as ilr for OPA and CRF), and self-reported heavy physically demanding tasks during work. Missing data were not imputed, which entails that participants with missing data for any of the variables used in the models were excluded from the further analysis. For the first ilr-coordinate (ilr₁) of each coordinate set, the beta coefficients (β), standard error of beta, t-statistic, and p-values were reported.




2.2.3. Compositional Isotemporal Substitution Analysis


In order to interpret the beta coefficients (β) from the multiple linear regression, we used compositional isotemporal substitution models based on the methodology explained in Dumuid et al. [58] and Gupta et al. [42]. Overall, this method helped in determining the difference in CRF (i.e., physical fitness index) by reallocating time from one behaviour to the remaining behaviours, while keeping the total time at work and in leisure time constant. The substitution models were performed within each domain (work and leisure time), instead of performing inter-domain reallocations [42], given the unlikely transition of physical behaviours between work and leisure time. These isotemporal substitution models were executed in three steps. First, compositional mean of OPA and LTPA was determined. Second, new OPA and LTPA compositions were constructed based on the one-to-remaining reallocation method, reallocating time between the work behaviours and leisure time behaviours (10, 20, and 30 min). Third, the estimates obtained from the multiple regression analysis were used to determine differences in CRF (i.e., physical fitness index) based on reallocation between behaviours within the OPA and LTPA, respectively. The estimated differences for CRF were calculated for time reallocations of 10, 20, and 30 min and 95% confidence intervals (CI) were obtained (Supplementary Tables S1 and S2). When 95% CI did not include zero, the change was considered as significant. Additionally, in order to obtain more detailed information regarding which specific physical behaviour played a role, one-to-one reallocations were calculated in addition to the one-to-remaining reallocations. This entails that fixed durations of time, i.e., 10, 20, and 30 min, were reallocated from one specific behaviour to another one, while the time spent on the remaining types of behaviour was kept constant.






3. Results


3.1. Descriptive Statistics


Descriptive statistics for the baseline characteristics in our sample of 309 workers are shown in Table 1. The mean age was 38.5 (±11.2) years, 57.6% of the participants were women, and more than half of the participants graduated from university and/or university colleges (51.1%). Most of the participants worked in the manufacturing sector (49.5%), 64.1% worked in shifts, and the average working time (self-reported) was 36.9 h per week. The participants had a mean BMI of 24.7 (±3.9) kg/m2, 22% smoked, and 5% used medication for any heart condition and/or high blood pressure. On average, workers provided 2.8 (±0.9) valid accelerometer-assessed working days, with an average wear period of 7 h and 47 min (±1 h 5 min) during work, 7 h 38 min (±1 h 38 min) during leisure time (sleeping time excluded), and slept an average of 7 h 27 min (±1 h 8 min).



The compositional means analysis (Table 2) revealed that most work time was spent standing (39.5%), followed by SB (29.3%). During leisure time, the workers spent the majority of their time in SB (61.5%), followed by standing (20.4%).




3.2. Main Analysis


The regression coefficient (Table 3) for ilr₁ indicated that more SB time during work time was associated with higher CRF levels when compared relatively to time spent standing, LIPA, and MVPA (β = 4.66; p < 0.01), whereas more SB during leisure time was associated with lower CRF levels when compared relatively to the other leisure behaviours (β = −11.84; p < 0.001). A significant positive association was observed between more MVPA during leisure time relative to the other leisure time behaviours and CRF levels (β = 12.99; p < 0.001).



The results of the compositional isotemporal substitution analysis (Figure 2) demonstrated that more time spent in SB at work, relative to other work behaviours, was associated with higher CRF levels, while more time spent in SB during leisure time, relative to other leisure behaviours, was associated with lower CRF levels (Figure 2 and Supplementary Table S1). In particular, the one-to-one reallocations revealed that by replacing, for example, 20 min SB at work by MVPA, the physical fitness index decreased with 1.85 units (95% CI = −3.60, −0.11), whereas replacing 20 min SB during leisure time with MVPA was associated with a 5.22 (95% CI = 2.97, 7.47) higher physical fitness index (Supplementary Table S2). Figure 2 shows furthermore that more time spent in MVPA during work, relative to the other behaviours, was not significantly associated with lower CRF levels, while more MVPA during leisure time was significantly associated with higher CRF levels. One-to-one reallocations showed that reallocating 20 min from SB or standing at work to MVPA was associated with a 1.85 (95% CI = −3.60, −0.11) and 1.75 (95% CI = −3.36, −0.15) lower physical fitness index respectively, while reallocating 20 min of all the other behaviour separately (i.e., SB, standing, and LPA) to MVPA during leisure time was associated with higher CRF levels.



Reallocating time to standing, LIPA, and MVPA during work hours separately from the other work behaviours was not significantly associated with a change in CRF levels. Likewise, during leisure time, spending more time standing and LIPA, relative to all other leisure time physical behaviours, was not significantly associated with a change in CRF levels.




3.3. Results of the Sensitivity Analysis


Due to the potential influence of medications taken for heart conditions and/or high blood pressure on the relation between OPA/LTPA and CRF [59], the analyses were repeated excluding the participants who used these kinds of medications. The new subsample included 293 participants and the results of the sensitivity analysis were in accordance with those obtained in the overall sample.





4. Discussion


The results of our study are, generally speaking, very much in line with the pattern known as the PA health paradox. Reallocating more time to SB from physically active behaviours during work time resulted in a significant association with higher CRF levels, whereas reallocating more time to SB from physically active behaviours during leisure time resulted in a strong negative association with CRF levels. Based on the one-to-one reallocations, reallocating 10 min from MVPA during work time to SB or standing separately was associated with an increase in CRF levels. This was in direct contrast with the finding that reallocating more time to MVPA from the other behaviours within leisure time resulted in a strong positive association with CRF levels.



4.1. The Physical Activity Health Paradox


Our results confirm the well-known positive association between leisure time spent in MVPA and higher CRF levels [22,60]. The effect of MVPA on CRF exhibits a dose-response relationship, meaning the higher the amount or intensity of PA, the greater the increase in CRF levels [22,61]. In our study, this was manifested in the absence of a significant relationship between LIPA and CRF, and the presence of a significant relationship between MVPA and CRF. This finding is in line with studies which have suggested that it is especially the increase of the intensity of PA that results in more benefits for CRF, compared, for example, to the increase of the duration or frequency of PA bouts [62,63].



The results of our study revealed that more MVPA during work at the expense of the remaining work behaviours was not significantly associated with CRF levels, while the one-to-one reallocations revealed that reallocating 10 min from MVPA to SB or standing separately resulted in a small increase of CRF levels, which seems to entail that lowering the amount of MVPA during work is beneficial for the cardiorespiratory system. In contrast to the clear relationship between MVPA during leisure time and CRF levels, evidence regarding the association between MVPA at work and CRF remains inconsistent in the literature. A large cohort study among 4715 men and women showed that workers engaged in heavy physical work (self-reported) exhibit higher levels of CRF, as assessed with a step test, compared to young men engaged in lighter work [30]. Moreover, various other studies have demonstrated significant positive associations between OPA and VO2max [64,65].



Nonetheless, our findings are in full agreement with a strand of more recent studies which also reported different associations between domain-specific PA and CRF levels. The cross-sectional study of Bahls et al. [31] revealed a positive association between self-reported LTPA, sports, and CRF, whereas self-reported work-related PA was not shown to be beneficially associated with CRF [31]. Similarly, a study among manual and non-manual Swiss employees also revealed no independent association between technically assessed OPA at any intensity, using SenseWear mini armband, and VO2max, while intensive LTPA was positively correlated with VO2max levels [66]. In addition, the recent cross-sectional study of Zeiher et al. [32] showed that especially women engaged in physically demanding OPA who did not participate in LTPA had the highest likelihood of having low levels of VO2max. For men, the combination of low LTPA and low OPA showed the strongest negative relation to VO2max.



In sum, some studies have been unable to reveal an association between OPA and CRF, whereas other studies have found both positive and negative associations between OPA and CRF. We surmise that the reason for the huge discrepancy in the results might be related to large variation in levels of OPA among study populations and above all, to the different methodologies used to assess OPA. First, in the majority of studies, self-reported questionnaires were used to assess OPA, which are prone to recall and social desirability bias [67]. Furthermore, studies relying on technical measurements, i.e., accelerometers, mostly equate OPA with MVPA during working hours, i.e., the sum of running, walking, stair climbing, and to a lesser extent, cycling and rowing. MVPA of this form could positively affect CRF. However, accelerometers are not able to identify tasks that are particularly relevant, such as heavy lifting, working in awkward or static positions, and arms elevated above head. These specific tasks are perhaps more an expression of strength than of aerobic capacity and are captured better in studies that are based on self-reported questionnaires.



This study brought to light various interesting results regarding SB which mainly confirms that the relation between SB and CRF differs during work and leisure time, in line with the general pattern of the PA health paradox. Reallocating time to SB during work was positively associated with CRF levels. This stands to some degree in contrast to previous studies reporting that occupational sitting in office workers is associated with higher risks for fatal and non-fatal CVD [36]. This contrast can potentially be accounted for by the different exposure to OPA of our participants and the ones in the aforementioned study. For workers with physically demanding jobs, increased SB can provide a form of rest, whereas it might create an overload of SB for office workers. Our study therefore supports the idea of incorporating more rest breaks during the workday in physically demanding jobs for their potential beneficial health effects [28]. In sharp contrast, reallocating time to SB during leisure time resulted in negative associations with CRF levels. This is in line with other studies which showed that increasing levels of SB during leisure time is associated with lower levels of CRF [68], and thus a risk factor for cardiovascular and other chronic diseases [69,70].



Our results thus emphasize the need for more high-quality research on the PA health paradox in order to create a better scientific underpinning to differentiate between OPA and LTPA in future PA guidelines. It is furthermore highly relevant to take into account that our results relate to workers involved in physically demanding jobs. Guidelines for this group should be differentiated for workers with sedentary jobs. We would therefore recommend workers in physically demanding jobs to have more rest breaks during their work, which runs contrary to the general public health guidelines ‘to sit less and participate more in MVPA’ [28]. There is great need for clear guidelines that are tailored to the specific needs of various types of workers, because long durations of MVPA in combination with insufficient rest breaks might cause detrimental health effects for workers with physically demanding jobs [14].




4.2. Potential Underlying Mechanisms


The positive association between MVPA during leisure time and CRF might be explained by the optimal type, duration, intensity, frequency, and rest periods of these types of PA. LTPA is mostly characterised by dynamic movements of large muscle groups over short time periods at high intensity levels (at least 60% of maximum oxygen consumption), which leads to an acute increase in heart rate, blood pressure, ventilation, and energy expenditure. These acute changes in combination with sufficient recovery will lead to long-term peripheral and metabolic changes, and thus lower 24 h heart rate and blood pressure levels, as well as higher CRF and decreased risk for cardiovascular problems and mortality [16,22,31,71,72].



In contrast, OPA is generally characterised by prolonged exposure to static or anaerobic PA during many hours a day with limited opportunities to take breaks. These long hours of PA at insufficient intensity will lead to prolonged elevation of heart rate and blood pressure, which is known to put tremendous strain on the cardiovascular system, including erosion of the endothelium and increased stress on the arterial wall, causing atherosclerosis [17] and/or sustained raised blood pressure [73]. Workers involved in physically demanding jobs also have limited control over their work speed and duration, leading to a lack of sufficient rest breaks or recovery, which may cause fatigue and exhaustion. The sustained fatigue in combination with insufficient intensity levels at work may result in a lack of CRF improvement [27], leading to increased risk for CVD and mortality [74].




4.3. Strengths and Limitations


To the best of our knowledge, this is the first study that has implemented the statistical CoDA technique for investigating domain-specific PA behaviours in relation to CRF. Consequently, the use of the innovative CoDA statistical approach is a major strength of this study. This statistical method enabled us to take into account the compositional nature of the data. A second major methodological strength is the use of accelerometer-based measures to assess OPA and LTPA, which is essential for avoiding the self-reported bias associated with the use of questionnaires and provides valid measurements of different PA behaviours over multiple days, 24 h/day. The use of Acti4 software, which has shown to identify different postures and activities with high sensitivity and specificity, was a particular advantage in this study [46,75]. Finally, the size of our sample of workers involved in physically demanding jobs, including both men and women, is an important strength contributing to the external validity of our findings.



Our study also has limitations that need to be considered. Notwithstanding the important advantage of using two accelerometers, we were not capable to measure strenuous postures such as forward bending of the back and repetitive movements of the arms above the head, which are common during working hours. These specific tasks may be associated with lower levels of CRF, due to their detrimental impact on blood pressure and the cardiovascular system in general [42,73]. The use of even more accelerometers, preferably 4 [76], is required for a more comprehensive assessment of such specific physically demanding postures and tasks in order to further explore their relations with CRF. Also, the use of a cross-sectional design does not allow for inferring any type of causality, meaning that an inverse direction of the association between OPA/LTPA and CRF can in principle not be ruled out. While regular PA might increase CRF levels, it is also possible that participants who have genetically inherited a lower CRF may tend to be less active [77].



The use of convenience sampling may have limited the representativeness of our sample. However, variation in exposure to OPA and LTPA within the sample is the most crucial factor in detecting associations. Participation to the study was voluntary and may have led to selection bias. This issue is quite relevant since we cannot rule out that participants were younger and fitter than their non-participating colleagues. Also, the recruitment strategy through workplaces and the necessity of conducting all measurements during working hours may lead to selection bias at the company level, with only companies with higher resources choosing to participate. Only working days were measured, which means that the composition of leisure-time activities during non-working days might be different in comparison to working days.



Due to our relatively large sample size, CRF was estimated using a submaximal step test, namely the Harvard step test [48,49], and not by means of a maximal incremental cycle ergometer protocol. The maximal incremental cycle ergometer test is arguably the most valid method of assessing VO2max of workers, although it requires participants to be familiar with biking, but is rarely applied outside medical settings. Although the Harvard step test is easily applied and at lower cost, there may also be disadvantages of using this submaximal step test. It is known that workload increases with body weight. Consequently, the step test is well feasible for healthy persons in a good physical condition, whereas it might require near-maximal effort for less fit workers.





5. Conclusions


This study was the first to investigate the relation of OPA and LTPA with CRF by relying on accelerometer-based measures of physical behaviours. By focusing on CRF as the relevant health-related outcome and by implementing a CoDA perspective for the analysis of our data, the study filled several gaps in the current literature. Our results emphasize the need for taking the domain-specific nature of PA into account to understand its relation to CRF. MVPA was positively associated with CRF during leisure time only, which was not the case for MVPA during work time. In addition, more relative SB during work was positively associated with CRF among workers exposed to high OPA, which highlights the potential benefit of implementing more rest periods for workers exposed to high OPA. Hitherto, guidelines usually do not differentiate between OPA and LTPA in their recommendation to participate in at least 150 min of moderate PA per week, regardless of the OPA level. At least for workers exposed to high OPA, prevention could focus on finding a good balance between level of OPA and individual capacity (i.e., CRF), which can be achieved by either reducing the absolute physical workload, increasing CRF, increasing recovery time, or a combination of these factors.



Further research is called for to understand the specific characteristics of OPA and LTPA, and the underlying mechanisms involved in the opposite effects of LTPA and OPA on overall health, referred to as the PA health paradox. Future studies should focus on examining which specific combination of LTPA and OPA can lead to the most favourable health effects and which combination to the most detrimental, before recommending specific prevention measures. Implementing technical measures in a longitudinal design is highly called for as this can give us some insights in the causal relations involved. Finally, intervention studies that implement strategies to increase CRF and/or recovery time during working hours are needed in order to investigate the effectiveness and efficiency of such strategies in reducing cardiovascular risk among workers exposed to high OPA.








Supplementary Materials


The following are available online at https://www.mdpi.com/1660-4601/17/21/7929/s1: Table S1: Estimated differences in CRF levels (95% confidence intervals) associated with one-to-remaining reallocations of different behaviours during work and leisure time separately among 309 workers involved in physically demanding jobs. Table S2: Estimated differences in CRF levels (95% confidence intervals) associated with one-to-one reallocations of different behaviours during work and leisure time separately among 309 workers involved in physically demanding jobs.





Author Contributions


Conceptualization, M.K. (Margo Ketels), C.L.R., M.K. (Mette Korshøj), N.G., A.H., D.D.B. and E.C.; methodology, M.K. (Margo Ketels), C.L.R., M.K. (Mette Korshøj), N.G., A.H., D.D.B. and E.C.; formal analysis, M.K. (Margo Ketels), C.L.R. and N.G.; investigation, M.K. (Margo Ketels); resources, E.C. and A.H.; data curation, M.K. (Margo Ketels) and E.C.; writing—original draft preparation, M.K. (Margo Ketels); writing—review and editing, M.K. (Margo Ketels), C.L.R., M.K. (Mette Korshøj), N.G., A.H., D.D.B. and E.C.; visualization, M.K. (Margo Ketels); supervision, E.C., D.D.B. and A.H.; project administration, E.C.; funding acquisition, E.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by BOF (Bijzonder Onderzoeksfonds; Special Research Fund).




Acknowledgments


The authors would like to thank Thomas Belligh (Department of Linguistics, Ghent University) for carefully proofreading the manuscript.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study, in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Vasankari, V.; Husu, P.; Vähä-Ypyä, H.; Suni, J.; Tokola, K.; Halonen, J.; Hartikainen, J.; Sievänen, H.; Vasankari, T. Association of objectively measured sedentary behaviour and physical activity with cardiovascular disease risk. Eur. J. Prev. Cardiol. 2017, 24, 1311–1318. [Google Scholar] [CrossRef] [PubMed]

	



Li, J.; Siegrist, J. Physical activity and risk of cardiovascular disease—A meta-analysis of prospective cohort studies. Int. J. Environ. Res. Public Health 2012, 9, 391–407. [Google Scholar] [CrossRef] [PubMed]

	



Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.-T.; Corrà, U.; Cosyns, B.; Deaton, C.; et al. 2016 European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10 societies and by invited experts) Developed with the special contribution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315–2381. [Google Scholar] [CrossRef] [PubMed]

	



Piercy, K.L.; Troiano, R.P.; Ballard, R.M.; Carlson, S.A.; Fulton, J.E.; Galuska, D.A.; Olson, R.D. The physical activity guidelines for Americans. JAMA 2018, 320, 2020–2028. [Google Scholar] [CrossRef]

	



Department of Health and Social Care. Physical Activity Guidelines: UK Chief Medical Officers’ Report; Department of Health and Social Care: London, UK, 2019.

	



U.S. Department of Health and Human Services. Physical Activity Guidelines Advisory Committee Scientific Report; Department of Health and Human Services: Washington, DC, USA, 2018.

	



Sofi, F.; Capalbo, A.; Marcucci, R.; Gori, A.M.; Fedi, S.; Macchi, C.; Casini, A.; Surrenti, C.; Abbate, R.; Gensini, G.F. Leisure time but not occupational physical activity significantly affects cardiovascular risk factors in an adult population. Eur. J. Clin. Investig. 2007, 37, 947–953. [Google Scholar] [CrossRef]

	



Clays, E.; Lidegaard, M.; De Bacquer, D.; Van Herck, K.; De Backer, G.; Kittel, F.; De Smet, P.; Holtermann, A. The combined relationship of occupational and leisure-time physical activity with all-cause mortality among men, accounting for physical fitness. Am. J. Epidemiol. 2013, 179, 559–566. [Google Scholar] [CrossRef]

	



Richard, A.; Martin, B.; Wanner, M.; Eichholzer, M.; Rohrmann, S. Effects of leisure-time and occupational physical activity on total mortality risk in NHANES III according to sex, ethnicity, central obesity, and age. J. Phys. Act. Health 2015, 12, 184–192. [Google Scholar] [CrossRef]

	



Smith, A.D.; Crippa, A.; Woodcock, J.; Brage, S. Physical activity and incident type 2 diabetes mellitus: A systematic review and dose-response meta-analysis of prospective cohort studies. Diabetologia 2016, 59, 2527–2545. [Google Scholar] [CrossRef]

	



Holtermann, A.; Krause, N.; van der Beek, A.J.; Straker, L. The physical activity paradox: Six reasons why occupational physical activity (OPA) does not confer the cardiovascular health benefits that leisure time physical activity does. Br. J. Sports Med. 2018, 52, 149–150. [Google Scholar] [CrossRef]

	



Krause, N. Physical activity and cardiovascular mortality-disentangling the roles of work, fitness, and leisure. Scand. J. Work Environ. Health 2010, 36, 349–355. [Google Scholar] [CrossRef]

	



Coenen, P.; Huysmans, M.A.; Holtermann, A.; Krause, N.; van Mechelen, W.; Straker, L.M.; van der Beek, A.J. Towards a better understanding of the ‘physical activity paradox’: The need for a research agenda. Br. J. Sports Med. 2020. [Google Scholar] [CrossRef]

	



Holtermann, A.; Coenen, P.; Krause, N. The Paradoxical Health Effects of Occupational Versus Leisure-Time Physical Activity. In Handbook of Socioeconomic Determinants of Occupational Health; Theorell, T., Ed.; Handbook Series in Occupational Health Sciences; Springer: Cham, Switzerland, 2020. [Google Scholar] [CrossRef]

	



Ertek, S.; Cicero, A. Impact of physical activity on inflammation: Effects on cardiovascular disease risk and other inflammatory conditions. Arch. Med. Sci. 2012, 8, 794–804. [Google Scholar] [CrossRef]

	



Korshøj, M.; Lidegaard, M.; Kittel, F.; Van Herck, K.; De Backer, G.; De Bacquer, D.; Holtermann, A.; Clays, E. The relation of ambulatory heart rate with all-cause mortality among middle-aged men: A prospective cohort study. PLoS ONE 2015, 10, e0121729. [Google Scholar] [CrossRef] [PubMed]

	



Krause, N.; Brand, R.J.; Kaplan, G.A.; Kauhanen, J.; Malla, S.; Tuomainen, T.P.; Salonen, J.T. Occupational physical activity, energy expenditure and 11-year progression of carotid atherosclerosis. Scand. J. Work Environ. Health 2007, 33, 405–424. [Google Scholar] [CrossRef] [PubMed]

	



Krause, N.; Brand, R.J.; Kauhanen, J.; Kaplan, G.A.; Syme, S.L.; Wong, C.C.; Salonen, J.T. Work time and 11-year progression of carotid atherosclerosis in middle-aged Finnish men. Prev. Chronic Dis. 2009, 6, A13. [Google Scholar]

	



Booth, F.W.; Roberts, C.K.; Laye, M.J. Lack of exercise is a major cause of chronic diseases. Compr. Physiol. 2011, 2, 1143–1211. [Google Scholar] [CrossRef]

	



Lin, X.; Zhang, X.; Guo, J.; Roberts, C.K.; McKenzie, S.; Wu, W.C.; Liu, S.; Song, Y. Effects of exercise training on cardiorespiratory fitness and biomarkers of cardiometabolic health: A systematic review and meta-analysis of randomized controlled trials. J. Am. Heart Assoc. 2015, 4, e002014. [Google Scholar] [CrossRef]

	



Ruzic, L.; Heimer, S.; Misigoj-Durakovic, M.; Matkovic, B.R. Increased occupational physical activity does not improve physical fitness. Occup. Environ. Med. 2003, 60, 983–985. [Google Scholar] [CrossRef]

	



Ross, R.; Blair, S.N.; Arena, R.; Church, T.S.; Després, J.P.; Franklin, B.A.; Haskell, W.L.; Kaminsky, L.A.; Levine, B.D.; Lavie, C.J.; et al. Importance of assessing cardiorespiratory fitness in clinical practice: A case for fitness as a clinical vital sign: A scientific statement from the American Heart Association. Circulation 2016, 134, e653–e699. [Google Scholar] [CrossRef]

	



Harber, M.P.; Kaminsky, L.A.; Arena, R.; Blair, S.N.; Franklin, B.A.; Myers, J.; Ross, R. Impact of Cardiorespiratory Fitness on All-Cause and Disease-Specific Mortality: Advances Since 2009. Prog. Cardiovasc. Dis. 2017, 60, 11–20. [Google Scholar] [CrossRef]

	



Biswas, A.; Dobson, K.G.; Gignac, M.A.; de Oliveira, C.; Smith, P.M. Changes in work factors and concurrent changes in leisure time physical activity: A 12-year longitudinal analysis. Occup. Environ. Med. 2020, 77, 309–315. [Google Scholar] [CrossRef] [PubMed]

	



Brownson, R.C.; Baker, E.A.; Housemann, R.A.; Brennan, L.K.; Bacak, S.J. Environmental and policy determinants of physical activity in the United States. Am. J. Public Health 2001, 91, 1995–2003. [Google Scholar] [CrossRef] [PubMed]

	



Jones, W.; Haslam, R.; Haslam, C. What is a ‘good’ job? Modelling job quality for blue collar workers. Ergonomics 2017, 60, 138–149. [Google Scholar] [CrossRef] [PubMed]

	



Korshøj, M.; Krustrup, P.; Jespersen, T.; Søgaard, K.; Skotte, J.H.; Holtermann, A. A 24-h assessment of physical activity and cardio-respiratory fitness among female hospital cleaners: A pilot study. Ergonomics 2013, 56, 935–943. [Google Scholar] [CrossRef]

	



Holtermann, A.; Straker, L.; Lee, I.M.; van der Beek, A.J.; Stamatakis, E. Long overdue remarriage for better physical activity advice for all: Bringing together the public health and occupational health agendas. Br. J. Sports Med. 2020. [Google Scholar] [CrossRef]

	



Holtermann, A.; Marott, J.L.; Gyntelberg, F.; Søgaard, K.; Mortensen, O.S.; Prescott, E.; Schnohr, P. Self-reported occupational physical activity and cardiorespiratory fitness: Importance for cardiovascular disease and all-cause mortality. Scand. J. Work Environ. Health 2016, 42, 291–298. [Google Scholar] [CrossRef]

	



Tammelin, T.; Näyhä, S.; Rintamäki, H.; Zitting, P. Occupational physical activity is related to physical fitness in young workers. Med. Sci. Sports Exerc. 2002, 34, 158–165. [Google Scholar] [CrossRef]

	



Bahls, M.; Groß, S.; Baumeister, S.E.; Völzke, H.; Gläser, S.; Ewert, R.; Markus, M.R.P.; Medenwald, D.; Kluttig, A.; Felix, S.B.; et al. Association of domain-specific physical activity and cardiorespiratory fitness with all-cause and cause-specific mortality in two population-based cohort studies. Sci. Rep. 2018, 8, 16066. [Google Scholar] [CrossRef]

	



Zeiher, J.; Ombrellaro, K.J.; Perumal, N.; Keil, T.; Mensink, G.B.; Finger, J.D. Correlates and determinants of cardiorespiratory fitness in adults: A systematic review. Sports Med. Open 2019, 5, 39. [Google Scholar] [CrossRef]

	



Ng, S.W.; Popkin, B.M. Time use and physical activity: A shift away from movement across the globe. Obes. Rev. 2012, 13, 659–680. [Google Scholar] [CrossRef]

	



Biswas, A.; Oh, P.I.; Faulkner, G.E.; Bajaj, R.R.; Silver, M.A.; Mitchell, M.S.; Alter, D.A. Sedentary time and its association with risk for disease incidence, mortality, and hospitalization in adults: A systematic review and meta-analysis. Ann. Intern. Med. 2015, 162, 123–132. [Google Scholar] [CrossRef]

	



Warren, T.Y.; Barry, V.; Hooker, S.P.; Sui, X.; Church, T.S.; Blair, S.N. Sedentary behaviors increase risk of cardiovascular disease mortality in men. Med. Sci. Sports Exerc. 2010, 42, 879. [Google Scholar] [CrossRef] [PubMed]

	



Van Uffelen, J.G.; Wong, J.; Chau, J.Y.; Van Der Ploeg, H.P.; Riphagen, I.; Gilson, N.D.; Burton, N.W.; Healy, G.N.; Thorp, A.A.; Clark, B.K.; et al. Occupational sitting and health risks: A systematic review. Am. J. Prev. Med. 2010, 39, 379–388. [Google Scholar] [CrossRef] [PubMed]

	



Hallman, D.M.; Krause, N.; Jensen, M.T.; Gupta, N.; Birk Jørgensen, M.; Holtermann, A. Objectively measured sitting and standing in workers: Cross-sectional relationship with autonomic cardiac modulation. Int. J. Environ. Res. Public Health 2019, 16, 650. [Google Scholar] [CrossRef] [PubMed]

	



Smith, P.; Ma, H.; Glazier, R.H.; Gilbert-Ouimet, M.; Mustard, C. The relationship between occupational standing and sitting and incident heart disease over a 12-year period in Ontario, Canada. Am. J. Epidemiol. 2018, 187, 27–33. [Google Scholar] [CrossRef] [PubMed]

	



Chastin, S.F.; Palarea-Albaladejo, J.; Dontje, M.L.; Skelton, D.A. Combined effects of time spent in physical activity, sedentary behaviors and sleep on obesity and cardio-metabolic health markers: A novel compositional data analysis approach. PLoS ONE 2015, 10, e0139984. [Google Scholar] [CrossRef] [PubMed]

	



Dumuid, D.; Stanford, T.E.; Martin-Fernández, J.A.; Pedišić, Ž.; Maher, C.A.; Lewis, L.K.; Hron, K.; Katzmarzyk, P.T.; Chaput, J.-P.; Fogelholm, M.; et al. Compositional data analysis for physical activity, sedentary time and sleep research. Stat. Methods Med. Res. 2018, 27, 3726–3738. [Google Scholar] [CrossRef]

	



Rasmussen, C.L.; Palarea-Albaladejo, J.; Korshøj, M.; Gupta, N.; Nabe-Nielsen, K.; Holtermann, A.; Jørgensen, M.B. Is high aerobic workload at work associated with leisure time physical activity and sedentary behaviour among blue-collar workers? A compositional data analysis based on accelerometer data. PLoS ONE 2019, 14, e0217024. [Google Scholar] [CrossRef]

	



Gupta, N.; Korshøj, M.; Dumuid, D.; Coenen, P.; Allesøe, K.; Holtermann, A. Daily domain-specific time-use composition of physical behaviors and blood pressure. Int. J. Behav. Nutr. Phys. Act. 2019, 16, 4. [Google Scholar] [CrossRef]

	



Coenen, P.; Mathiassen, S.; van der Beek, A.J.; Hallman, D.M. Correction of bias in self-reported sitting time among office workers-a study based on compositional data analysis. Scand. J. Work Environ. Health 2020, 46, 32–42. [Google Scholar] [CrossRef]

	



Ekblom, Ö.; Ekblom-Bak, E.; Rosengren, A.; Hallsten, M.; Bergström, G.; Börjesson, M. Cardiorespiratory fitness, sedentary behaviour and physical activity are independently associated with the metabolic syndrome, results from the SCAPIS pilot study. PLoS ONE 2015, 10, e0131586. [Google Scholar] [CrossRef]

	



Ketels, M.; De Bacquer, D.; Geens, T.; Janssens, H.; Korshøj, M.; Holtermann, A.; Clays, E. Assessing physiological response mechanisms and the role of psychosocial job resources in the physical activity health paradox: Study protocol for the Flemish Employees’ Physical Activity (FEPA) study. BMC Public Health 2019, 19, 765. [Google Scholar] [CrossRef] [PubMed]

	



Skotte, J.; Korshøj, M.; Kristiansen, J.; Hanisch, C.; Holtermann, A. Detection of physical activity types using triaxial accelerometers. J. Phys. Act. Health 2014, 11, 76–84. [Google Scholar] [CrossRef] [PubMed]

	



Elsaidy, W.S.I.M. Evaluating the Validity and Reliability of Harvard Step Test to Predict VO2max in Terms of the Step Height According to the Knee Joint Angle. Theor. Appl. Int. Ed. 2011, 1, 126–132. [Google Scholar]

	



Fox, E.L.; Billings, C.E.; Bartels, R.L.; Bason, R.; Mathews, D. Fitness standards for male college students. Int. Z. Für Angew. Physiol. Einschließlich Arb. 1973, 31, 231–236. [Google Scholar] [CrossRef]

	



Ryhming, I. A modified Harvard step test for the evaluation of physical fitness. Arbeitsphysiologie 1953, 15, 235–250. [Google Scholar] [CrossRef] [PubMed]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2017; Available online: https://www.R-project.org/ (accessed on 2 September 2020).

	



Van den Boogaart, K.G.; Tolosana-Delgado, R. “Compositions”: A unified R package to analyze compositional data. Comput. Geosci. 2008, 34, 320–338. [Google Scholar] [CrossRef]

	



Palarea-Albaladejo, J.; Martin-Fernandez, J.A. zCompositions—R package for multivariate imputation of left-censored data under a compositional approach. Chemom. Intell. Lab. Syst. 2015, 143, 85–96. [Google Scholar] [CrossRef]

	



Dumuid, D.; Pedišić, Ž.; Palarea-Albaladejo, J.; Martín-Fernández, J.A.; Hron, K.; Olds, T. Compositional Data Analysis in Time-Use Epidemiology: What, Why, How. Int. J. Environ. Res. Public Health 2020, 17, 2220. [Google Scholar] [CrossRef]

	



Oakman, J.; Clays, E.; Jørgensen, M.B.; Holtermann, A. Are occupational physical activities tailored to the age of cleaners and manufacturing workers? Int. Arch. Occup. Environ. Health 2019, 92, 185–193. [Google Scholar] [CrossRef]

	



Pollock, R.D.; Duggal, N.A.; Lazarus, N.R.; Lord, J.M.; Harridge, S.D.R. Cardiorespiratory fitness not sedentary time or physical activity is associated with cardiometabolic risk in active older adults. Scand. J. Med. Sci. Sports 2018, 28, 1653–1660. [Google Scholar] [CrossRef] [PubMed]

	



Nikolakaros, G.; Vahlberg, T.; Auranen, K.; Sillanmäki, L.; Venetoklis, T.; Sourander, A. Obesity, underweight, and smoking are associated with worse cardiorespiratory fitness in Finnish healthy young men: A population-based study. Front. Public Health 2017, 5, 206. [Google Scholar] [CrossRef] [PubMed]

	



Korshøj, M.; Lidegaard, M.; Skotte, J.H.; Krustrup, P.; Krause, N.; Søgaard, K.; Holtermann, A. Does aerobic exercise improve or impair cardiorespiratory fitness and health among cleaners? A cluster randomized controlled trial. Scand. J. Work Environ. Health 2015, 41, 140–152. [Google Scholar] [CrossRef] [PubMed]

	



Dumuid, D.; Pedišić, Ž.; Stanford, T.E.; Martín-Fernández, J.A.; Hron, K.; Maher, C.A.; Lewis, L.K.; Olds, T. The compositional isotemporal substitution model: A method for estimating changes in a health outcome for reallocation of time between sleep, physical activity and sedentary behaviour. Stat. Methods Med. Res. 2019, 28, 846–857. [Google Scholar] [CrossRef]

	



Korshøj, M.; Clays, E.; Krause, N.; Gupta, N.; Jørgensen, M.B.; Holtermann, A. Associations between occupational relative aerobic workload and resting blood pressure among different age groups: A cross-sectional analysis in the DPhacto study. BMJ Open 2019, 9, e029713. [Google Scholar] [CrossRef]

	



Gormley, S.E.; Swain, D.P.; High, R.; Spina, R.J.; Dowling, E.A.; Kotipalli, U.S.; Gandralota, R. Effect of intensity of aerobic training on VO2max. Med. Sci. Sports Ecerc. 2008, 40, 1336–1342. [Google Scholar] [CrossRef]

	



Swain, D.P.; Franklin, B.A. VO(2) reserve and the minimal intensity for improving cardiorespiratory fitness. Med. Sci. Sports Exerc. 2002, 34, 152–157. [Google Scholar] [CrossRef]

	



Gutin, B.; Barbeau, P.; Owens, S.; Lemmon, C.R.; Bauman, M.; Allison, J.; Kang, H.S.; Litaker, M.S. Effects of exercise intensity on cardiovascular fitness, total body composition, and visceral adiposity of obese adolescents. Am. J. Clin. Nutr. 2002, 75, 818–826. [Google Scholar] [CrossRef]

	



O’Donovan, G.; Owen, A.; Bird, S.R.; Kearney, E.M.; Nevill, A.M.; Jones, D.W.; Woolf-May, K. Changes in cardiorespiratory fitness and coronary heart disease risk factors following 24 wk of moderate- or high-intensity exercise of equal energy cost. J. Appl. Physiol. 2005, 98, 1619–1625. [Google Scholar] [CrossRef]

	



Hammermeister, J.; Page, R.M.; Dolny, D.; Burnham, T. Occupational physical activity as an indicator of health and fitness. Percept. Mot. Ski. 2001, 92, 121–127. [Google Scholar] [CrossRef]

	



Hirai, T.; Kusaka, Y.; Suganuma, N.; Seo, A.; Tobita, Y. Physical work load affects the maximum oxygen uptake. Ind. Health 2006, 44, 250–257. [Google Scholar] [CrossRef]

	



Mundwiler, J.; Schüpbach, U.; Dieterle, T.; Leuppi, J.D.; Schmidt-Trucksäss, A.; Wolfer, D.P.; Miedinger, D.; Brighenti-Zogg, S. Association of occupational and leisure-time physical activity with aerobic capacity in a working population. PLoS ONE 2017, 12, e0168683. [Google Scholar] [CrossRef] [PubMed]

	



Olds, T.S.; Gomersall, S.R.; Olds, S.T.; Ridley, K.A. Source of systematic bias in self-reported physical activity: The cutpoint bias hypothesis. J. Sci. Med. Sport 2019, 22, 924–928. [Google Scholar] [CrossRef]

	



Saidj, M.; Jørgensen, T.; Jacobsen, R.K.; Linneberg, A.; Aadahl, M. Differential cross-sectional associations of work-and leisure-time sitting, with cardiorespiratory and muscular fitness among working adults. Scand. J. Work Environ. Health 2014, 40, 531–538. [Google Scholar] [CrossRef]

	



Thorp, A.; Owen, N.; Neuhaus, M.; Dunstan, D. Sedentary behaviors and subsequent health outcomes: A systematic review of longitudinal studies, 1996–2011. Am. J. Prev. Med. 2011, 41, 207–215. [Google Scholar] [CrossRef] [PubMed]

	



Owen, N.; Healy, G.N.; Matthews, C.E.; Dunstan, D.W. Too much sitting: The population-health science of sedentary behavior. Exerc. Sport Sci. Rev. 2010, 38, 105. [Google Scholar] [CrossRef] [PubMed]

	



Whelton, S.P.; Chin, A.; Xin, X.; He, J. Effect of aerobic exercise on blood pressure: A meta-analysis of randomized, controlled trials. Ann. Intern. Med. 2002, 136, 493–503. [Google Scholar] [CrossRef]

	



Crivaldo Gomes Cardoso, J. Acute and chronic effects of aerobic and resistance exercise on ambulatory blood pressure. Clinics 2010, 65, 317. [Google Scholar] [CrossRef]

	



Clays, E.; De Bacquer, D.; Van Herck, K.; De Backer, G.; Kittel, F.; Holtermann, A. Occupational and leisure time physical activity in contrasting relation to ambulatory blood pressure. BMC Public Health 2012, 12, 1002. [Google Scholar] [CrossRef]

	



Sorokin, A.V.; Araujo, C.G.; Zweibel, S.; Thompson, P.D. Atrial fibrillation in endurance-trained athletes. Br. J. Sports Med. 2011, 45, 185–188. [Google Scholar] [CrossRef]

	



Stemland, I.; Ingebrigtsen, J.; Christiansen, C.S.; Jensen, B.R.; Hanisch, C.; Skotte, J.; Holtermann, A. Validity of the Acti4 method for detection of physical activity types in free-living settings: Comparison with video analysis. Ergonomics 2015, 58, 953–965. [Google Scholar] [CrossRef]

	



Dencker-Larsen, S.; Rasmussen, C.L.; Thorsen, S.V.; Clays, E.; Lund, T.; Labriola, M.; Mortensen, O.S.; Jørgensen, M.B.; Gupta, N.; Nørregaard Rasmussen, C.D.; et al. Technically measured compositional physical work demands and prospective register-based sickness absence (PODESA): A study protocol. BMC Public Health 2019, 19, 257. [Google Scholar] [CrossRef]

	



Skinner, J.S.; Jaskólski, A.; Jaskólska, A.; Krasnoff, J.; Gagnon, J.; Leon, A.S.; Rao, D.C.; Wilmore, J.H.; Bouchard, C. Age, sex, race, initial fitness, and response to training: The HERITAGE Family Study. J. Appl. Physiol. 2001, 90, 1770–1776. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 17 07929 g001 550] 





Figure 1. Flow chart of the recruitment of the study population. 
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Figure 2. Estimated difference in CRF (based on the physical fitness index) levels associated with one-to-remaining reallocations of different behaviours during work (a) and leisure-time (b) among 309 workers. X-axis represents the amount of minutes reallocated from a behaviour to remaining behaviours within each domain, Y-axis represents the change in CRF levels. * significant at p < 0.05. CRF = cardiorespiratory fitness; PFI = physical fitness index; SB = sedentary behaviour; LIPA = low-intensity physical activity; MVPA = moderate-to-vigorous physical activity. The confidence intervals of the estimates are presented in Supplementary Table S1. 
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Table 1. Descriptive characteristics of the study population (N = 309).
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	Demographic Characteristics
	N (%)
	Mean (SD)





	Age (years)
	
	38.5 (11.2)



	Sex

Female

Male
	

178 (57.6)

131 (42.4)
	



	Educational level

Low (until primary school)

Medium (secondary school and/or 1 to 2 years of specialization)

High (university or university college)
	

49 (15.9)

102 (33)

158 (51.1)
	



	Marital status

Married/living together with children

Married/living together without children

Single with children

Single without children
	

135 (43.7)

78 (25.2)

24 (7.8)

53 (17.2)
	



	BMI (kg/m²)
	
	24.7 (3.9)



	Current smoker
	68 (22.0)
	



	Alcohol consumption

<7 units per week

>7 units per week
	

248 (80.3)

61 (19.7)
	



	Use of medication for heart condition and/or high blood pressure
	16 (5.2)
	



	Job type

Manufacturing sector

Service sector

Skilled worker

Factory sector

Unskilled worker
	

153 (49.5)

4 (1.3)

23 (7.4)

105 (34)

24 (7.8)
	



	Work schedule

Shift

Day job
	

198 (64.1)

109 (35.3)
	



	Workhours per week
	
	36.9 (5.9)



	Self-reported physical work demands
	
	2.4 (0.7)



	Accelerometer-assessed information
	N (%)
	Mean (SD)



	Valid accelerometer wear-days
	
	2.8 (0.9)



	Work time (min/day)
	
	467 (65)



	Leisure time (min/day)
	
	458 (98)



	Sleep time (min/day)
	
	447 (68)



	Accelerometer-assessed behaviours (absolute numbers)
	N (%)
	Mean (SD)



	SB work (min/day)
	
	150 (103)



	Standing work (min/day)
	
	171 (75)



	LIPA work (min/day)
	
	78 (47)



	MVPA work (min/day)
	
	67 (37)



	SB leisure (min/day)
	
	272 (88)



	Standing leisure (min/day)
	
	97 (56)



	LIPA leisure (min/day)
	
	43 (20)



	MVPA leisure (min/day)
	
	44 (25)







Abbreviations: BMI = body mass index; SD = standard deviation; n = number of participants; SB = sedentary behaviour; LIPA = low-intensity physical activity; MVPA = moderate-to-vigorous physical activity.
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Table 2. Compositional means for occupational and leisure time behaviours.






Table 2. Compositional means for occupational and leisure time behaviours.





	Occupational Behaviours
	Minutes
	% of Total Work Time





	Sedentary behaviour
	134.7
	29.3



	Standing
	181.6
	39.5



	Low-intensity PA
	76.1
	16.5



	Moderate-to-vigorous PA
	67.6
	14.7



	Leisure Time Behaviours
	Minutes
	% of Total Leisure Time



	Sedentary behaviour
	282.8
	61.5



	Standing
	93.9
	20.4



	Low-intensity PA
	42.3
	9.2



	Moderate-to-vigorous PA
	41.0
	8.9







Abbreviation: PA = physical activity.
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Table 3. Compositional multiple linear regression analyses of the relation between ilr₁ (first ilr) coordinates and cardiorespiratory fitness (CRF) (compositional models).






Table 3. Compositional multiple linear regression analyses of the relation between ilr₁ (first ilr) coordinates and cardiorespiratory fitness (CRF) (compositional models).





	Compositional Regression Models (Work Time)
	β
	SE
	t-Value
	p





	Model 1 (Ilr₁ = SB: geometric mean of remaining behaviours)
	4.66
	1.65
	2.82
	<0.01



	Model 2 (Ilr₁ = Standing: geometric mean of remaining behaviours)
	5.45
	3.03
	1.80
	0.07



	Model 3 (Ilr₁ = LIPA: geometric mean of remaining behaviours)
	−4.74
	3.97
	−1.20
	0.23



	Model 4 (Ilr₁ = MVPA: geometric mean of remaining behaviours)
	−5.37
	3.41
	−1.57
	0.12



	Compositional Regression Models (Leisure Time)
	β
	SE
	t-Value
	p



	Model 1 (Ilr₁ = SB: geometric mean of remaining behaviours)
	−11.84
	2.40
	−4.94
	<0.001



	Model 2 (Ilr₁ = Standing: geometric mean of remaining behaviours)
	−1.18
	4.02
	−0.29
	0.77



	Model 3 (Ilr₁ = LIPA: geometric mean of remaining behaviours)
	0.03
	5.31
	0.01
	0.99



	Model 4 (Ilr₁ = MVPA: geometric mean of remaining behaviours)
	12.99
	3.21
	4.05
	<0.001







Abbreviations: SB = sedentary behaviour; LIPA = low-intensity physical activity; MVPA = moderate-to-vigorous physical activity; Ilr₁ = first ilr-coordinate; SE = Standard Error; p = p-value. Models adjusted for age, sex, educational level, smoking, BMI, MVPA expressed as ilrs, and physical work demands. Significant at p < 0.05 and indicated in bold.
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