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CHAPTER 9

General discussion
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This thesis describes the Hoorn Prevention Study: one of the first large randomised 

controlled trials to evaluate the effectiveness of an innovative, theory-based life-

style intervention carried out in a primary health care setting. The preceding chap-

ters report on several studies examining different aspects of the study, with the 

main focus on the potential of the intervention to improve lifestyle behaviours in 

adults at risk, and, as a result thereof, reduce the risk of type 2 diabetes (T2DM) 

and cardiovascular disease (CVD) mortality. In addition, a sidestep is taken by 

studying the association of abdominal obesity, television (TV) viewing time and 

prospective declines in physical activity in a large population-based cohort.

This final chapter is divided into several parts. The first part discusses important 

considerations in the development of the intervention. Then the main findings of 

this thesis are recapitulated and put in a broader perspective, followed by a critical 

reflection and methodological considerations. Finally, potential implications for 

clinical practice and implications for further research are given. 
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Development of the intervention
As described in chapter 3, the intervention of the Hoorn Prevention Study ad-

dressed several components of the theory of planned behaviour (TPB) and the 

theory of self-regulation, and made use of effective components and instruments 

of change that were identified in the scientific literature. In addition, in the devel-

opment of the intervention we built upon research experience of similar projects 

that were conducted within the EMGO Institute for Health and Care Research. 

For instance, a project carried out by Welschen et al.1 used similar intervention 

elements to change the lifestyle behaviour of T2DM patients in order to decrease 

their CVD risk. That study focused in particular on self-management and increas-

ing patients’ abilities to adopt a lifestyle behavioural change by providing prob-

lem solving treatment (PST). It was hypothesised that PST would increase patients’ 

competence by focusing on their attitude, social influences and self-efficacy, 

which would attribute to an increased intention to change, and therewith attribute 

to a change in behaviour.

                                                 

However, during the course of the study of Welschen et al., it became clear that 

focusing solely on abilities to change was not enough to provoke a behavioural 

change, since the patients under study were often not motivated (or ‘ready’) to step 

into a change process.2 Abilities (or skills) and motivation to change are intrinsic 

factors that are to some extent dependent on practical knowledge or awareness. It 

is well known that knowledge in itself is unlikely to result in healthy behavioural 

choices, as has been demonstrated in several health-education interventions,3 

but knowledge seems to be a necessary determinant in a lifestyle behavioural 

change process. The design of the intervention in the Hoorn Prevention Study took 

into account all three determinants: knowledge, motivation and abilities. This was 

done by integrating several ‘instruments of change’, i.e. motivational interviewing 

(MI) and PST. Accurate risk estimations were provided to the participants (Knowl-

Abilities



180

edge), MI was used to prepare them for a change (Motivation), and PST was used 

to enable them to implement changes in their lives (Abilities).

Main findings
The study on AusDiab data
Chapter 2 describes the study in which we examined the associations of waist 

circumference and TV viewing time with prospective declines in physical activ-

ity levels, for men and women separately. For this study data from the Australian 

Diabetes, Obesity and Lifestyle Study (AusDiab) was used. The AusDiab is a na-

tionally representative population-based cohort study with measures collected 

in 1999-2000 and 2004-2005. The findings indicate that those with abdominal 

obesity at baseline had 50% higher odds of reducing their moderate-to-vigorous 

physical activity over five years. In addition, women, but not men, who watched 

TV for more than 4 hours per day had 50% higher risk of reducing their physical 

activity, independent of waist circumference. This highlights the importance of 

prevention of (further) weight gain and promoting the adoption and maintenance 

of physical activity across all weight status categories.

The Hoorn Prevention Study
We outlined the design and theoretical concept of the Hoorn Prevention Study 

(Chapter 3) and developed a self-report determinants of lifestyle behaviour ques-

tionnaire (DLBQ) to assess determinants of intentions to change dietary behav-

iour, physical activity and smoking habits (Chapter 4). We proved that the DLBQ 

is a valid instrument for measuring these cognitive determinants in adults at high 

risk of T2DM and CVD (Chapter 4). The identified ‘key-determinants’ that seem 

to contribute to an increased intention to change were shown to be different for 

dietary behaviour, physical activity and smoking. For instance, affective attitudes 

were strongly and positively associated with an increased intention to change 

AbilitiesMotivationKnowledge
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physical activity levels, whereas perceived control proved to be important with 

regard to an increased intention to improve dietary behaviours. Subjective norms 

showed to be an important determinant of increased intentions to change for all 

studied lifestyle behaviours. The identification of key determinants and the avail-

ability of a validated questionnaire to measure them is valuable for future lifestyle 

interventions. In Chapter 5 we presented the results of the short and long-term 

effectiveness of the intervention. We found that after 6 and 12 months the lifestyle 

intervention was not more effective than providing health brochures in improving 

the scores for T2DM and CVD risk or lifestyle behaviour in our at-risk population. 

Chapter 6 focused on the two-year cost-effectiveness of the Hoorn Prevention 

Study’s intervention, which addresses the current need for cost-effectiveness stud-

ies of interventions addressing ‘real world’ settings. Information about the trade-

off between costs and benefits of these interventions will help policy makers to 

decide whether it is efficient to implement and reimburse them. No significant 

differences between the intervention and control group were found on clinical 

parameters, 9-year risk for developing T2DM, 10-year risk for CVD mortality or 

quality adjusted life years (QALYs) gained. In Chapter 7 we present a systematic 

evaluation of the intervention’s reach, effectiveness on intermediate determi-

nants, adoption, implementation and maintenance (RE-AIM). The results indicate 

that the recruitment strategy was feasible and the number of included individuals 

provided us with adequate statistical power to detect potential relevant differ-

ences in outcomes between groups. MI and PST skills of practice nurses who pro-

vided the intervention were moderate to good. 78% of participants were satisfied 

with the counselling sessions. Nevertheless, the amount of attended sessions was 

low, and almost no effects on determinants of behavioural change were seen. In 

Chapter 8 we explored alternative outcomes of health promotion that go beyond 

health outcomes. This was done in a qualitative analysis of participants’ evalua-

tion of the Hoorn Prevention Study. The relative value of these ‘beyond health out-

comes’ are investigated and compared to health outcomes that are normally used. 

Participants experienced a number of outcomes closely linked to the concept of 

empowerment; these included a gain in knowledge of personal health risks, in-

creased awareness, increased motivation toward behaviour change, and better 

goal setting and decision making skills. Those identified beyond health outcomes 

included outcomes that were a consequence of participation in the intervention 

and outcomes that were more directly related to lifestyle changes. 



182

Reflection and methodological considerations
First of all, it seems to be more challenging and needed to prove the method-

ological soundness of ineffective interventions than that of effective interventions. 

When an intervention is effective one might easier perceive that ‘it worked, so it 

was done right’, whereas, if an intervention is not effective the perception often 

is that ‘things were done wrong’. With regard to the Hoorn Prevention Study, we 

believe it is unlikely that the programmes’ ineffectiveness was due to method-

ological limitations of our study. The study had adequate power, randomisation 

was performed at the individual level and relatively few participants were lost to 

follow-up. 

As described in the introduction of this thesis, well-controlled, intensive inter-

ventions conducted in several countries over the past two decades have shown 

to be effective in lowering the incidence of T2DM and CVD in adults at risk.4 

For instance, the Da Qing Study,5 the Diabetes Prevention Program (DPP),6 and 

the Diabetes Prevention Study (DPS)7 all proved that lifestyle behaviours can be 

changed. So why did we not succeed in our efforts? An answer may be that the 

positive results observed in highly controlled experimental settings in the above 

mentioned studies cannot be achieved in ‘real life’ settings, because there are fun-

damental differences between those settings. One important difference is that the 

interventions in experimental settings were very labour-intensive. For instance, 

in one study 16 face-to-face sessions provided by case managers were needed 

to achieve the target weight reduction and increase in physical activity levels.6 

The compliance of the ‘real life’ respondents of the Hoorn Prevention Study with 

regard to attending the face-to-face sessions might have been too low to induce 

a lifestyle behavioural change. However, the results of our per-protocol analy-

sis (in which only participants were included who attended at least 4 counsel-

ling sessions) indicated that a slightly higher attendance does not alter the effects. 

This suggests that the initially proposed maximum of six face-to-face counselling 

sessions followed by telephone sessions might not have been enough as well. 

Moreover, if participants in primary care are not even motivated to take part in 6 

sessions, it is unlikely that they would attend 16 or more. 

Although most of the practice nurses indicated after the training that they were 

capable of providing the intervention, our assessment using reliable and valid 
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instruments for evaluating the specific counselling skills showed that their per-

formance left room for improvements. Barriers to optimal counselling techniques 

might have been the relative short period of training in MI and PST. Furthermore, 

the daily work of practice nurses requires a different professional contact with 

their patients (e.g. giving advice or explaining what needs to be done). Using MI 

and PST involves a shift in method of working that might have been difficult to 

implement.

Strengths of the Hoorn Prevention Study include its focus on lifestyle dependent 

risk factors that are associated with both T2DM and CVD. To select people who 

are at risk of these diseases, self-measured waist circumference was used as a 

first screening step, which showed to be a simple and feasible method. Another 

strength is the relatively low drop-out rate; few participants were lost to follow-up 

at 6, 12 and 24 months and there were no significant differences in baseline out-

come measures between those who dropped out and those who remained in the 

study. Randomisation was performed at the individual level, which is the preferred 

method as baseline differences between intervention and control group are least 

likely. Furthermore, the intervention was conducted in primary care. Counselling 

was conducted at the participants’ own general practice and performed by prac-

tice nurses instead of researchers appointed for the study. At the same time, we 

were able to monitor the intervention carefully by providing standardised training 

for the nurse practitioners and feedback on the counselling sessions by means of 

tape recordings. Anthropometric and lab measurements were performed accord-

ing to very high standards, and we only used valid questionnaires (or, in case of 

the DLBQ, validation was done during the project). 

Critics might raise concern about the potential generalizability of the study re-

sults towards other populations, since participants of both the Hoorn Preven-

tion Study as the AusDiab consisted of a mainly white population. Thus, caution 

should be taken when generalising the results to other ethnic groups. Fortunately, 

despite of this ethnic homogeneity, there was plenty of heterogeneity concerning 

socio-economic status within the populations (i.e. educational level and income). 

Non-respondents are a potential threat to the external validity of a study and ef-

forts were made in order to reduce barriers for participation to a minimum. In the 

Hoorn Prevention Study we chose to approach potential participants with cor-
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respondence at multiple moments, as described by Dillman et al.8 Furthermore, 

the intervention took place in close proximity to the homes of the participant, and 

the burden of the measurements was minimised by keeping questionnaires short 

and refrain from unpleasant measuring methods such as oral glucose tolerance 

tests. Despite these measures, it might be that those who agree to participate were 

higher educated and more willing to change their lifestyle than non-respondents, 

as is often seen in lifestyle interventions.e.g.9 

 A possible other weakness concerning both studies is that physical activity was not 

measured by accelerometers but with questionnaires (the SQUASH and the Ac-

tive Australia instrument, relatively), although However, using questionnaires has 

practical advantages over using assessment instruments such as an accelerometer 

in terms of convenience of administration.10 Moreover, these specific question-

naires have shown to provide valid estimates of physical activity among adults.11-13 

In addition, a recent review of physical activity questionnaires concluded that the 

SQUASH survey had sufficient content validity: i.e. it covered all relevant settings 

of physical activity (e.g. for total physical activity all five relevant settings (being: 

work, home, transport, recreation, and sport); and for occupational physical ac-

tivity only transport and work) and measured duration and frequency.14 Further-

more, according to that review, the content of the SQUASH survey was deemed 

appropriate for the dimension of physical activity it was intended to measure.

The major strengths of our study on AusDiab data include its longitudinal design 

and the large, population-based sample, which made it possible to present the 

results stratified for gender and also to adjust for a variety of relevant confounding 

variables.

Although we were able to adjust for a range of confounding variables in our analy-

ses of AusDiab data, other possible confounders such as musculoskeletal pain or 

obesity-related co-morbidities that may have prevented participants from exercis-

ing could not be taken into account because they were not measured. In addition, 

in the assessment of the physical activity levels, domestic and occupational physi-

cal activities were not included. It was not possible to ascertain from our findings 

(primarily due to statistical power limitations) whether TV time and weight status 

were more influential on the sufficiently active participants shifting to a lower 

level of activity, or on the less active shifting to doing no physical activity. Finally, 



185

there is a possible selection bias due to attrition from the AusDiab cohort over 

time.

Psychological and physiological explanations appear to be plausible when con-

sidering reasons why obese adults reduce their activity level. A survey analysis of 

data of 16,314 adults from the Australian National Health Survey 2004-2005 by 

Atlantis and colleagues indicated that overweight perception may be another bar-

rier to physical activity participation among men and women with excess body 

weight.15 It is possible that overweight/obese adults perceive their body image 

negatively and, as a result, choose not to participate in sports an exercise. As such, 

it could be possible that a negative spiral occurs, in which a low level of physi-

cal activity increases bodyweight, which in turn decreases the level of physical 

activity, etc. Although this is speculative, this spiral may also work the other way 

around: reducing bodyweight might increase the odds of becoming more physi-

cally active, which reduces bodyweight etc. This is remains to be further investi-

gated.

Study designs
Different study designs were used in this thesis. The Hoorn Prevention Study pri-

marily set out to evaluate the effectiveness of the lifestyle intervention on adult’s 

lifestyle behaviours and risk of T2DM and CVD. For this purpose we chose to carry 

out a randomised controlled trial (RCT), because, as is generally acknowledged, 

RCTs provide the most reliable estimate of effects of an intervention.16 This design 

also allowed us to evaluate the differences in cognitive determinants between the 

groups.

In order to test the validity of the Determinants of Lifestyle Behaviour Question-

naire (DLBQ) we cross-sectionally analysed the baseline measures of that ques-

tionnaire. Since no intervention had taken place at that time, we could use data of 

the entire group, regardless to which group the participants were assigned.

 

Qualitative methods were used in a subgroup of the Hoorn Prevention Study pop-

ulation to study their perspectives with regard to burden and benefits of partici-

pation. For this purpose, qualitative interviews were used, as they provide much 

more flexibility and the possibility for respondents to raise topics not considered 

by the researcher.17
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An economic evaluation was conducted alongside the randomised controlled 

trial, with the purpose to assess the two-year cost-effectiveness for reducing the 

relative risk for T2DM and CVD, and the cost-utility of this intervention compared 

with providing health brochures only. A societal perspective was chosen for this 

purpose.

This thesis also reports on results of analyses done on observational data collected 

for the AusDiab, a very large cohort study initially set out to study the prevalence of 

diabetes and its precursors.  The study design allowed us to investigate the natural 

course of different variables in a large group, since the same variables were mea-

sured twice in a timeframe of five years. The disadvantage of such a study set-up is 

that it was not possible to investigate causal relationships. For instance, it would 

have been meaningful to examine whether TV viewing time or waist circumfer-

ence precede changes in physical activity level. However, there are some logical 

problems with looking at these contemporaneous changes in AusDiab dataset. 

Since there were only two time points in which those measurements were done, 

inference about causality of possible associations cannot be made. There would 

be uncertainty as to when the change occurred (e.g. year 1 or year 4); a third time 

point would be needed for this.

Population
One might criticise our choice to focus on adults rather than children, since early 

prevention is an emerging and potentially effective approach to reduce obesity 

and obesity-related chronic diseases such as T2DM and CVD later in adulthood.18 

However, although obesity prevention among children is of utmost importance 

given the fact that obesity in childhood tracks into adulthood, most overweight 

and obese adults were not overweight as children, and obesity prevention in 

adults has stronger short-term health benefits and cost-saving effects.19 In addition, 

an improvement in lifestyle behaviour of an adult might also have a positive influ-

ence on the lifestyle behaviour of family members, including their children.20,21 

Earlier research showed that a positive impact of weight loss and increased physi-

cal activity in preventing diabetes is stronger in older age groups, and that partici-

pants >60 years of age were the most likely to achieve the weight loss and physical 

activity goals.22 Nonetheless, in the Hoorn Prevention Study we chose to target the 

age-group of 30-50 years. This choice was motivated by estimates of Dutch dia-
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betes incidence based on the number of newly diagnosed patients by the general 

practitioner (GP) in five GP records.23 Those estimates clearly mark the age-period 

in which incidence-rates start to rise considerably, i.e. from 30 years onwards (see 

Figure 9.1). Choosing for a relatively younger age group could have contributed to 

the lack of intervention effects. We did, however, standardise the age of all partici-

pants to 60 years in our risk score calculations. This resulted in a ‘projected’ risk 

score that was useful to identify persons at increased risk. Nevertheless, whereas 

age was set at 60 years, the other variables included in the risk formulas were not 

modified. As a result, the risk formulas consisted of an age variable that indicated 

that the respondent was relatively old, whereas other variables (particularly the 

blood values) were the actual values of 30-50 year olds.

Figure 1: Incidence (per 1,000) of diabetes in the Netherlands in 200723
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Theoretical framework
Theories stimulate researchers to consider which elements should be included 

in their intervention, and why. Programmes that target lifestyle behaviours there-

fore need to be theory-driven. In an important position paper written by Brug, 

Oenema and Ferreira it was concluded that ‘theory-based interventions are the 

only acceptable way to proceed in promotion of healthy diet and physical activity 

habits,’ and: ‘theory is the only foothold we have in development of behaviour 

nutrition and physical activity interventions (…)’.24 This conclusion might sound 

rather obvious, and may even suggest that interventions without a clear theoretic 

foundation would sort less effect than those who do not. However, in a recent 

systematic review of interventions targeting diet and physical activity the authors 

found no difference in effectiveness between interventions with or without a stat-

ed theoretical basis.25 This may reflect poor implementation of theories.26 Hence, 

this emphasises the importance of specifying and describing the role and ways of 

translating theory into feasible and effective interventions.

A number of different theories (e.g., the Health Belief Model,27 Protection Moti-

vation Theory,28 Social Learning Theory,29 the Transtheoretical Model,30 and the 

TPB31) have been proposed for studying lifestyle behaviours. These theories pri-

marily focus on cognitive aspects such as beliefs, expectations and intentions as 

primary determinants of behaviour. Other theories, such as Leventhal’s theory of 

self-regulation, propose that individuals construct schematic representations of 

illness and health-threatening conditions according to the concrete and abstract 

sources of information that are available to them.32 Individuals will cope in ways 

that are consistent with their understanding of such a health threatening condi-

tion. Consequently, participants will use coping strategies that they feel are effec-

tive for them in a specific situation.33 The strategies may be ones used in the past or 

newly acquired with help of practice nurses. 

Because of their applicability and their relatively superior reputation in compari-

son with other previously named theories, the TPB and the theory of self-regula-

tion were used to guide in the development of the lifestyle intervention used in 

the Hoorn Prevention Study. The predictive ability of the TPB regarding lifestyle 

behaviours has been demonstrated in a number of reviews and a meta-analysis.34-

36 The instruments used by the practice nurses (e.g. MI and PST) applied several 
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components of both theories: MI to strengthen the attitude and the behavioural 

intention according to the TPB, and provoke the participants to cope with the 

awareness of being at risk, as described in the theory of self-regulation. PST was 

used to support participants to tackle and systematically remove barriers towards 

a lifestyle behavioural change, thus providing a coping strategy which could also 

be used after the direct support. 

An often heard criticism with regard to the TPB is that it focuses mainly on behav-

iour and not so much on behaviour change.e.g.24 On the other hand, the theory may 

well be capable of informing researchers on conditions that should be met in or-

der to perform a particular (new) behaviour. Furthermore, in the Hoorn Prevention 

Study, the instrument that was developed for measuring TPB determinants took the 

dynamic aspect of behavioural change into account. This was done in the DLBQ 

by assessing determinants of lifestyle behavioural change (e.g. smoking cessation) 

instead of the lifestyle behaviour as-is (e.g. current smoking behaviour).37

Despite that the intervention was theory driven; we did not find any substantial ef-

fects. This may have been caused by different factors, including: 1) the used theo-

ries are wrong, at least for this kind of interventions or behaviours; 2) the theories 

were note adequately incorporated in the intervention; 3) the theories were right 

and there was an effect, but we did not pick it up with our measures (because ei-

ther the outcomes were wrong, the instruments not valid, or follow-up too short); 

4) the population was not right; 5) a combination of (some of) the former options.

Upon reflection, we did not find any significant effects of the intervention on our 

primary and secondary outcome measures (chapter 5 and 6). In addition, we did 

not even measure notable effects on the individual TPB constructs (chapter 7), 

although we showed that we used a valid instrument to measure those constructs 

(chapter 4). Furthermore, we showed that the intervention was basically imple-

mented as intended (chapter 7). Thus, it is most likely that the used theories were 

at least insufficient as framework and guide in the intervention development and 

execution. Caution should be taken when interpreting such theorem. Of course, 

theories are models, which are by definition a simplified representation of reality. 

There was a tremendous part of ‘filling in’ (or translating) the theory to a workable 

and practical intervention, and not all of these translating processes could have 

been measured.
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Implications for clinical practice
So far, randomised controlled trials evaluating the effectiveness of programmes 

that target lifestyle behaviour in primary health care settings (e.g. to prevent chron-

ic diseases such as type 2 diabetes or cardiovascular diseases) have shown mixed 

effects and if effective, these were small effects.38-42 Considering these results and 

those of the Hoorn Prevention Study, it can be concluded that individual-level 

lifestyle interventions are not sufficient to reverse the current trends in unhealthy 

lifestyle behaviours and their related chronic diseases.

Despite their very limited success, individual level approaches that target life-

style behaviours may remain an important topic of interest in clinical practice. 

Regardless its effectiveness, the potential for dissemination of individual-level in-

terventions is considerable, given that a sizable number of overweight and obese 

persons will seek professional help at some point in their lives. Consequently, 

continuing our attempts to improve the effectiveness of such interventions will 

have substantial practical or clinical relevance, whether they are implemented 

in face-to-face consultations (e.g. with a practice nurse, as is done in the Hoorn 

Prevention Study), in small groups in the community, or otherwise. Another rea-

son why further improving individual-level approaches in primary care remain 

relevant is that, although they are yet mostly ineffective on their own, they might 

be able to contribute to the effectiveness of strategies that integrate multiple levels 

(i.e. strategies that include individual level and environmental level approaches). 

This will further be explained below.

As noted before, exclusively targeting individual-level determinants appears to 

have little or no impact on lifestyle behaviours or the current prevalence of the re-

lated chronic diseases. In other words, when returning to the categories of deter-

minants, it seems that the puzzle is still incomplete when the focus lies ‘only’ on 

increasing knowledge, motivation and abilities. In fact, many health practitioners 

and health researchers have postulated that increasing the actual opportunities for 

healthy nutrition and physical activity behaviours and/or reducing the opportuni-

ties for unhealthy behaviours needs to be supported by environmental changes.43 

It is reasoned that environmental opportunities, in powerful interaction with indi-

vidual-level factors, may be a vast determinant of lifestyle behaviour.44-47 
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Of course, it is not a new insight that human behaviour is the function of both the 

person and the environment; next to individual level determinants, it has since 

long been recognised that environmental level factors contribute to unhealthy 

behaviours.48,49 The environment can be defined as everything and anything out-

side the person,50 but refers in this regard to the physical, social-cultural or socio-

economic environment.44-47 The potential importance of those environmental fac-

tors has been recognised by researchers and consequently there has been research 

on a broad variety of environmental and societal influences acting on (CVD) risk 

factors and disease at a population level. This resulted in the identification of nu-

merous environmental-level determinants that are reviewed in the scientific liter-

ature.51 Examples of such important lifestyle-related environmental determinants 

include the availability of opportunities to be physically active; interconnectivity 

of streets; perceived safety; availability and accessibility of foods such as sugar-

sweetened beverages and fruit and vegetables; and –with less convincing evi-

dence– the proximity of parks and variety of fast food outlets.46,52-54 Nonetheless, 

the current evidence for a link between the obesogenic environment and obesity 

is lacking,44,55,56 although the lack of convincing evidence regarding the role of the 

environment in obesity development is very likely more ‘a reflection of the quality 

of studies and the lack of consensus around appropriate measures, rather than the 

absence of a true relationship’.46

It is increasingly being recognised that the wide range of influences on individuals 

and their behaviours should not only be addressed in single-level interventions 

that just focus on the individual or on a distinct social and/or environmental as-

pect, but rather in multi-level intervention approaches that integrate individual, 

community, organisational, and/or societal systems.57,58 This because (as noted 

before,) human behaviour is the function of both the person and the environment, 

not the one or the other.48,59 It has been demonstrated that the most effective inter-

ventions relevant to behavioural change a) adopt an integrated, multidisciplinary, 

Abilities OpportunitiesMotivationAwareness
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and comprehensive approach b) involve a complementary range of actions, and c) 

work at different levels (i.e. individual, community, and environmental levels).60-

62 In such a multilevel research approach, dietary behaviour, physical activity and 

sedentary behaviours are considered not only a matter of individual choice but 

also strongly influenced by multiple levels of physical, social-cultural and eco-

nomic environmental factors. 

Based on the literature to date, it is suggested that environmental-level interven-

tion approaches and individual-level strategies in tandem could be most effective 

in promoting healthy behaviour.63 In any given setting, positive and sustainable 

changes might be accomplished with multi-level intervention approaches. This 

could for instance include mass media campaigns coupled with restaurant menu 

labelling: enhanced food-retail access, including farmers’ markets; worksite in-

terventions to promote and increase availability of healthy food choices; and pol-

icy changes to create supportive food infrastructures and sustainable dietary be-

haviour changes.63 With this regard, individual-level strategies including lifestyle 

interventions (as evaluated in the Hoorn Prevention Study) remain appropriate 

strategies to consider in targeting T2DM and CVD, provided that such measures 

are integrated and combined with environmental-level approaches.    

Implications for further research
The relatively recent attention being paid to environmental-level determinants in 

conjunction with personal-level determinants is a step towards the development 

of innovative new models for understanding and promoting sustainable lifestyle 

behavioural change, and therewith preventing chronic diseases such as T2DM 

and CVD. There remains tremendous potential to develop innovative programmes 

to promote healthful behaviours. This is particularly the case with respect to multi-

level intervention approaches, which may have the greatest potential for reaching 

the increasingly large segment of the population who exhibit unhealthy lifestyle 

behaviours, and therefore are at risk for chronic diseases. 

Studies in which environmental and personal behavioural determinants are in-

vestigated are scarce. Studies that integrate the associations between environ-

mental conditions and personal choices are needed to further build a more com-

prehensive theory of determinants of lifestyle behaviour. Several local multi-level 

intervention initiatives to improve lifestyle behaviours have been and are being 
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conducted, but both their overall efficacy, and the interactions and contributions 

of intervention components, have not yet been systematically investigated. Such 

systematic investigations are called for, which emphasise the importance of un-

derstanding individual behaviour within the context of the larger environments 

in which people live.64-66 These investigations requires new partnerships with dis-

ciplines that historically have had little attention in health behaviour research, 

including urban planning, architecture, transportation, marketing, and environ-

mental design.67,68 Because multi-level interventions are potentially expensive, 

these investigations should be accompanied by economic evaluations evaluating 

cost-effectiveness of these interventions and budget impact analyses evaluating 

the total financial burden of implementing these interventions nation-wide. 

In short, the absence of an intervention effect should, in our eyes, not be sought in 

shortcomings of methodological nature, but rather has a more contextual reason: 

The intervention was designed to focus on changing individual level determinants 

to change lifestyle behaviours without addressing the physical, social-cultural or 

socio-economic environment of participants. In this chapter it is argued that the 

wide range of influences on individuals and behaviours should not only be ad-

dressed in single-level interventions that just focus on the individual (or a dis-

tinct social and/or environmental aspect), but rather in multi-level intervention 

approaches that integrate individual, community, organisational, and/or societal 

systems. Facilitating healthy lifestyle behaviours without addressing the environ-

ment is likely to be next to impossible, but whether these multilevel intervention 

approaches will actually make a difference remains to be determined. 

Conclusions
Changing lifestyle behaviours of at-risk adults is very complicated. We have 

shown that our innovative, theory based intervention did not sort the expected 

effects and was not cost effective. Hence, it is currently not advised to implement 

the intervention in Dutch general practices.
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