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MAIN FINDINGS AND INTERPRETATIONS 

Many epidemiological studies have demonstrated that there is a relationship between 
physical activity (PA) and cardiometabolic risk. However, as noted in the general 
introduction to this thesis (chapter 1), knowledge on the benefits of PA on 
cardiometabolic health is limited, especially when domain-specific physical activities 
are taken into consideration. The main findings of this thesis are discussed below. 

Domain-specific physical activities and cardiometabolic health 
Non-occupational daily-life physical activities: In this thesis, non-occupational 
moderate to vigorous physical activity (MVPA) included activities in the commuting 
and leisure domains. Previous studies mostly focused only on PA conducted by 
individuals during their leisure time [1–3]. In line with these studies, we found that 
MVPA performed during leisure time is a major modifiable factor that contributes to 
the prevention of cardiometabolic risk factors (chapters 2–5). 

For the domain of commuting, we found significant associations of higher MVPA 
with lower cardiometabolic risk factors (chapters 2–5). Accordingly, active 
commuting may be one way of attaining the recommended level of MVPA required to 
produce a potential health benefit. However, not all previous studies found that 
commuting-related PA has beneficial effects on health. For example, Treff et al. 
found no association for males, and a positive association was found for females, 
meaning that more commuting PA was related to higher risk of hypertension [4]. The 
inconsistency in these findings may be partly attributable to the ways in which PA 
was defined in these studies. Most studies did not distinguish between the levels of 
intensity of the commuting activity. For example,  a large proportion of the 
commuting PA comprised of light-intensity activities, such as easy walking, and not 
of commuting activities at moderate-to-vigorous intensity. For example, Treff et al. 
investigated the association of physical activity with development of hypertension, 
but included many non-cycling commuters in their assessment of activities in the 
commuting domain (91.8% and 98.8% of male and female participants, respectively) 
[4]. In other words, they mostly assessed the risk of hypertension in relation to 
walking. In this thesis, we focused only on MVPA, such as cycling or intense or brisk 
walking  during commuting (chapters 2–5). The finding that the intensity level of 
active commuting matters is supported by studies that compared the types of 
commuting. For example, Milett et al., who compared risk ratios for modes of travel 
to work, including walking, cycling, and private and public transport, found that only 
cycling was significantly associated with lower odds of hypertension after adjusting 
for various confounders [5]. A large-scale study on the UK Biobank, entailing a 
sample of 72,999 men and 83,667 women, found that active commuting was 
significantly associated with healthier body weights, with commuters who cycled 
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attaining the most benefit from PA [6]. Even commuters who mixed public 
transportation with active commuting had significantly lower body fat percentages 
compared with only public transporters.  

Further, the use of a combination of leisure-time and commuting MVPAs in risk 
assessments appears to be more meaningful compared with the conduct of separate 
assessments of individual domains. For example, concerning our examination of the 
association between MVPA and blood pressure (chapter 3), we found that the 
combined effect of commuting and leisure-time MVPA was stronger than the 
separate effects of either commuting or leisure-time MVPA alone (Figure 1).  

Figure 1. Associations of domain-specific MVPAs with systolic blood pressure (see 
also chapter 3).  
Notes: CPA, commuting physical activity; LTPA, leisure-time physical activity; CLTPA, commuting and 
leisure-time physical activity; T, tertile. T0, T1, T2, and T3 respectively denote ‘inactive’, ‘not very 
active’, ‘active’, and ‘very active’. 

Therefore, not only PA during leisure time but also increased MVPA in the 
commuting domain may be an option for improving the management of 
cardiometabolic risk factors. 

Occupational daily-life physical activity: While the association between MVPA 
and health appears to be clear for the leisure-time and commuting domains, there is 
a strong degree of uncertainty relating to the occupational domain. Physical strain 
experienced within occupations varies significantly, and it is not known whether this 
strain is beneficial for individuals’ health. At the same time, it has been suggested 
that sedentariness is the ‘new smoking’, thus indicating that sedentary occupations 
are not healthy. In their landmark study, Morris et al. (1953) found that there was a 
significant difference in the cardiovascular risk of ‘double decker bus drivers’ versus 
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‘conductors who repeatedly walk up and down the bus stairs frequently’, thereby 
indicating that a physically active occupation is healthier than a sedentary one [7].  

Nevertheless, there is a growing body of evidence indicating that occupational PA 
may have no clear benefit on health. A meta-analysis based on prospective studies 
reported that occupational PA does not reduce the risk of hypertension[8]. Moreover, 
Anderson et al. reported that work‐time activity had no effect on population blood 
pressure [9], while Lund et al. identified a longitudinal association between heavy 
occupational activity and sickness absence [10]. Furthermore, the results of studies 
conducted on the association between occupational PA and body weight gain are 
mixed. Some, studies found a significant inverse association between occupational 
PA and body weight, fat mass, and waist circumference [11-15]. However, the 
findings of other studies differed [16-19]. In this thesis, we have shown that 
occupational MVPA offers no clear health benefits (chapters 2–5). Specifically, in 
chapter 2, we demonstrated that a higher level of occupational PA did not appear 
to be inversely associated with a lower risk of non-alcoholic fatty liver disease 
(NAFLD). Our assessment of the association between each of the domain-specific 
physical activities and blood pressure indicated that occupational MVPA was not 
associated with lower blood pressure and reduced risk of hypertension (chapter 3). 
The same was observed for 4-year changes in body weight (chapter 4). Even in the 
case of RTRs, where being at work may be indicative of relatively good health, 
individuals who were much more active in terms of their occupational PA may not be 
at a lower risk for all-cause and CV-mortality (chapter 5).  

The mechanism that evidently prevents occupational PA from generating health 
benefits is unclear. Biological explanations may apply the type of activity (e.g., heavy 
lifting or pushing and extreme bending or twisting of the neck or back in the absence 
of longer periods of rest for recovery) [10]. Astrand et al. found an association 
between work-based activities (e.g., working with the hands above the shoulder 
level) and increased blood pressure [20]. The types of occupations entailing high 
occupational MVPA that were examined in this thesis include ‘metal, machinery, and 
related trade work’, ‘handicraft and printing work’, and ‘other mechanics and repairs’ 
(based on codes from International Standard Classification of Occupations - ISCO-08, 
chapters 2–5). There is always the possibility of (residual) confounding by factors 
such as sex, socioeconomic status, work-related stress, unhealthy and dusty 
environments, inflammation, and body weight. We partly adjusted for these 
confounders by including age, sex, and education (chapters 2–5) in the studies 
conducted for this thesis. The associations of occupational MVPA with 
cardiometabolic risk factors remained maternally unchanged after making the above 
adjustments. Moreover, a previous study found that the effect of occupational PA 
was sex-dependent, revealing a positive association between higher occupational PA 
and all-cause mortality as well as myocardial infarction in men but not in women 
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(test for interaction: P=0.02) [21]. Therefore, all associations tested in this thesis 
were considered separately for men and women. We also performed separate 
analyses to examine the association between MVPA and changes in body weight for 
men and women (chapter 4). However, no clear association of occupational MVPA 
with body weight cardiometabolic risk factors was found either for men or women. It 
has even been suggested that confounding may occur when overweight participants 
who may be both inactive and have higher risks for cardiometabolic diseases are 
compelled to accept a physically demanding job. For such individuals, the barriers 
against exercise may only be overcome in the context of occupational activities 
undertaken for financial reasons, thus generating an association between high 
occupational MVPA and a high cardiometabolic risk. To determine whether this was a 
likely explanation, we performed a stratified analysis for BMI, as discussed in 
chapter 3, and adjusted the main analyses for BMI. The associations between 
occupational PA and systolic and diastolic blood pressure were inconsistent within 
and outside of BMI groups. We did not find any health benefits resulting from 
occupational MVPA on hypertension in any BMI group.  

Taken together, these results suggest that it is important to be aware that 
occupational MVPA should not be considered as a substitute for leisure-time MVPA. 

Total versus non-occupational MVPA: In light of the finding that occupational 
MVPA is not related to a reduction in cardiometabolic risks, we predicted that total PA 
would also show no added advantage over non-occupational PA in terms of the 
resulting benefits. Indeed this was the case. For instance, for the associations of 
MVPA with NAFLD (chapter 2) and blood pressure (chapter 3), dose-dependency 
disappeared at more active levels when occupational MVPA was incorporated into the 
categories of total MVPA (Figure 2).  

Figure 2. The association between different MVPA categories and the risk of having 
NAFLD (2A; see also chapter 2) and systolic BP (2B; see also chapter 3).  
Notes: MVPA, moderate to vigorous activity; Q, quintile; T, tertile, SBP, systolic blood pressure.  
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The patterns (disappearance of dose-dependency) remained after we adjusted for 
potential confounders such as age, sex, education, and other lifestyle factors. 
Conversely, when non-occupational MVPA categories, excluding occupational MVPA, 
were used, PA was associated dose dependently with the NAFLD risk and with blood 
pressure (Figure 2). In detail, the proportion of occupational MVPA exceeded that of 
non-occupational MVPA for the group with the highest total MVPA (MVPA-Q5) 
(Figure 3).  

Finally, in clinical guidelines on cardiometabolic health, differentiation of MVPA 
into non-occupational or occupational may be an important attribute, of similar 
relevance as intensity and duration of PA. 

Figure 3. A combination of non-occupational and occupational MVPA for the total 
MVPA category.  
Note: MVPA, moderate to vigorous activity, Q, quintile.  

Therefore, occupational MVPA should not be included in an assessment of 
healthy daily-life PA, and the contribution of occupational MVPA to total MVPA is of 
particular concern when an accelerometer is used that does not distinguish between 
leisure-time and occupational MVPA .  

Physical activity and cardiometabolic health over the life course  
A primary aim of our overall study was to assess whether PA could be constitutive of 
a strategy for improving cardiometabolic risk management at any adult age. 
Therefore, we performed stratified analyses by age for each of the component 
studies discussed in this thesis (chapters 2–6). Our overall finding was that a 
physically active lifestyle may be important at any age but for different relevant 
health outcomes. PA was found to be inversely associated with the risk of NAFLD 
(chapter 2), hypertension (chapter 3), and cardiovascular mortality and diabetes 
(chapter 5) in individuals of all ages. However, as shown in Figure 4, the 
associations were stronger in older adults compared with younger adults. By 
contrast, the association of PA with lower body weight gain was stronger in younger 
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adults compared with older adults (chapter 4). From a life course perspective, all of 
these associations can be linked, given that a higher BMI in early adult life is 
considered a predictor of future cardiovascular diseases in later life [22-24].  MVPA’s 
role in preventing  body weight gain in younger adults could entail protective benefits 
of reducing their risks of developing  NAFLD, hypertension, and other 
cardiometabolic diseases in their later lives (Figure 4).  

Figure 4. Physical activity and cardiometabolic health over the life course and the 
primordial prevention by physical inactivity.  
Note: The colours of the shaded boxes indicate the different strengths of the associations of physical 
activity with the health outcomes mentioned in the boxes, according to age: light to dark blue indicates 
weak to strong association. NAFLD, non-alcoholic fatty liver disease. 

In literature, findings from a multi-ethnic cohort study indicated that a higher BMI at 
the ages of 20 and 40 years was independently associated with an increased risk of 
heart failure over a median follow-up period of 13 years [25]. Moreover, studies have 
found that the transition from normal weight to obesity is mostly observed between 
the ages of 20 and 40 years [26], thus confirming our own finding that most weight 
gain occurs at younger ages (Figure S3, chapter 4). Another finding within the 
literature is that being very active in early adult life may serve as a safeguard against 
becoming overweight or obese at a later age [26-28]. Therefore, we suggest that 
increased physical activity at younger ages could serve as an important primordial 
prevention strategy in late adult life. 

As noted above, the association between PA and cardiometabolic risk factors is 
stronger in older adults than in younger adults. These stronger associations could 
indicate that benefits for health are gained more easily when there is greater scope 
for improvement in health. Concurring with our results, the findings of several 
studies reveal that lifestyle interventions (including physical activity) have greater 
benefits for the oldest individuals [29-30]. Results from a diabetes prevention 
programme demonstrated an inverse relationship between age and incidence of 
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diabetes among participants [29]. In a Finnish study on diabetes prevention, the 
intervention was more effective for the oldest tertile of the population [30]. 
Furthermore, the effect sizes of physical activity were dose-dependent according to 
age in the studies that we conducted for this thesis. For instance, the effects of the 
lowest and highest levels of PA (tertile 1 vs. tertile 3) for each age group increased 
with a corresponding increase in age (test for interaction with p < 0.01 in Figure 5; 
see also chapter 3).  

Figure 5. The association between MVPA and systolic BP by age (see also chapter 
3, Figure 2A-C).  
Note: T0, inactive; T1, not very active; T2, active; and T3, very active.  

We suggest that while active individuals at any age are more likely to have a 
lower risk of cardiometabolic diseases, those who were very active at younger ages 
could benefit in their late adult life. 

Health backgrounds and the benefits of physical activity 
As noted above, although the benefits of PA could be gained more easily when there 
is more room for health improvements, which is the case in older adults, its effects 
could potentially be outweighed by other, more important clinical factors (e.g., 
comorbidities and the use of medication). Therefore, we attempted to test the effects 
of PA for specific groups such as RTRs (chapter 5). Our assessment results 
indicated that the associations of PA did not disappear in the context of this specific 
group with a chronic health condition. Rather, a higher MVPA was strongly associated 
with the development of long-term health outcomes such as post-transplant diabetes 
and CV mortality in younger and older adults, with this association being especially 
strong in older adults.  

Available data suggest that daily-life PA levels are lower among RTRs compared 
with these levels within the general population [31-32]. With increasing dialysis 
vintage, the level of PA  declines. By contrast, the level of PA increases after 
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transplantation (Figure 6). As indicated by the findings of one study, daily-life 
physical activity increased spontaneously by 30% one year after transplantation and 
remained materially unchanged over the next 5 years [32]. 

In our study, we assessed RTRs who were relatively stable post-transplantation 
(using a median value of 5.7 years post-transplantation). Daily-life PA levels 
remained lower in RTRs (38% of RTRs were inactive [‘No MVPA’]) compared with the 
PA level of the general population assessed in the Lifelines cohort study. Applying the 
same questionnaire (SQUASH), we found that 10% of Lifelines participants were 
‘inactive, with No MVPA’ (chapters 2–4). Nevertheless, the highest level of daily-life 
MVPA was associated with a lower risk of long-term health outcomes in RTRs 
(chapter 5). Therefore, we suggest that even for patients with longstanding 
diseases, PA could be of potential benefit.  

Although more research is needed in other patient groups, the findings for the 
group examined in this study indicate that active individuals, even those with a 
chronic health condition, are more likely to have a lower risk of cardiometabolic 
diseases. 

Figure 6. Changes in physical activity levels according to the level of severity of 
chronic kidney disease (CKD) and the transplantation status.  
Note: Reprinted with permission from: Zelle, Dorien M., et al. "Physical inactivity: a risk factor and target for 
intervention in renal care." Nature Reviews Nephrology.2017;13(3):152.

Sex considerations in cardiometabolic health  
A question raised in this thesis was whether sex-specific approaches are needed for 
managing cardiometabolic risks, given that men and women may differ in 
metabolism and lifestyle habits [18, 33-35]. Therefore, all associations tested in this 
thesis were considered separately for men and women. Levels of PA, especially 
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vigorous PA, were significantly higher in men than in women. As revealed in 
chapters 2&3, there were no clear sex differences for associations of PA with 
NAFLD and hypertension. However, changes in the body weights of men and women 
after 4 years of follow-up were significantly different (chapter 4). The findings 
presented in this chapter reveal a stronger association of PA with the prevention of 
weight gain in women. Furthermore, some studies suggest that differences in body 
fat distribution in men and women may play different roles in relation to 
cardiometabolic risk [36-37]. Therefore, as discussed in chapter 6, we compared 
different obesity measures used in the prediction of CVD in men and women. Our 
results revealed sex-based differences relating to the improvement of CVD risk 
assessments. For women these assessments could be improved by including the total 
fat indication (BMI and BF% estimated through bioelectrical impedance analysis), 
whereas for men, they could be improved by including total fat and fat distribution 
(waist circumference). Notably, bioelectrical impedance analysis was found to be 
superior to BMI and waist circumference for predicting future CV events in both men 
and women. Among the different obesity measures, the BF percentage is the best 
measure for improving CV risk assessments in women. Thus, obesity-related and 
sex-specific approaches should be considered in combination to determine ways of 
improving cardiometabolic risk management. 

METHODOLOGICAL CONSIDERATIONS 

Cross-sectional design and the issue of reverse causation  
Several of the reported studies in this thesis are based on data extracted from the 
Lifelines cohort study.[38] Baseline Lifelines data were collected between 2006 and 
2013. At the time when we conducted our analyses (see chapters 2&3), only cross-
sectional data were available. In the cross-sectional analyses, both the exposure and 
outcome variables were simultaneously measured. Therefore, causality could not be 
determined and reverse causation could not be excluded. As discussed in chapter 2, 
there is not only available observational evidence regarding the association of 
physical activity with NAFLD. A number of randomized clinical trials have shown that 
exercise reduces the amount of liver fat content [39-41]. In this case, intervention 
studies could contribute to identifying the presence and direction of causality, 
whereas observational studies enable associations within large groups of people, 
covering a diverse range of age groups and/or specific subgroups within the general 
population to be investigated. Some insights on potential reverse causation could be 
obtained through the performance of sensitivity analyses. For example, as discussed 
in chapter 3, individuals with hypertension may have changed their behaviour 
relating to physical activities after being informed of the need to take 
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antihypertensive medication [42]. In the sensitivity analysis, a comparison of 
normotensive and hypertensive individuals revealed similar dose-dependent 
associations to those revealed by the main analysis. Moreover, the benefits of 
commuting and leisure time MVPA for hypertensive individuals remained virtually 
unchanged after adjusting for the use of antihypertensive medication.  

The longitudinal data analyses were discussed in chapter 5. As previously 
noted, the chance of reverse causation was reduced because respondents filled in 
the questionnaires before they became aware of their particular health conditions. 
Nevertheless, reverse causation could still occur, for example, in RTRs if some of 
these individuals are inactive because of severe illness. To reduce the risk of reverse 
causation, we included stable RTRs who had undergone transplantation more than 
one year previously. Moreover, we tested and compared the benefits of physical 
activity in different RTR subgroups, namely those with or without a job because 
working status can be indicative of health status within this specific population. 

Thus, combining insights derived from both observational and intervention 
studies and conducting sensitivity analyses to explore potential confounding and 
reverse causation all contribute to determining the role of PA in health. 

Sample selection related to inclusion and data missingness 
The Lifelines study is a population-based cohort and biobank comprising more than 
167,000 individuals living in the Northern Netherlands [38]. Lifelines participants 
were originally invited vis-à-vis by their general practitioners (49% of all 
participants). Subsequently, participants were invited by participating family 
members (38% of all participants), and 13% registered themselves digitally via mass 
media. These modes of recruitment may have led to selection bias, entailing 
potential differences between Lifelines participants and those individuals who did not 
participate. The proportion of female, middle-aged, and married individuals among 
Lifelines participants was higher than the proportion of such individuals within the 
general population in the Northern Netherlands. Nevertheless, after adjusting for 
differences in demographic composition, the Lifelines sample was found to be 
broadly representative of the general population of the Northern Netherlands in 
terms of socioeconomic characteristics, weight status, smoking, the prevalence of 
major chronic diseases, and general health. Accordingly, the risk of selection bias 
was low and risk estimates could be generalized to the general population [43]. 
Further confirmation that the selection bias may be lower in the Lifelines study than 
it is for cohorts in several other large-scale, population-based studies pertains to the 
comparatively higher response rate in the former study; about 25% of the individuals 
who were invited agreed to participate in Lifelines. By contrast, the response rates to 
the initial letter inviting individuals to participate in the population-based UK Biobank 
study was just 5.5% [44]. We believe that the risk of selection bias is low and that 
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risk estimates can be generalized to the general population, as discussed in 
chapters 2–4.  

In addition to the possibility of selection bias occurring during the Lifelines 
recruitment phase, bias may also have been introduced as a result of missing data. 
As noted in most of the chapters of this thesis, we performed complete case 
analyses. A large portion of the missing data, discussed in chapter 2, was missing 
completely at random for cost reasons. During the Lifelines baseline data collection 
process, when the researchers deemed that a sufficient number of samples had been 
measured (>50,000), some laboratory tests such as liver blood tests were omitted 
because of cost considerations. Our comparison of data obtained from participants, 
with and without the results of these tests, did not reveal significant differences 
relating to determinants, outcomes, and confounding variables. This finding confirms 
that the missingness did not have a large consequence for the findings of the study. 

As noted in chapter 6, we used data derived from the prevention of renal and 
vascular end-stage disease (PREVEND) study that was designed to investigate, 
prospectively, the natural course of albuminuria and its relation to renal and 
cardiovascular disease within a large cohort drawn from the general population [45]. 
For this purpose, the study sample comprised respondents with high levels of urinary 
albumin excretion (UAE) ≥ 10 mg/L. However, our analysis was based on data 
obtained from the first follow-up visit. The proportion of participants with UAE ≥ 10 
mg/L had decreased dramatically between the PREVEND baseline and first follow-up 
periods from 69.1% to 29.2%. Moreover, as previously reported, weights in the 
PREVEND baseline for UAE levels ≥ 10 mg/L and UAE levels < 10 mg/L were 0.35 
and 2.51, respectively, whereas the weights in the current analysis, were 0.84 and 
1.01 respectively [46]. Knowledge of how to correct for the specific inclusion of 
people with higher UAE levels is important as this knowledge can be applied in 
adjusting estimates, thereby improving generalizability.  

Subjective assessments of physical activity 
In the studies performed for this thesis, assessments of PA were based on a 
subjective measure, namely self-reported questionnaires. Compared with objective 
measures, such as accelerometers, PA questionnaires are subject to recall bias 
(measurement errors) [47]. Therefore, there is evidently a relatively high degree of 
measurement error entailed in these assessments through under- or over-reporting 
that is dependent on the intensity and type of PA [48]. Studies have shown that it is 
mostly light physical activities that are underestimated in the PA questionnaires, 
whereas more structured activities, such as sports activities, are easier to report. By 
contrast, objective measures of PA entail the counting of all PA minutes, which leads 
to the elimination of such biases. However, the objective method also has a 
limitation; objective measures of PA do not distinguish the different types and 
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domains of PA. MVPA data derived from accelerometry cannot be delineated into 
sports activities or heavy occupational work. Moreover, an objective method like 
accelerometry is often more demanding to implement in terms of costs and logistics. 
Therefore, PA questionnaires are preferred in large-scale cohort studies.  

A number of validation studies have tested the reproducibility of the SQUASH 
questionnaire, which was used in studies conducted for various categories of 
individuals, notably men and women, patients, and multi-ethnic Dutch individuals 
belonging to different age groups. The results revealed a lower recall bias. The test–
re-test reliability scores ranged between 0.6 and 0.8 in these validation studies [48-
50]. The absolute values of PA should be interpreted with caution because of under- 
or over-estimation. Therefore, we preferred to rank participants according to 
categories of PA in all of the analyses presented in this thesis, rather than to use 
absolute measures of PA, such as adherence to the guidelines. This procedure can be 
challenging for both objective and subjective PA assessment methods during post-
processing of data. Chapter 7 includes an extensive discussion on the limitations 
entailed in the calculation of total PA and MVPA from the data compiled using the 
SQUASH questionnaire. A final consideration is that because the underlying objective 
of this thesis was to test the effects of different types and domains of daily-life PA, 
the subjective assessments of PA using a questionnaire were deemed appropriate for 
our study design. 

Choosing suitable markers 
In chapter 2, we described how we used the fatty liver index (FLI) to identify 
NAFLD [51]. This index does not provide an absolute measure of the accumulation of 
fat in the liver as, for example, does ultrasound. Furthermore, studies have shown 
that the clinical utility of the FLI is limited, largely because it fails to distinguish 
correctly between moderate and severe steatosis [52-53]. After conducting an 
extensive literature search, we concluded that FLI may be the best screening tool for 
suspected NAFLD within the general population [54-55], The FLI evidences a linear 
trend across steatosis grades, as classified on the basis of histology revealed in liver 
biopsies [53]. The AUROC value for the FLI was 0.83, indicating good diagnostic 
accuracy relating to the presence or absence of NALFD. Given that the latter criterion 
was the most important outcome in our study, and given that we did not consider 
the severity of NALFD, the use of the FLI was deemed to be appropriate and is not 
likely to have caused serious classification bias in our study.  

Although an investigation of the association of PA with the progression of NAFLD 
to fibrosis was not our primary aim, in chapter 2 we explored the possibilities of 
applying non-invasive markers of fibrosis, such as FIB4, AST to Platelet Ratio Index 
(APRI), and the NAFLD-fibrosis score (NFS) [56-58]. The results for fibrosis markers 
were particularly unexpected and contradictory. The highest MVPA quintiles were 
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significantly associated with lower NFS values and were positively associated with 
FIB-4 and APRI values. This could be explained by positive associations of MVPA with 
individual parameters such as AST. Previous studies have shown that higher MVPA 
values correspond to higher AST values because exertion of skeletal muscles during 
exercise generates AST, introducing a positive association between MVPA and AST. 
An increase in the breakdown of muscle cells with increasing PA releases AST, 
prompting a higher concentration of AST [59]. Therefore, FIB-4 and APRI which 
include AST would not have been accurate tools for use within our study population, 
which was drawn from the general community. Suitable markers are needed, 
especially for liver fibrosis, which entails components that are not influenced by PA. 

CONCLUSIONS 

In light of the findings of this thesis, we can conclude that the potential benefits of 
daily-life MVPA are contingent on the non-occupational or occupational domains of 
PA. A higher level of non-occupational daily-life MVPA is associated with a lower risk 
of cardiometabolic factors, such as NAFLD, hypertension, and a gain in body weight. 
These associations have been found to be dose-dependent, indicating that more 
MVPA is more beneficial. Notably, commuting-related MVPA could offer health 
benefits in addition to those associated with leisure-time MVPA, or it could be 
considered an option for reaching the recommended level of MVPA. By contrast, a 
higher level of occupational MVPA is not directly associated with cardiometabolic risk 
factors in the same way that MVPA relating to leisure or commuting is. Therefore, 
occupational MVPA should not be included within an assessment of healthy daily-life 
PA. In addition, this aspect should be accounted for when interpreting results 
obtained using accelerometers. Further, occupational MVPA should be evaluated 
more closely to determine whether or not it can be considered beneficial. Our 
assessment of the sex-based aspects of cardiometabolic health indicated that the 
benefit of non-occupational MVPA on the prevention of obesity was more pronounced 
in women than in men. Moreover, we found that the selection of obesity measures 
for assessing women’s cardiovascular risks should be more specific, including, for 
example, the total body fat percentage determined as a result of conducting 
bioelectrical impedance analysis. A further finding of this thesis was that a physically 
active lifestyle may be important at any age, but that relevant health outcomes 
differ. PA may be beneficial for weight gain at younger ages and for NAFLD as well 
hypertension and cardiometabolic risks at later ages. Thus, from a life course 
perspective, associations of non-occupational MVPA with differential outcomes can be 
connected, indicating that younger adults’ engagement in increased PA could be an 
important strategy contributing to the primordial prevention of cardiometabolic 
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diseases in late life. Furthermore, we suggest that a physically active lifestyle at any 
adult age, even for individuals with chronic health conditions, could be beneficial for 
cardiometabolic health.  

FUTURE PERSPECTIVES 

Placing our results for domain-specific MVPA in perspective, we recommend the 
inclusion of PA at moderate to vigorous intensity during commuting (active 
transportation) in addition to leisure-time MVPA to increase the benefits of PA in 
cardiometabolic risk management. However, promoting active methods of 
transportation, such as cycling, may prove challenging in some countries. For 
instance, in Mongolia, cycling roads have not been developed, and the main 
commuting options entail the use of public transport or private cars. However, the 
Netherlands provides an exceptional model for demonstrating how commuting MVPA 
can benefit cardiometabolic health because cycling is a frequently used mode of 
transportation [60-61]. Active commuting through cycling could be improved in many 
countries, globally, which could help to reduce the global burden of cardiometabolic 
risk.  

In the future, experimental studies should test associations between occupational 
MVPA and cardiometabolic risk factors within a broader context that encompasses 
specific MVPA types and the contexts in which they are performed. These contexts 
may include, for example, dust or contamination, inflammation, work-related dietary 
habits and other lifestyle or cultural factors. The findings of such studies could enable 
the identification of a plausible mechanism of when it is not beneficial for health, and 
under what conditions it may actually benefit health. Existing knowledge as well as 
the findings of our studies presented in this thesis (chapters 2–5) indicate that 
occupational MVPA offers no clear benefits for cardiometabolic health. Thus, 
occupational MVPA should not be considered as a substitute for leisure-time MVPA. 
This should also potentially be specified in the clinical guidelines relating to 
cardiometabolic risk factors. Moreover, in future assessments of the health effects of 
MVPA levels, especially those entailing the use of an objective measure of PA (e.g., 
an accelerometer), occupational MVPA should be considered in the interpretation of 
the results of the analyses.  

In this thesis. we found quite consistently that more PA was related to better 
health. When it comes to body weight, physical activity is considered an important 
element in energy balance. However, for tackling of overweight, it has been doubted 
whether increasing PA alone can reduce body weight [62]. In chapter 4 we describe 
our finding that a higher MVPA was associated with less weight gain, independent of 
daily-caloric intake, diet quality, and other lifestyle factors, such as alcohol use and 
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smoking. The benefits of higher MVPA were found to be particularly pronounced for 
female adults. Furthermore, the benefit of MVPA was more pronounced in younger 
adults (20-40 years). At this age, the largest transition from normal weight to 
overweight or obesity was seen. Taken together, it may be worthwhile to further 
investigate a potential contrasting role of PA for prevention of weight gain and of PA 
for supporting weight loss. We  also found that use of more specific obesity 
measures for women in assessments of cardiovascular risk (chapter 6). Therefore, 
future studies should investigate whether sex-specific approaches are needed in the 
management of cardiometabolic risks. If this is the case, the priority should be on 
improving the prevention of obesity and the assessments of CVD risks.  

One of the research questions addressed in this thesis focused on the age 
dimension of cardiometabolic risk management. Specifically, we examined whether 
PA continued to be important for older individuals, particularly those with a chronic 
health condition. We found that the influence of PA with risk did not disappear in 
assessments of RTRs. Instead, a higher MVPA was most strongly associated with 
lower risk of development of poor long-term health outcomes in older adults within 
this group (see chapter 5). However, since this concerned only one study, more 
studies should be conducted to explore and confirm whether the benefits of PA 
remain independent of the health contexts of older individuals, for example, the 
number of chronic health conditions (comorbidities) that affect them. 
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