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CHAPTER 1 

 

 

 

 

General introduction 

 

  



OVERWEIGHT AND PHYSICAL ACTIVITY 

 

Physical inactivity and excess body weight substantially contribute to the global burden of 

disease. In 2010 the global number of deaths attributable to these risk factors has been 

estimated to be 6.5 million (1). Excess body weight is closely related to cardio-metabolic 

disorders, such as insulin resistance, hypertension and high cholesterol, which are 

associated with an increased risk of diabetes mellitus and cardiovascular disease. In 

addition, patients with obesity are at risk for several non-vascular diseases such as cancer 

and osteoarthritis; obesity has therefore been acknowledged as one of the major risk 

factors for several non-communicable diseases (2). In 2013 42% of Dutch population were 

overweight (BMI > 25 kg/m2), of which 10% were obese (BMI > 30 kg/m2), and the 

prevalences of overweight and obesity are still increasing (3). Consequently, in the 

Netherlands, the health care costs attributable to overweight were approximately 1.6 

billion euros in 2010 (4). 

Causing weight gain, a lack of physical activity influences the risk for non-communicable 

diseases indirectly (2). Changes in body weight occur when energy intake and energy 

consumption are not balanced (2); a decrease in physical activity translates to low energy 

expenditure, and with an unchanged diet, this will lead to weight gain. On the other hand, 

research has revealed the critical role of physical activity in the development of metabolic 

disorders, regardless of weight (5, 6). This relationship between physical activity and health 

is mediated by enhanced cardiorespiratory fitness (6) and by activities of daily living (7). A 

large-scale observational study indicated that low cardiorespiratory fitness attributes to 

16% of mortality (8). And regardless of fitness, recent research shows the crucial role of a 

physically active lifestyle besides exercise in cardio-metabolic health, e.g. light physical 

activity (7) and breaking up sitting time (9, 10). Moreover, sitting is associated with an 

adverse cardio-metabolic profile independent of physical activity level (11-13). 

 

COMBINED LIFESTYLE INTERVENTIONS 

 

Weight loss can be facilitated by pharmaceutical treatment, bariatric surgery and lifestyle 

coaching (14). But, most pharmaceutical options, as well as bariatric surgery, have a 

substantial risk for adverse events (15, 16) and do not necessarily improve lifestyle, 

disregarding the direct relationship between physical activity and cardio-metabolic risk 

profile. However, combined lifestyle interventions can treat overweight by targeting the 

underlying lifestyle behaviours that are responsible for excess weight, i.e. physical activity 

and diet, thereby also addressing the direct health benefits of a physically active lifesty le 



and a healthy diet. Besides physical activity, reduced energy intake can lead to weight loss 

and an improved cardio-metabolic risk profile (17). In addition, quality of diet (e.g. fruit, 

vegetable and sugar-sweetened beverage consumption) has been related to weight gain 

(18, 19) and cardiovascular mortality (20, 21). Moreover, studies suggest that 

interventions aimed at improving healthy eating are cost-effective strategies to prevent 

cardiovascular disease and type 2 diabetes (22, 23) and to facilitate weight loss (24).  

As discussed above, it has been shown that physical activity is related to cardiovascular 

health. Reduced cardio-metabolic risk can be achieved by increasing moderate to vigorous 

physical activity (MVPA) (25, 26), but also by increasing physical activity at light intensity 

(7, 27). An increase of physical activity has also been shown to improve health related 

quality of life (28) and is expected to lead to cost savings in health care (29). 

Evaluations of combined lifestyle interventions show different effects on lifestyle and health 

(30-36). The results are difficult to compare because each intervention includes a different 

type, amount and/or duration of guidance. In addition, the outcomes of these studies (e.g. 

behaviour, metabolic risk factors and quality of life) and time horizons are diverse (37). 

The Look AHEAD trial evaluated an intervention for overweight or obese participants 

with type 2 diabetes combining individual and group meetings with a li festyle advisor, with 

weekly meetings during the first six months, bi-weekly meetings from six to twelve 

months and following up at least once every month for another three years (38). This high 

dose and long-term counselling led to sustained lifestyle changes and health benefits after 

four years, e.g. 45% increase in self-reported physical activity (34), 6% weight loss and 

0.4% reduction of HbA1c (33). Beneficial effects of the Look AHEAD intervention were 

also observed in quality of life, urinary incontinence, mobility and health care costs (39-

42). Yet, the intervention did not affect the incidence of cardiovascular events, the primary 

outcome of the Look AHEAD trial (43). In addition, feasibility of such a high dose 

programme in actual practice is questionable, because a higher dose of guidance requires 

more time and financial investments.  

To find a balance between minimisation of costs and maximisation of effects, the optimal 

amount of guidance should be determined. Overall, combined lifestyle interventions 

(regardless of dose) seem effective to change lifestyle behaviour and thereby potentially 

improve health, when compared to a group receiving no or very little attention (e.g. one 

consultation or only information) (31-35). In addition, lifestyle interventions have been 

suggested to be cost-effective in people with type 2 diabetes (44) and impaired glucose 

tolerance (45). But, some interventions of shorter duration and/or less guidance than the 

Look AHEAD trial yielded small or even no effects on lifestyle and weight (30, 36). So, the 



optimal dose of guidance to facilitate improvements in physical activity and diet is not yet 

clear. 

PRIMARY CARE SETTING 

 

In the Netherlands, health care is organised in primary and secondary care. Primary care 

providers can be contacted directly and are therefore easy to reach for people. The main 

primary care providers are the general practitioner (GP), the physiotherapist, the dentist, 

the psychologist and the dietician. Secondary care is specialist care provided in hospitals 

(46). GPs have a prominent role in the Dutch health care system, as they are the 

‘gatekeepers’ to specialist care, and are free to access owing to reimbursement by the 

Dutch health care insurance. GPs often work in a practice in collaboration with a practice 

nurse, who is mainly responsible for prevention and management of chronic diseases (e.g. 

by providing three monthly consults with patients with type 2  diabetes). All Dutch citizens 

are subscribed with a GP practice in their own neighbourhood, implying a long-standing 

relationship with the practice and good accessibility of GPs (47). Therefore, GPs are able 

to diagnose and address overweight and obesity. In addition, health care providers in 

primary care should have a principal role in overweight treatment in order to prevent 

secondary health care use (48, 49). In particular the practice nurse has been hypothesised 

to play the key role in combined lifestyle interventions (50).  

Over the years, effectiveness of many combined lifestyle interventions for overweight has 

been studied. Strictly controlled clinical trials are crucial to accurately assess efficacy and 

working mechanisms, and several well-known examples exist (34, 51). Nevertheless, 

besides efficacy trials in a controlled research setting, studies should be executed to assess 

effectiveness and cost-effectiveness in real-life settings (52). The successful implementation 

of innovations, such as a combined lifestyle intervention, relies on various factors, such as 

adaptability of the intervention and implementation strategy (53). Thus, the adaptation and 

evaluation of an intervention in the real-life setting is key to generate practice-based 

evidence. Such an approach is potentially superior to evidence-based practice for realistic 

expectations of effectiveness and for successful implementation of combined lifestyle 

interventions (52). However, only little research has studied the process, effectiveness and 

cost-effectiveness of combined lifestyle interventions that have been implemented in actual 

primary care. The studies that do exist have inconsistent results (30, 32, 36, 48, 54, 55). 

  

 

  



THE BEWEEGKUUR  PROGRAMMES 

 

In 2007, the Netherlands Institute for Sport and Physical Activity (NISB) was 

commissioned by the Dutch ministry of Health, Welfare and Sports to develop an 

intervention with exercise on prescription, the BeweegKuur (56, 57). The BeweegKuur is a 

combined lifestyle intervention set in Dutch primary care and is aimed at improving 

physical activity and diet in people with overweight or obesity. The intervention is based 

on the Self-Determination Theory that describes three requirements for a shift from 

external motivation to intrinsic motivation, i.e. competence, autonomy and relatedness, 

(58).  Sustained behaviour change is more likely when people are intrinsically motivated 

(59). Lifestyle coaching by means of Motivational Interviewing addresses the basic needs of 

competence and autonomy. In addition, group sessions support relatedness to others (60).  

In the BeweegKuur, behaviour change is facilitated during one year by a GP, a lifestyle 

advisor (LSA), a physiotherapist and a dietician. The Beweegkuur consists of three different 

programmes and depending on BMI and co-morbidities participants can partake in one of 

these three programmes (tables 1.1 and 1.2). The programmes differ in terms of amount 

of guidance by the physiotherapist, as people with a higher weight related health risk might 

perceive more barriers towards physical activity (32). Participants with a BMI of 25-35 

kg/m2 and no comorbidities are included in the so-called independent exercise 

programme, consisting of six meetings with the LSA, three individual and seven group 

meetings with the dietician and one consultation with the physiotherapist. Participants 

with a BMI of 25-35 kg/m2 combined with risk factors for cardiovascular disease and type 

2 diabetes (e.g. dyslipidaemia and impaired glucose tolerance) are included in the so-called 

start-up programme, that is similar to the independent programme, but with an additional 

five individual meetings with the physiotherapist to discuss barriers towards a physically 

active lifestyle. The participants with very high weight related health risk have a BMI of 25 -

40 kg/m2 combined with risk factors for cardiovascular disease or type 2 diabetes or are 

diagnosed with comorbidities. These individuals are eligible for the so-called supervised 

exercise programme, which is similar to the start-up programme, but with an additional 26 

to 34 group meetings in the first three months of the intervention in which the 

physiotherapist provides supervised exercise to increase participants’ physical activity level 

and overcome barriers to adopt other activities. Group cohesion resulting from these 

group sessions in the supervised exercise programme is expected to increase relatedness, 

a requirement for developing intrinsic motivation (58), and enhance adherence (61, 62).  

 

  



Table 1.1. Eligibility criteria for the BeweegKuur programmes.  

 Independent Start-up* Supervised* 

BMI 25-35 kg/m2 25-35 kg/m2 25-35 kg/m2 35-40 kg/m2 

Presence of 

comorbidities 

No comorbidities Risk factors CVD 

and DM2 

Diagnosed 

CVD, DM2, 

arthritis or 

sleep apnoea  

No 

comorbidities 

BMI = body mass index; CVD = cardiovascular disease; DM2 = type 2 diabetes. 

*Studies described in this thesis compared the start-up and supervised programme in participants 

eligible for the supervised programme (very high weight related health risk). 

 

Table 1.2. Number of meetings with each health care professional in the BeweegKuur programmes.  

 Independent Start-up* Supervised* 

LSA 

Individually 

 

6 

 

6 

 

6 

Dietician 

Individually 

Group-based 

 

3 

7 

 

3 

7 

 

3 

7 

Physiotherapist 

Individually 

Group-based 

 

1 

- 

 

6 

- 

 

6-7 

26-34 

LSA = lifestyle advisor. 

*Studies described in this thesis compared the start-up and supervised programme in participants 

eligible for the supervised programme (very high weight related health risk).  

 

Initially, the Beweegkuur intervention was aimed at people with type 2 diabetes or impaired 

glucose tolerance (pre-diabetes) (57). But, a literature and modelling study argued that the 

intervention would also be cost-effective in a population with overweight, potentially 

preventing type 2 diabetes (63). Hence, in this population, the independent and start-up 

exercise programme have been suggested to be effective strategies to enhance physical 

activity and improve health (63), and have been recommended to be included in Dutch 

basic health insurance (64). Whether reimbursement of the additional guidance of the 

supervised exercise programme (i.e. 26-34 group meetings) should also be considered by 

government and health insurers depends on the effects and costs compared to the start-

up exercise programme in the specified target group. Therefore, a multi-centred, 

clustered randomised controlled trial has been set up which is part of this thesis, 



comparing the supervised programme with the start-up programme, in participants eligible 

for the supervised programme. 

 

PHYSICAL ACTIVITY MEASUREMENT 

 

The assessment of physical activity is gaining attention in epidemiological research, in 

evaluation of lifestyle interventions and as feedback tool in interventions. As described 

above, recent studies have revealed a considerable role of physical activity and sedentary 

behaviour on health, independent of body weight (5-7). Unfortunately, these studies 

mostly rely on often-used self-report questionnaires, which are easy to use in large 

groups, increasing comparability between studies. However, they suffer from recall bias 

and social desirability, which might affect the validity of the results. Several technological 

devices have been developed in order to provide low-cost and objective alternatives to 

questionnaires being applicable in daily living, such as pedometers and accelerometers. 

Pedometers estimate the number of steps taken simply by counting the number of 

movements of a suspended lever arm that moves when the h ip moves up and down with 

each step (65). Pedometers are cheap devices, but applicability in research is limited, as 

they do not discriminate between intensities of physical activity and daily step count is the 

only output (65). Accelerometry is a technique that measures accelerations (usually in 

three directions, i.e. tri-axial) and that can be applied in an activity monitor for the 

measurement of movement of the human body, i.e. estimating physical activity (66). By 

analysing the three-dimensional raw accelerations, physical activity can be estimated in 

detail taking activity intensity into account (66). In the past years, several types of activity 

monitors have been used, ranging in size, placement on the body, application method, data 

treatment and outcomes, and also providing discrimination between postures (e.g. sitting 

and standing). The posture discrimination in particular is a promising functionality, as 

research into sedentary time is gaining more and more attention due to its relationship 

with cardio-metabolic risk profile and mortality (independent of physical activity) (11-13). 

Although it is tempting to estimate effectiveness of interventions by measuring physical 

activity and sedentary time with activity monitors, knowledge about their validity, 

reliability and user friendliness is often lacking, endangering accurate conclusions. Applying 

activity monitors with low validity leads to invalid estimates, and low reliability sabotages 

intervention studies with pre-post measurements. Moreover, low user friendliness might 

cause non-compliance of wearing activity monitors, thereby affecting validity and reliability 

of the output, even though the device might have been perfectly valid and reliable in a 

controlled laboratory setting (65). In addition, to interpret the complex output of an 



accelerometer several parameters for data treatment have to be defined. Examples of 

such parameters are epoch length (varying from one second to one minute), non -wear 

time definition, minimal number of days, activity cut off points and a sedentary cut off 

point (67, 68). Especially in an inactive, sedentary population the non-wear time algorithm 

can have substantial influence on outcomes, as the output of sedentary time and non -wear 

time is very similar (69). Therefore, effects of data treatment on the main outcomes 

should be well studied, before using activity monitors in research.  

 

GENERAL OUTLINE OF THIS THESIS 

 

This thesis aimed to evaluate 

1) the quality of estimates of physical behaviour by accelerometers, and  

2) the effectiveness of additional guidance in the BeweegKuur intervention executed 

in primary care in the Netherlands.  

The studies regarding the measurement of physical activity are described in chapters 2 and 

3. Chapter 2 presents the validity, reliability and user friendliness of three accelerometers 

which are used in scientific research. In chapter 3 we revea led the crucial role of a valid 

algorithm to extract non-wear time from measurements by an accelerometer.  

Chapters 4 to 6 are devoted to the studies concerning the BeweegKuur lifestyle 

intervention. Firstly, chapter 4 describes in detail the design of the RCT to assess the 

additional effects of extra guidance aimed at physical activity. The process evaluation in 

chapter 5 critically investigated the execution and sustainability of the BeweegKuur in the 

primary care setting. Chapter 6 presents the effectiveness of the additional guidance by 

the physiotherapist in the BeweegKuur.  

The thesis concludes with a discussion of the results in relation to existing literature and 

the strengths and limitations of the presented studies. 
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Abstract 

 

Background Health is associated with amount of daily physical activity. Recently, the 

identification of sedentary time as an independent factor, has gained interest. A valid and 

easy to use activity monitor is needed to objectively investigate the relationship between 

physical activity, sedentary time and health. We compared validity and reproducibility of 

physical activity measurement and posture identification of three activity monitors, as well 

as user friendliness. 

Methods Healthy volunteers wore three activity monitors simultaneously: ActivPAL3, 

ActiGraphGT3X and CAM. Data were acquired under both controlled (n = 5) and free-

living conditions (n = 9). The controlled laboratory measurement, that included 

standardised walking intensity and posture allocation, was performed twice. User 

friendliness was evaluated with a questionnaire. Posture classification was compared with 

direct observation (controlled measurement) and with diaries (free living). Accelerometer 

intensity accuracy was tested by correlations with walking speed. User friendliness was 

compared between activity monitors. 

Results Reproducibility was at least substantial in all monitors. The difference between the 

two CAM measurements increased with walking intensity. Amount of correct posture 

classification by ActivPAL3 was 100.0% (kappa 0.98), 33.9% by ActiGraphGT3X (kappa 

0.29) and 100.0% by CAM (kappa 0.99). Correlations between accelerometer intensity and 

walking speed were 0.98 for ActivPAL3, 1.00 for ActiGraphGT3X and 0.98 for CAM. 

ICCs between activity monitors and diary were 0.98 in ActivPAL3, 0.59 and 0.96 in 

ActiGraphGT3X and 0.98 in CAM. ActivPAL3 and ActiGraphGT3X had higher user 

friendliness scores than the CAM. 

Conclusion The ActivPAL3 is valid, reproducible and user friendly. The posture 

classification by the ActiGraphGT3X is not valid, but reflection of walking intensity and 

user friendliness are good. The CAM is valid; however, reproducibility at higher walking 

intensity and user friendliness might cause problems. Further validity studies in free living 

are recommended. 

 

 



Introduction 

Growing evidence shows the negative influence of both physical inactivity and sedentary 

behaviour on health. It has been estimated that physical inactivity is currently related to 

6% of mortality and is the main cause of 21-30% of several chronic diseases globally (70). 

In addition, an Australian study suggested that 7% of deaths were attributable to 

prolonged sitting (11). Recent studies suggest that an increase of physical activity could 

reduce metabolic risk independent of weight loss or aerobic fitness (5, 27). In line with 

this, an increasing amount of evidence reveals an independent association between 

sedentary behaviour and various health outcome measures (11-13). However, the optimal 

amount, frequency and intensity of physical activity and the maximum amount and optimal 

distribution of sedentary time are still a matter of debate.  

Reliable and valid measurements of physical activity and sedentary behaviour are essential 

to draw sound conclusions about their influence on health. However, studies aimed at 

measuring sedentary behaviour have often used self-reported data that suffer from 

subjectivity (71-73). Both reproducibility and validity of self-report physical activity and 

sedentary behaviour are variable (71, 74). Accelerometry has been proposed as a method 

to objectively quantify sedentary behaviour in addition to generally used measures of 

physical activity (75, 76). Generally, accelerometers present counts per minute as an 

intensity outcome based on the accelerations. Previously, the counts per minute output 

has been tested and used to estimate sedentary time and activity (77, 78). A problem of 

this approach is the inability to discriminate between sedentary time and standing time 

(79, 80). Recently, several tri-axial activity monitors have been developed that enable 

measurement of posture (e.g. sedentary behaviour and standing) by means of an 

inclinometer. The ActivPAL3™ (AP; PAL Technologies Ltd, Glasgow, UK), 

ActiGraphGT3X (AG; ActiGraph LLC, Pensalcola, FL, USA) and CAM (Maastricht 

Instruments BV, Maastricht, NL) are activity monitors which measure physical activity 

intensity, register time spent in different postures (e.g. lying, sitting and standing) and 

thereby assess sedentary time. The AP and the AG have often been used in 

epidemiological studies, whereas the CAM is a new device developed to provide raw 

acceleration data. Reproducibility and validity of this inclinometer function has rarely been 

studied. The posture classification by the CAM was validated in patients with chronic 

obstructive pulmonary disease and chronic heart failure in daily routine at home (81). The 

inclinometer function of the AG showed limited validity and a dependence on location of 

application (hip vs. back) (77, 82). Although several validation studies of the inclinometer 

function of the earlier manufactured uniaxial AP showed good posture classification (78, 



80, 83-85), we are not aware of a study aimed at the validity of the posture classification 

function of the tri-axial AP.  

The validity and reliability of accelerometry measurements rely on wearing time (65). 

However, the required hours per day and total days of measurement are not always met 

by all participants, which will lead to exclusion of data. Sufficient wearing comfort is a 

crucial factor in compliance and can consequently affect data quality and validity (66, 68). 

Consequently, assessment of wearing comfort and attachment difficulty has been advised 

(81).  

The aims of this study were to assess 1) reproducibility and validity of walking intensity 

and the posture classification of the AP, AG and CAM under laboratory conditions; 2) 

concurrent validity of the AP, AG and CAM with an activity diary in free living and 3) user 

friendliness of the three activity monitors.  

 

Methods 

Design 

Data were acquired in both controlled and free-living measurements. In the laboratory 

measurement we compared data with observation, the gold standard; while the free-living 

measurements provided information in real daily life activities. In the laboratory 

measurement, the participants were instructed to follow a strict activity and posture 

protocol in a fixed setting. In the free-living measurement, participants were instructed to 

write down their activities in a diary every 15 minutes while wearing the devices in daily 

living. All participants completed a user friendliness questionnaire directly after the 

laboratory measurement or after returning the activity monitors when participating in the 

free-living measurement. 

 

Participants  

A convenience sample of 14 healthy adults with normal BMI participated in the study. Five 

of them participated in the laboratory measurement (4 male, 1 female, mean age 22.4 

years ± 2.2; mean BMI 22.3 ± 1.8); and nine participated in the free-living measurement (4 

male, 5 female, mean age 27.2 years ± 8.3; mean BMI 21.3 ± 1.8). Informed consent from 

participants was obtained. This study was approved by the ethics committee of Maastricht 

University Medical Centre. 

 

  



Activity monitors 

In this study we assessed three tri-axial activity monitors: the ActivPAL3 (AP); the 

ActiGraphGT3X (AG); and the CAM (table 2.1). Both during the laboratory and in free-

living measurements, participants wore all three activity monitors simultaneously . Wearing 

instructions were always provided by the main researcher.  

The AP was taped to the skin at the thigh, using double adhesive PALstickies™ in the 

laboratory measurement. In the free-living measurement, the AP was waterproofed and 

attached with a Tegaderm™ dressing (3M Healthcare, St. Paul, MN, USA); and participants 

were instructed not to remove it for sleeping or showering. The AG was worn at the 

waist by means of an elastic belt and the participants were instructed to wear it at their 

back. As the AG is not waterproof, the device was to be removed when there was a risk 

of getting wet and during sleeping. To process the AG data, the ActiLife low frequency 

extension was used. The CAM was worn in an elastic belt around the thigh; also this 

device was to be removed during sleeping and when there was a risk of getting wet, 

because it is not waterproof.  

The AP and CAM classify time as sitting/lying, standing and activity. The inclinometer 

function of the AG classifies time as sitting, lying and upright. For the analyses of the 

activity monitors individually, we assessed all classifications provided. In addition, we used 

sitting/lying time and upright time as generic measures in the laboratory measurement, to 

allow comparison between the three activity monitors. Sitting/lying time was defined as 

lying and sitting postures (regardless whether sitting time was  misclassified as lying and 

vice versa by the AG inclinometer); and upright time was defined as all time spent in an 

upright orientation (regardless whether active time was  misclassified as standing and vice 

versa by the AP and CAM). Besides the inclinometer function, the AG also discriminates 

between static posture (lying, sitting and standing) and activity based on a cut point of 100 

counts on the vertical axis. For the AG only, the validity of this cut point was assessed in 

the free-living measurement. 

 

  



Table 2.1. Characteristics of the activity monitors and software 

 ActivPAL3 ActiGraph GT3X CAM 

Size 53x35x7mm 38x37x18mm 63x45x18mm 

Weight 15g 27g 100g 

Placement Thigh Waist Thigh 

Application Adhesives Elastic belt Elastic belt 

Range 2G 3G 4G 

Sample frequency 20Hz 30Hz 25Hz 

Waterproof Yes No No 

Software* ActivPAL software 

version 6.0.2 

Actilife  

version 5.10.0 

Custom Matlab 

program 

Classifications Sitting/Lying 

Standing 

Stepping 

Lying 

Sitting 

Upright 

Sitting/Lying 

Standing 

Active 

Intensity measure Metabolic Equivalent 

(MET) 

Counts Integrated Magnitude 

Area (IMA) 

Epoch length* 1s 1s 1s 

Non-wear 

classification* 

No Yes  

(inclinometer code) 

No 

* Device offers more options; the option selected in this study is presented.  

 

Laboratory measurement 

In the laboratory measurement, we assessed the intensity measure and the inclinometer 

function to discriminate postures of the three activity monitors. To determine test-retest 

reproducibility, a protocol of 19.5 minutes was carried out twice by all partic ipants, with a 

maximum of one day between measurements. The protocol consisted of periods of lying, 

sitting, and standing, walking over ground and walking and running on the treadmill (figure 

2.1). Instructions were given orally. Four minutes were spent in  a lying position, of which 

one minute on the side, one minute prone and two minutes supine. The protocol included 

two separate periods of sitting still on a chair. Thirty seconds were spent in a standing 

position (two periods of 15 seconds) and participants walked over ground two times. 

Finally, seven minutes were spent on the treadmill, walking with a speed of 0.3 m/s up to 

3.0 m/s. Speed was increased with 0.3 m/s every minute up to 1.5 m/s, followed by 2.0 m/s 

and 3.0 m/s. In case of deviations from the protocol, time and nature of the deviations 

were registered and corresponding time periods were excluded from the analyses. The 



measurement included different posture allocations, leading to transition periods in the 

data in between the allocations. The devices were synchronised with the protocol and 

each other by means of jumping at the start of the measurement (CAM) or their internal 

clocks (AG and AP). To prevent inclusion of transition phases, the first and last ten 

seconds of the data of each condition were excluded; if the condition duration was 30 

seconds or less, the first and last five seconds were excluded. In analyses, a total 

sitting/lying time of 300 seconds, a total standing time of 10 seconds, and a total time with 

walking over ground of 20 seconds were used of each laboratory measurement (figure 

2.1). For the AP, for each treadmill walking speed the average intensity was calculated with 

the middle 30 seconds to exclude transition phases, because intensity data per 15 seconds 

was used. For the AG and CAM the middle 40 seconds of each treadmill walking speed 

were used to calculate average intensity.  

 

Figure 2.1. Composition of postures and activities of the protocol execution 

Legend: Postures (lying, sitting and standing) and activities (walking over ground and on treadmill) 

are depicted with corresponding included time blocks. 

 

Free-living measurement 

We evaluated four methods in the free living experiment (AP, AG inclinometer, AG 

counts and CAM). During the free-living measurement, participants wore the three 

activity monitors simultaneously for at least 3 days. All activity monitors were set to 

measure 24 hours per day. Participants filled out an activity diary every 15 minutes from 

waking up till going to bed, writing down the amount of minutes spent in four categories: 

sitting, walking, standing and other activities. These four categories were then classified as 

sitting/lying, standing and active. When activities occurred in only one category for longer 

than 15 minutes, participants were allowed to report them after the subsequent transition. 

Agreement with the diary was analysed per day. Minutes spent in each category were 

summed to a total day score. If the amount of minutes per hour registered in the diary 

exceeded or did not reach 60 minutes, minutes per category were normalised to match 

60 minutes in total (referred to as corrected diary data). Both original and corrected diary 

data were used as comparator for the classification by the activity monitors in free living.  



User friendliness questionnaire 

User friendliness was assessed in all participants with a self-administered questionnaire 

that was specifically developed for this study (table 2.2). The questionnaire consisted of 

eleven Likert-scale questions for each activity monitor and asked about their preferred 

activity monitor and were all completed directly after the measurement. The questions 

are summarised into five categories: self-positioning and removal (Cronbach’s alpha 0.60), 

awareness of wearing (Cronbach’s alpha 0.86), l imitations in behaviour (Cronbach’s alpha 

0.75), advice and embarrassment. In all categories, a high score represents high user 

friendliness. 

 

Table 2.2. The questions within each category of the user friendliness questionnaire 

Category Questions 

Self-positioning  

and removal 

 

1. The activity monitor is easy to apply/position  

2. The activity monitor is easy to remove 

3. The activity monitor is difficult to apply (recoded) 

Awareness of  

wearing 

4. The activity monitor fits easily underneath clothing  

5. I forgot I was wearing the activity monitor 

6. I noticed wearing the activity monitor while doing my daily activities 

(recoded) 

Limitations in  

behaviour 

7. The activity monitor limits me during my daily activities (recoded) 

8. The activity monitor limits me when I’m exercising (recoded) 

9. I’ve changed my activity pattern because of the activity monitor 

(recoded) 

Advice 10. I would recommend the activity monitor 

Embarrassment 11. I would be ashamed if others would see I was wearing the activity 

monitor (recoded) 

 

Analyses 

The reproducibility of posture classification during the laboratory measurement was 

analysed on a second-by-second basis with Cohen’s kappa for nominal data, for each 

activity monitor individually. A kappa-value of < 0.4 was defined as low agreement, > 0.4 

was moderate, > 0.6 was substantial and > 0.8 was almost perfect agreement (86). The 

reproducibility of the mean intensity of walking during the treadmill exercise was assessed 

with Intra Class Correlation (ICC) and Bland Altman plots. 

Observation was used as gold standard in the laboratory measurement. Data from both 

laboratory measurements were pooled for validity analyses. Percentages of correctly 



classified seconds by each activity monitor were calculated and Cohen’s kappa was used to 

test agreement with the protocol on a second-by-second basis. Friedman’s ANOVA 

assessed whether the percentages of correctly classified sitting/lying and upright time 

differed between the three activity monitors. Correlations between walking speed and 

mean intensity per participant as provided by the standard software were calculated. 

Concurrent validity between posture classification by the activity monitors in the free-

living measurements and the diaries was assessed with ICC and Bland Altman plots. The 

CAM and AG were only worn during wake time; therefore, their analyses were 

performed on wake time diary data.  

Differences in the category scores of user friendliness between activity monitors were 

tested with Friedman’s ANOVA and Wilcoxon signed rank test (with an adjusted 

significance level of p < 0.0167). In addition, compliance in the free living measurement 

was registered.  

Data were described as mean ± SD; if data was not distributed normally, median and 25 th 

and 75th percentile were calculated.  Statistical analyses were performed with SPSS version 

19 and with a two-tailed significance level of 0.05 (unless mentioned differently).  

 

Results 

Laboratory measurements 

Test-retest reproducibility kappas of the posture classification function were 0.99 in AP, 

0.75 in AG and 0.95 in CAM (all p < 0.001). Kolmogorov-Smirnov tests showed that 

almost all intensity data during treadmill walking of the three activity monitors were not 

distributed normally; therefore, Spearman’s rho was used to assess test-retest 

reproducibility of the activity intensity during treadmill walking. The correlations between 

test and retest of the intensity measures were 0.97 in AP, 0.97 in AG and 0.96 in CAM (all 

p < 0.001). Evaluation of Bland Altman plots revealed no systematic differences in the two 

measurements for both AP and AG; however, the differences between the two 

measurements of the CAM increased with larger intensity (figure 2.2a-c).  



Figure 2.2a-c. Bland Altman plots for test and retest measurements of intensity, displayed for each 

activity monitor. Legend: Black lines display mean difference and grey lines display mean difference ± 

2 standard deviations. Mean difference and levels of agreement per activity monitor: AP -0.1·10-3 

MET (-1.4·10-3 – 1.3·10-3), AG 1.4 counts (-24.6 – 27.3) and CAM -1.7 counts (-38.7 – 34.9). 

 

Percentages of correctly classified time were not distributed normally; therefore, median 

values and 25th and 75th percentile were calculated. Sitting/lying, standing and walking time 

were classified correctly by the AP in 100.0% of the time with a kappa-value of 0.98 (p < 

0.001) and the same categories were correctly classified by the CAM in 100.0% of the 

time with a kappa-value of 0.99 (p < 0.001). Sitting, lying and upright time were classified 

correctly by the AG in 33.9% of the time with a kappa-value of 0.29 (p < 0.001) (specified 

for all categories and activity monitors in table 2.3).  

Because of low correct posture identification, we looked at misclassification by AG in 

detail. In all participants a substantial amount of time spent lying was misclassified as non -

wear by the AG (table 2.4). In three participants the AG misclassified more than half of 

sitting time as upright. In one participant, sitting time was misclassified as both upright and 

non-wear. Overall 98.1% of classified non-wear occurred during lying, 1.7% occurred 

during sitting and 0.2% occurred during upright time. 

Friedman ANOVAs showed that the ability to classify sitting/lying and upright time differed 

between the three activity monitors (sedentary: p = 0.010; upright time: p = 0.007), in 

which the AP and CAM performed similarly and the AG had a lower percentage of 

correct classification in both categories (table 2.3).  

The validity analyses of the intensity measures resulted in ICCs of respectively 0.98 (CI: 

0.97 - 1.00), 1.00 (CI: 1.00 - 1.00) and 0.98 (CI: 0.97 - 1.00) between the treadmill walking 

speed and mean intensity measures of the AP, AG and CAM (all p < 0.001). 

 

  



Table 2.3. Correct classification in the laboratory measurement for each category specifically.  

 ActivPAL3 ActiGraphGT3X CAM P-value 

Sitting/Lying 100.0%  

(100.0-100.0) 

35.7%  

(28.6-51.0%) 

100.0%  

(99.5-100.0%) 

0.010 

   Sitting - 33.9%  

(0.0-83.2%) 

-  

   Lying - 24.7%  

(22.5-32.2%) 

-  

Upright 100.0%  

(100.0-100.0%) 

96.7%  

(95.0-96.7%) 

100.0%  

(100.0-100.0%) 

0.007 

   Standing 100.0%  

(100.0-100.0%) 

- 100.0%  

(90.0-100.0%) 

 

   Walking 100.0%  

(100.0-100.0%) 

- 100.0%  

(100.0-100.0%) 

 

Cohen’s kappa .98* .29* .99*  

Percentages are depicted as median (25th percentile – 75th percentile).  

* p < .001 

 

Table 2.4. Classification of sitting and lying time by the ActiGraphGT3X in percentages for each 

participant (1-5). 

 Classified as: 

Participant Posture Valid 

seconds 

Lying Sitting Upright Off  

(non-wear) 

1 Lying 315 22.5%# 1.3% 1.9% 74.3% 

Sitting 280 0.0% 33.9%# 63.6% 2.5% 

2 Lying 320 24.7%# 5.9% 2.8% 66.6% 

Sitting 280 0.0% 0.0%# 100.0% 0.0% 

3 Lying 320 59.1%# 0.6% 3.1% 37.2% 

Sitting 215 0.0% 0.0%# 100.0% 0.0% 

4 Lying 320 32.2%# 0.0% 5.9% 61.9% 

Sitting 265 0.0% 98.9%# 1.1% 0.0% 

5 Lying 310 16.5%# 5.5% 3.9% 74.2% 

Sitting 280 0.0% 83.2%# 13.2% 3.6% 

# Percentage correct classification  



Free-living measurements 

During the free-living measurements one participant did not wear the AP and AG and one 

other participant did not wear the CAM. All activity monitors were worn for a mean of 

four days, ranging from two to six days per participant (eight participants). On average per 

person, three days of the AP-data were usable (seven participants). An average of four 

days of the AG could be used for the 100 counts cut off point (eight participants) and an 

average of two days could be used for the inclinometer analyses (seven participants). An 

average of three days of the CAM measurements could be used in analyses (eight 

participants). Reasons for missing data were: the AP did not register data, the AG 

inclinometer did not register data, the CAM did not register data, the CAM stopped 

measuring before midnight and diary data was incomplete.  

To assess validity in free living, posture classification was compared with diary data. There 

appeared to be no difference in ICC-values between the comparisons with original diary 

data and with corrected diary data (to correct diaries not reaching 24 hours per day). ICC 

of the AP with the original and corrected diary outcomes was 0.98 (CI: 0.94 - 0.99). ICC 

of the CAM was 0.98 (CI: 0.95 – 0.99). Evaluation of Bland Altman plots revealed that 

according to AP and CAM, the total duration of activity was systematically lower and total 

duration of standing was systematically higher than in diaries (figures 2.3 and 2.4).  

The ICC of the inclinometer function of the AG was 0.59 (CI: 0.22 – 0.81), upright time 

was systematically higher and sitting time was systematically lower than in the diaries 

(figure 2.5). The distinction between static time and activity by the AG cut point of 100 

counts had an ICC of 0.96 (CI: 0.88 – 0.98). The Bland Altman plots showed good 

agreement with diary, with exception of one participant in which static time was lower 

and active time was higher according to AG (figure 2.6). 

Figure 2.3a-c. Bland Altman plots of time registered in diaries and time classified by AP. Legend: 

Black lines display mean difference and grey lines display mean difference ± 2 standard deviations. 

Mean difference and levels of agreement in minutes per category: Sitting/lying 156.6 (-381.8 – 695.0), 

standing -447.1 (-944.5 – 50.2), active 290.7 (-336.4 – 917.8). 



Figure 2.4a-c. Bland Altman plots of time registered in diaries and time classified by CAM.  

Legend: Black lines display mean difference and grey lines display mean difference ± 2 standard deviations. Mean 

difference and levels of agreement in minutes per category: Sitting/lying -26.5 (-288.3 – 235.4), standing -144.5 (-

362.8 – 73.8) and active 171.0 (-99.8 – 441.7). 

Figure 2.5a-c. Bland Altman plots of time registered in diaries and classified by AG inclinometer. 

Legend: Black lines display mean difference and grey lines display mean difference ± 2 standard deviations. Mean 

difference and levels of agreement in minutes per category: Sitting 631.0 (26.2 – 1235.8), lying -23.9 (-150.3 – 

102.5) and upright -511.8 (-1167.2 – 143.6). 

 

 

 

 

 

 

 

 

 

Figure 2.6a-b. Bland Altman plots of time registered in diaries and classified by AG counts.  

Legend: Black lines display mean difference and grey lines display mean difference ± 2 standard deviations. Mean 

difference and levels of agreement in minutes per category: Static 115.7 ( -732.1 – 963.6) and active -116.7 (-966.1 

– 732.7). 

  



User friendliness 

The activity monitors had significantly different scores on all question categories according 

to Friedman’s ANOVAs, except on the question regarding embarrassment to wear the 

devices (figure 2.7). A Wilcoxon signed-rank test revealed that the AG had higher scores, 

i.e. was easier to use, with respect to self-positioning and removal than the CAM and AP 

(p = 0.011 and p = 0.003). On the awareness of wearing scale, the CAM scored 

significantly worse than the AG and AP, implying that participants were more conscious 

about wearing the CAM than wearing the other devices (p = 0.011 and p = 0.001). 

Participants experienced significantly more limitations in behaviour with the CAM 

compared to the AP; the CAM also had significantly lower scores than AP with regards to 

advice (p = 0.008 and p = 0.007).  

One participant of the laboratory measurement preferred the AP and four preferred the 

AG. Seven participants in the free-living measurements preferred the AP and two 

preferred the AG. None of the participants indicated CAM as preferred activity monitor 

to wear.  

Figure 2.7. User friendliness scores of the activity monitors for each category. High scores 

represent high user friendliness. *Significantly different (p < 0.0167) 

 



During the laboratory measurement one participant found it uncomfortable to remove the 

AP after a short period of measuring and two participants commented that the elastic belt 

of the CAM was uncomfortable. Following user friendliness issues occurred during the 

free-living measurements: reported skin irritation due to adhesive material of the AP (n = 

3), AG was uncomfortable during sitting, lying or carrying a bag (n = 5), skin irritation due 

to the elastic belt of the CAM (n = 2), aching muscles due to the elastic belt of the CAM 

(n = 1), CAM was uncomfortable due to sweating while playing sports, not fitting under 

clothes and did not stay in place (n = 3). 

 

Discussion 

Choosing a suitable activity monitor for scientific studies depends on various aspects. This 

study aimed to address validity, reproducibility and user friendliness of three activity 

monitors available for measurement of physical activity and posture classification. Findings 

of our study indicate a trade-off between these three aspects in the AG and CAM. The 

AG shows moderate to high reproducibility but low validity for posture allocation and 

high user friendliness. The CAM shows moderate to high reproducibility, high validity, but 

low user friendliness. The AP scored well on all three aspects considered: high 

reproducibility, high validity and high user friendliness (despite reported skin irritation in 

four participants). 

Both AP and CAM showed very good estimations of sitting/lying, standing and walking 

time. The postures were almost always classified correctly, indicating high validity. Other 

studies have shown this as well for CAM (81) and the uni-axial version of the AP (78, 80, 

84, 85, 87). The high reproducibility of the AP was in accordance with findings of a study 

aimed at the step counts of the uni-axial AP (88). In the current study, reproducibility of 

the activity intensity estimated by the CAM at higher walking speed might be insufficient. 

This raises the question whether the CAM is able to adequately estimate activity intensity 

at higher intensities, a prerequisite for the discrimination of moderate and vigorous 

physical activity in pre-post measurements. Bearing in mind that the reproducibility 

analyses included data of only five participants, the fixation of the CAM by means of the 

elastic belt might not be secure enough and may have caused the low reproducibility at 

higher activity intensity.  

The ICCs confidence intervals of the AP, AG counts and CAM were acceptable. However, 

the confidence interval of the ICC of the AG inclinometer function was wide, limiting 

generalisability to the population level. In addition, plots showed that differences with 

diary registration were large, despite the moderate to high ICC-values of classification by 

the activity monitors in daily living. The design of the free living part of the study refrained 



us from concluding whether the discrepancies were caused by misclassification of the 

devices or by inaccuracy of the diary as comparator. Participants were asked to report 

their activities every 15 minutes, as this was believed to be both feasible and accurate. 

Participants made an effort to report their daily activities in deta il (i.e. in minutes precise). 

Nevertheless, reporting accuracy remains an issue which was not controlled for.  

The AG inclinometer did not perform well in terms of reproducibility and validity of 

posture classification in both the lab and the free-living measurement. The second-by-

second analysis of the laboratory measurement showed that much lying time is wrongly 

classified as non-wear by the inclinometer and sitting and upright time are often mingled. 

In addition, the amount and type of misclassification seems to be different between 

participants, for instance, in one participant 83.2% of sitting time was classified correctly, 

while sitting time in other participants was never classified correctly. The participants 

were instructed to wear the AG at the back during the measurements in this study 

because acceleration data reflects physical activity best when the device is worn at the 

lower back (89). Although the AG manual states that the inclinometer function performs 

best when the AG is worn at the hip area, our findings are in line with the results of 

McMahon et al. (2010) who evaluated the validity of the inclinometer function when 

attached at back, waist and upper leg. The results of McMahon et al. indicated that 

compared to the waist, attachment to the back led to more correctly classified standing 

time and less correctly classified sitting and lying time. Moreover, neither attachment 

location led to sufficiently correct sitting and lying identification (82). Another study in 

which the AG was worn at the hip found correct posture classifications of 60.6% 

(standing) to 66.7% (lying). In that study, lying time, watching TV and sitting behind 

computer were also often classified as non-wear (respectively 14.3%, 6.5% and 9.3%). 

Also, watching TV and sitting behind computer were often classified as standing time 

(30.1% and 23.6%) (77). Most remarkable is the amount of wrongly identified non-wear 

regardless of attachment location, especially in lying time. In our study, we adopted the 

non-wear classification provided by the inclinometer function. Usually, non-wear is 

identified with an algorithm based on a certain amount of inactivity (69, 90, 91). These 

algorithms have been proven to be sufficiently valid to recogn ise non-wear in AG 

measurements (69). Therefore, it might be advisable to reconsider the added value of the 

non-wear classification based on inclinometer data. In contrast to the inclinometer 

function, the discrimination of static and active time based on the cut point of 100 counts 

on the vertical axis was good. This is in agreement with previous studies (77, 78), which 

shows that when amount of activity is point of interest, regardless of sedentary time, the 

AG provides valid data.  



Our user friendliness questionnaire addressed five aspects of which three have been 

proposed earlier. Application of activity monitors in free living requires a device that is 

easy to use, comfortable and unobtrusive (66, 68). The CAM scores lowest in most 

subscales. Possibly, low scores decrease compliance and affect reflection of (in)activity 

patterns, due to obtrusiveness. The obtrusiveness of the CAM might be higher than the 

other two devices because of the relatively large size of the CAM and the large elastic belt 

that was used to wear it. However, compliance of participants to wear the activity 

monitors in this study was equal. This implies that the application method, removable 

(CAM and AG) or taped to the skin (AP), does not relate to compliance of wearing. 

Certain characteristics or subscales of user friendliness might be less or more important 

dependent on the goal and design of the study. In short measurements, the AG is 

preferred, whilst the AP is preferred in measurements of several days, even though skin 

irritation was reported by some participants. Further work is needed to relate the user 

friendliness to wearing compliance and behavioural adaptations. 

The relative small sample size is a limitation of the current study. In addition, the sample 

consisted of only normal-weight, healthy adults. Therefore, results cannot be generalised 

to clinical or overweight adults and the user friendliness questionnaire should be assessed 

for validity and reproducibility in a larger, more variable population. Another limitation is 

the aforementioned lack of direct observation during free-living measurements. Machado-

Rodrigues et al. showed that a more detailed diary yielded valid results against an 

accelerometer (92). However, diaries always suffer from approximation and although 

participants were instructed to fill in their diary continuously, we could not control for 

recall bias in case of non-compliance. Therefore, it is not possible to draw solid 

conclusions about construct validity from these findings. Nevertheless, by including both 

controlled laboratory measurements and free-living measurements, our results give an 

indication of the reproducibility, validity and user friendliness of the three activity 

monitors.  

 

  



Conclusion 

Results of activity monitoring depend on the device used, and choice of device should 

depend on the research aims and design. The majority of the studies which led to the 

current consensus on the negative influence of sedentary time on health, independent of 

physical activity, are based on subjective measures. As an objective measure, 

accelerometry can reinforce earlier results. The current study shows that the AP and 

CAM are able to classify posture and that the inclinometer function of the AG provides no 

valid posture classification. However, the AG can well be used if level of physical activity is 

of interest.  
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Abstract  

 

Introduction A valid non-wear algorithm for activity monitors is crucial to avoid the 

misclassification of sedentary time as non-wear time, and vice versa. Characteristics of the 

algorithm, such as time windows, should be well defined and tested. Furthermore, using 

tri-axial data might influence the algorithm’s performance. This study assessed the optimal 

time window length in a non-wear algorithm for overweight adults, applied to tri-axial data 

from sixteen participants.  

Methods Ten time windows, from 10 up to 120 min , were tested with a diary as a 

criterion measure. We assessed the bias in non-wear time, sensitivity and specificity. The 

optimal time window length was based on ten participants; the validation of this time 

window was carried out with six other participants. 

Results The time window of 20 min showed the highest and 120 min showed the lowest 

mean amount of correctly classified non-wear time, at 94% and 70% respectively. 

Sensitivity and specificity were considered optimal in the 20 min time window. Validation 

of this time window demonstrated a sensitivity and specificity of 86% and 83% 

respectively.  

Conclusion A 20 min time window showed the best non-wear estimations. The current 

study utilised tri-axial raw data and 1 s epoch data which might have facilitated the 

application of a short time window and thereby decreased the risk of misclassifying non -

wear.   

 

  

 



Introduction  

Although accelerometry offers an objective measure of physical behaviour (e.g. time spent 

sitting or being physically active), accuracy relies on the compliance of wearing the activity 

monitor. For various reasons, such as water-related activities, and sleeping, participants 

rarely wear the activity monitor continuously. To prevent the influence of non -wear on 

the physical behaviour output, non-wear time should be removed from the data before 

analysing the activity monitor measurements. The most commonly used algorithm 

classifies time as non-wear only if zero counts on the vertical axis are registered for at 

least 60 consecutive minutes, with allowances for 1–2 min with counts between 0 and 100 

(90, 93). This algorithm has also been used for NHANES data measured with a uniaxial 

ActiGraph worn at the waist (90). However, one non-wear algorithm cannot be applied to 

other activity monitors with other placements or populations without validation.  

Manipulation of the time window results in different estimations of physical activity and 

inactivity, and therefore might affect conclusions drawn from measurements (69, 93-97). 

The lengths of time windows differ from 10 to 90 min for the algorithms utilised (69, 94). 

In addition, studies apply a minimum wear time of 10 h d−1 to consider a measurement 

valid (68). The utilisation of an invalid algorithm can falsely decrease or increase the 

number of valid days due to the misclassification of non-wear. It is difficult to avoid 

misclassification of non-wear, especially in sedentary populations such as the elderly, 

because both sedentary time and non-wear time show similar outputs. In addition, 

Winkler et al. (2012) showed that body mass index (BMI) influences the performance of 

the generally accepted non-wear algorithm. Non-wear misclassification was significantly 

higher in overweight and obese persons compared to normal and underweight persons 

(91), indicating that algorithms validated in normal weight persons might not be valid in 

overweight and obese persons. Thus, the length of the time window should be tested in 

the population of interest. If the study involves a population that i s more likely to be 

sedentary, such as overweight or elderly persons, the time window should probably be 

longer to avoid the misclassification of sedentary time as non-wear time. Choi et al. (2012) 

found less misclassification in the elderly when using a time window of 90 min, compared 

to a time window of 60 min. In addition, Hutto et al (2013) found longer time windows 

resulted in less misclassification of non-wear in older adults. However, a problem related 

to a larger time window is the increased risk of misclassification of short non -wear 

intervals (such as during showering) as wear time (69, 98). Unfortunately, conclusive 

evidence about the optimal time window length in overweight adults is lacking.  

Until now, most non-wear algorithms have been based on activity counts on one axis (91, 

94-96, 99, 100). Since many activity monitors measure acceleration on three axes, applying 



a non-wear algorithm on tri-axial data might improve non-wear estimates. In a wrist-worn 

activity monitor, an algorithm based on three axes performed better in estimating non -

wear when compared to the algorithm based on vertical counts only (69). In addition, as a 

wearing location the wrist was more sensitive in detecting wear and non-wear than the 

waist. The utilisation of three axes in the non-wear algorithm of the waist-worn activity 

monitor was not assessed. Therefore it is not known whether a non-wear algorithm on 

tri-axial data worn on locations other than the wrist might improve non-wear estimates.   

Because the optimal time window is still unclear, and because including tri -axial data might 

improve the classification of non-wear, we aimed to find and validate the optimal time 

window in a non-wear algorithm in overweight and obese adults using the tri-axial CAM, 

worn at the thigh.  

 

Methods   

Sixteen participants in the BeweegKuur study (101) were randomly selected. Participants 

were included by general practitioners, were overweight or obese, and wore the CAM 

(Maastricht Instruments BV, Maastricht, NL) (81) for 5 consecutive days before 

participating in a combined lifestyle intervention. The CAM is a tri-axial accelerometer 

with a sample frequency of 25 Hz and a range of 4 G. The device was worn in an elastic 

belt around the thigh and had to be removed for sleeping and when there was a risk of 

getting wet. Participants were encouraged to wear the monitor continuously and to write 

down non-wear intervals in a diary, with reasons for non-wear and specific starting and 

ending times. The times in the diary were used to retrieve the exact start and end times 

of wear and non-wear intervals in the graphical representation of the accelerations. This 

method has previously been used by Choi et al. (2012) to assess the accuracy of non-wear 

algorithms.  

First, the total non-wear time was calculated based on the exact starting and ending times 

of the non-wear intervals, and used as a criterion measure. Second, the total measurement 

was divided into consecutive wear and non-wear intervals. These intervals were used to 

assess the sensitivity and specificity of the algorithms.  The most optimal time window was 

determined based on the data from ten participants (mean age 54 ± 15 years; mean BMI 

34.0 ± 4.6 kg/m2), and then validated with data from six other participants in the 

BeweegKuur study (mean age 63 ± 8 years; mean BMI 36.0 ± 4.9 kg/m2).    

 

Data filtering and algorithm parameters  

If counts remained below the CAM’s noise level for 10  to 120 min, time was classified as 

non-wear time, with an allowance of 60 s of counts between the noise level and the 



previously validated sedentary cut off point (81, 102). The duration of the time window 

was manipulated from 10 to 120 min, in steps of 10 min. After the classification of non -

wear, the algorithm assessed the change in accelerations in the three axes between the 

start and end of each non-wear period. If this change reached a threshold, we assumed the 

accelerometer had slightly moved and the time was considered to be wear time.   

 

Analyses   

For both the optimisation and validation of the non-wear algorithm, we compared the 

criterion measure with non-wear intervals estimated by the algorithm. For each time 

window we assessed the bias in total duration of non-wear, defined as the total duration 

of the criterion measure minus the total duration of non-wear estimated by the algorithm. 

In addition, we analysed whether each wear and non-wear interval was correctly classified 

by the algorithm (with an allowed deviation of 5 min in the start and end time). Based on 

the classification per interval, sensitivity (true non-wear/all non-wear) and specificity (true 

wear/all wear) were calculated. A true positive was defined as a correctly classified non -

wear interval; a true negative was defined as a correctly classified wear in terval. The most 

optimal algorithm would result in the least bias between our criterion measure and the 

algorithm, and have an acceptable sensitivity and specificity. Analyses were performed 

using a custom MATLAB program. 

 

Results   

Diaries showed that the mean non-wear time due to sleeping was 34.6 ± 9.6% of the total 

time measured. Non-wear due to other reasons, such as showering and skin irritation, 

was 3.0 ± 3.5% of the time. Besides for sleeping, the least number of removals during the 

entire measurement per participant was zero; the maximal number of removals was five; 

and the median was two removals. Because the CAM had to be removed for sleeping, 

non-wear intervals longer than 2 hours occurred most frequently. Of the non-wear 

intervals shorter than 2 hours, 65% were under 1 hour (figure 3.1).  

 



Figure 3.1. Frequency of non-wear intervals 

 

 

Figure 3.2. Percentage difference between algorithm and the criterion measure as a function of 

time window length, per participant (different lines).  

 

 

  



In most participants (n = 8), the time window of 10 or 20 min was optimal. In those 

participants, longer time windows led to decreases in the correctly classified non -wear 

time. In one participant all time windows resulted in the same amount of bias, and in one 

participant the 30 min time window was optimal for the estimation of total non -wear 

time. The mean percentage of non-wear that was correctly classified by the algorithm 

increased from 70.0% (range 0.0 – 99.0%) with a time window of 120 min, up to 94.4% 

(range 83.1 – 100.0%) for a time window of 20 min. The 10 min time window lead to 

91.4% (range 82.5 – 99.5%) correctly classified non-wear time (figure 3.2). 

With increasing time window lengths, the specificity increased from 59.3 to 95.0%, and the 

sensitivity decreased from 89.0 to 47.3%. The values of (0;0) and (1;1) were added in the 

ROC-curve for illustration, to represent 100% sensitivity and 0% specificity and vice versa 

(figure 3.3). The area under the curve was 0.83. The percentage of correctly classified 

non-wear time and the combination of sensitivity and specificity were deemed best for the 

time window of 20 min.    

 

 

Figure 3.3. ROC-curve of the algorithm. The numbers next to the markers represent specific time 

windows 

 



The validity of the 20 min time window was assessed in six other overweight participants. 

The amount of non-wear time that was correctly classified by the algorithm in each 

participant ranged from 67.0 to 98.8%, with a mean of 90.5 ± 11.9%. In three participan ts 

the algorithm overestimated non-wear; in the other participants the algorithm 

underestimated non-wear.  

The sensitivity and specificity of the 20 min algorithm were respectively 86.2% and 83.3%. 

In one participant, the CAM provided data on only two axes which seemed to lead to 

extra false negatives and an over estimation of wear time. When we excluded the data of 

this participant, sensitivity increased to 92.0%. 

 

Discussion   

Results of the current study showed that a time window of 20 min yielded the most 

accurate estimates of wear and non-wear when applying an algorithm on raw tri-axial data 

collected from overweight people. Commonly used algorithms have a time window of 60 

min, allow for 1 to 2 min with counts up to the sedentary cut off point, and utilise the 

counts on the vertical axis only (90, 93). Recent studies have recommended time windows 

of 90–120 min (69, 103) to reduce the amount of false positives (i.e. misclassification of 

wear as non-wear). However, in our measurements, a substantial proportion of the non-

wear intervals were shorter than an hour. This increases the risk of false negatives, i.e. 

non-wear misclassified as wear (98). Therefore, both measurement states (wear and non-

wear) should be considered and analysed when choosing and optimizing non-wear 

algorithms (98). While studies have compared the total non-wear time of the algorithm 

with the comparator and might have found acceptable agreement (69, 94, 103), it is 

essential that the time excluded from analysis corresponds precisely to the actual non -

wear. Therefore, validation studies should include analyses of starting and ending times of 

each interval to decrease the risk of excluding wear time or including non-wear time in 

analyses. In the current study, we calculated both the sensitivity and specificity of the 

algorithm to assess whether each wear and non-wear interval was classified correctly. The 

time window of 20 min led to an acceptable sensitivity and specificity in both the 

optimisation analysis (79.1% and 86.4% respectively) and the validation (86.2% and 83.3% 

respectively). Although a larger time window showed higher specificity (i.e. less non -wear 

misclassified as wear) and a shorter time window showed higher sensitivity, these time 

windows were not chosen due to the related decreases in sensitivity or specificity. Low 

sensitivity would lead to incorrect analysis of data, possibly leading to overestimation of 

sedentary time; in contrast, low specificity would lead to wrongly excluded data, possibly 

leading to underestimation of sedentary time. Both situations are undesirable, and the 



combination of sensitivity and specificity values led to the decision to adopt a 20 min time 

window. 

Previous studies often used uni-axial and pre-processed data, providing less information 

when compared to our tri-axial device which provided the raw data. However, one other 

study comparing algorithms in a tri-axial activity monitor found results similar to the 

studies using uni-axial data (69). Moreover, the utilisation of tri-axial data improved non-

wear detection in the wrist-worn monitor (69). We did not compare uni- with tri-axial in 

the current study; therefore, we cannot conclude whether the use of three axes is 

beneficial over one axis. As far as we know, this is the first study using raw and 1 s epoch 

data. Most activity monitors are provided with a software package, offering pre-defined 

filtering and calculations of counts, often summarised in minutes. Data is smoothened 

when using 1 min epochs, leading to a certain loss of information (68). Smoothing does 

not only lead to altered estimations of physical activity and sedentary time, but also relates 

to the classification of wear and non-wear. Our raw data was summarised to 1 s epochs 

before the algorithm was applied, requiring less smoothing and providing a more accurate 

reflection of actual behaviour. It is probable that the small movements during sedentary 

time are detectable in CAM data, but not in the pre-processed data of other activity 

monitors. Therefore, the risk of misclassifying sedentary time as non-wear with a short 

time window could be decreased in our data, despite the fact that a longer time window 

has been hypothesised to be more valid in a sedentary population (69, 103). Although our 

algorithm showed lower specificity than that reported by Winkler et al. (2012), it is still 

considered acceptable for utilisation in physical behaviour analyses. 

The role of placement of activity monitors in relation to the accuracy of non -wear 

algorithms should be further explored. The commonly used algorithm with a 60 min time 

window has mainly been applied to waist-worn activity monitors (90, 93). Choi et al. 

(2012) also assessed non-wear algorithms in a wrist-worn activity monitor. Although the 

90 min time window was found to be optimal for both wearing locations (waist and wrist), 

the wrist location showed less bias in wear time classification (69). Wrist-worn activity 

monitors seem to enhance compliance; however, the classification of sedentary time is 

challenging (104). The CAM is thigh-worn to enable discrimination of sedentary time from 

standing and active time (81, 102). One could argue that an activity monitor placed on an 

extremity (arm or leg) would be more sensitive to small movements during sedentary 

time, decreasing the risk of incorrectly classified non-wear (105, 106). However, in 

contrast to our findings in the thigh-worn monitor, the study concerning non-wear of the 

wrist-worn monitor indicated that a 90 min time window would be optimal (69). A 

possible explanation for this discrepancy is the low amount of non-wear time in the study 



of Choi et al (2012). In addition, the fact that the wrist-worn device was water-proof 

might have decreased the probability of short non-wear periods. Unfortunately, no 

information was available about the duration of non-wear periods in that particular study. 

Therefore, although current findings indicate possibilities for the util isation of tri-axial 

accelerations for the identification of non-wear, research in activity monitors with other 

placement is required. 

One strength of our study is the validation of the optimised non-wear algorithm. 

Optimisation of an algorithm is the first step towards automated non-wear detection; 

validation of this algorithm in other participants is the second and often overlooked step. 

Only after validation can researchers make solid conclusions about algorithm accuracy. In 

addition, we defined our algorithm specifically for our target population: overweight 

adults. As the accuracy of non-wear algorithms may differ due to participant 

characteristics (91), it is essential to validate the algorithm in the population it will be used 

for. 

One limitation of our study is that the results apply to the CAM specifically; however, raw 

and 1 s epoch data can be collected with other devices as well, and conclusions about the 

short time window might be transferrable. Although we used data from our target 

population, data from only sixteen participants was used. In addition, we were limited to 

using diaries as the criterion measure for wear and non-wear time. Nevertheless, we 

checked all wear and non-wear intervals in the graphical representations of the raw data, 

to eliminate wrongly registered intervals. 

 

Conclusion   

Based on the current optimisation and validity study we conclude that the algorithm with a 

time window of 20 min is acceptably sensitive and specific for participants who are 

overweight. The characteristics of algorithms differ between populations, devices, device 

placement and data-processing, and should therefore be tested thoroughly in the 

population of interest.  
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Abstract  

 

Background Improving the lifestyle of overweight and obese adults is of increasing 

interest in view of its role in several chronic diseases. Interventions aiming at overweight 

or weight-related chronic diseases suffer from high drop-out rates. It has been suggested 

that Motivational Interviewing and more frequent and more patient-specific coaching could 

decrease the drop-out rate. BeweegKuur is a multidisciplinary lifestyle intervention which 

offers three programmes for overweight persons. The effectiveness and the cost-

effectiveness of intensively guided programmes, such as the supervised exercise 

programme of BeweegKuur, for patients with high weight-related health risk, remain to be 

assessed. Our randomised controlled trial compares the expenses and effects of the 

supervised exercise programme with those of the less intensively supervised start-up 

exercise programme. 

Methods The one-year intervention period involves coaching by a lifestyle advisor, a 

physiotherapist and a dietician, coordinated by general practitioners (GPs). The 

participating GP practices have been allocated to the interventions, which differ only in 

terms of the amount of coaching offered by the physiotherapist. Whereas the start-up 

exercise programme includes several consultations with physiotherap ists to identify 

barriers hampering independent exercising, the supervised exercise programme includes 

more sessions with a physiotherapist, involving exercise under supervision. The main goal 

is transfer to local exercise facilities. The main outcome of the study will be the 

participants’ physical activity at the end of the one-year intervention period and after one 

year of follow-up. Secondary outcomes are dietary habits, health risk, physical fitness and 

functional capacity. The economic evaluation will consist of a cost-effectiveness analysis 

and a cost-utility analysis. The primary outcome measures for the economic evaluation will 

be the physical activity and the number of quality-adjusted life years. Costs will be assessed 

from a societal perspective with a time horizon of two years. Additionally, a process 

evaluation will be used to evaluate the performance of the intervention and the 

participants’ evaluation of the intervention. 

Discussion This study is expected to provide information regarding the additional costs 

and effects of the supervised exercise programme in adults with very high weight-related 

health risk.  

Trial registration Current Controlled Trials ISRCTN46574304 

 

 



Background  

The increasing prevalence of overweight and obesity is a major problem in Western 

countries. People who are overweight are at higher risk of developing type 2 diabetes 

mellitus, cardiovascular disease and certain types of cancer (107). In addition, their health-

related quality of life decreases due to the overweight as such as well as to related 

comorbidities (108). In the Netherlands, 42% of women and 53% of men are overweight 

(BMI > 25 kg/m2), of which 12% and 11% respectively are obese (BMI > 30 kg/m2) (109). 

Health care expenses caused by overweight in the Netherlands amounted to half a billion 

Euros in 1999 (110).  

Not only overweight but also physical inactivity have been associated with chronic 

diseases like type 2 diabetes and cardiovascular disease (111-113). Intervening in people’s 

lifestyles could help decrease the severity of chronic diseases and the risk of developing 

them. Combined lifestyle interventions aimed at increasing physical activity and improving 

dietary behaviour have been shown to have positive effects on metabolic and 

cardiovascular risk factors (e.g. weight, waist circumference, fat mass, HDL-cholesterol 

and triglyceride values and blood pressure) in persons at risk for developing chronic 

diseases (31, 32, 35, 51, 114, 115), as well as in patients who have already developed type 

2 diabetes (63, 116-118). Beneficial effects are still evident after a follow-up period of 

several years (51, 113).  

Recently, a multidisciplinary combined lifestyle intervention for type 2 diabetes patients, 

called BeweegKuur, has been developed by the Netherlands Institute for Sport and Physical 

Activity (NISB) (56, 57). Its target population currently also comprises overweight and 

obese patients. The primary goal of the BeweegKuur interventions is to improve physical 

activity and dietary behaviour and thereby decrease health risks. A recent study reported, 

however, that the adherence to exercise intervention programmes varies widely, from 

10% to 80% (119). The main causes of drop-out are exercise-related injuries and 

motivational factors (116). It seems likely, therefore, that the use of Motivational 

Interviewing (119, 120) and the individualisation of the BeweegKuur programmes would 

result in lower drop-out rates. In addition, it has been proposed to have practice nurses 

play a key role in the adoption of long-term behavioural change by providing this 

individualised guidance in the primary health care setting (32, 50). In the BeweegKuur 

programmes, the participant’s behavioural change is supported  by a team consisting of a 

general practitioner (GP), a lifestyle advisor (LSA), a physiotherapist and a dietician. The 

LSA (who may be a practice nurse or a physiotherapist) has the key role in this 

multidisciplinary team and offers wide-ranging lifestyle counselling aimed at promoting 

physical activity, improving diet and reducing psychological barriers by means of 



Motivational Interviewing (120). A physiotherapist provides coaching for physical activity 

to enable participants to transfer to local exercise facilities, and a dietician provides advice 

on dietary improvement. The use of the BeweegKuur programmes in primary care has 

proved to be feasible, as health care providers as well as participants are very positive 

about the programmes after having implemented it (121, 122).  

Care providers using BeweegKuur offer three programmes, differing in the amount of 

support. The independent exercise programme is intended for overweight and obese 

individuals without comorbidities, while the start-up exercise programme and the 

supervised exercise programme are both intended for adults with overweight or obesity 

who suffer from comorbidities or are morbidly obese. An earlier study showed that the 

amount of support required to achieve lifestyle changes increases with the severity of 

overweight and the presence of comorbidities (32). Additionally, the number of feedback 

sessions is believed to be positively related to programme adherence (119). Hence, the 

supervised exercise programme involves more coaching by the physiotherapist.  

Less intensively supervised programmes have been shown to be effective and cost-

effective for people with type 2 diabetes or an increased risk of developing type 2 diabetes 

(51, 63, 115). The effectiveness and cost-effectiveness of intensively supervised 

programmes for a population with very high weight-related health risk remain to be 

studied. Therefore, our randomised controlled trial aims to evaluate the effects of the 

supervised exercise programme, in terms of the amount of physical activity and related 

health risks, and its cost-effectiveness, compared to those of the start-up exercise 

programme, for this population. The time horizon of the study will be two years. The 

economic evaluation will involve cost-effectiveness and cost-utility analyses from a societal 

perspective. In addition, a process evaluation is planned. 

 

Methods 

Study design 

The present study is a clustered, multi-centre, randomised controlled trial evaluating the 

effectiveness and cost-effectiveness of the supervised exercise programme’ versus the less 

intensively supervised start-up exercise programme’ for patients with very high weight-

related health risk. Thirty Dutch GP practices, each collaborating with a practice nurse, a 

physiotherapist and a dietician, have been randomly assigned to the control or 

experimental condition. In experimental practices, participants will take part in the 

supervised exercise programme’, while participants in a control practice will take part in 

the start-up exercise programme’. Clinical outcome measurements take place at baseline, 



after 12 months (the end of the intervention period) and after 24 months (Figure 4.1). In 

addition, self-administered questionnaires comprising cost-, effect- and process-related 

outcome measures will be sent to the participants every three months. 

This study is approved by the Medical Ethics Committee of the Maastricht University 

Medical Centre and is registered with Current Controlled Trials (ISRCTN46574304). The 

study is funded by The Netherlands Organization for Health Research and Development 

(ZonMW; project number: 123000002). 

 

Randomisation 

To reduce the risk of contamination between participants, and the risk of bias at the level 

of the professionals involved, entire practices have been allocated to the control or 

experimental condition. Prior to randomisation, all practices have been matched pair wise 

based on size and location in an urban or rural area, to create two equivalent samples of 

15 practices. In each pair, one practice has been randomised to the control condition, 

while the other was randomised to the experimental condition. To reduce the risk of 

contamination within a region, practices in the same region were allocated to the same 

condition as the first practice in that region that was randomised.  

 

Participants 

Inclusion of participants started in July 2010. Inclusion criteria are (1) being overweight or 

obese (BMI 25-35 kg/m2) combined with the following serious related comorbidities: sleep 

apnoea, arthritis, cardiovascular disease and/or type 2 diabetes; or (2) being morbidly 

obese (BMI 35-40 kg/m2) but without these related serious comorbidities. In addition, 

participants should currently fail to meet the Dutch norm for healthy physical activity (30 

minutes of moderate to vigorous physical activity on at least 5 days a week), have to be 

sufficiently motivated to change their physical activity level and dietary behaviour (to be 

judged subjectively by the LSA during intake) and have to give their informed consent.  

Participants are being included via GPs, practice nurses and physiotherapists. The GP, 

practice nurse or physiotherapist selects patients by discussing the intervention during a 

consultation. However, they can also recruit patients actively (e.g. by searching the health 

care provider’s records). The LSA screens the patients for eligibility. Exclusion criteria are 

serious mobility limitations precluding participation in the intervention programme, such 

as severe cardiac failure, serious angina pectoris and rheumatoid arthritis. Pregnancy is 

also an exclusion criterion. The GP decides whether patients should be excluded.  

 

 



 

 

 

Figure 4.1. Flow chart of the BeweegKuur randomised controlled trial and measurements. 

A. Health care utilisation and productivity losses, EQ5-D and process items in questionnaire every 

three months; B. Clinical outcomes measured in questionnaire every six months; C. Clinical 

outcome measurements performed every year. Table 4.2 shows outcomes in each category.  

T0-T24 represent moments of measurement. T0 = Baseline; T3 = Three months after baseline; T6 = 

Six months after baseline; …; T24 = 24 months after baseline.  
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Blinding 

Although it is not possible to blind the professionals, randomisation at the level of GP 

practices decreases the risk of contamination among the professionals. Participants are not 

aware of the allocation of their practice to the experimental or control condition.  

To identify effects of observer bias, clinical measurements that might be affected (Åstrand 

test, Valk neuropathy test, body composition, hand grip strength and Timed Up and Go 

Test) will be repeated by a researcher blinded for the randomisation of the practices and 

the baseline characteristics of the participants. Repeated measurements will be done for 

20 participants in five randomly chosen control and five randomly chosen experimental 

practices. 

 

Interventions 

After inclusion, participants have several consultations with the LSA, dietician and 

physiotherapist during a one-year intervention period. The number of consultations differs 

per programme (table 4.1). 

 

Table 4.1. Contents and number of meetings planned in the control and experimental interventions  

 Experimental intervention  

the supervised programme 

Control intervention  

the start-up programme 

Contents of  LSA meetings No. of meetings No. of meetings 

Intake  

Guidance and follow-up 

1 

5 

1 

5 

Contents of dietician 

meetings 

No. of meetings No. of meetings 

Intake  

Guidance and follow-up 

- Individual 

- Group 

1 

 

2 

7 

1 

 

2 

7 

Contents of physiotherapist 

meetings 

No. of meetings No. of meetings 

Intake 

Setting up exercise plan 

Supervised exercise 

Follow-up  

1 

2 

26 - 34 

3-4 

1 

1 

- 

4 

 

  



Experimental intervention (supervised exercise programme) 

The LSA has a key role in supporting the participants and is the point of contact between 

the participants and the other health care providers in the BeweegKuur programme. 

Following an individual intake to set personal goals, participants will have five in dividual 

consultations with the LSA to discuss progress in terms of behavioural change, roughly 

once every 10 weeks, during the one-year intervention period. Consultations with the 

dietician will consist of nutritional recommendations, education, coping wi th high-risk 

situations, checking dietary behaviour and fellow-sufferer contact. Advice will be based on 

various Dutch guidelines for diabetes, overweight and obesity (123-125). After an 

individual intake session by the dietician, seven group sessions are planned. The group 

meetings comprise guidance and advice by the dietician and are scheduled throughout the 

year. In addition, two individual follow-up meetings are planned during the intervention 

period to prevent relapse. 

The physiotherapist will provide coaching to enable participants to exercise unsupervised 

in local exercise facilities. Coaching by the physiotherapist will be initiated by setting out 

personal goals and identifying barriers hampering engagement in physical activity. Coaching 

will consist of supervised exercise to overcome any barriers identified and increase 

physical capacity. Two or three sessions of supervised exercise per week will be planned 

over a period of 12 weeks. After these 12 weeks, the physiotherapist will evaluate 

whether the participant is able to exercise without supervision. The coaching period can 

be extended by four weeks if the participant does not seem able to exercise 

independently in local facilities. In all, the physiotherapist’s coaching will take 12 to 16 

weeks. After coaching by the physiotherapist has ended, the five follow-up consultations 

with the LSA and three or four follow-up consultations with the physiotherapist are 

planned, to help participants adopt and continue independent exercise activities. Both the 

LSA and the physiotherapist will help the participant find suitable existing exercise facilities 

during the entire intervention period. 

 

Control intervention (start-up exercise programme) 

The number of consultations and the characteristics of the guidance provided by the LSA 

and the dietician in the control condition are the same as in the experimental condition. 

However, participants in the start-up exercise programme will only have six consultations 

with the physiotherapist, which are planned during the first two months of the 

intervention period. The consultations with the physiotherapist consist of identifying 

barriers to physical activity and drawing up a plan to remain physically active without 

supervision by health care providers. If deemed necessary by the physiotherapist, 



participants can exercise under supervision during these meetings to overcome barriers to 

physical activity. Progress and complications relating to the exercise plan will be discussed 

in consultations with the physiotherapist from approximately two months after the start 

of the intervention. Additionally, participants will be coached in the adoption and 

maintenance of independent exercise activities during the five follow-up consultations with 

the LSA during and after the two months of guidance by the physiotherapist.  

 

Outcomes 

Clinical assessments will be done by the BeweegKuur health care providers (LSA or 

physiotherapist) in their own practice. After the baseline measurement, three different 

measurement intervals will be used, depending on the variable to be measured: (A) 3 

months, (B) 6 months and (C) 12 months (figure 4.1 and table 4.2).  

 

Table 4.2. Type of outcomes in each measurement category (time intervals are shown in figure 4.1)  

A. Costs, utility and process  

assessment (self-

administered 

questionnaires) 

B. Clinical outcomes  

(self-administered 

questionnaires) 

C. Clinical outcomes 

(measurements 

by professionals) 

- Health care use, other 

expenses and productivity 

losses 

- Quality of life 

- Process evaluation 

- Physical activity 

- Dietary behaviour 

- Physical activity by 

accelerometry 

- Risk factors for 

comorbidities 

- Physical fitness 

 

Physical activity  

The primary outcome of this study will be the amount of physical activity that participants 

engage in, as measured by means of accelerometry and the short version of the 

International Physical Activity Questionnaire (IPAQ). The IPAQ short form will be 

included in the participants’ questionnaire every six months, and consists of questions 

concerning the time spent on physical activity at specific intensities and the number of 

days on which this happened. Median values of activity categories will be calculated and 

expressed as metabolic equivalent (MET) minutes per week. The self-administered IPAQ 

short form has been reported to be sufficiently valid and reliable for use in developed 

countries (126).  

Accelerometry offers an objective way to assess physical activity. The CAM is a tri -axial 

accelerometer developed and manufactured by Maastricht Instruments. The CAM 

software is able to distinguish between sedentary behaviour, standing and activity, and has 



been validated for adults in laboratory conditions (81). The device weighs approximately 

100 g (63 x 45 x 18 mm) and its sampling frequency is 25 Hz. Participants will wear the 

CAM for four consecutive days; data from waking up until going to sleep will be used for 

analysis. Because the CAM is not waterproof, participants will have to remove the CAM 

for swimming, showering, bathing etc. and will be asked to write down their activities in a 

diary for such non-wearing intervals. The main outcomes of the CAM measurements will 

be the amount of moderate to vigorous physical activity (MVPA) and the amount of time 

spent sedentary, standing or active.  

 

Dietary habits 

The short version of the Fat Food questionnaire will be included in the questionnaire sent 

to the participants every six months (127). The length of this validated Fat Food 

questionnaire has been reduced to maximise the number of questions completed. Twenty-

one items address the respondent’s regular eating pattern (e.g. consumption of vegetables, 

lettuce and fruit) and consumption of high-fat meals (e.g. take-away food), snacks and 

candy.  

 

Risk factors for comorbidities 

Body composition (weight, fat mass and fat-free mass) will be measured with a tetra polar 

bioelectrical impedance device (OMRON BF511). Blood samples will be taken to analyse 

fasting glucose (mmol/L), HbA1c (% or mmol/L), total cholesterol (mmol/L), HDL 

(mmol/L), triglycerides (mmol/L) and creatinine (µmol/L). Systolic and diastolic blood 

pressure, resting heart rate and BMI will also be measured.  

 

Physical fitness 

Peripheral neuropathy is related to functional capacity in type 2 diabetes patients (128). 

Diabetic neuropathy will be examined using the Valk neuropathy test (129), while hand 

grip strength (130, 131) and the timed ‘up and go’ test will be used as measures of 

functional capacity (132). To familiarise participants with the Borg scale, it will be used 

during the timed ‘up and go’ and hand grip strength tests.  

The participant’s aerobic capacity will be estimated using the sub -maximal Åstrand cycle 

test (133, 134). The Åstrand cycle test will always be administered by the physiotherapists 

at their own practice. Participants will start cycling at 50 Watt at a pedal rate of 50 

revolutions per minute. The test will be conducted at heart rates between 120 and 

maximum heart rate. The heart rates of the fifth and sixth minutes of the test will be 

recorded and used to estimate the aerobic capacity from a nomogram (133). This 



estimated aerobic capacity will be corrected for age (135). In addition, the rate of 

perceived exertion will be recorded at each work level by means of the Borg score, with a 

range of 6-20. Participants whose heart rate cannot be used as a reference for physical 

fitness (e.g. patients who use beta blockers) will do the Åstrand cycle test with a Borg 

score between 13 and 17 (136).  

 

Economic evaluation 

The economic evaluation will compare costs and effects of the supervised exercise 

programme with those of the start-up exercise programme. The economic evaluation will 

be performed from a societal perspective, which implies that all relevant costs and 

outcomes will be taken into account, regardless of who pays the costs and who benefits 

from the effects. A time horizon of two years will be used. 

Both a cost-effectiveness analysis (CEA) and a cost-utility analysis (CUA) will be done. The 

CEA will present clinical outcomes in terms of physical activity measured by means of 

accelerometry and the short version of the IPAQ (126). The CUA will present effects in 

terms of quality-adjusted life years (QALYs) measured by means of the internationally  

developed EuroQol (137) in three-monthly self-administered questionnaires. The QALY 

incorporates multiple aspects of the intervention (e.g. side-effects) and allows comparisons 

among different (lifestyle) interventions in different target populations. A direct value for 

each state of health will be generated using social tariff, which involves an algorithm for 

interpolating EuroQol outcomes into population utilities based on the United Kingdom 

valuation (138) and the Dutch valuation (139).  

Programme costs, health care costs, patient and family costs as well as loss of productivity 

will be assessed. Volumes of healthcare use, loss of productivity and other expenses will 

be identified by means of three-monthly self-administered questionnaires. Cost valuation 

will use the Dutch manual for cost analysis in health care research (140), while real costs 

will be used otherwise. Cost prices will be expressed in Euros from the baseline year 

2011, and otherwise indexed to the baseline year, as suggested in the Dutch manual (141). 

Because the recruitment period will be 12 months and the follow-up period 24 months, 

costs and effects in the second year of follow-up will be discounted. 

 

Process evaluation 

A process evaluation will be used to gain insight into reach and the attendance rates of the 

target population, implementation fidelity, delivered intervention dose, and participant 

perception of the intervention (142) in order to support the interpretation of the effects. 

The process evaluation will assess personal factors of participants (e.g. self-efficacy, 



motivation towards being physically active and eating healthy), self-report environmental 

variables as used in the International Physical Activity Prevalence Study (e.g. presence of 

pavements and perceived neighbourhood safety) (143), number and duration of the 

consultations with the health care providers involved, satisfaction with the intervention 

contents and feasibility of the intervention. The process will be evaluated by means of self-

administered questionnaires for participants, with closed and open-ended questions. In 

addition, registration forms, short surveys and semi-structured interviews with the 

relevant professionals in each practice will assess relevant barriers and facilitators for 

intervention implementation. Adverse events will be recorded. 

 

Sample size 

The intended sample size is based on the amount of MVPA in minutes per week. An 

increase of 50 minutes of MVPA per week by participants in the supervised exercise 

programme, as compared to participants in the start-up exercise programme will be 

considered a clinically meaningful increase in MVPA. The standard deviation of MVPA in 

this population has been reported to be 120 minutes/week (144). A sample size of 91 

participants per condition will be needed to detect a difference of 50 minutes of MVPA 

per week, with 80% power and 5% significance (two-sided). Assuming a drop-out rate of 

30%, this would require 119 participants in each programme, i.e. 238 participants in total.  

Allocation to the conditions, however, will take place at the level of GP practices, so 

clustering of patients within these practices should be taken into account. Assuming an 

intra-cluster correlation of 5%, and a total of 20 participants per practice, a total sample of 

24 practices (n = 480) will be needed. As practices may also drop out of this study, we will 

include and allocate an additional six practices to account for this potential drop -out. The 

choice of six practices is completely arbitrary. This results in a  projected total sample of 

600 participants divided over 30 practices. 

 

Analysis 

Baseline characteristics (BMI, age, gender, amount of MVPA by accelerometry) of both 

participants and clusters will be analysed by means of descriptive statistics. Statistical  

analyses will be performed according to the intention-to-treat principle, while additional 

analyses will be done using the per-protocol principle. 

Differences between outcomes in the control and intervention groups at different time 

points will be assessed using multi-level analyses. This type of analysis takes into account 

the longitudinal nature of the data, as well as the impact of cluster randomisation. 



Differences in costs and effects will be presented as incremental cost-effectiveness ratios 

(ICERs). ICERs represent the differences in mean costs between the experimental and 

control interventions in the numerator and the difference in mean effects between the 

two groups in the denominator. Sensitivity analysis will be used to assess the robustness of 

the assumptions made in our base case analysis. 

Outcomes of the process evaluation will be studied by means of descriptive statistics.  

 

Discussion  

The aim of this study is to determine whether the supervised exercise programme of the 

BeweegKuur intervention has positive effects on physical activity levels compared to the 

less intensively supervised start-up exercise programme in a population of overweight and 

obese adults with very high weight-related health risk, and to assess the difference in costs 

involved between the two lifestyle programmes. The risk of chronic diseases is known to 

decrease if overweight or obese persons achieve a more physically active lifestyle. This 

might also reduce health care expenses. Therefore, an improved lifestyle resulting from an 

intervention like BeweegKuur is expected to have major positive consequences at both 

individual and societal level.  

Increasing adherence to lifestyle interventions is crucial. The proposed solutions 

(Motivational Interviewing and patient-specific guidance) might decrease the drop-out rate, 

thereby increasing the possible effects of the intervention and decreasing health care 

expenses. Nevertheless, these solutions require extra time investment by health care 

providers, raising intervention costs, so examining the cost-effectiveness of lifestyle 

interventions in primary care is of great social interest. The economic evaluation will 

provide insight into the cost-effectiveness regarding the effects on quality of life and 

physical activity, to support decisions concerning insurance coverage of the BeweegKuur 

intervention and similar lifestyle interventions. 

Objectively measuring physical activity levels enables accurate conclusions to be drawn 

about the direct effects of the intervention. Moreover, this will afford new insights into 

physical activity and inactivity patterns in an overweight population with very high weight-

related health risk. 

This study aims to gain insight into the cost-effectiveness of the supervised exercise 

programme compared to the start-up exercise programme, in order to inform decision 

and policy makers about the implementation of BeweegKuur in primary care in the 

Netherlands. In addition, the process evaluation will provide detailed information about 

the feasibility of implementing these two interventions and the degree of satisfaction of 



participants, and will also provide some insight into the mechanisms by which the 

components of the intervention exert their effects.  
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Abstract 

 

Introduction The impact of physical inactivity and unhealthy diet on health is increasingly 

profound. Lifestyle interventions targeting both behaviours simultaneously might decrease 

the prevalence of overweight and comorbidities. The Dutch BeweegKuur is a combined 

lifestyle intervention (CLI) in primary care, to improve physical activity and dietary 

behaviour in overweight people. In a cluster randomised controlled trial, the 

(cost)effectiveness of an intensively guided program has been compared to a less 

intensively guided programme. This process evaluation aimed to assess protocol 

adherence and potential differences between clusters. In addition, sustainability (i.e. 

continuation of the CLI in practice after study termination) was evaluated.  

Methods Existing frameworks were combined to design the process evaluation for our 

intervention and setting specifically. We assessed reach, fidelity, dose delivered and 

received, context and implementation strategy. Both qualitative and quantitative data were 

used for a comprehensive evaluation. Data were collected in semi-structured interviews 

with health care providers (HCPs, n = 25), drop-out registration by HCPs, regular 

questionnaires among participants (n = 411) and logbooks kept by researchers during the 

trial. 

Results Protocol adherence by professionals and participants varied between the 

programmes and clusters. In both programmes the number of meetings with all HCPs was 

lower than planned in the protocol. Participants in the supervised programme attended, 

compared to participants in the start-up programme, more meetings with 

physiotherapists, but fewer with lifestyle advisors and dieticians. The BeweegKuur was not 

sustained, but intervention aspects, networks and experiences were still utilised after 

finalisation of the project. Whether clusters continued to offer a CLI seemed dependent 

on funding opportunities and collaborations.  

Conclusions Protocol adherence in a CLI was problematic in both HCPs and participants. 

Mainly the amount of dietary guidance was lower than planned, and decreased with 

increasing guidance by physiotherapist. Thus, feasibility of changing physical activity and 

dietary habits simultaneously by one intervention in one year was not as high as expected. 

Also the sustainability of CLI was poor. When a CLI programme is started, re-invention 

should be allowed and maximum effort should be taken to guarantee long -term 

continuation, by planning both implementation and sustainability carefully.  

 

  



Introduction 

Obesity, physical inactivity and unhealthy diet have a combined and independent impact on 

health (11, 27, 111, 113) with increasing social and economic burden. In 2010, overweight 

related health care costs reached up to 1.6 billion euros in the Netherlands (4). 

Accordingly, much effort has been put into promoting healthy lifestyles, resulting in 

programmes ranging from medical treatment to preventive lifestyle interventions.  

In general, several studies suggest that combined lifestyle interventions (CLI) aimed at the 

overweight and obese population yield positive results (51, 145, 146). Unfortunately, such 

interventions often suffer from high drop-out rates, mainly due to exercise injuries and 

motivational factors (116, 119). In addition, studies often lack implementation in real world 

setting (31, 35), limiting the generalisability of results to daily practice. Furthermore, 

sustainability (i.e. continuation in practice after study termination) of lifestyle interventions 

is crucial to provoke effects on public health. The BeweegKuur is a CLI offered by a 

multidisciplinary team of health care providers (HCPs) in primary care (56, 57) and aims at 

promoting and sustaining both physical activity and healthy diet to improve health of 

people who have overweight or obesity. In 2007 the BeweegKuur has been developed by 

the Netherlands Institute for Sport and Physical Activity (NISB), commissioned by the 

Dutch ministry of Health, Welfare and Sports. Over the years, the BeweegKuur has been 

adapted based on process evaluations and now comprises one year guidance by a lifestyle 

advisor (LSA), physiotherapist and dietician. The amount of guidance by the 

physiotherapist depends on weight related health risk, based on BMI and presence of 

comorbidities (see methods section). A programme with six meetings with physiotherapist 

(start-up programme) has already been proven effective (63), however, the hypothesised 

effects of additional guidance (supervised programme; 26-34 meetings with 

physiotherapist) remained to be shown. Therefore, the effectiveness and cost-

effectiveness of the supervised programme compared to the start-up programme has been 

subject of a clustered randomised controlled trial (cRCT) (101). Thirty primary care 

health care clusters (HCCs) in the Netherlands participated in the study and were 

randomly assigned to either the less intensive control programme (the start-up 

programme) or the experimental programme (the supervised programme). 

The effectiveness and cost-effectiveness of interventions in primary care depend heavily on 

process aspects, such as context and delivery of the programme. Moreover, process 

factors may differ between HCPs and HCCs, possibly influencing costs and outcomes 

(147). Therefore, process evaluation of complex lifestyle interventions has been 

advocated, especially in cRCTs (147).  Moreover, studying the process prior to (cost-) 

effectiveness evaluation ensures a full evaluation of all potential lessons to be learned, 



instead of a pursuit of explanations for the (cost-)effectiveness outcomes which might 

introduce interpretation bias (148). The current study combined parts of several existing 

theoretical frameworks (142, 147, 149-151) to construct a comprehensive structure to 

evaluate the process of this cRCT of the BeweegKuur specifically. By constructing our 

framework based on existing, generally adopted frameworks, we ensure a full evaluation of 

the BeweegKuur study. In short, our framework consisted of the following concepts: reach 

and recruitment, fidelity, dose delivered, dose received, context, implementation strategy 

and sustainability. 

The current study evaluated the process of implementation, execution and continuation of 

the BeweegKuur in primary care from both participant and HCP perspective. We aimed to 

provide insight into possible barriers and facilitators in execution and sustainability of CLIs 

in primary care, by carrying out the process evaluation prior to the effect and economic 

evaluation. Furthermore, the process evaluation aimed to gain in depth information for 

interpretation of the effectiveness and cost-effectiveness evaluation.  

 

Methods 

Intervention & setting 

This study evaluated the process of implementation, execution and sustainability within a 

multi-centre, clustered randomised controlled trial (cRCT) aimed at the effectiveness and 

cost-effectiveness of two intensities of a combined lifestyle intervention programme: the 

BeweegKuur (101). The BeweegKuur is a one-year intervention developed by the 

Netherlands Institute for Sport and Physical Activity (NISB) and aims at adopting a 

sustained healthy lifestyle. The BeweegKuur consists of programmes that differ in intensity 

of supervision. In this cRCT, the most intensive CLI programme has been compared with a 

less intensive programme; the latter has been argued to be both effective and cost-

effective (63). Eligible participants were (1) either overweight or obese (BMI 25-35 kg/m2) 

with at least one of the following serious related comorbidities: sleep apnoea, arthritis, 

cardiovascular disease and/or type 2 diabetes; or (2) morbidly obese (BMI 35 -40 kg/m2) 

but without these related serious comorbidities.  

Thirty Dutch primary care HCCs were selected by NISB, based on expressed willingness 

to participate. Each HCC was a collaboration of one or more GPs, LSAs, physiotherapists 

and dieticians who recruited and/or guided participants. HCCs were assigned at random 

to the supervised programme, or to the less intensive start-up programme. HCCs 

allocated to the start-up programme did not offer the supervised programme during the 

current study. Prior to the study, each HCC consented to recruit 20 participants. A 

detailed description of the intervention and the cRCT is provided in an earlier publication 



(101). Both programmes comprised six individual meetings with LSA, three individual 

meetings with a dietician and seven dietary group meetings. In addition, the start-up 

programme consisted of six individual meetings with physiotherapist, in comparison, the 

supervised programme consisted of six to seven individual and 26-34 group meetings with 

physiotherapist. It has been hypothesised that the additional amount of guidance within 

the supervised programme increases the effects on physical activity, dietary behaviour and 

health in the population with high weight related health risk. The initial individual meetings 

with the HCPs were aimed at setting personal goals and identifying barriers to a healthy 

lifestyle by means of Motivational Interviewing (MI), which were the basis for the further 

meetings. The physiotherapist offered coaching and guidance specifically for physical 

activity to facilitate transfer to local exercise facilities. At the end of the intervention (12 

months after start), the participant had a meeting with LSA to evaluate the lifestyle 

changes and conclude the intervention. 

This study is approved by the Medical Ethics Committee of the Maastricht University 

Medical Centre and is registered with Current Controlled Trials (ISRCTN46574304).  

 

Data collection 

Process evaluation data were gathered from both HCPs and participants. HCPs of five 

start-up and five supervised HCCs were selected to participate in face to face, semi-

structured interviews. HCCs in both conditions were selected based on relative success 

of recruitment (low, middle and high recruitment rate), urban isation (rural, municipality 

and city) and type of HCC (cooperation of geographically separate practices and primary 

health care under one roof). At the moment of the interviews, the one year intervention 

was concluded in all participants. Interviews were held with 25 HCPs, of which eight 

physiotherapists, seven dieticians (of which 2 by phone calls), seven practice nurses with 

the role of LSA, one dietician with the role of LSA and two physiotherapists with the role 

of LSA. Two dieticians were not available for the interviews due to personal or 

organisational reasons. Additionally, every three months, all participants (n = 411) 

received a questionnaire specifically developed for the current study, which contained 

items regarding the process. The baseline questionnaire was distributed by the HCP; 

subsequent questionnaires were distributed and collected via mail by the researchers.  In 

addition, information about drop-outs, reasons for dropping out and loss to follow up 

were gathered from HCP registries. Moreover, data were extracted from logbooks of 

informal communication between the HCPs and the research team (registered calls, e-

mails and visits to HCC). 

 



Research framework  

Data were collected and presented in a framework which was designed by combining 

concepts from existing frameworks. Firstly, the RE-AIM framework provided the 

dimensions reach, efficacy, adoption, implementation and maintenance to illustrate public 

health impact of an intervention (150). These dimensions were complemented with key 

concepts from work by Steckler and Linnan (2002) and Saunders et al. (2005) regarding 

the evaluation of CLI specifically (fidelity, implementation, dose delivered and received, 

reach, recruitment and context). In addition, the implementation strategy (149) and 

clusters were studied to reveal working mechanisms in complex interventions (147). The 

specific contents are further elaborated on per concept. 

 

Reach and recruitment  

Recruitment of clusters (the HCCs) (147) as well as participants were evaluated (142, 

151). Interviews with HCPs were aimed at the recruitment procedure (e.g. the HCPs 

responsible for recruitment and source of participants) and the representativeness of the 

study population. Participant recruitment was registered per month in all HCCs. HCP 

measured length and weight, waist circumference and recorded age and sex. HbA1c was 

assessed and further demographics (nationality, employment, education level and marital 

status) were retrieved from the participant questionnaires at baseline. Nationality was 

categorised into Dutch and non-Dutch; employment was categorised into paid work, 

unpaid work and studying or not working; and marital status was categorised into married, 

unmarried, cohabiting, divorced and widowed. Education was categorised into low, middle 

or high based on highest level of completed education. In addition, questionnaires 

contained items about the recruitment procedure and reasons to participate in the 

BeweegKuur (e.g. ‘What were main reasons for you to participate in the BeweegKuur?’). 

 

Fidelity 

Fidelity was defined as the execution of the intended characteristics of the intervention 

(142, 151). The main question addressing fidelity was whether the intervention was 

implemented consistently with the underlying working mechanisms. MI is one of the main 

mechanisms of the BeweegKuur (56, 57, 120), and therefore crucial in the fidelity 

assessment. In addition, setting goals or a plan is essential for lifestyle change. The 

application of MI and goal setting was discussed in the interviews with the HCPs and also 

the participant filled in questions regarding goal setting (e.g. ‘Did you set goals with the 

physiotherapist regarding physical activity?’). 

 



Dose delivered  

Dose delivered described the degree of execution of the programme by LSA, 

physiotherapist and the dietician according to protocol (142, 151). The number, content 

and characteristics of meetings were discussed in the interviews with HCPs. The 

participants’ questionnaire contained questions about the number of meetings with 

BeweegKuur HCPs every three months (e.g. ‘How often did you have a meeting with the 

LSA in the past three months?’) and whether planned activities were performed by the 

HCPs (e.g. ‘Was the BeweegKuur guidance clearly concluded by your LSA?’). 

 

Dose received  

Dose received was defined as participant satisfaction and perception of the programme 

that was delivered to them (142, 151). Attempted reduction of drop-out and reaction to 

potential drop-out was discussed in the interviews with the HCPs. In addition, number of 

drop-outs and reasons were discussed and retrieved from HCPs’ own registration, if 

available. The participant questionnaire contained questions regarding satisfaction with the 

programme and guidance on a scale of 1-10 (10 is best score). 

 

Context 

Within the context we assessed aspects of the environment with a potential influence on 

execution and sustainability of the intervention (142, 147, 151). Interviews contained 

discussion about the hindering and promoting factors of continuation of the intervention 

in the HCC. Also, collaboration to promote participant outflow to exercise facilities were 

discussed.  

 

Implementation strategy 

The implementation of an intervention should be planned carefully to facilitate 

sustainability of change (149). Implementation was mainly organised by NISB through the 

Regional Support Structure for Primary Health Care (ROS) (57). We evaluated the 

presence of support by ROS and NISB in the implementation and continuation of the 

intervention in the interviews with HCPs.  

 

  



Data analysis 

The interviews were recorded, and a researcher not being the interviewer wrote notes 

about the content and non-verbal communication. Interviews were transcribed ad 

verbatim with F4 audio-transcription software (Dr. Dresing & Pehl GmbH, Hamburg, 

Germany) by a researcher not being the interviewer. Afterwards, transcriptions were read 

and approved by the interviewer and subsequently made anonymous. Transcriptions were 

analysed by means of NVIVO 2.0 (QSR International Pty. Ltd., Warrington, UK) by BB,  

MH and MS. A node tree was developed based on the study framework to categorise the 

quotes from the interviews into the specific concepts. The first interview was analysed 

with the node tree independently by BB and MH and in case of disagreement between the 

coding by the two researchers, the node tree was adjusted by deleting, adding or 

combining nodes. This resulted in a definitive node tree used for the coding of all 

transcriptions (figure 5.1). All codes in transcriptions were read and approved by a 

different researcher than the coder (BB or MH). BB selected important information from 

coded transcripts and MH checked the selection of important information from coded 

transcripts. In case of disagreement, the issue was discussed with SK. Quotes are depicted 

in the results between quotation marks in italics. 

Figure 5.1. Node tree with interview contents 



Quantitative data were analysed in SPSS 21.0 with complete cases for the item of interest 

(ranging from 135 to 365 participants per analysis). Demographics and questionnaire data 

were depicted as mean ± standard deviation and in percentages. Differences between the 

start-up and supervised condition were analysed with t-tests, Pearson chi square and 

Mann-Whitney U tests. Differences between HCCs were analysed with one-way ANOVA 

or Kruskal-Wallis tests.  

 

Results 

Reach and recruitment 

One start-up HCC dropped out before the start of the study for unknown reasons. One 

supervised HCC dropped out during the study due to organ isational changes in the GP 

practice; this HCC failed to provide baseline measurements and did not perform any 

follow up measurement of the participants. 

In total, 411 participants were recruited within 14 months, 247 participants in the 

supervised and 164 in the start-up programme, with two to 30 subjects per HCC. These 

numbers were lower than planned and the HCPs declared they had trouble finding 

suitable subjects, because many potential participants had already been asked to join in the 

past. In the supervised programme recruitment was higher, especially in the first four 

months (figure 5.2). Registries showed that start-up HCCs attributed their low 

recruitment rate to organisational changes in the HCP team and incorrect information 

from ROS regarding termination of recruitment. Supervised HCCs with low recruitment 

gave similar reasons. In addition, start-up HCCs had the possibility to offer the supervised 

programme prior to the study start.  

 

 
Figure 5.2. Cumulative recruitment numbers per month in the two research arms.  
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Mean age of participants was 55.1 years (± 12.4), the majority was female (64.7%), with 

Dutch nationality (88.8%) and married (65.6%). Background characteristics did not differ 

between start-up and supervised participants, except for marital status (p = 0.027; table 

5.1). Of all participants, 48.9% had diabetes type 2 at baseline, 30.2% did not have diabetes 

type 2, and of 20.9% presence of diabetes type 2 was unknown (no difference between 

programmes). Mean BMI of the participants was 34.5 ± 4.4 kg/m2, waist circumference 

113.2 ± 11.2 cm and HbA1c level 6.37 ± 1.12%, with no differences between the two 

groups. 

Baseline data revealed that 48.9% of participants matched the inclusion criteria, 10.0% 

were healthier (i.e. healthy BMI or no comorbidities) and 16.8% had higher weight related 

health risk than the targeted population (i.e. BMI of over 40 kg/m2 or combination of 

obesity and comorbidities). For 24.3% of participants eligibility could not be checked, due 

to missing BMI-value or missing information about presence of comorbidities at baseline. 

The number of eligible participants did not differ between the programmes.  

In interviews, HCPs reported that participants were mainly recruited by GP and practice 

nurse and some HCCs (also) recruited via physiotherapist or the dietician. In three HCCs 

the practice nurse or dietician actively searched through registries to recruit participants; 

in these HCCs 14, 20 and 21 participants were recruited. In terms of reach per HCP, a 

practice nurse mainly saw chronic patients, while other HCPs saw more people who had 

overweight or obesity without comorbidities (‘I (practice nurse) mainly recruited patients with 

diabetes, while the GP and physiotherapist mainly recruited people who had obesity. ’). If 

participants were recruited by GP, they often had wrong expectations; this was reported 

as a possible reason for drop-out by HCPs (‘Sometimes the GP discussed it too briefly. Well, I 

think they weren't very motivated, so I often had to amend participants’ expectations. ’).  

According to questionnaires, 76.9% of participants were referred by the GP to LSA for the 

BeweegKuur. In total, 80.9% received approval by the GP to start in the BeweegKuur. The 

participants reported that their main reasons to participate mainly were to lose weight (n 

= 242, 58.9%), improve fitness (n = 196, 47.7%), increase physical activity (n = 145, 35.3%), 

improve health (n = 143, 34.8%), decrease medication use (n = 98, 23.8%) and the 

combination of both physical activity and diet (n = 87, 21.2%).  Only 6.6% (n = 27) 

reported that improving their current unhealthy eating behaviour was a main reason to 

participate in the BeweegKuur. 



Table 5.1. Baseline characteristics of recruited participants 

 Total  

(n = 411) 

Start-up 

programme  

(n = 164) 

Supervised 

programme  

(n = 247) 

Sex (%) 

Male  

Female 

 

35.3 (n = 145) 

64.7 (n = 266) 

 

36.0 (n = 59) 

64.0 (n = 105) 

 

34.8 (n = 86) 

65.2 (n = 161) 

Age (mean years ± SD) 55.1 ± 12.4  (n = 411) 53.8 ± 12.4  (n = 164) 55.9 ± 12.3  (n = 247) 

Nationality (%) 

Dutch 

Other 

 

88.8 (n = 325) 

11.2 (n = 41) 

 

90.9 (n = 130) 

9.1 (n = 13) 

 

87.4 (n = 195) 

12.6 (n = 28) 

Educational level (%) 

Low 

Middle 

High 

 

40.3 (n = 146) 

41.4 (n = 150) 

18.2 (n = 66) 

 

37.3 (n = 53) 

45.1 (n = 64) 

17.6 (n = 25) 

 

42.3 (n = 93) 

39.1 (n = 86) 

18.6 (n = 41) 

Occupation (%) 

Paid work 

Unpaid work  

Not working / studying  

 

41.0 (n = 150) 

22.7 (n = 83) 

36.3 (n = 133) 

 

41.3 (n = 59) 

27.3 (n = 39) 

31.5 (n = 45) 

 

40.8 (n = 91) 

19.7 (n = 44) 

39.5 (n = 88) 

Marital status (%)* 

Married 

Unmarried  

Cohabiting  

Divorced 

Widowed  

 

65.6 (n = 240) 

11.7 (n = 43) 

9.6 (n = 35) 

8.2 (n = 30) 

4.9 (n = 18) 

 

61.5 (n = 88) 

18.2 (n = 26) 

7.0 (n = 10) 

9.1 (n = 13) 

4.2 (n = 6) 

 

68.2 (n = 152) 

7.6 (n = 17) 

11.2 (n = 25) 

7.6 (n = 17) 

5.4 (n = 12) 

Body Mass Index 

Mean ± SD (n) 

< 30 kg/m2 (%) 

30-35 kg/m2 (%) 

≥ 35 kg/m2 (%) 

 

34.5 ± 4.4 (n = 368) 

16.6 (n = 61) 

35.6 (n = 131) 

47.8 (n = 176) 

 

35.0 ± 4.6 (n = 145) 

14.5 (n = 24) 

33.8 (n = 49) 

51.7 (n = 75) 

 

34.2 ± 4.2 (n = 223) 

17.9 (n = 40) 

36.8 (n = 82) 

45.3 (n = 101) 

* Significant difference between start-up and supervised participants; p < 0.05 

  



Fidelity 

Except for one physiotherapist, all HCPs stated that they were trained in MI techniques 

and that they applied these techniques in meetings with the participants. HCPs graded 

their use of MI techniques on average 6.9 (± 0.8) on a 10-point scale. There were no 

differences between type of HCP, HCCs and interventions. 

In the interviews, all physiotherapists indicated that they made an exercise plan with the 

participants (‘We tried to set up an individual exercise plan based on the Dutch norm for healthy 

physical activity and several functional tests.’), while 84.8% of the participants indicated that 

they set exercise goals or made an exercise plan with an HCP. The majority of the 

exercise plans or goals were made with physiotherapist (79.9%). In total, 90.1% of start-up 

participants and 93.1% of supervised participants attended at least one meeting with 

physiotherapist, which would be a requirement to set exercise goals. Of six dieticians with 

whom the topic was discussed during the interviews, five made nutritional plans with the 

participants. One dietician did not plan individual meetings and therefore felt there was no 

opportunity to set individual goals. In the questionnaires, 73.9% of the participants 

mentioned that they made a nutritional plan or set nutritional goals with an HCP. The 

majority of the nutritional plans or goals were made with the dietician (91.7%). Of start-up 

participants, 94.4% attended at least one individual dietician meeting essential for setting 

nutritional goals, in contrast to 63.5% in the supervised programme. 

HCPs of five HCCs mentioned that the participants often required additional psychological 

counselling (‘For a substantial number of participants, the BeweegKuur lacked guidance by a 

psychologist. When it becomes personal, several related emotional matters come up (…), but that 

was often difficult to expose, because we (as LSAs) have not been trained for that .’), and 

according to the HCPs this was due to the shift of target population from patients with 

type 2 diabetes to people who have overweight or obesity, prior to study start.  

HCCs were aware of the study design, and all HCCs were allowed to offer the supervised 

programme prior to the study. Most HCPs from start-up HCCs felt their care had fallen 

short due to the fact they were not allowed to offer the supervised programme to the 

research population (‘Although I did not express it to the participants, the fact that certain 

participants might benefit more from a more intensively guided programme did influence my 

thoughts.’). In interviews it appeared that HCPs expressed the belief that more exercise 

guidance was necessary to help this group to adopt a physically active lifestyle. Only one 

HCP reported that the start-up programme had been sufficient for the participants. The 

planning of individual meetings compared to group meetings and the reduced time 

investment were seen as advantages of the start-up programme by two HCPs.  

 



Dose delivered 

Almost all (96.9%) participants reported that their LSA had explained the intervention 

clearly at the start of the intervention. Median number of LSA meetings was higher in the 

start-up programme than in the supervised programme (table 5.2). There was a significant 

difference in number of LSA meetings between HCCs (range median number per HCC: 0 

– 6; Kruskal-Wallis, p = 0.008). 

 

Table 5.2. Planned and actual dose delivered according to participant questionnaires.  

 Number of meetings 

according to protocol 

Attended number of meetings 

(median (25th-75th percentile)) 

 Start-up Supervised Start-up Supervised P-value 

LSA meetings 6 6 4 (2 - 5) 3 (2 - 4) 0.017 

Physiotherapist group meetings - 26 - 34 0 (0 - 9) 16 (3 - 24) <0.001 

Physiotherapist individual meetings 6 6 - 7 2 (1 - 5) 0 (0 - 2) <0.001 

Dietician group meetings 7 7 2 (0 - 5) 3 (0 - 4) NS 

Dietician individual meetings 3 3 4 (2 - 7) 1 (0 - 3) <0.001 

NS = not significant 

 

One physiotherapist of the start-up programme planned group meetings with all HCPs 

following the intake meeting instead of the intended individual meetings with 

physiotherapist (‘A one-time advice does not stick. We intensified this by assembling all involved 

HCPs, to maximise chance of success’). All HCPs stated that they individualised the 

programme due to either planning issues (holidays), health issues or made well-considered 

adjustments to individual participants' wishes and/or needs.  

In comparison to the start-up programme, the total number of physiotherapist meetings 

was higher in the supervised programme (4 and 20 respectively; Mann-Whitney U test, p 

< 0.001), with on average more group meetings and fewer individual meetings (table 5.2). 

The individual physiotherapist meetings were not attended by 20.3% of participants in the 

start-up programme and by 53.8% of participants in the supervised programme. Within 

the start-up programme, the total number of physiotherapist meetings in the intervention 

period differed significantly between HCCs (range median number per HCC: 0 – 15; 

Kruskal-Wallis, p = 0.004). 

Half of the dieticians had typically offered individual meetings with participants. The other 

four dieticians planned individual meetings dependent on the participant ( ‘For instance, I 

would say to participants, if you have quite a few questions or you would like some extra support, 

then I would advise one meeting per month.’). Main reasons for not planning individual 



meetings were lack of interest from participants or related costs (‘Some participants did not 

want individual dietician meetings, because they had to pay for those meetings their selves.’ ). 

According to the interviews, the number of group meetings ranged from four to eight 

between dieticians. Two dieticians reported that participants perceived the scheduled 

seven group meetings to be too much, and therefore planned fewer meetings than 

prescribed by the protocol (‘We planned fewer group meetings, just to assure adherence of 

participants.’). Four dieticians experienced difficulties in the group dynamics due to 

background differences between participants, specifically in terms of psychological issues, 

motivation, age, gender, intelligence and ethnic background (‘A few participants said the level 

of the group meetings was too low to attend the meetings.’). According to the questionnaires, 

the number of individual meetings in the start-up programme was higher (table 5.2), but 

number of group meetings was equal in the two programmes. The number of participants 

that were referred to a dietician was significantly lower in the supervised group (82.9% 

versus 67.5%). There was a significant difference in number of dietician meetings between 

HCCs (range median number per HCC: 0 – 9.75; Kruskal-Wallis, p < 0.001). 

Of 226 participants who completed the questionnaire after 12 months, 40.7% reported 

the LSA had explicitly concluded the BeweegKuur intervention. The intervention was not 

concluded in 41.2% of the participants and 18.1% did not know. 

 

Dose received 

The participants’ satisfaction with group meetings with physiotherapist and with the entire 

BeweegKuur guidance was higher in the supervised group than in the start-up group (table 

5.3). The satisfaction with guidance by LSA and physiotherapist in groups d iffered between 

the HCCs (one-way ANOVA, p = 0.018 and p = 0.021). 

Strategies to reduce drop-out consisted mainly of contacting a participant after no show 

via telephone or mail (reported by 72% of HCPs) and contacting other involved HCPs 

(28% of HCPs). Two HCPs stated that they deviated from the protocol by adapting the 

planning of the meetings for individuals with high perceived drop-out risk and three HCPs 

explicitly discussed the reasons of no show with the participant to prevent future drop -

out. Two HCPs were unsure whether they should have put more effort in contacting 

participants to reduce drop-out, but they had been hindered by time constraints. 

According to HCPs, reasons for non-adherence of participants were mainly physical 

problems or illness (reported by 68% of HCPs), lack of motivation (52% of HCPs), 

unrealistic expectations towards intervention guidance (‘Some people might not realise that 

the BeweegKuur requires own effort and activity. ’) or effects (‘If it didn't quite work for a 

participant, they could become very critical about the intervention after three or four times. ’; 48% 



of HCPs), practical issues such as holiday and work (48% of HCPs), group meeting related 

issues (‘Some persons did not feel comfortable in the group.’; 32% of HCPs) and (unexpected) 

costs of the guidance (20% of HCPs). Less mentioned reasons were low intelligence, 

private circumstances and that the project was too laborious. Based on the HCP records 

of each participant and personal communication between participants and researchers, 51 

(20.6%) in the supervised programme did not complete the planned full year and 38 

(23.2%) in the start-up programme (based on data of 10 start-up and 15 supervised HCCs 

and all registrations by researchers). Not all drop-outs of the BeweegKuur were registered, 

but the main reasons were health issues (31.5%) and personal reasons (10.1%).  

The interviews revealed that the name of the BeweegKuur, literally translated ‘Movement 

Therapy’, could have led to wrong expectations of participants, possibly causing drop-outs 

(‘Participants signed up for a movement therapy, so they did not expect nutritional guidance. I 

think that might have caused drop-outs in the initial phase of the intervention.’). 

 

Table 5.3. Dose received according to participant questionnaires.  

 Satisfaction (graded 1-10) 

(mean ± sd)  

 Start-up Supervised P-value 

LSA meetings 7.2 ± 1.9 7.5 ± 1.7 NS 

Physiotherapist group meetings 7.1 ± 2.3 8.0 ± 1.3 0.036 

Physiotherapist individual meetings 7.2 ± 2.2 7.7 ± 1.5 NS 

Dietician group meetings 7.2 ± 2.0 7.1 ± 1.7 NS 

Dietician individual meetings 7.3 ± 1.9 7.1 ± 1.9 NS 

BeweegKuur overall 7.1 ± 1.8 7.7 ± 1.5 0.044 

NS = not significant 

 

Context and implementation strategy 

The BeweegKuur was aimed to be covered by the basic health insurance scheme in 2012 

(152). However, this plan was abandoned after a change in government in 2010 (153). 

While the initial development of the BeweegKuur was ordered by the ministry a few years 

earlier, the focus of the new minister of Health, Welfare and Sports was less on 

prevention. 

HCPs reported in interviews that support of NISB was mainly experienced in the initial 

implementation phase of the programme, and was perceived to be less present at the time 

of the execution of study. However, information and material from NISB was continuously 

used for the guidance of participants. Main functional input from NISB was appreciated in 



the form of MI and BeweegKuur courses, log books for participants, protocols for guidance 

and participant presents (e.g. water bottles). Support to implement the BeweegKuur was 

mainly provided by the local ROS organisations. Satisfaction of HCPs with this support 

varied between HCCs. Some HCPs reported that they did not need support by ROS, 

because the intervention and collaborations were on track or because they did not believe 

the ROS could provide the help they needed. Other HCPs reported that the ROS did not 

have a great role in the BeweegKuur. Support of ROS seemed to reduce after it had 

become clear that the BeweegKuur would not be covered in the Dutch basic health 

insurance scheme. A few HCPs stated the support was completely terminated and this 

influenced continuation negatively (‘All support ceased due to the governmental cutbacks. Then 

you realise how difficult it is to continue.’).  

The aim of the BeweegKuur was that after the one year intervention, participants would 

continue to exercise in one of the local facilities in the environment of the participant. 

However, identifying and mapping these facilities by the HCPs was problematic. 

Indecisiveness and uncertainty regarding whose responsibility it was and time constraints 

limited the process (‘We had contact with ROS, because we both held the municipality 

responsible for the mapping of exercise facilities, but they refused to do that .’). In some HCCs, 

the municipality took responsibility to map the exercise facilities, and this was appreciated 

by the local HCPs. One HCP missed information and material for non-Dutch speaking 

eligible participants, hindering sufficient guidance for this group.  

 

Sustainability 

None of the HCCs intended to maintain the name BeweegKuur specifically after the 

completion of the study. Four HCCs (40%) still offered a structured intervention to 

people who have overweight or related comorbidities, based on the BeweegKuur (e.g. 

cardiovascular risk management, type 2 diabetes, chronic obstructive pulmonary disorder). 

In most of these CLIs, it depended on the participant whether guidance by a dietician was 

offered. Costs were covered by insurance of physiotherapy and/or dietary counselling, but 

part of the costs was also frequently paid by the participant. Three HCCs (30%) intended 

to continue CLIs in their practices and were still in the process of setting this up. Three 

HCCs (30%) had no intention of continuing a structured CLI; however, in two of these 

HCCs, the interdisciplinary collaborations were utilised to refer people to the 

physiotherapist or the dietician for advice or guidance. HCCs (with the intention of) 

continuing a CLI, adapted the programme to their experiences, their daily practice and the 

individuals.  



HCPs stated that continuation of the BeweegKuur or a combined lifestyle programme for 

overweight people was hindered mainly by reimbursement issues (‘Now that the project is 

not reimbursed by the government, I have no idea how to finance the BeweegKuur.’). A premise 

for sustainability of CLIs was the availability of funding, such as an affordable participant 

contribution or reimbursement of programme aspects through the health insurance 

(‘Reimbursement via the diagnosis-treatment combinations for diabetes still enables us to organise 

intervention aspects.’). Another facilitating factor was the collaboration with municipality in 

the form of local exercise coaches. Most HCPs reported that they were willing to look for 

funding; however, time constraints hindered them to do so. In addition, a few HCPs had 

applied for funding of a major health care funding institute; this was either unsuccessful or 

only postponed the termination of the programme. 

In most HCCs (60%), the discontinuation of funding led to termination of BeweegKuur 

implementation and execution. Five HCCs explicitly attributed the hindered continuation 

to changes of the political climate (i.e. less emphasis on prevention). One HCC attributed 

the discontinuation to organisational changes in their HCC and one HCC was dissatisfied 

with the CLI in their HCC. Also, the financial situation of participants was seen as 

hindering by HCPs, as not all participants had sufficient means to cover insurance costs for 

own account. 

 

Discussion 

The aim of the process evaluation was to provide insight into the implementation, 

execution and sustainability of a CLI in primary care. A newly composed framework was 

used to ensure structured and complete evaluation. Both HCPs and participants indicated 

that the participants’ expectations of the intervention were often not met. Also, guidance 

was frequently not according to protocol and adherence differed between the two 

programmes and clusters. Nevertheless, in the intensive programme people received 

more physiotherapist supervision than in the start-up programme. Sustainability of the 

BeweegKuur was low; however, knowledge, experiences and networks from the 

implementation of the BeweegKuur were utilised in most HCCs to continue some form of 

combined lifestyle approach in primary health care. 

Interestingly, a few HCPs stated that information provided by GPs prior to recruitment 

and the focus on physical activity in the intervention name sometimes led to wrong 

expectations. In addition, weight loss was the reason to participate in the majority of 

participants. This is in line with previous findings, showing that participants perceived the 

intervention to be successful when they lost weight (122). Weight loss might be a false 

expectation, because the adoption of physical activity and a healthier d iet does not 



necessarily lead to immediate weight loss (154, 155). Though the goal of the intervention 

is the adoption of a healthy lifestyle in terms of physical activity and dietary behaviour to 

improve health, not all participants realise this. Therefore, non-adherence in future studies 

might be reduced if expectations are more realistic and in line with the intervention.  

The HCPs rated their application of MI on average a 6.9. An earlier study showed that MI 

was feasible in primary care and usable in diabetes care management (156). In addition, MI 

has been shown to lead to significant weight loss (145). However, a study evaluating the 

quality of MI by means of observation, showed that practice nurses applied MI only 

partially (157), indicating that HCPs may overestimate their skills in optimally applying MI. 

Regardless, in our study participants were on average very satisfied with guidance by HCPs 

in the intervention. Participant questionnaires showed that number of physiotherapist 

meetings differed significantly between the start-up and supervised protocol, as 

anticipated. Although physiotherapist guidance should be the only guidance that differs 

between the two programmes, numbers of individual meetings with LSA and dietician 

were significantly lower in the supervised programme. Moreover, the proportion of 

participants which was referred to the dietician was approximately 15% lower in the 

supervised programme. In addition, interviews revealed that the high amount of 

physiotherapist guidance and the sometimes unexpected nutritional aspects of the 

intervention might have reduced the number of attended dietary meetings. One could 

argue that the intensive guidance by physiotherapist makes guidance by LSA surplus and 

dietary change difficult. A study that also concerned a CLI found no effects on objectively 

measured health behaviours, and authors argued the disadvantage of targeting multiple 

lifestyle behaviours simultaneously (158). In a study evaluating implementation in a small 

amount of BeweegKuur HCCs, it had already been observed that guidance by a dietician 

was not performed according to protocol (159). Some dieticians indicated that the timing 

of meetings and their content were possible reasons for non-adherence (159). The 

selective rejection of an intervention might have benefits, for instance in terms of 

feasibility or participant adherence, and is therefore not necessarily undesirable (160). 

However, a study by Rutten et al. showed that, during the BeweegKuur, motivation shift for 

dietary behaviour was small, possibly explained by the complexity of dietary behaviour. 

Participants in this study indicated that they were less satisfied with support by the LSA to 

improve dietary behaviour than physical activity (60). The findings of Rutten et al. (2014) 

combined with the low number of attended meetings with the dietician might have caused 

the lack of motivation after four months of intervention. Even though the numbers of 

dietician and LSA meetings were lower in the supervised programme, our study showed 

that the participants in the supervised programme were more satisfied with the 



intervention than the participants in the start-up programme. Also, some HCPs believed 

the start-up programme did not offer sufficient guidance for all participants. This indicates 

that it would be preferable to tailor the guidance to individual needs and wishes. However, 

the difference in effectiveness between the two programme intensities and the possible 

influence of the number of meetings remain to be studied.  

The type of participants that was reached seemed to differ between different HCPs who 

recruited participants. Since recruitment could be performed by all HCPs and this differed 

between HCCs, the participants’ characteristics might have varied between HCCs, 

possibly affecting potential costs and outcomes. Nevertheless, relevant baseline 

characteristics of participants were not different between programmes. Cluster 

randomisation reduces risk of contamination and is particularly suitable to evaluate 

interventions implemented in various locations (161). A study describing the reach in a 

cluster randomised trial, showed that recruitment by HCPs who are not blinded, can lead 

to unequal distribution in the control and experimental group (162). In our study, 

motivation between HCCs might have differed, leading to the large variation in number of 

participants per HCC. This dissimilarity in motivation might have had consequences for 

programme execution during the study and underlines the importance of treating variation 

between HCCs as potential influence on cost-effectiveness.  

Over the years, the BeweegKuur has been optimised based on advice from the ministry of 

Health, Welfare and Sports and on evaluations by Helmink et al. (57, 121, 122, 163). In 

2009, the Dutch government intended to include the BeweegKuur in the basic health 

insurance scheme (152). Process data collected in 2010 showed that HCPs were 

motivated to implement and continue the BeweegKuur (121). In addition, a study by Rutten 

et al. (2014) showed a shift to a more autonomous motivation for physical activity in 

BeweegKuur participants (60), which is assumed to precede the engagement in physical 

activity (120). However, after a change in government in 2010, the intention of including 

BeweegKuur in the insurance scheme was abandoned (153, 163). According to the 

interviews in our study, this decision influenced implementation support by ROS, and 

because they had not anticipated on the lack of funding, the sustainability of this CLI was 

hindered (i.e. whether participation in a CLI was still possible at the HCC). Our finding 

that funding and external collaborations were perceived as key factors in sustainability of 

the CLI in the HCCs, is in line with Green & Tones, who described the impact of lack of 

funding and collaborations (164). Although none of the HCCs has actually continued the 

BeweegKuur according to the protocol, most HCCs do offer lifestyle guidance in which 

strategies, experiences and collaborations from the BeweegKuur are employed. Adapting or 

selectively rejecting parts of an intervention is defined as re-invention, which might 



support the sustainability of an intervention in daily practice, because the users of the 

programme (i.e. the HCPs) adjust the programme to experiences, needs and possibilities 

of their own and of the participants (160). The recruitment of participants who strictly 

would not be eligible for the study, but were recruited anyway, based on HCPs’ 

experiences, is also a form of re-invention. Nonetheless, most BeweegKuur intervention 

elements are essential for lifestyle change, such as goal setting and evaluation. It is 

therefore uncertain whether the interventions as they are currently offered will have 

similar costs and effects as the BeweegKuur we have been studying. Also, the low 

sustainability of the programme might be caused by the perceived lack of an 

implementation strategy (149). Although most HCPs were satisfied with the support by 

ROS and NISB during implementation, HCPs missed support in sourcing alternative 

sources of funding. After the decision not to include BeweegKuur in the basic insurance 

scheme, NISB focused on sustainable networks, and as anticipated, most HCCs still 

utilised networks formed during BeweegKuur. During future design and implementation of 

CLI in real world setting, care should be taken to plan not only implementation, but also 

sustainability of all aspects of the intervention required for the intended goal.  

The HCPs in the current study might not be representative for the entire population in 

primary care, because they were participating in the BeweegKuur from an early stage, and 

could therefore be labelled as innovators and early adopters (121, 160). Accordingly, 

sustainability and the extent of programme adjustment might be higher due to the longer 

experience and familiarity with the programmes. Another limitation is the implementation 

of the supervised programme in control HCCs prior to this study, which has potentially 

influenced the degree of re-invention in the control HCCs. For instance, one of the 

interviewed physiotherapists from the start-up programme planned group instead of 

individual meetings, which might be triggered by the exposure to group meetings of the 

supervised programme prior to the study. However, this reflects the real world setting in 

which it is unavoidable that previous experiences potentially influence the degree of re-

invention of other interventions. In addition, participant registration was used and 

interviews with HCPs were conducted after the study ended, possibly causing an increased 

risk of recall bias in both participants and HCPs. Nevertheless, by triangulating information 

from HCPs and participants in our evaluation, we attempted to minimise effects of recall 

bias. 

The strength of our process evaluation is the application of a solid research framework to 

identify potential influences on costs and outcomes, but also to provide insights beneficial 

for future intervention implementation and studies. We have constructed and performed 

the process evaluation prior to the analyses and interpretation of (cost-)effectiveness, to 



ensure a full analysis of the factors with potential impact on the results. Also, the 

triangulation of participant and HCP data increased validity of our results. 

 

Conclusion 

Protocol adherence in our CLI was problematic in both HCPs and participants. Cluster 

randomisation was applied to decrease contamination, but also led to diversity in guidance. 

Guidance in all HCCs deviated from the protocol, and adherence differed between both 

programmes and clusters. Consequently, we showed that evaluation of (cost-)effectiveness 

should account for cluster differences, for instance by using multilevel analyses. The high 

amount of physical activity guidance seems to lead to a diminished opportunity for dietary 

change, so the guidance in CLIs should be well-balanced to assist multiple behaviour 

change. An important lesson learned is that the liberty of re-inventing the CLI and political 

and financial facilitation seems to be crucial for the sustainability of the CLI, and should 

therefore be included in an implementation strategy in future interventions.  

 

  



 

 

  



CHAPTER 6 

 

 

 

Effectiveness of ‘BeweegKuur’, a combined lifestyle 

intervention for overweight people in primary care 

 

 

 

 

 

 

Brenda AJ Berendsen  

Marike RC Hendriks 

 Geert M Rutten  

Stef PJ Kremers  

Hans HCM Savelberg  

Nicolaas C Schaper 
 

 

Under review  



Abstract 

 

Background Combined lifestyle interventions (CLIs) have been shown to improve 

physical activity and dietary behaviour of overweight and obese adults. The dose of 

guidance within a CLI might influence effectiveness. This study assessed the effects of 

additional physical activity guidance in a CLI consisting of guidance by a lifestyle advisor 

(LSA), physical therapist and dietician in primary care setting.  

Methods Thirty health care clusters (HCCs) were randomised into a control (start-up 

programme) or an experimental condition (supervised programme); 411 participants (BMI 

34.5 ± 4.4 kg/m2) followed the programme allocated to their HCC. The start-up 

programme consisted of individual meetings with LSA, physiotherapist and dietician and 

group meetings with dietician, during a period of one year. The supervised programme 

included 26-34 additional physical activity group meetings guided by physiotherapist. The 

study included the one year intervention period and a two years follow-up. Primary 

outcome was self-reported physical activity at 12 and 24 months after baseline. Physical 

activity and diet were assessed every six months; clinical variables were assessed yearly. 

The additional effects of the supervised programme were studied with mixed models to 

account for clustering and repeated measures. 

Results The primary outcome (physical activity) did not differ between the programmes. 

The only variable which changed differently between the programmes was waist 

circumference. In the supervised programme waist circumference decreased with an 

additional 4 cm at 12 months compared to the start-up programme.  Several lifestyle and 

clinical variables improved equally in both programmes. Walking time increased at 12, 18 

and 24 months compared to baseline with 88-104 minutes/week, sitting time decreased at 

six months with 43 minutes/day, BMI decreased at 12 and 24 months with 1.0 to 1.1 

kg/m2, waist circumference decreased at 12 and 24 months with 4.2 - 4.9 cm (± 0.7 and ± 

0.9 cm), and HbA1c decreased at 12 months with 1.6 mmol/mol.  

Conclusion Lifestyle and cardiovascular risk factors improved in both interventions; 

however, the addition of group meetings with physiotherapist aimed at physical activity did 

not lead to sustained enhanced benefits compared to the guidance in the start-up 

programme. Thus, the start-up programme (consisting of six individual meetings with LSA, 

ten meetings with dietician, and six individual meetings with physiotherapist) would be 

sufficient to facilitate a healthy lifestyle and improve health in a population with high weight 

related health risk.  

 

 

  



Introduction 

A healthy lifestyle is an apparent opportunity to decrease health risks associated with 

overweight; however, the promotion of health enhancing behaviours remains challenging. 

In 2013 in the Netherlands, 44% of women and 53% of men were overweight (BMI > 25 

kg/m2), of which 13% and 11% respectively were obese (BMI > 30 kg/m2) (3). In addition, it 

has been estimated that 37% of the Dutch population does not meet the daily activity 

guidelines (3). By targeting both dietary behaviour and physical activity, the negative 

consequences of overweight can be prevented directly and indirectly, as evidence shows 

that an increase of physical activity can result in health benefits even in absence of weight 

loss (5).  

Several combined lifestyle interventions are effective in reducing overweight and related 

risk for comorbidities (30-33, 36, 51, 165) and in one RCT a combined lifestyle 

intervention in subjects with impaired glucose tolerance was associated with a 58% risk 

reduction for diabetes, and a mean weight loss of 5% (51). Specifically, the addition of 

physical activity counselling to a dietary intervention for obese participants has been 

shown to increase weight loss (31). However, many efficacy trials have been performed in 

a controlled research setting, limiting practical generalisability. In the primary care setting, 

practice nurses have been suggested to function as lifestyle advisor (LSA) due to their 

expertise, contact with general practitioner (GP) and potential reach (32, 50). However, 

few intervention trials have been executed in the real-life primary care setting (30, 32), so 

the question remains whether combined lifestyle interventions are feasible and effective in 

daily practice. 

Many lifestyle interventions suffer from high drop-out rates (119). To minimise drop-out, 

the BeweegKuur (Dutch for ‘Exercise Therapy’) has been developed and continuously 

adjusted in the Netherlands, as a lifestyle intervention in primary care addressing physical 

activity and diet with a focus on individualisation. Barriers towards adopting and sustaining 

a healthier lifestyle are decreased by means of Motivational Interviewing (MI), goal setting 

and experiencing physical activity (57). These strategies are applied by a team consisting of 

a GP, an LSA (often the practice nurse), a physiotherapist and a dietician (57). The 

BeweegKuur intervention shows similarities with the earlier studied Diabetes Prevention 

Program and the Look AHEAD trial, which have shown effects on weight and several 

clinical outcomes (38, 166). However, compared to the DPP and Look AHEAD study, goal 

setting within the current intervention was more tailored to the participant. 

The BeweegKuur offers guidance in three doses; the so-called independent, the start-up 

and the supervised programme. The independent programme is intended for overweight 

individuals (BMI of 25 to 30 kg/m2) without comorbidities, while the start-up programme 



and the supervised programme are intended for adults with a BMI of 25 to 35 kg/m 2 and 

suffer from comorbidities or a BMI of 35 to 40 kg/m2 without comorbidities. The three 

programmes involve equal guidance by the LSA and dietician, but differ in terms of number 

of sessions with the physiotherapist (see table 6.1). The independent programme (one 

session with the physiotherapist) and start-up programme (six to seven sessions with the 

physiotherapist) have been argued to be effective in participants at risk of diabetes; 

however, the added value of the supervised programme (26 to 34 more sessions with the 

physiotherapist than offered in the start-up programme) in people with very high weight 

related health risk remained to be studied (63). More treatment sessions might enhance 

the effects on lifestyle (167); however a ceiling effect might occur when targeting multiple 

behaviours simultaneously (158). Therefore, a clustered randomised controlled trial 

(cRCT) was designed to assess the difference in effects between the start-up and 

supervised programme in a group of participants with very high weight related health risk 

(a BMI between 25-35 kg/m2 with comorbidities or a BMI between 35-40 kg/m2 without 

comorbidities) (101) We hypothesised that the additional guidance of the supervised 

programme leads to an improved lifestyle (i.e. higher physical activity, healthier diet) and 

decreased health risk (i.e. lower BMI and clinical outcomes), compared to the start-up 

programme. 

 

Table 6.1. Number of meetings in the independent (not  part of this study), start-up (control 

condition) and supervised programme (experimental condition).  

 Independent 

programme 

Start-up 

programme 

Supervised 

programme 

Lifestyle advisor meetings 6 6 6 

Physiotherapist group meetings - - 26 - 34 

Physiotherapist individual meetings 1 6 6 - 7 

Dietician group meetings 7 7 7 

Dietician individual meetings 3 3 3 

 

Methods 

Design 

The design of the study has been described in detail elsewhere (101). The trial was 

developed as a cRCT with a control condition receiving an intervention that was planned 

to be usual care. However, the start-up programme of the BeweegKuur has not yet been 

reimbursed by the Dutch health care insurance, and therefore this study should now be 

referred to as a randomised comparative effectiveness trial, instead of an RCT. Cluster 



randomisation was applied to reduce the risk of contamination between participants, and 

the risk of bias at the level of the professionals involved. Thirty health care clusters 

(HCCs) were cluster randomised into the control condition (i.e. the start-up programme) 

or the experimental condition (i.e. the supervised programme). Each HCC consisted of a 

collaboration of GPs, LSAs, physiotherapists and dieticians. The interventions lasted one 

year, and participants were measured for two years after baseline to include a follow-up.  

Sample size was calculated to detect a difference of 50 minutes of MVPA between the 

programmes at twelve months after baseline. The study has been approved by the Medical 

Ethics Committee of the Maastricht University Medical Centre, has been registered with 

Current Controlled Trials (ISRCTN46574304) and was funded by The Netherlands 

Organization for Health Research and Development (ZonMW; project number: 

123000002). 

 

Participants 

Inclusion criteria were (1) a BMI between 25-35 kg/m2, combined with the following 

serious related comorbidities: sleep apnoea, arthritis, cardiovascular disease and/or type 2 

diabetes; or (2) a BMI between 35-40 kg/m2, but without these related serious 

comorbidities. In addition, participants should fail to meet the Dutch norm for healthy 

physical activity (30 minutes of moderate to vigorous physical activity (MVPA) on at least 5 

days a week), and had to be sufficiently motivated to change their physical a ctivity level 

and dietary behaviour (to be judged subjectively by the LSA). To assess motivation, the 

LSA had a first appraisal of participants’ physical activity pattern and motivation by showing 

propositions to the participant and asking which most applied to their situation (e.g. ‘I am 

currently not physically active and I do not intend to become physically active or ‘I am 

physically active, but not on a regular basis). The participant was asked to elucidate on the 

chosen proposition and the LSA used several questions to check whether the showed 

motivation was realistic (e.g. ‘are you prepared to cycle two times a week?’).  A detailed 

sample size calculation has been described earlier, resulting in a projected sample of 600 

participants, accounting for the intra-cluster correlation, potential drop-out of participants 

and entire HCCs (101). Recruitment took place from July 2010 to October 2011 and 

resulted in 411 participants, of which 164 in the start-up (from 14 HCCs) and 247 in the 

supervised programme (from 15 HCCs). Mean age was 55.1 ± 12.4 years, 35.3% was male 

and mean BMI was 34.5 ± 4.4 kg/m2 (168). 

 

 

 



Interventions 

Both programmes comprised guidance of one year; an elaborate description has been 

published earlier (101). The physiotherapist provided coaching with the aim to enable 

participants to exercise unsupervised in local exercise facilities. The amount and type of 

guidance by the physiotherapist differed between the programmes (table 6.1). The start-up 

programme included six individual meetings with the physiotherapist. The guidance by the 

physiotherapist in the supervised programme also included six or seven individual 

meetings and in addition 26-34 group meetings. The group meetings of the supervised 

programme took place in the first four months and consisted of physical exercise to 

overcome any barriers identified and increase physical capacity. The individual 

consultations with the physiotherapist in both programmes were aimed at identifying 

barriers to physical activity and drawing up a plan to remain physically active without the 

supervision by health care providers (HCPs). 

The amount of guidance by the LSA and dietician was similar in the two BeweegKuur 

programmes; six individual meetings with the LSA, and three individual meetings and seven 

group meetings with the dietician. All HCPs in the team used MI and goal setting to 

facilitate behaviour change and maintenance (57, 120). In both programmes, the LSA had a 

key role in supporting the participants and discussed progress and barriers of behavioural 

change. Sessions with the dietician consisted of nutritional recommendations, education, 

coping with high-risk situations, checking dietary behaviour and interaction between 

participants. Advice was based on various Dutch guidelines for diabetes, overweight and 

obesity (124, 125). 

 

Outcomes 

The primary outcome was self-reported level of physical activity instead of the physical 

activity estimations obtained with an accelerometer (CAM) (101). Unfortunately, the 

number of participants with valid measurements was low, and the questionable reliability 

of the CAM during MVPA (102) limited the usability of the accelerometry data. Self-

reported physical activity was measured every six months (at baseline, six months, twelve 

months, 18 months and 24 months) by respondents via the self-administered short version 

of the International Physical Activity Questionnaires (IPAQ), which is a reliable instrument 

for assessing daily physical activity (126, 169). Minutes of MVPA, walking and sitting, and 

total MET-minutes were calculated according to the IPAQ protocol (170). In our 

calculations, we arbitrary set the maximum time for walking and for moderate and 

vigorous activity as three hours and the minimum time for sitting time per day as 90 

minutes. An additional self-administered question assessed whether participants adopted 



an independent physical exercise activity (i.e. exercise besides the guidance by the 

physiotherapist) after one year and after two years.  

Dietary behaviour was retrieved with the short ENVET questionnaire (measured every six 

months) (127, 171). Specific dietary outcomes were weekly consumption of fruit, 

vegetables, snacks and candy.  

The local HCP assessed the other secondary outcomes, i.e. body composition, clinical 

outcomes and functional capacity, at baseline, after one year and after two years. Body 

composition outcomes were height, weight, waist circumference and fat percentage. Fat 

percentage was assessed with a tetra polar bioelectrical impedance device (OMRON 

BF511). Further, blood pressure was measured and blood samples were taken to assess 

the clinical outcomes HbA1c (mmol/mol), total cholesterol (mmol/L), HDL (mmol/L) and 

creatinine (µmol/L). Diabetic neuropathy was examined using a standardised Clininal 

Neurological Examination (Valk neuropathy test) (129), while hand grip strength (130, 

131) and the timed ‘up and go’ test were used as measures of functional capacity (132). 

Aerobic capacity was estimated using the sub-maximal Åstrand cycle test by the 

physiotherapist (133, 134).  

 

Analyses  

Data were presented as mean ± standard error, unless mentioned differently. Differences 

in baseline characteristics, rate of drop-out and adverse events between the two 

programmes were tested with t-tests or Chi-square tests. Descriptives and Chi-square 

tests were used to evaluate whether participants adopted an independent activity and 

whether participants complied with the Dutch physical activity norm of 150 minutes of 

MVPA per week.  

Linear mixed model analysis techniques were applied to the longitudin ally measured 

primary and secondary outcomes. The analyses involved a three level design with repeated 

measures as the first level (AR1 covariance structure for serial correlation), participant as 

second level (unstructured covariance) and HCC as third level (unstructured covariance). 

Changes compared to baseline were assessed with pairwise comparisons, applying the 

Bonferroni correction (comparing four time points to baseline results with an alpha of 

0.0125). Primary analyses were performed with MVPA time, walking time, sitting time and 

MET-minutes according to IPAQ as dependent variables. A priori chosen independent 

variables were moment of measurement and programme (start-up and supervised); a 

priori chosen covariates were age (172), gender (167), BMI at baseline (172, 173) and 

season (174, 175). Secondary analyses were performed with dietary behaviour, BMI, 

weight, waist circumference, fat percentage, HbA1c, cholesterol, HDL and blood pressure 



as dependent variables. Linear mixed model analyses account for data missing at random, 

without imputation of missing data (176). However, to avoid inclusion of single data 

points, only participants with at least two measurements of the particular outcome were 

analysed. Intention-to-treat analyses were performed with primary outcomes, using 

multiple imputation of missing data to account for large loss to follow up. Exploratory 

analyses were done using the per protocol principle. In the first set of per protocol 

analyses, the participants were excluded who were registered as drop-out via HCP or via 

communication with researchers. In the second set of per protocol analyses, participants 

were also excluded when they had insufficient adherence to the allocated programme (i.e. 

no group meetings with physiotherapist and 1-6 individual meetings with physiotherapist in 

the start-up programme or 20-40 group meetings with physiotherapist in the supervised 

programme). Analyses were done in SPSS 21.0 with a significance level of 0.05, unless 

mentioned differently. 

 

Results 

Baseline characteristics 

At baseline, demographics did not differ between the two study groups (table 6.2) (168). 

On average, participants in the supervised programme had higher values of MVPA time (p 

= 0.032) and total physical activity (p = 0.030). Main analyses were therefore corrected for 

these baseline differences. 

 

Drop-out and loss to follow-up 

Baseline clinical and functional measurements of 91.4% of start-up and 90.3% of the 

supervised participants were available (figure 6.1). Lack of data was most often caused by 

HCCs that did not provide the results or participants that dropped out immediately after 

recruitment. The baseline questionnaire was returned by 87.8% of participants in the start-

up and 89.1% in the supervised programme. At the second follow-up, two years after 

baseline, clinical and functional measurements were available of respectively 50.0% and 

44.1% of the participants in the start-up and supervised programme. Questionnaire return 

rates decreased to 51.2% and 52.6% at the two year follow-up measurement. 

  



Table 6.2. Baseline characteristics of participants in the start-up and supervised programme.  

Data are percentage or mean ± sd. BMI = Body Mass Index; MVPA = moderate to vigorous physical 

activity; SBP = systolic blood pressure; DBP = diastolic blood pressure.  

*Significant difference between the programmes (p < 0.05).  

 

Of 411 participants, a total of 89 participants (22%) did not complete the 12 month 

intervention period. Chi-square tests showed that percentage of drop-outs did not differ 

between the two programmes (p = 0.643) or for other baseline characteristics (e.g. sex 

and eligibility). Sixteen participants (five in control and 11 in experimental group) dropped 

out immediately after recruitment, the reasons were: the HCC was unable to start up the 

study (n = 3), recruitment mistakes (n = 2), health issues (n = 1) and unknown (n = 10). 

Within the 12 months of guidance, 73 participants dropped out, of which 33 in the control 

and 40 in the supervised programme. Reasons for dropping out were health issues (i.e. 

adverse events, n = 27), unknown (n = 17), private circumstances (n = 9), lack of time (n = 

6), not motivated (n = 5), moved (n = 4), financial issues (n = 2), wrong expectations (n = 

2) and fear of physical activity (n = 1).  

 

 

Start-up programme 

(n = 164) 

Supervised programme 

(n = 247)  

Age (in years)  54 ± 12  56 ± 12 

Sex (% Male) 36  35  

BMI (in kg/m2)  35.0 ± 4.5 34.2 ± 4.2  

Waist circumference (cm) 113.5 ± 11.3 112.8 ± 11.1 

Diabetes (% Yes) 34 41 

MVPA time (minutes/week)* 249 ± 317 335 ± 438 

Walking time (minutes/week) 199 ± 238 229 ± 307 

Total physical activity  

(METminutes/week)* 
1964 ± 2040 2591 ± 3000 

Sitting time (minutes/day) 385 ± 188 394 ± 194 

Compliance with physical activity 

norm (%) 
52 53 

HbA1c (mmol/mol) 

- Participants with diabetes 

- Participants without diabetes 

 

54.5 ± 15.3 

40.2 ± 6.6 

 

54.8 ± 14.4 

38.3 ± 5.6 

SBP (mmHg) 139 ± 18 136 ± 16 

DBP (mmHg) 85 ± 11 84 ± 10 



Within the 24 months of follow-up, 86 adverse events were registered (42 in start-up and 

44 in supervised programme, e.g. orthopaedic surgery), of which 26 were classified as 

serious (18 in start-up and 8 in supervised programme; e.g. diagnosis of cancer or 

cardiovascular disease). Five adverse events were attributable to participation in the 

intervention and/or trial, of which four were skin irritation due to wearing the activity 

monitor (activity monitor data was not used in this article, see discussion) and one 

participant had fallen during supervised exercise without serious consequences. Two 

participants were excluded from analyses due to pregnancy. The percentage of (serious) 

adverse events was not different between the programmes.  

 

Physical activity 

No differences were observed between the programmes in any of the primary outcome 

parameters of self-reported physical activity. In both programmes, mixed models showed 

changes over time for walking and sitting time, but no changes in weekly minutes of MVPA 

and total physical activity (MET-minutes) (table 6.3). Walking time increased compared to 

baseline at 12, 18 and 24 months with respectively 88 ± 28, 106 ± 31 and 104 ± 29 

minutes per week in the entire group (p = 0.008; p = 0.002 and p = 0.001, respecti vely). 

After six months, daily sitting time had decreased with 43 ± 14 minutes (p = 0.008). 

Overall, at 12 and 24 months, 54.7% and 52.5% of participants complied to the Dutch 

physical activity norm (no differences from baseline). At 12 and 24 months, 77.1% and 

93.9% of participants reported to have adopted an independent physical exercise activity. 

The percentage of participants who complied to the Dutch physical activity norm and who 

adopted an independent activity did not differ between programmes. Repea ting the 

analyses after imputation of missing data did not change the results.  

 



 

Figure 6.1. Flow diagram of recruitment of health care clusters (HCC) and participants, drop-out 

and annual measurements. 

 

  



Diet 

Dietary habits showed changes over time in the entire group (table 6.3). Consumption of 

fruit increased at all moments compared to baseline, ranging from an average increase of 

1.1 ± 0.4 to 1.6 ± 0.4 pieces per week (p-values ranging from 0.001 to 0.036). Weekly 

vegetable consumption increased at 12 and 18 months compared to baseline with 

respectively 3.4 ± 0.9 and 3.0 ± 0.9 table spoons (p < 0.001 and p = 0.002). Intake of fatty 

snacks decreased compared to baseline at 12, 18 and 24 months, with 0.4 ± 0.1 to 0.5 ± 

0.1 times per week (p-values ranging from 0.001 to 0.022). Weekly intake of candy 

decreased at six, 12 and 18 months with 1.0 ± 0.2 (all p < 0.001). There were no 

differences in dietary behaviour change between the BeweegKuur programmes. 

 

Health related outcomes 

In the entire group, BMI decreased with respectively 1.1 ± 0.2 kg/m2 at 12 months and 1.0 

± 0.2 kg/m2 at 24 months compared to baseline (figure 6.2a and table 6.4; p < 0.001), with 

no differences between the programmes. Overall, waist circumference decreased with 

respectively 4.9 ± 0.7 cm and 4.2 ± 0.9 cm at 12 and 24 months compared to baseline 

(figure 6.2b; p < 0.001). The change in waist circumference over time was different 

between the two programmes (p = 0.011); the decrease in waist circumference at 12 

months was 4.0 cm larger in the supervised programme, compared to the start-up 

programme. 

There were no differences between programmes in terms of blood values and blood 

pressure. HbA1c values decreased after one year with 1.6 ± 0.6 mmol/mol (p = 0.019), 

with an interaction effect of presence of diabetes (p < 0.001). Creatinine, cholesterol and 

HDL levels did not change over time. Diastolic blood pressure did not change, but systolic 

blood pressure was on average 4.3 ± 1.3 mmHg lower at 12 months compared to baseline 

(p = 0.001).  

The timed ‘up and go’ test was performed 0.26 ± 0.07 seconds faster at 12 months 

compared to baseline (p < 0.001). Changes were not different between the two 

programmes. Hand grip strength, level of neuropathy and VO 2-values from Åstrand 

submaximal test did not change over time.  



Table 6.3. Differences in lifestyle (i.e. physical activity, sitting time and diet) over time and between programmes.  

 N Programme 6 months 12 months 18 months 24 months 
p-value 

programme 

p-value 

time 

MVPA time  

(minutes/week) 
242 

Start-up 16 ± 52 101 ± 44 115 ± 47 160 ± 52 
0.724 0.236 

Supervised -10 ± 41 -10 ± 42 14 ± 47 -7 ± 41 

Walking time 

(minutes/week) 
240 

Start-up 64 ± 31 112 ± 36* 109 ± 34* 101 ± 38* 
0.792  0.000 

Supervised 51 ± 54 69 ± 32* 118 ± 40* 83 ± 35* 

Total physical activity 

(METminutes/week) 
206 

Start-up 208 ± 340 829 ± 278 901 ± 329 911 ± 316 
0.901 0.182 

Supervised 68 ± 298 284 ± 293 676 ± 305 311 ± 323 

Sitting time  

(minutes/day) 
248 

Start-up -62 ± 18* -7 ± 24 -36 ± 22 -12 ± 23 
0.209 0.019 

Supervised -40 ± 18* -16 ± 18 -35 ± 20 -11 ± 19 

Fruit consumption 

(pieces/week) 
256 

Start-up 0.7 ± 0.7* 0.4 ± 0.7* 1.5 ± 0.7* 0.8 ± 0.7* 
0.349 0.001 

Supervised 2.0 ± 0.4* 1.8 ± 0.5* 1.4 ± 0.5* 1.6 ± 0.6* 

Vegetable consumption 

(table spoons/week) 
253 

Start-up 2.6 ± 1.2 1.1 ± 1.3* 3.6 ± 1.5* 1.0 ± 1.4 
0.927 0.000 

Supervised 0.8 ± 1.1 4.2 ± 1.3* 3.0 ± 1.3* 0.8 ± 1.0 

Snack consumption 

(pieces/week) 
255 

Start-up -0.5 ± 0.2 -0.3 ± 0.2* -0.6 ± 0.2* -0.3 ± 0.2* 
0.891 0.001 

Supervised -0.2 ± 0.2 -0.5 ± 0.2* -0.5 ± 0.2* -0.6 ± 0.2* 

Candy consumption 

(pieces/week) 
256 

Start-up -1.3 ± 0.4* -1.0 ± 0.5* -0.7 ± 0.4* -0.2 ± 0.5 
0.141 0.000 

Supervised -0.7 ± 0.3* -1.1 ± 0.4* -1.2 ± 0.4* -0.7 ± 0.3 

Data are mean ± SE.  

MVPA = moderate to vigorous physical activity.  

*Significantly different from baseline.  

  



Table 6.4. Differences in health parameters over time and between programmes.  

 

 
N Programme 12 months 24 months p-value programme p-value time 

BMI (kg/m2)  218 
Start-up -0.8 ± 0.3* -0.7 ± 0.3* 

0.934 0.000 
Supervised -1.2 ± 0.2* -1.5 ± 0.3* 

Weight (kg)  229 
Start-up -2.5 ± 0.7* -1.2 ± 0.8* 

0.603 0.000 
Supervised -3.7 ± 0.7* -3.8 ± 0.8* 

Waist circumference (cm) 192 
Start-up -2.9 ± 1.0* -3.1 ± 1.5* 

0.011 0.000 
Supervised -6.9 ± 0.9* -5.3 ± 0.9* 

Fat percentage (%) 209 
Start-up -1.3 ± 0.4* -1.3 ± 0.8* 

0.671 0.000 
Supervised -1.9 ± 0.4* -2.7 ± 0.7* 

HbA1c (mmol/mol) 142 
Start-up -1.8 ± 0.8* 0.2 ± 1.0 

0.573 0.010 
Supervised -2.5 ± 1.1* 0.0 ± 1.3 

Total cholesterol (mmol/L) 169 
Start-up -0.06 ± 0.11 -0.06 ± 0.12 

0.635 0.163 
Supervised -0.29 ± 0.10 -0.19 ± 0.15 

HDL (mmol/L) 162 
Start-up -0.12 ± 0.04 -0.05 ± 0.04 

0.155 0.336 
Supervised -0.10 ± 0.10 -0.13 ± 0.18 

SBP (mmHg) 213 
Start-up -6.2 ± 1.8* -1.8 ± 1.7 

0.069 0.002 
Supervised -1.2 ± 1.4* 0.4 ± 1.8 

DBP (mmHg) 214 
Start-up -2.9 ± 1.3 -2.5 ± 1.2 

0.147 0.062 
Supervised 0.5 ± 1.0 -0.7 ± 1.1 

Data are mean ± SE.  

BMI = Body Mass Index; SBP = systolic blood pressure; DBP = diastolic blood pressure.  

*Significantly different from baseline.  

 



 

 

  

Figure 6.2a-b. Changes in BMI (A) and waist circumference (B) with 95% confidence intervals.  

‡Significantly different from baseline and between the control and experimental programme; 

*Significantly different from baseline regardless of programme  

 

Per protocol analyses 

In the exploratory per protocol analyses there were no significant differences between the 

programmes, except for hand grip strength. Overall hand grip strength decreased with 4.3 

± 1.5 kgf at 24 months compared to baseline (p = 0.012); but in the start-up programme 

strength decreased with 7.4 ± 4.1 kgf and in the supervised group increased with 1.5 ± 0.9 

kgf. With regards to changes over time, the difference in walking time between 24 months 

and baseline was not significant and sitting time was not significantly decreased at six 

months in the first set of per protocol analyses (excluding dropped out participants). 

Diastolic blood pressure decreased significantly at 24 months, compared to baseline (p = 

0.048). Other findings were similar to the primary analyses. The second set of per 

protocol analyses were not executed (excluding dropped out participants and participants 

with insufficient adherence), because there were too few participants meeting the 

selection criteria.  

 

Discussion 

This study showed that a moderate and high dose combined lifestyle intervention both 

had beneficial effects on lifestyle behaviours as well as on cardiovascular risk profile. 

However, there were no added benefits of the additional physical exercise training on the 

primary outcome of physical activity or on the secondary outcomes of dietary intake and 

most cardiovascular risk factors. Waist circumference at 12 months was the only 



 

secondary outcome with differences between groups. Participants in the supervised 

programme had a significantly larger decrease of waist circumference at 12 months; 

however, this additional effect was not sustained at 24 months. We conclude that the 

higher amount of physical activity under guidance of the physiotherapist in the supervised 

programme did not lead to additional effects compared to the start-up programme. 

Extra group meetings guided by the physiotherapist in the supervised programme were 

expected to lead to enhanced effects on lifestyle and cardiovascular risk profile, compared 

to the start-up programme (101). These physiotherapist group meetings were held during 

the first months of the programme and very likely contributed to the larger decrease in 

waist circumference at 12 months. In the second year no such meetings were held and the 

difference in waist circumference between the two programmes disappeared. Although 

our data indicate that participants adopted independent physical exercises and maintained 

an overall decrease in waist circumference, perhaps the additional effects of the supervised 

programme would be sustained if the supervised group exercise meetings were continued.  

The supervised exercises under guidance of the physiotherapist and the interaction 

between participants in a group were hypothesised to lower barriers towards adopting 

independent exercise. However, first of all, we did not observe a difference between the 

two programmes in the percentage of participants that adopted independent exercise, 

indicating that the group exercise meetings did not result in lower barriers towards 

physical activity, i.e. a ceiling effect of physical activity guidance occurred. Secondly, the 

feasibility of executing the supervised programme according to protocol was lower 

compared to the start-up programme, as reported elsewhere (168). According to 

protocol the supervised programme should have consisted of both individual consultations 

with a physiotherapist and group meetings under guidance of the physiotherapi st. 

Strikingly, most participants in the supervised programme did not attend any individual 

meetings with the physiotherapist and also attended fewer individual meetings with the 

LSA and dietician than the participants in the start-up programme (168). Therefore, it is 

questionable whether these participants received the intended coaching via Motivational 

Interviewing and goal setting. Experience built up during supervised exercise sessions can 

increase feelings of competence, which according to Self Determination Theory  are 

important for the development of autonomous motivation and it can also decrease 

barriers towards exercise, but goal setting is essential for behaviour change maintenance 

(58). Potentially, effects in the supervised programme would have been larger if 

participants had attended more individual meetings. It has recently been proposed that 

processes involved at improving diet and increasing physical activity might interfere with 

each other in interventions targeting these behaviours simultaneously (177). In addition, 



 

our process evaluation showed that, in the supervised programme, the number of 

attended group meetings was lower than the protocol prescribed (168).  Hence, although 

current findings indicate that targeting physical activity and diet simultaneously can be 

effective in primary care setting, the addition of two or three group meetings per week 

was not realistic. In short, a ceiling effect might have occurred due to feasibility issues. 

After the intervention period of one year and the follow-up at two years, weight had 

decreased with 3.4% and 2.7% respectively compared to baseline in participants in both 

programmes, revealing a sustained weight loss after termination of guidance by HCPs. 

Especially the decrease in waist circumference, as discussed above, is of importance, given 

its beneficial effects on mortality and the development of diabetes mellitus (178, 179). 

These results are in agreement with an earlier study arguing that the BeweegKuur 

programme would be a suitable intervention for people with (pre-)diabetes (63). In 

addition, observational studies indicated beneficial effects on lifestyle and motivation of the 

independent and start-up programme after implementation of the BeweegKuur 

programmes in real world setting (60, 180). We found a significant decrease in BMI, waist 

circumference and fat percentage. Comparable lifestyle interventions have also shown 

positive results with regard to body composition (30-33, 36, 51, 115). The decreases in 

BMI and waist circumference in the current study were markedly larger than found in 

three studies which examined an intervention consisting of counselling sessions aimed at 

physical activity and diet compared to a usual care group (30, 32, 36). These studies either 

consisted of fewer sessions (32) or the population had lower BMI at baseline (30, 36), 

decreasing the potential for effects. In comparison, other intervention studies reported 

larger effects on weight loss (31, 33, 51, 115). Most of these studies comprised a 

population with higher BMI (31, 51, 115) or diabetes (33) and were executed in a 

controlled experimental setting (31, 51, 115), which might have increased the opportunity 

for effects. The Look AHEAD study showed that weight regain after the initial 

intervention period was diminished due to long-term monthly guidance (33, 167), 

suggesting that sustained guidance might be necessary to sustain effects. The BeweegKuur 

guidance lasted one year, so the maintenance of weight loss and waist circumference 

during follow-up was accomplished without intervention. Therefore, especially in this real -

world setting, the fact that the effects of the BeweegKuur were sustained during follow-up 

is encouraging.  

The BeweegKuur has been hypothesised to suffer from less drop-out and non-adherence by 

utilising Motivational Interviewing and goal setting (57). The percentage of participants that 

did not drop out can be considered to be high. Unfortunately, participants’ adherence in 

primary care based interventions is not always reported (30), but a review showed that 



 

adherence to lifestyle programmes in type 2 diabetes generally varies between 10 and 80% 

(119). HCPs stated in the process evaluation that they attempted to reduce non -

adherence and drop-out by adjusting the programme (i.e. re-invention) to individuals’ 

wishes and needs (168). Another primary care based study showed no evident dose-

response relationship between the attendance of counselling sessions and clinical 

outcomes (32). However, the authors argued that the deviations from the protocol were 

part of the nature of the study (32), similar to our current study. Potentially, the real-life 

setting and the programme adjustments by HCPs have actually led to a decreased drop -

out in the BeweegKuur intervention.  

Another interesting finding from the current study was that walking time increased, but 

sitting time did not increase. Results from previous studies indicated that compensation of 

increased physical activity in terms of energy expenditure might occur when a lifestyle 

intervention is aimed at MVPA, by decreasing light physical activity (30) or by increasing 

sedentary time (180). This compensation is undesirable, as it has been argued that physical 

activity and sedentary time have an independent influence on health (11-13, 27). A recent 

study reported that this compensatory mechanism can be counteracted by including 

strategies that aim to increase non-exercise physical activity and reduce sedentary time 

(181). Within the current study the increase in walking time was not associated with a 

compensatory increase in sitting time, but  in future interventions the beneficial  effects 

might be enhanced by targeting not only on physical exercise, but also on reducing 

sedentary time and increasing non-exercise physical activity. 

The prospective design of the current study is one of its strengths; also, the inclusion of 

objectively measured health parameters, such as BMI, fat percentage and other 

cardiovascular risk factors strengthen our conclusions. The study was performed in 

primary care practices with local health care providers; the pragmatic design and setting 

maximises generalisability of our findings to daily practice. This probably also led to a 

more flexible execution of the intervention, with however a higher loss to follow-up 

compared to lab-based trials (51, 115). An additional limitation was that we measured 

lifestyle changes with questionnaires, while better objective measures are available, 

especially for quantifying physical activity and sitting (102). The current study originally 

included measurements with the CAM tri-axial activity monitor, which has been shown to 

be valid in classifying postures (81, 102). However, collected data was not used since the 

reliability of the physical activity assessment at moderate and high doses was questionable 

(102) and utilising activity monitoring devices in such a large scale in a real -world 

intervention study proved to be difficult, because initialisation, application and data 

extraction had to be done by local HCPs. The physical activity data and sitting time were 



 

derived from the IPAQ short form and might not be an accurate reflection of ac tual 

behaviour due to social desirability and uncertainty regarding validity (182). Because 

participants could feel obliged to their LSA to have increased their physical activity level, 

we provided and collected the questionnaires via mail to minimise social desirability of the 

primary outcomes. And although this instrument is able to measure improvements in 

behaviour (126, 169), potential differences between the two programmes might have 

remained undetected due to lack of sensitivity of the IPAQ. In addition, actual recruitment 

did not meet the calculated sample size, so there might be a lack of power. Post hoc 

calculations with the acquired sample size and self-reported MVPA showed that a 

difference of 172 minutes of MVPA per week could be detected. Planned exercise within 

the supervised programme should account for 120 to 180 minutes of extra MVPA per 

week compared to the start-up programme. In addition, daily physical activity was 

promoted during the group meetings with the physiotherapist. Nevertheless, the a priori 

sample size calculation assumed a difference of 50 minutes of MVPA measured by 

accelerometers. Therefore, differences caused by the additional guidance in the supervised 

programme might have remained undetected in the current trial.  

Because the goal of this trial was to determine the additional effects of a higher dose 

intervention compared to a medium dose, we did not include a control group receiving no 

intervention, which limits the conclusions about the effects of the two BeweegKuur 

programmes. Nevertheless, previous studies showed comparable results regarding 

effectiveness of the BeweegKuur (60, 63, 180) and similar interventions (30-33, 36, 51, 115, 

165). In addition, the beneficial changes in health risk after two years of participants in the 

BeweegKuur programmes should be viewed in the perspective that these parameters are in 

this population expected to deteriorate over time (183, 184).  

 

Conclusion 

In conclusion, participants in both BeweegKuur programmes showed sustained beneficial 

changes in physical activity behaviour and diet compared to baseline accompanied with 

decreased BMI, waist circumference and HbA1c. No differences were found between the 

supervised programme and the control condition, i.e. the start-up programme. Providing a 

large number of group meetings to facilitate physical activity did not lead to more success 

in terms of lifestyle and health compared to a limited number of individual physical activity 

sessions. Thus, the start-up programme (consisting of six individual meetings with the LSA, 

ten meetings with dietician, and six individual meetings with physiotherapist) would be 

sufficient to facilitate a healthy lifestyle and improve health in a population with high weight 

related health risk.  



 

 

 

 

 

 

 

  



 

CHAPTER 7 

 

 

 

General discussion 

  



 

Overweight is one of the most important risk factors for type 2 diabetes and 

cardiovascular disease, mediated by factors like insulin resistance, high blood pressure and 

dyslipidaemia (1). Furthermore, lifestyle behaviours related to excess weight account for a 

significant burden of disease, with an estimated 12.5 million deaths attributable to physical 

inactivity and diet globally (1). Different effective strategies are possible to facilitate weight 

loss and prevent related non-communicable diseases, such as medical treatment, bariatric 

surgery and lifestyle coaching (14). Unfortunately, medical treatment is often accompanied 

by adverse effects and complications might occur due to medication interactions (16). 

Bariatric surgery is also associated with adverse effects (15), and insurance coverage is 

conditional (185), limiting accessibility. Combined lifestyle intervention offers a valuable 

method for prevention and treatment of overweight, by targeting the excess weight itself, 

but also physical activity and diet.  

Lifestyle interventions are designed to improve one or more behaviours related to 

overweight and obesity, in particular physical activity and diet. Physical activity and diet can 

be illustrated as two sides of a scale, and people have to find a balance between the energy 

intake (i.e. diet) and energy expenditure (i.e. physical activity). Weight ga in will occur in 

case of a long-term higher intake than expenditure (2). In addition to excess weight, 

physical inactivity has a negative effect on health (186, 187). Therefore, lifestyle 

interventions aimed at physical activity and diet can improve health both directly and 

indirectly. In addition, lifestyle interventions have been shown to improve other aspects, 

like fitness (188), cognition (189-191), urinary continence (39), mobility (40), quality of life 

(42, 192) and health care use (41). However, lifestyle intervention programmes have been 

criticised for the low sustainability of lifestyle changes, the limited number of cost-

effectiveness studies and the relative small or even absent effects on cardiovascular end 

points (43, 193). A considerable amount of research has already addressed the effects of 

lifestyle interventions and knowledge is increasing rapidly. But the impact and optimal dose 

and content of lifestyle counselling remain to be determined, especially when implemented 

in actual primary care. 

This thesis investigated the additional effect of group meetings with a physiotherapist in a 

combined lifestyle intervention, the BeweegKuur. The BeweegKuur was aimed at enhancing 

physical activity and improving dietary behaviour, by providing multidisciplinary guidance in 

primary care for one year. To assess effects realistically for future recommendations, the 

trial was set in actual primary care and was performed by local health care providers 

(HCPs). In addition, methods for measuring physical activity were also studied in this 

thesis. 



 

This chapter relates the findings from the research in this thesis with existing literature, 

addressing 1) the effectiveness of the BeweegKuur and similar interventions, 2) the impact 

of a higher dose of guidance aimed at physical activity on lifestyle and health related 

outcomes, 3) the implementation and continuation of the BeweegKuur in primary care and 

4) the measurement of physical activity. Further, methodological considerations describe 

the strengths and limitations of the studies presented in this thesis. Finally, this chapter 

concludes with the implications for research and clinical practice, finali sing a general 

conclusion.  

 

EFFECTIVENESS OF COMBINED LIFESTYLE INTERVENTIONS 

 

As discussed above, a combined lifestyle intervention can lead to favourable changes in 

weight, quality of life, fitness and metabolic risk (33, 34, 42, 188, 192). As concluded in 

chapter 6, self-reported walking time, self-reported sitting time, self-reported dietary 

habits, weight, body composition, HbA1c and systolic blood pressure improved compared 

to baseline in participants in both BeweegKuur programmes. This is in line with an earlier 

study that indicated that participants’ motivation towards physical activity improved during 

the first four months of the BeweegKuur (60). These are promising findings, yet the primary 

outcome, moderate to vigorous physical activity (MVPA, i.e. activities with MET-values of 

3.0 to 6.0, not including walking), did not change over time (CHAPTER 6). Physical activity 

interventions have often focused on MVPA as an outcome, because physical activity 

guidelines promoted 30 minutes of MVPA per day in adults, disregarding light intensity 

physical activity (i.e. activities with MET-values of under 3.0) and sedentary time (i.e. sitting 

or reclining with MET-values of under 1.5). However, recent research focussing on 

physical activity behaviour revealed a potential, important role of physical activity at light 

intensity in cardio-metabolic health (13, 27). Furthermore, sedentary time has been 

associated with the metabolic syndrome (e.g. insulin resistance and dyslipidaemia) (12, 13, 

194). Light intensity physical activity and sedentary time offer great opportunities for 

health improvement, because change with respect to these behaviours are more realistic 

to achieve than an increase of MVPA (184). In response, several countries have recently 

included the advice to minimise prolonged sedentary time in their physical activity 

guidelines (195, 196), but in the Netherlands new guidelines implementing this new 

knowledge are yet to be developed. Regardless of the lack of change in MVPA in the 

current BeweegKuur trial, participants did report a sustained increase in walking time of 88 

minutes per week after 12 months and 104 minutes per week after 24 months compared 

to baseline (CHAPTER 6). The change in walking time and the change in BMI were 



 

comparable to observations in an earlier BeweegKuur study, using the same self-report 

instrument (180, 197). It is difficult to compare the changes in weight and walking time, as 

well as their interrelationship, between studies, because almost always other variables 

changed, such as MVPA or diet. In addition, our study compared the effects of two 

programmes differing in dose of guidance and was not designed to assess differences 

compared to a control group receiving no intervention. Nonetheless, our findings seem to 

fit in the existing evidence, as other studies observed that an increase of walking time with 

17% was accompanied with 0.7 kg weight loss after six months (32) or that a 20% increase 

of walking time was accompanied with 10-12 kg weight loss after twelve months (31). 

Regular walking is best categorised as a light or moderate intensity physical activity (a 

walking speed of 3.4 km per hour is associated with 2.0 METs and 6.4 km per hour is 

associated with 5.0 METs). Furthermore, an increase in physical activity by walking can 

either be undertaken as exercise (i.e. for health or pleasure) or as a non-exercise activity 

(e.g. walking at home) (198). Each hour of brisk walking relates to a decreased risk for 

obesity of 24%; standing or walking at home has been associated with a decreased risk for 

obesity of 9% (199). In addition, an increase of walking has been associated with improved 

lipid homeostasis and insulin sensitivity (7),  lowered risk for type 2 diabetes (199, 200), 

improved bone and joint health (201) and decreased frailty (202). An increase in walking 

time might therefore be very important for achieving long-term health benefits. The 

decreases in systolic blood pressure and HbA1c values of participants in the BeweegKuur 

reinforce this notion (CHAPTER 6).   

The increase in self-reported walking time compared to baseline (as described in chapter 

6) in combination with a reduced or unaltered self-reported sitting time, indicates that 

people did not seem to compensate for their increased physical activity by adopting other 

health threatening behaviour. The adoption of exercise training can lead to a decrease in 

non-exercise activity, especially in older adults, thereby negating the effect of the training 

on daily energy expenditure (203, 204). Also, results from earlier studies indicated that 

compensation in sedentary time or light intensity physical activity might occur when 

lifestyle interventions focus on moderate intensity physical activity (30, 180). But, a recent 

review revealed that combined lifestyle interventions (targeting diet and physical activity 

or sedentary behaviour) are capable of reducing sedentary time, with moderate to high 

quality evidence (205). This review is in line with our current finding that while walking 

time increased, sitting time decreased with 43 ± 14 minutes per day at six months 

(CHAPTER 6). Nevertheless, after six months, sitting time returned to baseline values, so 

also targeting sedentary time in the physical therapist meetings in the BeweegKuur should 



 

be advised to prevent relapse and achieve long-term health benefits of reduced sitting 

time, in addition to the health benefits of increased physical activity. 

Also very promising were the improved dietary habits over time in the BeweegKuur 

participants (CHAPTER 6), because the estimated number of worldwide deaths 

attributable to a diet low in fruit approaches 5 million (1). Fruit consumption increased 

with 1.6 ± 0.4 pieces per week and vegetable consumption increased with 3.4 ± 0.9 table 

spoons per week. A recent meta-analyses showed that the promotion of fruit and 

vegetable consumption does not cause weight loss (206). Nonetheless, both fruit and 

vegetable consumption have been associated with (cardiovascular) mortality (21) and an 

additional serving of fruit or vegetables per day (i.e. seven per week) is related to a 5-6% 

decrease of all-cause mortality (21). Although the increase in fruit and vegetable 

consumption in our research sample was not of this magnitude, the achieved change might 

still be beneficial for health, as mortality mainly decreases non-linearly with a threshold of 

five servings per day (21). As participants at baseline had an average weekly consumption 

of 10.1 ± 0.5 pieces of fruit and 25.3 ± 0.9 table spoons of 50 grams of vegetables, 

converted to a total of nearly 4 fruit or vegetables servings per day (according to the 77 

grams table spoons in the review by Wang et al. (21)), the weekly addition of 1.6 pieces of 

fruit and 3.4 table spoons of vegetables may be clinically relevant. Furthermore, snack 

consumption decreased (CHAPTER 6), which has also been related to cardio-metabolic 

health (20). A systematic review revealed a lack of evidence regarding the effects of 

nutritional counselling in primary care (207), but our current findings indicate that the 

guidance in the BeweegKuur intervention may improve dietary habits. The combination of 

enhanced walking time and improved diet may have an accumulating effect on health, as 

dietary aspects and physical (in)activity were argued to have the largest disease burden in 

terms of disability-adjusted life years (DALYs) (1).  

An average weight loss of 3.5 ± 0.6 kg after twelve months of behavioural counselling is in 

line with the findings of a recent systematic review concerning behavioural treatment of 

obesity in primary care (48). Also, the observed decrease in waist circumference, is in line 

with other studies (31-33, 36, 51). Especially the maintained improvements of weight loss 

and waist circumference after follow-up (two years from baseline) are remarkable, as 

other research has uncovered the challenges of sustaining weight loss without continued 

guidance (208). Waist circumference has been related to an increased risk for type 2 

diabetes and to mortality (209, 210), so a lifestyle intervention of one year which might 

decrease these risks in the long term is very valuable.  

 

  



 

IS MORE GUIDANCE MORE EFFECTIVE? 

 

The BeweegKuur could be provided with a different amount of guidance by the 

physiotherapist in three doses, the independent exercise programme, the start-up 

exercise programme and the supervised exercise programme. Participants are included in 

one of the three programmes based on the combination of BMI and the presence of 

comorbidities. The availability of different dosages of guidance by the physiotherapist is 

grounded on the premise that persons with comorbidities or more severe obesity 

perceive more barriers towards a new lifestyle and therefore require more sessions 

comprising Motivational Interviewing and physical activity (57). Needless to say, the 

programmes differ in their costs. 

The programme with the highest dose of guidance by the physiotherapist, the supervised 

exercise programme, is intended for participants with a BMI between 25 and 35 kg/m2 

with comorbidities or a BMI between 35 and 40 kg/m2 without comorbidities. The 

question in the current BeweegKuur trial (CHAPTERS 4 and 6) was whether the supervised 

exercise programme yielded extra effects in this specific group, compared to the start-up 

exercise programme which was considered to be (cost-)effective in the general population 

with pre-diabetes (63).  

The addition of group meetings and supervised exercise were hypothesised to decrease 

the drop-out rate, and thereby increase the effects of the intervention, because group 

cohesion can stimulate participants to adhere to the programme (61, 62). However, we 

revealed that participating in the supervised programme did not decrease drop-out risk 

(CHAPTER 6). Our process evaluation revealed that the number of group meetings 

attended in the supervised programme was lower than prescribed in the protocol 

(CHAPTER 5), potentially weakening the effects of group cohesion. Perhaps more 

important was that participants in the supervised programme attended less individual 

meetings with the LSA, the physiotherapist and the dietician than particip ants in the start-

up programme (CHAPTER 4). These individual meetings were specifically aimed at setting 

personal and realistic goals, by means of Motivational Interviewing (120). Therefore, 

participants in the supervised programme might have been less stimulated to set personal 

and realistic goals compared to the participants in the start-up programme. 

Evidence regarding the optimal amount and type of guidance and the potential ceiling 

effect of the guidance in primary care is inconsistent. The question regarding guidance 

dose can be viewed in two ways, 1) what are the immediate effects during the most 

intensive intervention period and 2) what is the maintenance of the intervention effects 

after the intervention is completed? The current BeweegKuur trial addressed both issues.  



 

The two programmes we compared had different numbers of sessions with the 

physiotherapist in the first three months of intervention. After this initial high dose period, 

guidance was equal in both programmes (CHAPTER 4). Results indicated that the extra 

sessions did not enhance improvements of lifestyle, weight and health, as physical activity, 

dietary habits, weight and blood values were not different between the two programmes 

(CHAPTER 6). In agreement, an RCT in outpatient clinic setting (i.e. primary care) showed 

that a relatively simple and low dose intervention using goal setting and Motivational 

Interviewing led to beneficial changes in PA and weight (211). In contrast, an RCT by 

Hardcastle et al. revealed significant associations between number of counselling sessions 

and several health outcomes, e.g. body weight, blood pressure and cholesterol, in 

participants very similar to our study participants (patients at risk of coronary heart 

disease of which 20% and 79% respectively were overweight or obese) (32). Although 

lifestyle behaviours were not related to number of sessions, the authors stated that this 

could be explained by the self-reported measures or by insufficient power (32). In 

addition, a systematic review of weight loss interventions in primary care revealed that 

higher weight loss was achieved in interventions with more sessions (12 -26 sessions 

compared to less than 12 sessions) (212). Here, an important note to make is that the 

review did not take into account whether the contents of the sessions used behavioural 

change techniques, such as Motivational Interviewing. The application of behavioural 

change techniques, such as goal setting and Motivational Interviewing, could be essential 

for lifestyle changes. To summarize, some counselling would be better than only screening 

and identifying risk factors (213), and adding extra sessions of counselling is probably not 

effective without using the techniques based on behavioural change theories. 

Next to the lack of short term differences between the programmes, our two year follow-

up data suggests that the extra sessions in the BeweegKuur in the first three months did 

not affect maintenance of the improvements (CHAPTER 6). Data from the Look AHEAD 

trial showed that the amount of guidance in the second till fourth year was related to 

weight loss maintenance in overweight or obese participants with type 2 diabetes, 

concluding that more guidance in a later intervention phase might be beneficial in 

maintaining healthy lifestyle and weight loss (167). The supervised programme of the 

BeweegKuur consisted of more guidance by the physiotherapist, but these sessions were all 

planned in the first three months of the intervention. While most lifestyle changes were 

sustained after two years, the addition of follow-up sessions at a later stage in the 

BeweegKuur (i.e. after the initial intervention phase) could have prevented that some of the 

dietary habits, HbA1c and blood pressure increased to baseline values at the follow-up of 

two years.  



 

Targeting multiple behaviours in one intervention has been shown to be more effective 

than targeting only diet or PA in overweight and obese adults (48, 214, 215). However, 

this is not consistently true (158). Possibly practical issues during the execution of multiple 

intervention aspects in collaboration with other professionals in daily primary care are 

limiting factors. The BeweegKuur process evaluation revealed some problematic aspects 

related to the fact that multiple behaviours were targeted within the same time window. 

Although it seems that targeting both diet and physical activity simultaneously might 

substantially increase awareness about health enhancing behaviour, it might not be feasible 

to attend all sessions planned in the supervised condition (26 to 34 group sessions with 

physiotherapist, in combination with the BeweegKuur standard six LSA sessions, six or 

seven individual sessions with physiotherapist and ten sessions with dietician). The 

sessions with the physiotherapist were all planned during the first three months of 

intervention, in addition to the first meetings with LSA and the first meeting with the 

dietician. So especially in the first intervention phase, people can be overwhelmed by the 

amount of guidance and sessions. And although participants were stimulated to set their 

own feasible goals, disappointment of not reaching one goal (e.g. PA goal) might influence 

the self-efficacy of reaching a different goal (e.g. diet goal), by causing a decreased 

confidence in personal competence (58). Other studies also noted the challenges in 

targeting physical activity and dietary habits in one intervention (158, 177, 216). The 

cognitive effort required for changing dietary habits might interfere with adopting a 

physically active lifestyle (177). Nevertheless, many programmes intervening physical 

activity and diet simultaneously have been shown to positively affect diet, physical activity, 

weight and health (31-36). Moreover, although the extra sessions with the physiotherapist 

in the BeweegKuur supervised programme did not have beneficial effects compared to the 

start-up programme, they did not negatively influence dietary changes. So with regards to 

lifestyle, weight and health, the addition of extra sessions might be optimal when they are 

distributed over a longer period, e.g. several years. 

 

COMBINED LIFESTYLE INTERVENTIONS IN PRIMARY CARE 

 

Primary care has been advocated to be a good setting for the treatment of obesity (48). 

However, real-life trials, including the current BeweegKuur trial, reveal challenges 

(CHAPTER 6). Since the first prototype of the BeweegKuur in 2007, the programmes have 

been monitored, improved and studied extensively (163). Especially Helmink et al. have 

done a great deal of work in describing, evaluating and adapting the BeweegKuur 

programmes (57, 121, 122, 163, 179, 180, 197, 217, 218), promising good results of the 



 

BeweegKuur in people with (pre-)diabetes. In addition, a review argued that the BeweegKuur 

was an effective method to stimulate healthy behaviour, especially in the population with 

high weight related health risk (63). Seemingly in contrast to this, no differences were 

detected in a study in which exercise level and health status were compared between 

people who did (n = 186) and did not participate (n = 2632) in the BeweegKuur 

programmes in 2008 (54). In 2008, the BeweegKuur was implemented as a prototype, of 

which Helmink et al. wrote a monitoring report (217) and performed a study of 

motivational factors in HCPs (121). Since then, the BeweegKuur has been altered, e.g. the 

amount of dietary guidance was enhanced and mapping of local exercise facilities was 

improved (217), into the programmes as described by Rutten et al. (60) and ourselves 

(CHAPTER 4). Nevertheless, Linmans et al. (54) might have touched an important issue in 

their discussion regarding the feasibility of lifestyle interventions in the primary care 

setting. Our process evaluation showed that execution of the programmes was not 

according to protocol, and the number of attended meetings was lower than prescribed 

(CHAPTER 5). Another process evaluation of the BeweegKuur programmes showed 

similar results (159). For a large part, the non-adherence to the programme was due to 

planning by HCPs, implying a certain (time and/or financial) investment threshold limiting 

the amount of feasible guidance in Dutch primary care. Correspondingly, the HCPs stated 

that funding played a role in the discontinuity of the interventions in the locations 

previously offering the BeweegKuur (CHAPTER 5). Undoubtedly, a facilitating context (e.g. 

financial certainty, being able to invest time and opportunities for attending refresher 

courses) is essential for the accurate execution and sustained availability of interventions 

in primary care.  

As described above, facilitation is required for the execution and continuation of lifestyle 

interventions in clinical practice in the long term; however, flexibility within the 

intervention is also a key factor for HCPs to continue the intervention in the primary care. 

Adjustments of an innovation during implementation are therefore important; this process 

is described with the term ‘re-invention’ (160). Some re-invention should be possible to 

ensure feasibility in daily practice, and to sustain the motivation of HCPs. As stated before, 

a number of HCPs in our study deliberately adapted the number of meetings with 

participants, for mainly practical reasons and own views. Although the perception of the 

HCP might not be entirely correct or stimulating behaviour change according to the self-

determination theory (58), it is important that HCPs have the liberty to alter the 

intervention to suit their style, working schedule, existing collaborations and other 

responsibilities. However, intervention effects can only be guaranteed under the condition 

that the main mechanisms that bring about behavioural change are preserved. Particularly 



 

the participants in the supervised programme did not receive the prescribed number of 

individual meetings with any of the involved HCPs, while these meetings were specifically 

directed at maintaining behavioural change based on the self-determination theory (i.e. 

Motivational Interviewing and goal setting) (58). Strikingly, 53.8% of the supervised group 

attended no individual meetings with the physiotherapist aimed at the identification of 

barriers and goals specifically for physical activity (CHAPTER 5). Thus, these participants 

might not have profited optimally from the behavioural change techniques included in th e 

BeweegKuur. Future lifestyle studies should clearly define aspects that can be re-invented 

and which cannot, to ensure quality and effectiveness of the intervention.  

The ultimate goal of preventive research is the implementation of (cost-)effective methods 

in usual care, in order to enhance health, control medical expenditure and thereby sustain 

the Dutch health care system (219). For long-term continuation of an intervention, 

optimal embedment in current practice is essential. Primary care practices participating in 

research can most likely be labelled as innovators and early adopters, i.e. persons or 

organisations embracing innovations before they are adopted on great scale (160). Nation-

wide adoption of an intervention might enhance long-term continuity in daily practice. It 

has been suggested that including the BeweegKuur programmes in the basic Dutch health 

insurance might stimulate continuity, because financial reimbursement can persuade the 

so-called early majority, late majority and laggards to adopt the intervention (121). The 

fifteen practices included in earlier research were highly motivated to continue the 

intervention in the long run (121). However, these promising results appeared to be 

undermined by financial issues. In 2010, the Dutch government decided not to include the 

BeweegKuur in the basic health insurance due to high costs in the short-term (153). In 

addition, the current ministry of Health, Welfare and Sports holds the opinion that people 

are responsible for their own health and, therefore, the ministry does not stimulate 

reimbursement of health enhancing lifestyle interventions (153). Unfortunately, prioritizing 

lifestyle interventions in decision making for health care reimbursements is challenging, 

because quantification of the costs and effects of these interventions often require long-

term studies for which funding sources are scarce in contrast to pharmaceutical research 

(219). Therefore, the current BeweegKuur trial aimed to assess long-term costs and effects 

(CHAPTER 4). Nevertheless, the lack of future funding by the government was a major 

barrier for primary care practices to continue the intervention. Our process evaluation 

showed that 30% of participating primary practices stated to completely cease the 

implementation of combined lifestyle interventions (CHAPTER 5). Apparently, the lack of 

funding plays a crucial role in continuation of innovations, and sufficient time and energy 

should be invested in the development of long-term and reliable funding. Prior to and 



 

during the current trial, the BeweegKuur was freely accessible for eligible participants, i.e. 

the intervention could be described as an unconditional financial incentive. Research 

suggests that offering guidance or services as financial incentive might be beneficial for 

physical activity behaviour (220). An obstacle in reimbursement of prevention programmes 

is the decision-making framework that is currently employed in the Netherlands. Decision 

criteria are often not applicable to both treatment and prevention, often leading to low 

priority and budgets for the latter (219). However, the Dutch National Health Care 

Institute has advised to reimburse combined lifestyle interventions for overweight, 

because these interventions were deemed to be necessary and (cost-)effective (64). 

Nonetheless, the Dutch government decided not to include combined lifestyle 

interventions in the basic health insurance, hindering the sustainable embedment in the 

health care system.  

 

MEASUREMENT OF PHYSICAL ACTIVITY 

 

Most large-scale studies aimed at behavioural change rely on subjective measurement 

methods, due to feasibility issues and costs of an objective alternative. Objective 

measurement of quality of diet in real life is virtually impossible as only observation and 

analyses of the actual consumed food would be a true value of intake. Recently, objective 

measurement of physical activity by accelerometry has been gaining interest and 

robustness. Accelerometers are wearable devices which measure accelerations in one to 

three directions and thereby estimate frequency and intensity of movement (66). In 

addition, accelerometers can fulfil the increasing need for objective estimates of sitting 

time, due to the probable influence of sedentary behaviour (i.e. sitting and lying) on 

cardio-metabolic health (12, 13). Our study evaluating three accelerometers revealed that 

only the thigh-worn devices provided valid posture classification, probably because the 

orientation of the upper leg is very distinctive during sedentary postures and standing 

(CHAPTER 2). Even though posture classification of the CAM was valid, the study 

indicated that the measurements by the CAM might be compromised by questionable 

reliability during physical activity at moderate to high intensity and by mediocre user 

friendliness (CHAPTER 2), prohibiting us from using the data registered by the CAMs in 

the BeweegKuur study. Nonetheless, tri-axial accelerometers were proven to be able to 

provide valid and reliable estimates of time spent sitting, standing and walking (CHAPTER 

2). In addition, accelerometers can promote physical activity in daily life when applied in a 

feedback system (221). Therefore, it seems to be advisable to apply accelerometers in 

real-life intervention studies aimed at increasing physical activity. But, some problems exist 



 

in applying accelerometers in this setting. First, repeating measurements in a large-scale 

study proved to be very difficult, due to both problems regarding wear by participants (i.e. 

refusing to wear for motivational reasons, as observed in the user friendliness results in 

chapter 2) and practical issues (planning visits and hardware errors). Second , the 

outcomes differ between the devices, limiting comparability with other studies or lifestyle 

interventions. There is no consensus as to which outcome would be most appropriate in 

terms of validity and reliability. Mostly used outcomes are activity counts and time spent in 

activity. Both outcomes have their own set of considerations limiting comparability 

between devices: activity counts are calculated in a black box by manufacturer’s software, 

whereas the estimate of time spent in activity depends on the activity threshold chosen by 

manufacturer or researcher. Third, issues during measurement, such as non -wear 

(CHAPTER 3), are often not handled, possibly leading to wrong estimates and thereby 

leading to conclusions based on incorrect data. Moreover, previously validated data-

handling (e.g. non-wear algorithm and epoch length) only applies to the studied population 

and might not yield valid estimates in particular populations, such as overweight persons 

or the elderly (91). The costs of valid and reliable devices also limit applicability, as they 

are considerably higher compared to subjective measurements like questionnaires. Finally, 

a practical issue in using accelerometers is the necessity of expertise within the research 

team, which is essential to acquire complete measurements for accurate estimates of 

physical activity and sedentary time in daily life. 

 

METHODOLOGICAL CONSIDERATIONS 

 

Setting 

Although the primary care setting has been advocated as the setting for overweight 

prevention and management (48-50), many lifestyle intervention studies were performed 

in controlled research setting  and might suffer from selection bias and unrealistic 

execution (31, 51, 115). In line with a recent review by Wadden et al. (48), we found that 

the primary care setting offers a feasible platform for effective lifestyle change in 

overweight people (CHAPTERS 5 and 6).  

Social desirability might be an issue when researching an intervention in actual primary 

care. Participants might not be honest in reporting lifestyle behaviour to their health care 

provider. Hence, the questionnaires were provided and collected via Maastricht University 

post, which had a more neutral appearance to the participant. Notwithstanding, all clinical 

and functional outcomes (e.g. weight, blood pressure, aerobic capacity) were assessed by 

the HCPs in local primary care setting who also provided the lifestyle guidance (i.e. LSA 



 

and/or physiotherapist), possibly introducing bias in the measurements. This might have 

led to inflated results of the follow-up measurements in both programmes and in the 

supervised programme particularly.  

 

Design 

While the BeweegKuur trial was initially described as a clustered, multi-centre, randomised 

controlled trial (CHAPTER 4), the actual execution of the two programmes was not 

entirely according to protocol (CHAPTER 5). As discussed above, a certain amount of re-

invention is necessary for long-term continuation of the programmes in primary care. In 

addition, this provides evidence for the effectiveness of programmes as they would be 

executed in actual care. On the other hand, this pragmatic design threatened the 

robustness of the findings in the trial. The re-invention introduced higher variability in 

programme execution, so identification of factors explaining the rejection of our 

hypothesis (difference between the programmes) is problematic. Nonetheless, the 

provided guidance in the two programmes was significantly different, so a difference in 

effects could still be expected. And more importantly, the results are a representation of 

what happened when the programmes were executed in daily primary care.  

Traditionally, the control group would receive usual care. Our control group received the 

start-up programme, because the BeweegKuur trial was designed at the time that the 

government intended to reimburse the start-up programme in the Dutch basic health 

insurance, as an effective strategy to improve lifestyle and reduce overweight (63). 

Regardless of the issue whether or not the control condition was usual care at the 

moment of study, our design does not allow the conclusion that the changes in walking 

time, sitting time, dietary behaviour, weight, waist circumferences and health indica tors 

over time were caused by the BeweegKuur programmes. Therefore, the effects over time 

in the combined research population should be interpreted with caution.  

The recruitment of participants in the start-up programme was considerably lower than in 

the supervised programme (i.e. 164 versus 247). HCPs from start-up and supervised 

locations stated similar reasons for low recruitment rates. Contamination between health 

care professionals and between participants could have been an explanation for the 

difference in recruitment numbers; however, we randomised entire health care clusters to 

either the start-up or the supervised programme to prevent this particular contamination 

effect. Nonetheless, all locations had the possibility to offer the supervised programme 

(the experimental programme) prior to the trial, which might have led to motivational 

issues in the HCPs in the control condition, as in their eyes they were not allowed to give 

sufficient guidance to their participants when the trial started. Consequently, recruitment 



 

may have hampered. Meanwhile, the effect of these motivational issues on programme 

execution appears minimal, as the dose delivered in control locations was more according 

to protocol than in experimental locations (CHAPTER 5). Nevertheless, care should be 

taken when evaluating an intervention which has already been implemented prior to the 

trial. 

 

Sample size 

A total of 22% of the participants did not complete the intervention period (not different 

between the two programmes). This is a good result in the light of earlier documented 

drop-out rates (119), especially considering that the trial was set in actual primary care. 

The low drop-out rate probably played a role in the positive changes of the BeweegKuur 

participants over time. 

The BeweegKuur trial encompassed cluster randomisation to minimise contamination 

between participants of different programmes and bias in guidance by HCPs. As a 

consequence, we had to apply an intra cluster correlation in the sample size calculation to 

account for the correlation of observations within clusters (222), the so-called design 

effect (223). The sample size calculation was published in a design article, and resulted in a 

target population size of 600 participants, i.e. 300 participants in each programme, i.e. 20 

participants in each location (CHAPTER 4). Prior to study start, this recruitment goal was 

deemed feasible by both the developer of the BeweegKuur (NISB) and the primary care 

locations. Unfortunately, recruitment of participants proved to be more difficult than 

anticipated (CHAPTER 5). Firstly, recruitment in the two research arms was unbalanced, 

as discussed above. Secondly, not all primary care locations were able to recruit the 

agreed number of 20 participants and actual recruitment varied between two and 30 

participants per location. Consequently, we increased cluster size variability by allowing 

locations with successful recruitment to recruit more than 20 participants. Both issues had 

consequences on the statistical power to detect differences between the two programmes 

(224). Eldridge et al. have argued that sample size calculations should account for cluster 

size variability when the ratio of the standard deviation of cluster size and the average 

cluster size is larger than 0.23 (224). Post hoc calculation reveals a coefficient of variation 

of cluster size in 0.63 in the current BeweegKuur trial (mean cluster size was 12.8 ± 8.0), 

indicating that our initial sample size calculation might not have been adequate to detect 

our expected difference in MVPA. Recently, methods to account for the cluster size 

variability were published (225). Future trials should take the risk of cluster size variability 

into account, even if recruitment goals seem feasible. 



 

The number of follow-up measurements in the BeweegKuur trial (59% of participants at 12 

months and 46% at 24 months) was lower than anticipated in the sample size calculation. 

The sample size calculation accounted for the drop-out of six locations (20 participants 

each) and 30% of participants, so a total number of 336 was required to detect a 

difference of 50 minutes of MVPA per week between the two programmes. Multilevel 

analyses were performed with 142 to 256 participants per analysis. These types of analyses 

use available data without imputation of missing data, preventing the introduction of 

uncertainty in the results caused by imputation (178). Post-hoc calculations revealed small 

effect sizes, indicating that differences in MVPA between the programmes were trivial, 

supporting the conclusions based on the p-values of the multilevel analyses. A post hoc 

calculation concerning sample size showed that the acquired sample size with valid MVPA 

measurements (88 and 123 participants respectively in the start-up and supervised 

programme) should enable us to detect a difference of 172 weekly minutes of MVPA, i.e. 

25 minutes MVPA per day, between the programmes. In the light of the high dose of 

guidance in the supervised programme, a difference of 172 minutes per week might not be 

unrealistic. In the first three months the programme consisted of two or three sessions 

per week with the physiotherapist, already accounting for 120 to 180 minutes of extra 

MVPA per week compared to the start-up programme. Besides these planned exercise 

sessions, participants were facilitated and motivated to adopt physical activities in their 

daily life, potentially increasing the number of extra minutes MVPA compared to 

participants in the start-up programme. Other studies also showed that participants have 

been able to increase physical activity time up to 150% of their baseline values in a similar 

intervention for people at high risk for diabetes (51) and up to two hours after an 

intervention with Motivational Interviewing in primary care, but without group sessions 

(32). Nevertheless, the a priori expected difference was 50 minutes of MVPA, and to 

detect this difference we did not recruit enough participants. Therefore, differences 

caused by the additional guidance in the supervised programme might have remained 

undetected due to insufficient power.  

 

Outcome measures 

In our study we assessed physical activity and sitting time with the IPAQ short form (126), 

which is easy to apply in large study samples. Like we mentioned earlier, accelerometry 

can provide a valid and reliable estimate of sedentary time and physical activity (CHAPTER 

2), but practical issues might hinder implementation of accelerometry devices in large-

scale trials such as the BeweegKuur. The low number of accelerometry measurements and 

the inability to discriminate MVPA from physical activity at light intensity (due to reliability 



 

issues) forced us to use the IPAQ to estimate physical activity levels. Though this 

questionnaire has often been used in intervention trials, the IPAQ was developed as a 

surveillance tool for physical activity (126). The reliability of the IPAQ was argued to be 

good enough to be used as a repeated measure (126, 169), even though exact differences 

in PA might not be accurate (182). Hence, the differences in walking in the BeweegKuur 

might not be exact estimates, but we can conclude that walking time increased over time. 

Nonetheless, the IPAQ might not have been sensitive enough to detect potential 

differences between the programmes. 

Dietary habits were assessed with a short questionnaire of 21 items, based on the 

validated Fat list (127), which quantifies weekly consumption of products with an impact 

on health (e.g. fruit, snacks and candy). The psychometric properties of the short Fat 

questionnaire have not yet been assessed. A risk of over reporting of healthy behaviour 

and underreporting of unhealthy behaviour exists in subjective measurement of dietary 

behaviour. Even though we found changes in dietary habits, the responsivity, validity and 

reliability of the detected changes are unknown and remain to be assessed. 

Physiological outcome measurements were executed by the participants’ health care 

providers for practical reasons. This may have led to bias in the measurements. However, 

by standardizing the measurements, e.g. supplying all HCPs with similar weighing scales, we 

tried to minimise the effects of potential bias. In addition, questionnaires regarding the 

primary outcome, i.e. the IPAQ, were sent to participants directly with an envelope to 

return it directly to the researchers. Using this procedure, HCPs did not receive 

information about these results and we attempted to minimise effects of social desirability. 

 

IMPLICATIONS FOR RESEARCH 

 

The results of the studies described in this thesis, and their relationship with other 

research, has several implications for combined lifestyle interventions in overweight 

people, for the implementation in primary care and for the measurement of physical 

behaviour. 

Participants in the BeweegKuur showed sustained changes in lifestyle, BMI, waist 

circumference and fat mass; however, of the cardiovascular risk profile parameters, only 

HbA1c and systolic blood pressure changed over time. In contrast, several studies in a 

dedicated research setting did find beneficial changes in HDL and triglyceride levels (31, 

33, 226), but these changes were accompanied by large weight loss which were not 

attained in studies in actual primary care (30, 32, 36). Apolipoprotein B has been 

hypothesised to be a more sensitive marker for reduced cardiovascular health risk (227), 



 

and measurements of apolipoprotein B might therefore be advised to reveal beneficial 

changes in blood lipids caused by physical activity when applied in lifestyle trials.  

Regarding primary care as a setting for treatment of overweight and obesity, we showed 

that the BeweegKuur was a feasible intervention. However, opportunity for re-invention 

was crucial. A large number of HCPs stated that the intervention was adapted to maintain 

feasibility in daily practice and to prevent participants from dropping out. But, like we 

already discussed, unrestricted re-invention might jeopardise the effectivity of intervention 

components. Therefore, future research should focus on the determination of the specific 

intervention aspects that are allowed and are not allowed to be re-invented, and on 

strategies to enhance feasibility and adherence in daily practice using this information.   

Effective application of accelerometers as measuement and feedback devices for physical 

activity and sedentary behaviour needs further research and, above all, consensus. A wide 

range of activity monitors has been tested and applied, but with varying quality and a wide 

range of outcomes. This inconsistency limits comparability of studies and lifestyle 

interventions. On the other hand, different outcome parameters are necessary depending 

on the aim of particular interventions (e.g. physical activity intensity or sedentary time) 

and there is an urgent need for consensus regarding the criteria that should be used for 

each parameter. In addition, transparency in data treatment, by providing detailed 

information about the cut-off points, non-wear algorithm and epoch length, are crucial for 

the utilisation of existing knowledge in further research and real-life applications. 

 

IMPLICATIONS FOR CLINICAL PRACTICE 

 

Because the BeweegKuur trial was embedded in primary care, we can give suggestions for 

the further development, implementation and continuation of combined lifestyle 

interventions in this setting. 

Although our primary outcome, MVPA, did not change significantly, beneficial changes 

were observed in walking, weight, waist circumference and some cardiovascular risk 

factors. Both programmes can be used to reduce health risk in people with overweight 

and comorbidities or with obesity. However, the extra number of group meetings with 

the physiotherapist of the supervised programme, did not yield additional benefits 

compared to the start-up programme that had a lower dose of these meetings. Also, 

feasibility of the supervised programme was lower than that of the start-up programme 

and cost-effectiveness results of the supervised programme are not yet published. Thus, 

we advise to include combined lifestyle interventions like the start-up programme as usual 



 

care for the overweight and obese population in the primary health care in the 

Netherlands. 

Several promoting and hindering aspects were identified for long-term continuation of 

lifestyle interventions like the BeweegKuur in primary care. Firstly, allowing for re-invention 

is essential for feasibility and continuation. HCPs should be able to adjust aspects of the 

intervention so they remain capable and motivated to provide the intervention, and to 

prevent drop-out of participants. In daily practice, the BeweegKuur should not be viewed as 

a strict protocol, but more as a guideline for HCPs under the condition that vital elements 

of the intervention are maintained. Key elements of the BeweegKuur were described 

earlier (56, 57), and include individual meetings with Motivational Interviewing aimed at 

both diet and physical activity. Further, in most participating practices one of the HCPs 

played a key role in the organisation and continuation of the intervention. Therefore, care 

should be taken to enable and motivate this key figure to invest time in the intervention. 

Unfortunately, the Achilles heel of this approach is that once this HCP leaves the primary 

care practice, continuation of the programme is at risk. Finally, proper and reliable funding 

is crucial for long-term continuation of an intervention. Projects should include a clear 

funding plan, to ensure that HCPs are enabled to invest their time in the intervention, as 

discussed above. The lesson learned from our BeweegKuur trial is that the implementation 

of combined lifestyle interventions is sensitive to political changes, and potential future 

reimbursement does not imply permanent funding for the programmes. 

Accelerometers can be applied in primary care setting to provide insight for HCPs into 

physical activity behaviour of patients to tailor their counselling. Although feedback about 

physical activity was not integrated in the studies of this thesis, our research does provide 

some implications for this type of prevention. Accelerometers are not always thoroughly 

tested, and we advise to only use devices that are user friendly and provide valid and 

reliable estimates for the outcome of interest. In addition, the impact of decisions within 

the data-handling is not always evident, especially for HCPs with no technical background. 

Thus, accelerometers and their output should be comprehensible for the layman in order 

to work as feedback tool, and should therefore be specifically designed for this means. For 

example, van der Weegen et al. have successfully developed a feedback tool with 

accelerometry using a user-centred design (228). 

 

  



 

CONCLUSION 

 

The research described in this thesis indicated that additional group meetings aimed at 

physical activity in a combined lifestyle intervention, which already includes guidance by 

LSA, physiotherapist and dietician, did not lead to additional effects in participants with 

overweight or obesity. Nevertheless, sustained improvements in lifestyle and health were 

observed in participants in both the start-up and supervised programme. Because the trial 

was set in actual primary care practices, re-invention by HCPs occurred and the execution 

of the intervention was not according to protocol. And although HCPs reduced the 

number of meetings to maintain feasibility, absence of funding hindered the continuation of 

the intervention in some primary care practices. The measurement of physical activity by 

means of accelerometry is promising, but application in a large-scale, multi-centre trial is 

challenging. Lack of a valid cut off point for MVPA and the low number of complete 

measurements restricted the usability of these data. Although the application of 

accelerometers has some limitations, tri-axial thigh-worn devices can provide valid 

estimates of physical activity and sitting time. 

 

  



 

 

 

  



 

 

Valorisation 

  



 

The prevalence of obesity is increasing and is becoming a major health problem because 

excess body weight leads to increased morbidity, health care costs and mortality (1, 2, 4). 

Moreover, a lack of physical activity is not merely a cause of overweight, it also influences 

cardio-metabolic risk directly (5, 6). Targeting interventions at excess body weight via 

physical activity (and nutritional) behaviour might therefore improve health collectively. In 

addition, psychosocial health might also improve, as both body weight and physical activity 

are related to quality of life (28, 108). 

The current thesis described research into the measurement of physical activity behaviour 

and the promotion of physical activity. The first two studies looked into the measurement 

of physical activity (CHAPTERS 2 and 3); the other studies concerned the process and 

effect evaluation of a multidisciplinary lifestyle intervention (the BeweegKuur) promoting 

physical activity behaviour and healthy nutrition (CHAPTERS 4, 5 and 6). There is great 

potential for the integration of the measurement and the promotion of physical activity in 

research and in daily practice. 

Research has focused on the application of activity monitors for the description of physical 

activity levels of a population or group, or as a tool to assess change in physical activity in 

the search for effective methods to improve lifestyle (66). Recently, researchers and 

companies involved in physical activity monitoring are more dedicated to using all 

information that activity monitors provide (e.g. the Fitbit, the Philips DirectLife and the 

ActiGraph Link). 

Lifestyle coaching has often been proved to be effective, in particular when ba sed on 

behaviour change techniquesbut the effects of these interventions are not always 

maintained in the long run. The effectiveness evaluation of the BeweegKuur programmes in 

chapter 6 suggested that one year of intensive counselling improved lifestyle and several 

cardio-metabolic risk factors. Beneficial changes in lifestyle and body composition were 

even maintained during the second year of study, after a year without BeweegKuur 

counselling. However, at the two year follow-up measurement, HbA1c and systolic blood 

pressure were similar to baseline levels, suggesting that sustained counselling might be 

necessary.  Although monthly counselling sessions might ensure maintenance of effects on 

cardio-metabolic risk factors (34) with the expected long term decrease in health care 

use, the direct health care costs of such guidance oppose the implementation.  

Self-management provides a valuable method to maintain physica l activity level, without 

relying on long term counselling in health care. Activity monitors can support self-

management by providing feedback about physical activity level to the user. As described 

in chapter 2, activity monitors offer a user friendly method to acquire valid and reliable 

estimates of physical (in)activity. Moreover, activity monitors can estimate sedentary 



 

behaviour based on the orientation of the device, when placed on a suitable place on the 

human body. By using an activity monitor which is capable to estimate physical activity and 

sedentary time in a user friendly way, both these health-threatening behaviours can be 

targeted. Self-report leads to both overestimations and underestimations of physical 

activity behaviour (74), so awareness about people’s actual physical (in)activity is vital  to 

inform them about (potential for) improvements. Nowadays, several devices and smart 

phone apps have been developed and marketed to this end and they are often combined 

with aspects of established behaviour change techniques. Nevertheless, there is a lack of 

evidence of the effectiveness of this approach (229, 230), and self-monitoring is suggested 

to be effective especially when combined with other techniques for behaviour change 

(231). A viable, promising solution would be to combine the feedback from valid  and user 

friendly activity monitors with the lifestyle counselling that is firmly based in behaviour 

change techniques. This combination would benefit from the extensive research into 

determinants influencing behavior (e.g. self-efficacy, motivation, social support) with the 

long term continuity by means of activity monitoring and regulating a healthy lifestyle. A 

study concerning a self-management programme with four meetings with practice nurse 

and a feedback device for physical activity showed improved physical activity level after 

three months (221). It might be hypothesized that the strategies used in the BeweegKuur 

(i.e. Motivational Interviewing and multidisciplinary guidance) can enlarge the effects of the 

feedback. Vice versa, providing feedback about physical activity level to participants of the 

BeweegKuur might enhance potential changes in behaviour. 

Previous research has shown that multidisciplinary lifestyle interventions based on 

behaviour change techniques are effective (33, 34, 42, 188, 192). The process and effect 

evaluation of the BeweegKuur in chapter 4 and 5 have reinforced the decision to classify 

the start-up and supervised programmes as ‘first signs for effectiveness’ by the Dutch 

Loketgezondleven.nl, an initiative by the ministry of Health, Welfare and Sports to inform 

professionals about the quality of health promotion programmes (232). Informing 

professionals about the evidence for the BeweegKuur stimulates implementation of the 

intervention in daily practice. 

The interviews with health care providers of the process evaluation in chapter 5 revealed 

a crucial role of the governmental changes in the discontinuity of the BeweegKuur after our 

study. It appeared that primary health care lacks the agility to respond adequately to 

changes in the reimbursement of costs, which were greatly determined by the 

governmental agenda. In the midst of the design and execution of the BeweegKuur study, 

the Dutch government changed. The focus within health care shifted from a government 

intending to take care of everything from cradle to grave towards a government 



 

stimulating people’s own responsibility (153). Moreover, the financial crisis of 2008 led to 

financial cutbacks, also within the health care system. Many of the health care practices 

participating in the BeweegKuur study did not anticipate or were not able to anticipate on 

the consequences of this change (i.e. no reimbursement for lifestyle interventions). 

Although many primary care practices stated to have faced problems in the 

implementation and/or continuation of the BeweegKuur, some have set a good example for 

the embedding of combined lifestyle interventions. Reimbursement of the intervention 

ceased, but several professionals found a way to continue this care to overweight people 

in their location. Successful practices either invested time in agenda-setting with health 

care insurances or embarked on extensive collaborations (between care providers and 

other organisations such as municipality). Perseverance, dedication and time investment 

proved to be the key to success. Therefore, investments in key professionals, i.e. lifestyle 

advisors, are essential to continuity of lifestyle counselling.  

The evaluation of the BeweegKuur programmes in chapter 6 reinforces the earlier results 

suggesting that the multidisciplinary lifestyle guidance improves physical activity level. As 

described in chapter 5, health care professionals value multidisciplinary lifestyle guidance, 

and with sufficient investments, the implementation and long term delivery of the 

programmes might be ensured. In addition, the study in chapter 2 has informed 

researchers and practitioners about the validity and user friendliness of several activity 

monitors that are commercially available. Combining this knowledge offers relevant 

opportunities for lifestyle improvement in overweight and obese adults in health care. 
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Summary 

  



 

The numbers of people who are overweight, obese and/or physically inactive are rising 

worldwide, leading to increased risk for non-communicable diseases, such as type 2 

diabetes and cardiovascular disease, and high health care costs. The two main behaviours 

responsible for excess weight are physical inactivity and unhealthy diet. Combined lifestyle 

interventions can target these two behaviours simultaneously, and thereby reduce the 

direct risk of physical inactivity and diet on cardio-metabolic risk profile, but also reduce 

the risk for metabolic diseases through weight loss. Long-term behavioural change can be 

achieved by applying the existing theoretical framework of the self-determination theory 

and by using behavioural change techniques such as Motivational Interviewing. The 

majority of studies aimed at combined lifestyle interventions are set in a controlled clinical 

research setting, limiting translation of results to the real world. In addition, it is unclear 

whether group cohesion and the introduction to exercise under supervision  of a physical 

activity specialist yields more effects than guidance solely based on Motivational 

Interviewing. Because the primary care has been suggested to be the optimal setting for 

identification and delivery of lifestyle interventions for overweight and obesity, there is a 

need for well-designed studies in this setting.  

Accurate assessment of physical activity is needed to provide insight in the effectiveness of 

physical activity interventions. Nonetheless, the optimal way to estimate physical activity 

level remains ambiguous. Subjective methods like questionnaires suffer from recall bias and 

social desirability, whereas they are easy to use in large-scale studies. An innovative 

method like accelerometry can estimate physical activity behaviour and does not suffer 

from subjectivity, but quality of the estimates should be assessed carefully before applying 

the devices in scientific research.  

The aims of this thesis were to evaluate 1) the quality of estimates of physical activity 

behaviour by accelerometers, and 2) the effectiveness of additional guidance in the 

BeweegKuur intervention executed in primary care in the Netherlands. 

 

Chapter 2 revealed the importance of selecting the right activity monitor for the 

assessment of physical activity and sedentary behaviour. The reliability, validity and user 

friendliness of three commercially available tri-axial activity monitors was studied in both a 

laboratory and real-life setting. The two monitors that were worn on the upper thigh, the 

ActivPAL3 and CAM, provided valid estimates of sitting and standing time in the lab. The 

hip-worn monitor, the ActiGraph GT3X, was not able to accurately discriminate between 

sitting and standing, limiting the applicability in studies aimed at sedentary behaviour. 

Active time was estimated correctly in all three monitors; however, reliability of the CAM 

during walking at a moderate to high intensity was questionable. Further, the ActiGraph 



 

GT3X showed highest user friendliness, followed by ActivPAL3. The quality of estimates 

and user friendliness varied between activity monitors, and it was concluded that it differs 

per study design and study goal which device can be used.  

 

Chapter 3 showed which algorithm is optimal for the identification of non-wear in 

accelerometry data among participants with overweight. An algorithm is required to 

identify and remove periods of non-wear from accelerometry data and thereby improve 

the accuracy of estimates of physical activity and sitting time. Non-wear is recognised as a 

continuous bout of inactivity of a minimum length, i.e. the time window. Because 

overweight participants are often assumed to be more sedentary, their optimal time 

window was expected to be larger than the commonly used time windows of 60 and 90 

minutes. Strikingly, the optimal time window in our study population with overweight was 

20 minutes. Applying an algorithm on raw tri-axial data improved the sensitivity of the 

algorithm. This study emphasized the crucial role of performing well -chosen data 

treatment in activity monitoring by means of accelerometry.  

 

Chapter 4 described the design of a randomised controlled trial aimed to study the 

differences in effect between two doses (i.e. the start-up programme versus the 

supervised programme) of a combined lifestyle intervention, the BeweegKuur. The 

BeweegKuur is a primary care intervention lasting one year aimed to improve lifestyle in 

people with overweight or obesity. Both BeweegKuur programmes consisted of six 

meetings with a lifestyle advisor (LSA), six or seven individual meetings with a 

physiotherapist and several individual and group meetings with a dietician. Additionally, the 

supervised programme also comprised 26-34 group meetings with a physiotherapist. 

Guidance within the BeweegKuur was based on the self-determination theory and applied 

the techniques of Motivational Interviewing and goal setting. The trial was designed as a 

clustered multi-centre RCT to prevent contamination between participants and health 

care providers. Thirty health care clusters, consisting of a LSA, physiotherapist and 

dietician, were randomized to either the start-up or the supervised programme. The time 

horizon was two years, including a one year follow-up after the end of the intervention 

period. The primary outcome (physical activity) and the secondary outcomes (sitting time 

and diet) were self-reported at baseline and each six months. Other objectively measured 

secondary outcomes (e.g. weight, blood pressure and fitness) were assessed yearly. 

 

The process evaluation of the BeweegKuur study was described in chapter 5. Interviews 

with health care professionals and questionnaires from participants revealed that 



 

participants in both programmes were very satisfied with the delivered guidance. 

Adherence to the protocol varied between health care clusters, and the number of 

attended meetings was lower than prescribed in the protocol. Main reasons for not 

planning or attending all meetings were physical problems or illness, lack of motivation, 

unrealistic expectations towards the guidance or the effects and planning issues. 

Participants who attended more group meetings with the physiotherapist, reported to 

attend less meetings with the LSA and dietician, indicating that there might be a feasibility 

issue in the amount of guidance. Interviews with the health care professionals showed that 

the continuation of the BeweegKuur or similar interventions in primary care was 

challenging, mainly due to capacity and financial issues. Re-invention of the intervention 

was crucial for feasibility. Furthermore, sustainable funding for prevention programmes in 

primary care was required for long-term continuation of the intervention. 

 

The effect evaluation described in chapter 6 argued that the additional guidance in the 

supervised programme did not seem to lead to beneficial effects regarding physical activity, 

diet and health, compared to the start-up programme. The addition of extra group 

meetings to overcome barriers towards physical activity did thus not yield the expected 

benefits in the current trial. Nevertheless, participants in both groups improved their 

lifestyle regarding walking time and dietary behaviour. Moreover, in both programmes 

weight and waist circumference significantly decreased at 12 and 24 months after the start 

of the intervention.  

 

Chapter 7 discussed the results, implications and methodological considerations of the 

studies presented in this thesis by relating it to existing literature. The setting of the 

BeweegKuur in primary care enabled us to draw conclusions about the implementation and 

effectiveness of the programmes in real-life. Nonetheless, the programmes were not 

compared to a group without an intervention, limiting the ability to draw conclusions 

about the changes we observed in participants of both groups over time. Moreover, health 

care professionals did not recruit the required number of participants (which they 

confirmed to be feasible prior to study start), implying that the potential difference 

between the programmes remained undetected due to insufficient power. The contents of 

the programmes were altered by health care professionals to prevent the drop-out of 

participants and health care clusters. A process evaluation should be an integral part of 

effectiveness trials. Also, intervention aspects that are allowed to be altered and aspects 

should be executed as prescribed in the protocol should be determined prior to 

implementation. Our study presented self-reported physical activity behaviour, because 



 

the number of valid accelerometry measurements was inadequate for analyses and the 

reliability of the estimates at moderate to high intensity activity appeared to be insufficient. 

Future research should only apply valid, reliable and user friendly accelerometers and 

extensive planning is required to acquire accurate measurements in large longitudinal trials 

in real-life setting. Studies utilizing activity monitors should be transparent about data 

acquirement and data treatment, but even more important, consensus about the 

measurement of physical activity behaviour is necessary to enable proper comparison 

between studies.  

In conclusion, this thesis revealed the crucial role of profound decision making when 

utilizing accelerometry for the estimation of physical behaviour. Regarding combined 

lifestyle interventions, it indicated a potential threshold for the amount of simultaneous 

dietary and physical activity guidance and it identified barriers and success factors for 

sustainability of combined lifestyle interventions in the primary care setting.  

 

 

 

 

 

 

 

 

 

  



 

 

  



 

 

 

 

 

 

Samenvatting 

  



 

Overgewicht en obesitas komen steeds vaker voor, en leiden gezamenlijk met 

verminderde fysieke activiteit tot een significant groter risico op chronische aandoeningen, 

zoals diabetes en hart- en vaatziekten. Deze chronische aandoeningen gaan gepaard met 

hoge gezondheidszorgkosten. Overgewicht wordt grotendeels veroorzaakt door 

ongezond eetgedrag en een gebrek aan fysieke activiteit, twee factoren die gelijktijdig 

aangepakt kunnen worden in een gecombineerde leefstijlinterventie. Door gezonder te 

eten en meer te bewegen verlaagt enerzijds het directe risico op chronische 

aandoeningen, en anderzijds daalt ook de mate van overgewicht en de negatieve invloed 

daarvan op de gezondheid.  

Gecombineerde leefstijlinterventies richten zich op het verbeteren van meerdere 

gedragingen, zoals fysieke activiteit en eetgedrag, en kunnen worden toegepast door de 

eerstelijns gezondheidszorg (o.a. huisarts, fysiotherapeut en diëtist). Het aannemen en 

volhouden van een gezondere leefstijl wordt gestimuleerd als zorgverleners gebruik maken 

van de self-determination theory en gesprekstechnieken zoals motivational interviewing. Deze 

technieken zijn gericht op het bevorderen van de intrinsieke motivatie: motivatie vanuit de 

persoon zelf. Over het algemeen lijken gecombineerde leefstijlinterventies effectief; echter, 

de meeste wetenschappelijke studies hebben plaatsgevonden in een gecontroleerde 

onderzoeksomgeving. De bevindingen zijn daarom niet goed te generaliseren naar de 

dagelijkse praktijk. Onderzoek in de eerstelijnszorg is essentieel, omdat juist die 

zorgverleners (m.n. huisarts, praktijkverpleegkundige, fysiotherapeut en diëtist) een grote 

rol spelen in de identificatie en behandeling van overgewicht met behulp van 

gecombineerde leefstijlinterventies. Bovendien is het onbekend of het bewegen in een 

groep en onder begeleiding extra effect heeft naast één-op-één begeleiding in de vorm van 

motivational interviewing. 

Om de effecten van leefstijlinterventies te meten, is een accurate meetmethode van 

fysieke activiteit noodzakelijk. Vragenlijsten worden hierbij vaak gebruikt vanwege de 

goede praktische toepasbaarheid, maar zijn vaak beperkt in validiteit. Versnellingsmeters in 

de vorm van activiteitenmonitors bieden een objectieve methode om fysieke activiteit te 

meten, maar de kwaliteit van de metingen vereist onderzoek. 

Deze thesis beschrijft onderzoek naar 1) de kwaliteit van metingen van fysieke activiteit en 

zittijd door versnellingsmeters, en 2) de effectiviteit van extra groepsbegeleiding in een 

gecombineerde leefstijlinterventie uitgevoerd in de eerstelijnszorg. 



 

Hoofdstuk 2 beschreef een studie naar de betrouwbaarheid, validiteit en 

gebruiksvriendelijkheid van drie versnellingsmeters in zowel een gecontroleerde 

laboratoriumsetting als in het dagelijks leven. De versnellingsmeters die op het bovenbeen 

gedragen werden, de ActivPAL3 en de CAM, leverden accurate schattingen van sta- en 

zittijd in het lab. De meter gedragen op de heup, de ActiGraphGT3X, kon geen correct 

onderscheid maken tussen zitten en staan, waardoor de toepasbaarheid in studies naar 

sedentair gedrag beperkt is. De drie versnellingsmeters waren in staat de tijd in beweging 

goed te schatten; echter, de meting van de CAM bij lopen met een matige tot hoge 

intensiteit leek onbetrouwbaar. De ActiGraphGT3X en de ActivPAL3 scoorden het 

hoogst qua gebruiksvriendelijkheid. Kortom, de kwaliteit en gebruiksvriendelijkheid van de 

versnellingsmeters varieerde, en welke meter het meest geschikt is, hangt af van het 

onderzoeksdesign en –doel. 

 

Versnellingsmeters worden niet altijd continu door onderzoeksdeelnemers gedragen. Als 

de tijd waarin de meter niet gedragen is, niet uit de meting verwijderd wordt, kan de 

hoeveelheid zittijd sterk overschat worden. Het onderzoek in hoofdstuk 3 liet zien welk 

algoritme optimaal is voor het identificeren en verwijderen van meettijd waarin de 

versnellingsmeter niet gedragen is. Het algoritme herkent zogenaamde non-wear als zich 

een langdurige periode van inactiviteit voordoet. Deze periode heeft een minimale duur, 

om te voorkomen dat ieder zitmoment wordt geïdentificeerd als non-wear. Er werd 

verwacht dat de minimale duur van het algoritme langer zou zijn dan de gebruikelijke duur 

van 60 en 90 minuten, omdat wordt aangenomen dat mensen met overgewicht meer 

zitten. Echter, doordat het algoritme werd toegepast op de ruwe versnellingsdata, bleek 

een duur van 20 minuten het meest optimaal te zijn voor het identificeren van non-wear bij 

mensen met overgewicht.  

 

Hoofdstuk 4 beschreef de opzet van een gerandomiseerd, gecontroleerd onderzoek 

gericht op het verschil in effecten tussen twee versies van de BeweegKuur, een 

gecombineerde leefstijlinterventie in de eerstelijnszorg. Gedurende één jaar werden 

mensen met overgewicht of obesitas begeleid naar een gezondere leefstijl. Beide 

programma’s bevatten zes persoonlijke gesprekken met de leefstijladviseur (LSA), zes of 

zeven individuele sessies met de fysiotherapeut en een aantal individuele en groepssessies 



 

bij de diëtist. In het intensievere programma, het ‘begeleid bewegen’ , ontvingen de 

deelnemers extra 26 tot 34 groepssessies onder begeleiding van de fysiotherapeut. De 

begeleiding was gebaseerd op de self-determination theory en bevatte motivational interviewing 

en goal setting. Dertig eerstelijns gezondheidszorglocaties werden gerandomiseerd in de 

controle conditie (‘opstart’) of de experimentele conditie (‘begeleid bewegen’) om 

contaminatie tussen deelnemers en zorgverleners te voorkomen. Fysieke activiteit, 

eetgedrag en gezondheidsparameters van de deelnemers werden gemeten gedurende de 

één-jarige interventie, en het behoud werd gedurende het tweede jaar gemeten. Fysieke 

activiteit en eetgedrag werden ieder half jaar gerapporteerd aan de hand van vragenlijsten. 

Gezondheidsparameters (o.a. BMI, bloeddruk en fitheid) werden jaarlijks gemeten door de 

zorgverleners. 

 

In hoofdstuk 5 werden de bevindingen van de procesevaluatie van het 

BeweegKuuronderzoek beschreven, gebaseerd op interviews met zorgverleners en 

vragenlijsten afgenomen bij de deelnemers. Deelnemers van beide programma’s bleken 

tevreden met de begeleiding die zij ontvangen hadden. De uitvoering van de programma’s 

varieerde echter tussen de zorglocaties, waarbij er over het algemeen minder begeleiding 

had plaatsgevonden dan in het protocol, met name vanwege lichamelijke klachten, gebrek 

aan motivatie, te hoge verwachtingen en problemen met de planning. Meer begeleiding 

door de fysiotherapeut ging gepaard met minder begeleiding door LSA en diëtist. Verder 

was de voortzetting van de BeweegKuur een uitdaging, voornamelijk vanwege problemen 

qua capaciteit en financiering. Om haalbaarheid in de praktijk te waarborgen, moeten 

zorgverleners toegestaan worden om onderdelen van de interventie aan te passen  

(zogenaamde re-invention). Daarnaast is blijvende financiering noodzakelijk voor het 

duurzame aanbod van gecombineerde leefstijlinterventies in de eerstelijnszorg. 

 

De evaluatie van de effecten in hoofdstuk 6 suggereerde dat de extra groepsbegeleiding 

in het programma met ‘begeleid bewegen’ niet heeft geleid tot extra effecten op fysieke 

activiteit, eetgedrag en gezondheid, ten opzichte van het ‘opstart’ programma. De 

verwachte effecten van de groepsvorming, de langdurige ervaring met beweging en 

begeleiding door de fysiotherapeut werden niet gevonden. Desondanks wandelden 

deelnemers van beide programma’s meer en verbeterde eetgedrag na een jaar deelname, 



 

en dat bleef behouden na een jaar zonder begeleiding. Daarbij daalde gewicht en 

buikomvang van beide groepen deelnemers significant één en twee jaar na de start.  

 

In hoofdstuk 7 volgde een discussie van de resultaten, implicaties en methodologische 

overwegingen van de studies in deze thesis. Omdat het onderzoek naar de twee 

programma’s van de BeweegKuur daadwerkelijk in de eerstelijnszorg plaatsvond, kunnen de 

conclusies over de implementatie en effecten gegeneraliseerd worden naar de dagelijkse 

praktijk. Echter, deelnemers aan de programma’s werden niet vergeleken met een groep 

zonder interventie, waardoor niet met zekerheid geconcludeerd kon worden dat de 

verbeteringen in beide groepen veroorzaakt waren door deelname aan de BeweegKuur. 

Bovendien was de benodigde doelgroepgrootte niet bereikt, waardoor het verschil tussen 

de effecten van de programma’s wellicht niet aan het licht was gekomen. Zorgverleners 

pasten de begeleiding in de programma’s aan om uitval van de praktijken en deelnemers te 

voorkomen. De procesevaluatie leverde essentiële informatie over de implementatie en 

de duurzaamheid van de BeweegKuur, en zou daarom geïntegreerd moeten worden in 

toekomstige en lopende effectevaluaties. Bovendien moet voorafgaand aan de 

implementatie van gecombineerde leefstijlinterventies bepaald worden welke onderdelen 

van de interventie wel en welke onderdelen niet aangepast mogen worden om de 

haalbaarheid en de effectiviteit in de praktijk te waarborgen. De evaluatie van de 

BeweegKuur was gebaseerd op zelf gerapporteerde fysieke activiteit, omdat het aantal 

deelnemers met valide metingen van de versnellingsmeter te laag was en de 

betrouwbaarheid van de versnellingsmeter niet voldoende aangetoond was. Toekomstig 

onderzoek moet gebruik maken van valide, betrouwbare en gebruiksvriendelijke 

versnellingsmeters. Verder is gedetailleerde planning nodig om accurate metingen met 

versnellingsmeters te verkrijgen in grote longitudinale studies in de praktijk. Daarnaast zou 

onderzoek met versnellingsmeters duidelijk moeten aangeven op welke wijze de data 

verzameld is en op welke manier de dataverwerking heeft plaatsgevonden om 

studieresultaten te kunnen vergelijken. 

Deze thesis heeft aangetoond dat een doordachte keuze voor een versnellingsmeter en de 

verwerking van de versnellingssignalen cruciaal is voor correcte metingen van fysieke 

activiteit en zittijd. Verder suggereerde de data dat de effectiviteit en haalbaarheid van de 

hoeveelheid begeleiding binnen gecombineerde leefstijlinterventies een bovengrens heeft, 



 

en dat verschillende barrières en succesfactoren een rol spelen in de voortzetting van 

gecombineerde leefstijlinterventies in de eerstelijnszorg in Nederland.  
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In dit hoofdstuk bedank ik graag iedereen die mij heeft geholpen om mijn promotie voor 

elkaar te krijgen. Voor de samenwerking, inbreng van kennis, steun gedurende de 

moeilijkere tijden in onderzoek, maar natuurlijk ook voor de gezelligheid en het plezier 

tijdens deze leuke periode. 

Allereerst wil ik mijn promotors en copromotor bedanken voor de begeleiding van mijn 

promotietraject. Hans, je hebt mij de kans en de vrijheid gegeven om mijn eigen draai te 

geven aan het project, met als resultaat twee niet-geplande, maar zeker zo leuke artikelen 

in dit boekje en de ontwikkeling van mijn expertise op het gebied van 

activiteitenmonitoring. Verder heeft jouw realistische houding mij tijdens de uitdagingen 

van het BeweegKuuronderzoek talloze keren gerustgesteld. Geheel terecht ben je nog op 

tijd gepromoveerd tot mijn promotor. Marike, we hebben de afgelopen jaren nauw 

samengewerkt om het onderzoek rond de BeweegKuur tot een goed einde te brengen. 

Wat een kilometers hebben we voor dit project afgelegd; we hebben samen heel 

Nederland doorgecrosst om de praktijken te bezoeken. We kwamen onderweg grote en 

kleine hindernissen tegen, maar wisten altijd samen tot een oplossing te komen waarmee 

ons werk door kon gaan en de kwaliteit van het onderzoek gewaarborgd werd. Nicolaas, 

vooral het laatste jaar hebben wij veel gediscussieerd over de analyse en resultaten. We 

kwamen hierdoor tot veel inzichten over de vele leerpunten van het onderzoek. Van je 

kritische, en ook klinische blik op het onderzoek heb ik veel geleerd en dat heeft het 

proefschrift zeker goed gedaan.  

De beoordelingscommissie, Prof. Dr. Nanne de Vries, Prof. Dr. Marleen van Baak, Prof. 

Dr. Greet Cardon, Prof. Dr. Ab Klink en Prof. Dr.  Trudy van der Weijden wil ik 

bedanken voor het lezen en beoordelen van dit proefschrift. De corona bedank ik voor 

hun aanwezigheid en het lezen van mijn proefschrift.  

Toen ik in 2010 aan het BeweegKuuronderzoek begon, werd ik verwelkomd door een 

geweldig gemotiveerd en gezellig team. BeweegKuurcollega’s Judith en Leonieke, jullie zijn 

met ons meegegaan op de eerste praktijkbezoeken en hebben ons wegwijs gemaakt in de 

wereld van de Beweegkuur. Het was een mooi begin van het project, bedankt hiervoor! Ik 

heb veel mogen samenwerken met Stef, Geert en Jessie. Jullie input heeft geresulteerd in 

een brede visie op de BeweegKuur als interventie en de daarbij horende processen en 

effecten. Bedankt voor jullie hulp bij het schrijven van artikelen, de coördinatie van de 



 

prakijken, het opstellen van vragenlijsten, het meekijken bij revisies en ga zo maar door! 

Het was heel fijn om de verbinding met gezondheidsbevordering via jullie te behouden.  

Liesbeth Preller, Femke van Brussel, Dirk Schaars, Marloes Aalbers, Loek Dresen, Peter-

Jan Mol, Elize van Ballegooie van het Kenniscentrum Sport (voormalig NISB) wil ik 

bedanken voor de samenwerking in dit project.  

De bijdrage van BeweegKuurzorgverleners en –deelnemers was essentieel voor het gehele 

BeweegKuuronderzoek. Ik wil de zorgverleners bedanken voor de inzet bij het includeren, 

het begeleiden en het meten van de deelnemers. In het bijzonder voor jullie 

doorzettingsvermogen en geduld met de activiteitenmonitors. Jullie motiveerden mij om 

iedere keer weer de trein in te stappen voor een vele uren durende reis door Nederland. 

Daarom, bedankt aan alle praktijkverpleegkundigen, fysiotherapeuten, diëtisten, huisartsen 

en leefstijladviseurs in onze onderzoekslocaties: Wijckel, Ferwerd, Delfzijl, Ommen, 

Assen, Nieuw Amsterdam, Nieuw Schoonebeek, Schoonebeek, Zwolle, Nijverda l, Nijkerk, 

Maarssen, Ede, Nijmegen, Enschede, Eindhoven, Amsterdam, Sittard, Buchten, ’s 

Gravenzande, Den Haag, Wassenaar, Rotterdam, Berkel en Rodenrijs, Etten -Leur, 

Zundert en Hulst. Ook de ROS-adviseurs bedankt voor de inzet om de BeweegKuur zo 

soepel mogelijk te laten verlopen. De deelnemers bedank ik, o.a. voor het invullen van 

maar liefst negen vragenlijsten. We ontvingen zelfs kerstkaartjes van jullie! Ik hoop dat 

jullie door de BeweegKuur een stap hebben kunnen maken op weg naar een gezonde 

leefwijze. 

Co-auteurs, Kenneth en Guy bedank ik voor hun hulp en uitleg toen ik met de 

accelerometers begon te werken. Ik heb het erg fijn gevonden dat ik bij jullie terecht kon. 

Paul, bedankt voor de vele uurtjes overleg en het programmeren van de software. De 

afdeling mag zijn handjes dichtknijpen met een collega als jij.  

Collega’s, bedankt voor het meermaals dragen van accelerometers voor mijn ‘mini -

onderzoekjes’ (“dit is echt de laatste keer dat ze gedragen moeten worden!”). De sfeer in 

de labgroep was een goede reden om (bijna) iedere dag weer met plezier richting 

Maastricht te reizen. Ik zal de gezellige lunches, ALBAS, vrijdagmiddagborrels en 

labmeetings missen. Mr. T, bedankt voor de gezellige kletsmomenten en voor de nuttige 

tips als ik eens een moeizame onderwijsgroep onder mijn hoede had. Desirée, 



 

secretaresse en voormalige buurvrouw, bedankt voor de gezellige praatjes en de hulp  bij 

alle praktische kantjes van promoveren. 

En na 3,5 jaar bij BW kwam ik op kamer 2.220 terecht. Wat was dat een leuke tijd! 

Uitstapjes naar Eindhoven, avondje geocachen, ijsjes eten in Epen en algehele gezelligheid. 

Ik wil hierbij Michiel nog een keer bedanken voor de hulp met Matlab en je pogingen om 

mijn muzieksmaak (in jouw ogen) te verbeteren. Verder denk ik dat de hele kamer jou 

dank verschuldigd is voor alle taart die dankzij jou bijna elke maandag gegeten kon 

worden. Mijn overbuurman Pieter, de rust zelve en topgeheimenbewaarder toen ik net 

zwanger was van Lucas. Ik heb genoten van je droge opmerkingen en ik moet nog lachen 

als ik terugdenk hoe vaak ik tegen mezelf aan het praten bleek te zijn . En Hanzl, hoe 

grappig is het? Nu zeven jaar na onze gezamenlijke stage sta ik hier te promoveren en ben 

jij ook met je eigen onderzoek bezig. De chocomel-momentjes en Matlab-hulp waren 

onmisbaar. Last, but not least, Berend Brokkepap, de jongste telg van het clubje met de 

grootste ambities. Het was altijd leuk om met jou over sedentair gedrag te discussiëren 

(serieus en soms wat minder serieus), ik ben erg blij dat onze interesses (wat betreft 

onderzoek) op elkaar aansluiten.  

Mijn maatje in Zwitserland, Ursina, wat ben ik blij dat we elkaar nog goed hebben leren 

kennen aan het eind van je jaartje in Nederland. Af en toe een reisje Zurich-Limburg en 

omgekeerd is altijd de moeite waard gebleken. Hopelijk volgen er nog meer samen met 

Jan en Lucas! 

Voor gesprekken over onderzoek en carrière, of gewoon voor gezelligheid, kon ik altijd 

terecht bij Tom. Je kritische blik heeft mij geholpen bij de interpretatie van de effecten van 

de BeweegKuur en bij het afronden van het proefschrift. Al reageerde ik niet altijd even 

enthousiast op je ‘noordelijke’ manier van feedback geven, ik ben blij dat je zo goed hebt 

meegekeken bij de laatste puntjes op de i. Ik heb ook heel wat hersentraining te danken 

aan je (in ieder geval voor mij) soms moeilijke humor. 

Karianna, de trein is wat mij betreft de perfecte plek om even af te schakelen, of om juist 

verder te kletsen over multilevel analyses en plotjes. De lunches met jou, Eveline en Dorit 

ga ik natuurlijk niet vergeten! We hebben ongeveer alle onderwerpen wel gehad tijdens de 

boterhammetjes, maar de aankondigingen van ingediende manuscripten, geaccepteerde 

artikelen en natuurlijk baby’s waren toch de hoogtepunten! Het was erg fijn om bij jullie 



 

mijn ei kwijt te kunnen als er iets niet helemaal ging zoals gepland/gehoopt/verwacht. Nog 

leuker is het dat we het samen eten niet verleerd hebben, ook al werken we nu allemaal 

ergens anders.  

Denise, we hebben al veel samen gedaan, waarbij privé en werk altijd overlapt. Dat wij nu 

collega’s zijn, bewijst maar weer hoe onze interesses op elkaar aansluiten en hoe leuk het 

is om samen te werken. Wie had dat gedacht 16 jaar geleden? Wij niet in ieder geval! En 

natuurlijk zijn we niet compleet zonder Britt en Denise. Wat ben ik blij vriendinnen te 

hebben waarbij ik altijd terecht kan en dat we in die jaren al zoveel hebben gedeeld.  

Mijn geweldige thuis was en is, als huismus, de perfecte basis om fijn te kunnen studeren 

en werken. Vooral de keukentafel met de felle spotjes was een heerlijke werkplek (paps, 

de lichtrekening maak ik nog wel eens goed). We spreken het meestal niet zo uit, maar ik 

ben erg dankbaar voor de liefde en steun van jullie allemaal. Jullie zijn de beste, leukste en 

meest gezellige familie die ik me kan wensen - paps, mams, Lotte, Lars, Damiano en Bea. 

Tot slot, mijn zelfgemaakte thuis, met Roy en Lucas is de allermooiste reden om me voor 

in te zetten. Roy, ik wil je hierbij nog eens laten weten hoe je hebt bijgedragen aan dit 

boekje door geduldig mijn verhalen en frustraties aan te horen, conceptversies te lezen, 

posters te controleren, etcetera, maar vooral door je vertrouwen in mij en mijn werk. En 

Lucas, jij bent gewoon de liefste.  
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