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Chapter 1
General introduction



Introduction

Despite decreasing age-standardized cardiovascular mortality, cardiovascular 
risk factors are widespread in the Dutch population. The presence of these risk 
factors is related to social factors, with socio-economically deprived individuals 
having the highest risk. Cardiovascular risk management can be targeted either 
at the population or at individuals. Risk estimation models have been developed 
to improve the identification of individuals who will benefit most from an indi-
vidual approach. Experience suggests that general practice is a suitable location 
for this ‘individual approach’, providing screening, follow-up and both lifestyle 
and pharmaceutical counselling, supported by practice nurses. The results of 
general practice cardiovascular risk management may be improved by direct 
feedback by means of self-monitoring.

The main challenges facing general practice-based cardiovascular risk 
management in the Netherlands are improving the targeting of individual car-
diovascular risk management, and optimising the results of individual cardiovas-
cular risk management. 
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Cardiovascular risk and risk management

Incidence of CVD and the relationship between risk factors and 
social factors

Cardiovascular disease (CVD) is one 
of the leading causes of death both 
worldwide (29% of all deaths, 2004) 
[1] and in the Netherlands (28% of all 
deaths, 2011; Statistics Netherlands). 
CVD is a generic term for several ath-
erosclerotic diseases. It is expected 
that the worldwide CVD mortal-
ity will rise further during the com-
ing decades (Figure 1) and that the 
healthy life expectancy will decrease 
due to these diseases (Figure 2) [1].
This worldwide increase in CVD-related mortality is in fact somewhat complicated: CVD 
incidence rises with population aging and is also affected by exposure to risk factors and 
access to treatment. Levi et al. conclude that age-standardized CVD mortality is declining 
in several countries of the world, except in former Soviet Union countries, where an un-
favourable trend was seen [2]. This phenomenon is not apparent in Figure 1 because the 
data are not corrected for the changing age structure of the population. The same trend 
is seen in the Netherlands, where age-standardized mortality has declined in both sexes 
over the last thirty years [3]. A possible explanation for this decline in age-standardized 
CVD mortality may be risk factor changes and the introduction of more effective treat-
ment of risk factors and secondary prevention [4]. In addition, lifestyle adjustments and 
medication for high blood pressure and lipid levels have proven to be effective in de-
creasing cardiovascular risk [5-7].

As described, the incidence of CVD risk factors has changed. Furthermore, the 
incidence of risk factors appears to be related to social factors, and this relationship has 
also changed over the last decades [8]. Danaei et al. studied the association between age-
standardized CVD risk factors, national income, and urbanisation in 1980 and 2008 for 199 
countries (see text box at page 13). These changing associations may reflect an increased 
use of medication, especially in higher income countries, and a change in eating habits. 
Preliminary results from the Prospective Urban Rural Epidemiologic (PURE) Study (155.000 
individuals from 17 high- and low-income countries) have shown that inhabitants from 
high-income countries have higher CVD risk factor levels [9]. Nevertheless, their health 
outcomes are better, stressing the importance of access to adequate health care.

Which atherosclerotic diseases are covered 
by the term CVD?

 —  ischemic heart disease (myocardial in-
farction and angina pectoris)

 — heart failure 
 —  cerebrovascular disease (stroke and tran-

sient ischemic attack (TIA))
 — aneurysm of the aorta
 — peripheral artery disease (PAD)
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Figure 1. Projected global deaths for selected causes, 2004–2030 [1]

Figure 2. Ten leading causes of burden of disease, world, 2004 and 2030 [1]. COPD = chronic obstructive pulmonary dis-

ease. DALY = disability adjusted life year; one lost year of healthy life. 

a This category also includes other non-infectious causes arising in the perinatal period apart from prematurity, low birth weight, 

birth trauma and asphyxia. These non-infectious causes are responsible for about 20% of DALYs shown in this category.
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In the Netherlands, the Doetinchem 
Cohort Study showed that for more re-
cently born generations the prevalence 
of overweight, obesity and hypertension 
at a certain age was higher than was seen 
in earlier-born generations [10]. Especially 
amongst women, these shifts were more 
pronounced in recent generations. Mea-
surements took place between 1987 and 
2007. Hypertension/hypercholesterolemia 
were defined as elevated blood pressure or 
lipid levels respectively and/or medication. 
Generation shifts were observed in the use 
of both antihypertensive and lipid-lowering 
medication. Systolic and diastolic blood 
pressure showed unfavourable generation 
shifts (higher prevalence of hypertension in 
more recently born generations), indicating 
that the observed generation shift for hy-
pertension was not only due to medication. 
For hypercholesterolemia however, the prevalence was similar for different generations 
at the same age, with favourable shifts of total cholesterol levels for the oldest genera-
tions, probably due to increased medication usage. In the long-term, these unfavourable 
generation shifts are likely to translate to an increased prevalence and earlier onset of 
cardiometabolic diseases such as CVD. As CVD mortality has also decreased in the Neth-
erlands, [2] this might lead to an increased prevalence of risk factors and is likely to result 
in increased morbidity (chronic CVD).

In more affluent countries, a group of special interest are individuals living un-
der deprived socio-economic circumstances. Several Western European and USA stud-
ies have investigated the relationship between socio-economic status (SES) and CVD. In 
these studies, SES was based on educational level and/or occupational group, and CVD 
was expressed as mortality, morbidity and/or the presence of risk factors. Despite there 
being large regional differences between the studies, they all reported that lower SES 
is associated with higher CVD risk [11-16]. In the Netherlands, a SES gradient was also 
observed for various risk factors [10]. Generation shifts were similar across different SES 
groups, implying that there has been no increase or decrease of socioeconomic differ-
ences over recent years.

Summary of the findings of Danaei et 

al. [8]: In 1980, population high mean 
body mass index (BMI), systolic blood 
pressure and total cholesterol were 
associated with national income. In 
2008, BMI in women was peaking 
in middle-income individuals and 
the association between income 
and systolic blood pressure reversed, 
a trend that was seen to be stabilis-
ing in men at this time. The associa-
tion between total cholesterol and 
national income remained positive. 
The association between BMI and ur-
banisation was positive in both sex-
es, both in 1980 and in 2008. These 
results, however, do not describe 
trends within specific countries.
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Targeting of cardiovascular risk management

The aforementioned change in the relationship between social factors and cardiovascu-
lar risk, together with developments regarding medication during the last decades have 
both influenced the targeting of cardiovascular risk management. 

Cardiovascular risk management can be aimed either at lowering risk factors that 
are present in high-risk individuals, or at lowering the incidence or mean risk level at a pop-
ulation level by means of public health strategies. During the ‘80s, Geoffrey Rose pleaded 
for a population approach in populations with a high risk [17]: Targeting only high-risk indi-
viduals, i.e. those individuals who are more vulnerable than the majority of the population, 
provides only a temporary solution and fails to deal with the root of the problem. The main 
disadvantage of the population approach is the “prevention paradox”; the comparatively 
small benefit for participating individuals, especially in the short-term. However, today the 
equilibrium may have shifted towards an ‘individuals at high risk’ approach for several rea-
sons. Foremost amongst them is the fact that identification of high-risk individuals can 
be performed more accurately than it was during the ‘80s. This is because it is no longer 
based on a single risk factor, but on a risk estimation model, which takes into account the 
presence and degree of multiple risk factors in each person [18]. Furthermore, medication 
has become cheaper and more effective. Finally, in most high-income countries, relatively 
simple and cheap public health strategies have been implemented already; these include 
the use of unsaturated fat in processed foods and the introduction of taxes on smoking 
[19]. Against this backdrop, the best approach to CVD risk factor reduction is probably one 
that combines the identification of high-risk individuals with a population approach for 
those at a lower risk. The optimal way of combining lifestyle, pharmaceutical, and popula-
tion wide interventions, has already been investigated in Australia but is likely to vary by 
country and change over time [20].

Cardiovascular risk estimation in individuals

Until 2006, separate Dutch College of General Practitioners (NHG) guidelines existed for the 
treatment of the different risk factors in individuals: For example, there was one guideline for 
the management of elevated blood pressure and a separate guideline for management of 
elevated cholesterol. However, new European guidelines, and the Dutch NHG guideline on 
cardiovascular risk management issued in 2006, compile multiple aspects of cardiovascular 
risk management in individuals in a single guideline. These modern guidelines are based on 
individual risk estimation derived from the presence and degree of the different risk factors in 
a specific person [21, 22]. An example of such risk estimation is the Systematic Coronary Risk 
Evaluation (SCORE), which calculates the 10-year risk of cardiovascular mortality [23]. In the 
Netherlands, SCORE was adapted using national risk factor and mortality data, and this version 
was used in the 2006 NHG guideline [22]. The adherent risk SCORE chart is shown in Figure 3.
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SCORE is based on age, sex, smoking status, systolic blood pressure, and total cho-
lesterol/High Density Lipoprotein (HDL) cholesterol ratio. Therapy is based on the SCORE 
and a consideration of the presence of additional risk factors such as a family history of 
CVD, waist circumference > 88 cm♀/ > 102 cm♂, or BMI > 30kg/m2. Generally, individuals 
with an estimated risk < 5% are offered lifestyle counselling without medication; individu-
als with an estimated risk 5-10% are offered lifestyle counselling and medication if addi-
tional risk factors are identified; and, when estimated risk is ≥ 10% both lifestyle counselling 
and medication for hypertension and/or hypercholesterolemia are indicated if hyperten-
sion and/or elevated serum cholesterol are present. For patients with previous CVD or 
diabetes mellitus, SCORE is not suitable and this group is considered having a high risk.

The “SCORE-Netherlands” risk estimation as used in the 2006 NHG guideline ac-
tually appeared to overestimate cardiovascular mortality risk [24]. The SCORE-LOW risk 
estimation (for European countries with a low cardiovascular risk) would have predicted 
actual cardiovascular mortality more accurately [24]. This overestimation, which is prob-

 Figure 3. SCORE risk chart as used in the 2006 guideline of the Dutch general practitioners society (translated) [22].
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ably due to the decreased CVD mortality, is also seen in several other European countries 
[25-28], but not in others [29, 30]. Other disadvantages of the SCORE chart used in the 
2006 guideline include the fact that the SCORE risk estimation only estimates cardiovas-
cular mortality (and does not include morbidity), and that the maximum age to which it is 
applicable is 65 years. The revised 2012 NHG guideline uses an adapted risk chart that also 
takes in to account cardiovascular morbidity estimations, and estimates 10-year mortality 
and morbidity until the age of 70 [31].

There are several other noteworthy limitations of SCORE and these are not ad-
dressed in the 2012 guideline. Firstly, both SCORE and the new risk estimation from the 
2012 guideline do not take SES into account. Some studies suggest that adding a measure 
for social deprivation to a cardiovascular risk score (such as the Framingham risk score) 
may improve the accuracy of cardiovascular risk estimation [32, 33]. As SES is inversely 
related to cardiovascular risk, failure to take this into consideration can result in risk being 
underestimated in low SES individuals and overestimated in high SES individuals. Conse-
quently, application of the guidelines could result in high SES individuals being over treat-
ed and low SES individuals being undertreated, potentially exacerbating socioeconomic 
differences. Furthermore, by focussing on individuals with a high 10-year risk, the 2012 
guideline results in a higher proportion of prescriptions going to elderly and smoking 
individuals. Focussing on younger people and non-smokers may save more life years. This 
then prompts the moral dilemma of whether or not to consider factors such as old age or 
a high-risk lifestyle as conditions to be prioritised with medication [34, 35].

Until recently, NHG guidelines used a case-finding approach for primary CVD pre-
vention [22]. This means that a cardiovascular risk profile is created in the case that: 1) 
a patient visits the practice with questions or complaints that are related to cardiovascular 
disorders or risk factors, such as smoking, blood pressure or cholesterol; 2) there is a family 
history of CVD; 3) a patient is visibly overweight; or, 4) possible hypertension/ hypercholes-
terolemia were previously diagnosed. Recently however, a so-called ‘PreventieConsult CMR’ 
(Prevention Consultation cardiometabolic risk) approach for use in general practice has 
been introduced and tested in the Netherlands [36]. For this Prevention Visit, persons > 45 
years were actively approached in order to identify possible high-risk individuals, who were 
subsequently offered medical consultation. However, response rates were very low (even-
tually approaching 1%). As previously mentioned, individuals living in socially deprived cir-
cumstances are at greater risk of developing CVD and CVD screening in general practice 
has shown lower participation amongst low SES individuals [37].

Skin autofluorescence and cardiovascular risk estimation

In recent years, many new risk markers, which are not part of the current risk estimation 
models, have been studied to improve targeting of cardiovascular risk management. An ex-
ample of such a prediction tool which is currently being studied, is the “AGE reader”, a device 
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measuring advanced glycation end products 
(AGEs) by means of skin autofluorescence 
(SAF). AGEs are proteins that are formed from 
reactions with glucose after sequentially 
complex rearrangements, which are accel-
erated by, amongst other things, oxidative 
stress. SAF measurements by means of an 
AGE reader appear to correlate well with the 
level of AGEs found in skin biopsies [38]. The 
AGE reader is a desktop unit on which a per-
son can position the volar side of the under-
arm. The measurements are non-invasive, 
rapid and can be assessed in point-of-care settings without expertise (Figure 4).

SAF has been shown to improve prediction of cardiovascular mortality in patients 
with diabetes, when used in conjunction with conventional risk estimation [39]. The par-
ticipants of this study consisted of type 2 diabetic patients taking part in a shared-care 
project, receiving their diabetes support in a primary care setting and annually visiting 
a diabetes outpatient clinic. SAF was also related to major adverse cardiac events in the 
first year after myocardial infarction and to mortality (overall and cardiovascular) in pa-
tients with renal failure [40, 41]. Little is known, however, about the relationship between 
SAF and cardiovascular risk factors in primary care patients without diabetes or renal dis-
ease or about the role SAF may play in predicting CVD in these patients.

Self-monitoring in cardiovascular risk management

Both for high-risk primary care individuals and for coronary patients, treatment goals for 
cardiovascular risk management are generally not achieved [42, 43]. One of the possible 
means of improving the outcomes of cardiovascular risk management is self-monitoring, 
i.e. patients measuring their own risk factors at home. Real-time feedback from self-moni-
toring devices may improve motivation and compliance in patients and can give the care 
provider information on the degree and the course of the risk factors at home. One very 
effective, widely accepted, and long-standing example of self-monitoring is that of blood 
glucose in insulin dependent patients with diabetes [44]. Self-monitoring has also been 
studied in diabetic patients who are not dependent on insulin. In this patient group the 
aim of self-monitoring is not adjustment of insulin dosage, but adjustment of diet and 
lifestyle; the effects of this approach appear to be limited [45]. Self-monitoring devices 
that may be especially relevant for cardiovascular risk factors are blood pressure devices, 
weighing scales and pedometers. Use of these devices has shown improvements in the 
specific risk factors for which they were used [46-50]. In particular, home blood pressure 
monitoring is widely accepted and the NHG guideline recommends self-monitoring ei-

Figure 4. SAF measurement by means of an AGE-reader 

(www.diagnoptics.com)
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ther in cases where there is some inconsistency in measurements taken in practice, sus-
picion of “white coat hypertension”; or for motivation, to improve adherence to therapy 
[31]. Typically, general practices own some blood pressure devices that are available for 
patients to use at home over the course of a week. Recent years have seen an increase 
in the number of people buying blood pressure devices themselves, but the quality and 
reliability of these devices may vary. Combined self-monitoring (with multiple devices) is 
successfully being used for chronic heart failure patients, but is not commonly used or 
studied in cardiovascular risk management [51].

A further technological development used in home monitoring consists of tele-
monitoring, which is the electronic transmission of physiological data to a healthcare 
team. Due to the extra electronic equipment required, this is likely to be more expen-
sive than standard self-monitoring. Advantages of telemonitoring over conventional 
self-monitoring include the presentation of unselected results to the physician, and the 
possibility for a physician to react more quickly to specific results. This second advantage 
seems especially important for conditions that may progress rapidly, such as heart failure 
or COPD. Telemonitoring has proved effective in the management of chronic heart fail-
ure patients but not in patients with COPD [51,52]. In the USA, telemonitoring has been 
combined with pharmacist-led care targeting primary care hypertensive patients [53]. 
In this study, participants receiving telemonitoring and counselling by the pharmacist 
showed better blood pressure control than usual care participants. However, what was 
considered to be ‘usual care’ is not clearly defined in this study, and is likely to differ from 
the usual care offered in the Netherlands, making it difficult to extrapolate these results 
to the Dutch situation. In the USA, it is quite common for pharmacies to offer easily acces-
sible risk factor checks. Frequently, these pharmacies are located within supermarkets, an 
example that has been copied in the UK.1 Telemonitoring with or without pharmacist-led 
care is not yet common in Dutch cardiovascular risk management.

The role of general practice in cardiovascular risk management

Cardiovascular care is organised differently across the European countries [54]. For ex-
ample, in Austria and Germany the role of the general practitioner (GP) is limited, because 
patients are not registered to a specific GP and GPs are not allowed to approach patients 
actively. This is also the current situation in France but a patient register is about to be 
introduced. In Belgium and France, preventive activities by GPs are discouraged due to 
the lack of reimbursement. Furthermore, in Belgium the organisation of general prac-
tice is not conducive to preventive care as practices usually lack assistance and suitable 
medical software for follow up, and GP guidelines are seldom implemented. In contrast, 

1  for example: http://abcnews.go.com/Health/HeartDiseaseRisks/story?id = 4218353, http://www.thegrocer.
co.uk/topics/health/sainsburys-pharmacy-trials-healthy-living-service-at-30-stores/237614.article, http://www.
express.co.uk/life-style/health/67169/Are-supermarket-health-check-ups-safe, visited on August 5th 2013
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in Finland, the UK and the Netherlands general practice is well positioned to function in 
cooperation with other health care organisations. In the UK, the Quality and Outcomes 
Framework (QOF) is a nationwide project attaching financial incentives to the attainment 
of targets such as cardiovascular risk reduction. In general, it can be said that in countries 
with strong GP programmes there tends to be a focus on the chronic care management 
of known patients, while in countries with less established GP programmes there is more 
of a focus on lifestyle improvement. These examples demonstrate the importance of 
strengthening primary care systems through which there is the potential for large-scale 
improvements in lifestyle interventions being carried out by both GPs and support staff. 

In the Netherlands, cardiovascular risk screenings were previously organised by 
local councils, together with primary and secondary care providers and municipal health 
services. In the region of Groningen, in the early ‘80s, the foundation Hypertension Ser-
vice Groningen (Hypertensiedienst Groningen) was established as a collaboration be-
tween the departments of internal medicine, cardiology and clinical pharmacology of the 
University Medical Center Groningen (UMCG) and the GP laboratory LabNoord [55-57]. 
Subsequently, the department of general practice and the municipality health service 
(GGD) also joined the initiative. At first, prevention activities and research focused mainly 
on hypertension screening, and treatment and trials were financed by the pharmaceuti-
cal industry. Later on, the focus of the activities shifted towards a more comprehensive 
approach to cardiovascular risk management, including more attention to lifestyle. Initial-
ly, prevention activities were organised as separate campaigns in specific municipalities, 
with recruitment of participants from the population administration of the municipalities. 
The intrinsic drawback of this approach was the lack of longitudinal data generated. 

After the year 2000, general practices started employing specially trained doc-
tor’s assistants and nurses, an initiative that was financially supported by health insurance 
companies. In 2003 one third of Dutch GPs employed a practice nurse; in 2006 this had 
risen to 70% [58]. These practice nurses treat and counsel patients with chronic illness, in-
tegrating lifestyle and drug treatment under the supervision of the GP. At the same time, 
electronic storage of patient data and risk estimation software were increasingly being 
employed in general practice. These developments all encouraged GP-based cardiovas-
cular primary prevention and research projects. 

General practice remains a logical location for the screening of cardiovascular 
risk and cardiovascular risk management of individuals in the Dutch health care system. 
Most Dutch individuals regularly visit their GP. In 2008, on average 76% of all GP patients 
visited their practice or were visited at home [59]. On average, 5.6 contacts (i.e. consulta-
tions at the practice or home visits by the GP, telephone contacts, or repeat prescriptions) 
were administered yearly for each patient, with a higher average number of contacts for 
women and the elderly.

The majority (82%) of the Dutch population as well as 94% of GPs consider general 
practice to be the preferred location for cardiovascular risk detection [60, 61]. A prefer-
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ence for CVD screening by their own GP is even stronger amongst individuals with low 
SES (63% compared to 49% of the individuals with high SES, p < .001) [60]. General prac-
tice, with its support staff of trained practice nurses and assistants, is well equipped for 
the first step of risk assessment and for subsequent follow ups, integrating both lifestyle 
and medication as indicated. The use of practice nurses for cardiovascular risk manage-
ment has shown promising results [62].

This thesis

The goal of this thesis is to describe the results from different studies regarding cardio-
vascular risk management in general practice in the Netherlands. These studies focus on:

 — The identification of individuals who will benefit most from cardiovascular risk man-
agement in general practice, specifically on reaching and motivating low SES indi-
viduals and on the possible additional role of the non-invasive “AGE-reader”

 — The effect of additional counselling based on self-monitoring compared to standard 
GP cardiovascular risk management

 — The cost-effectiveness of cardiovascular risk management with and without self-
monitoring 

Outline of this thesis

The research described in this thesis can be divided into three parts. The first part con-
sists of two chapters that address screening for cardiovascular risk in general practice, 
describing the results of pro-active screening in a low SES-area and the additional value 
of SAF in identifying persons with an elevated cardiovascular risk. The second part ad-
dresses the next step in individual cardiovascular risk management, when persons with 
an elevated risk are identified. Here, the results from the “Self-monitoring and Prevention 
of RIsk factors by Nurse practitioners in the region of Groningen” randomized controlled 
trial (SPRING-RCT) are reported. The final part, consisting of a single chapter, describes the 
results of cost-effectiveness analyses on the SPRING-RCT study data.

In chapter 2 we describe a pro-active CVD screening approach in a general prac-
tice located in an area with a low mean SES. Achieving a good participation rate at car-
diovascular risk screenings appears to present a challenge, especially amongst low SES 
individuals, who face a higher risk, and have shown lower participation in CVD screenings 
[36, 37]. Patients described in this chapter were approached by means of a letter from 
their GP, with logistical support being provided by a GP laboratory. The results are com-
pared to those obtained at other practices employing the same screening approach, and 
reasons for non-attendance are analysed.
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In chapter 3 the relationship between SAF, as measured by the AGE reader, and SCORE 
in general practice is described. Little is known so far about SAF and cardiovascular risk fac-
tors in general practice patients without diabetes or renal disease. This chapter describes the 
results of an exploratory sub study on this subject in 65 persons, from a subpopulation of 
the Groningen Overweight And Lifestyle (GOAL) study. For the GOAL study, 457 overweight 
or obese general practice patients with either hypertension and /or dyslipidaemia received 
either 3-year lifestyle counselling by a practice nurse or usual care from their GP [63].

In chapters 4 and 5 the results of the SPRING-RCT are discussed. The design of 
the SPRING-RCT was based on two developments in the field of general practice and 
cardiovascular risk management. These developments are: 1) the increasing employment 
of practice nurses; and, 2) the use of self-monitoring devices. To our knowledge, no study 
has yet investigated the combined intervention of cardiovascular risk management ac-
cording to the current guidelines, with the aid of combined self-monitoring equipment, 
by trained practice nurses in general practice. The aim of the SPRING-RCT was to com-
pare the effect on cardiovascular risk and separate risk factors of standard treatment by 
practice nurses according to guidelines with results in patients receiving additional coun-
selling based on self-monitoring. Chapter 4 describes the results from this RCT on these 
primary and secondary outcomes.

In chapter 5 the data from the SPRING-RCT are further analysed to evaluate which 
patient and treatment factors are related to successful cardiovascular risk reduction.

In chapter 6 the cost-effectiveness of different aspects of the treatment and for 
different target groups was evaluated from a societal perspective, to substantiate future 
decisions regarding cardiovascular risk management approaches in general practice.

Finally in chapter 7, the main findings are summarised and placed within the con-
text of the current developments regarding cardiovascular risk management in the Neth-
erlands, leading to recommendations for clinical practice and future research.
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Abstract

Background

Lower social economic status (SES) is related to an elevated cardiovascular (CV) 
risk. A pro-active primary prevention CV screening approach in general practice 
(GP) might be effective in a region with a low mean SES. This approach, sup-
ported by a regional GP laboratory, was investigated on feasibility, attendance 
rate and proportion of persons identified with an elevated risk.

Methods

In a region with a low mean SES, men and women aged ≥ 50/55 years, respec-
tively, were invited for cardiovascular risk profiling, based on SCORE 10-year risk 
of fatal cardiovascular disease and additional risk factors (family history, weight 
and end organ damage). Screening was performed by laboratory personnel, at 
the GP practice. Treatment advice was based on Dutch GP guidelines for cardio-
vascular risk management. Response rates were compared to those in five other 
practices, using the same screening method.

Results

521 persons received invitations, 354 (68%) were interested, 33 did not attend 
and 43 were not further analysed because of already known diabetes/cardiovas-
cular disease. Eventually 278 risk profiles were analysed, of which 60% had a low 
cardiovascular risk (SCORE-risk < 5%). From the 40% participants with a SCORE-
risk ≥ 5%, 60% did not receive medication yet for hypertension/hypercholester-
olemia. In the other five GPs response rates were comparable to the currently 
described GP.

Conclusion

Screening in GP in a low SES area, performed by a laboratory service, was fea-
sible, resulted in high attendance, and identification and treatment advice of 
many new persons at risk for cardiovascular disease.
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Background

Management of cardiovascular risk factors in high-risk persons in general practice is still 
poor, as shown by the EUROASPIRE III 2006–2007 survey in 12 European countries [1]. In 
the United Kingdom (UK) Joint British Societies JBS 2 guidelines were proposed in 2005 
for prevention of cardiovascular disease (CVD) in the asymptomatic population in clinical 
practice [2]. Recording of CVD risk factors was also stimulated by the introduction of the 
Quality and Outcomes Framework (QOF) in 2004. The implementation of the National 
Health Service Health Checks by the UK Department of Health has been started in 2009, 
but has major implications for the workload of general practices [3], especially due to vari-
able, but often incomplete baseline risk factor recording.

In several other countries initiatives have been taken to assess the potential of gen-
eral practice to improve vascular disease prevention, such as the HIPS study in Australia [4] 
and a CVD quality improvement programme in Finland [5]. Population based screening for 
cardiovascular disease has also been studied in the UK using routinely available data from 
GP records (Epic-Norfolk study) and was shown to perform reasonably well [6]. Other ap-
proaches involve different health care suppliers such as community pharmacies [7]. Still, the 
large majority of primary prevention occurs in the primary care setting in general practices.

Up until recently, in Dutch general practice guidelines a case finding approach 
was used for primary CVD prevention. Recently however, a so-called ‘Prevention Visit’ 

 approach for use in general practice has been introduced and tested in the Netherlands 
[8,9]. 82% of the Dutch population between 45–74 years prefers GP-based health checks 
for cardio metabolic risk [10]. For this Prevention Visit, persons > 45 years were invited to 
fill in a self-report questionnaire to identify high risk individuals. Response rates depended 
on the way persons were approached, but were generally found to be poor to moderate 
[9]. From the individuals invited by a personal letter, followed by a reminder-letter, 33% 
filled in the questionnaire and from the target population invited by poster or leaflet in 
the GP waiting room, 1% filled in the questionnaire. After this, medical consultation by 
general practitioners was offered to the identified high risk individuals. This consultation 
consisted of comprehensive CVD risk factor assessment and treatment advice. Accep-
tance by general practitioners of cardio metabolic health checks is still slow, and may like 
the NHS Health Checks suffer from the considerable time and work load they impose.

Several studies, for example from Sweden, USA, France and the UK, have investigat-
ed the relation between socio-economic status (SES) and cardiovascular disease. Despite 
large regional differences between these studies, with the SES based on educational level 
and/or occupational group and CVD expressed as mortality, morbidity and/or presence of 
risk factors, these studies all found that higher SES is associated with lower CVD risk [11- 
16]. Individuals with low SES more strongly prefer CVD screening by their own GP (63% 
compared to 49% of the individuals with high SES, p < .001) [10]. Perhaps, an active per-
sonal approach coming from their own GP may be most successful for this target group.
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In the present article, results are reported for CVD risk factor detection and advice, 
antedating but partly similar to the Dutch Prevention Visit described above. Major differ-
ences with the Prevention Visit were that possible participants were actively approached 
by invitations on behalf of their GP (without prior selection based on a questionnaire), 
and a regional GP laboratory service and personnel performed the risk factor assessment 
within the GP setting, to reduce workload for the GP. A third difference is that for each 
participant, an individual GP guideline-based treatment and follow-up advice was given 
by the GP laboratory service, but its execution was left to the discretion of the GP. This col-
laboration between laboratory services and GP practices existed already in several Dutch 
regions for the treatment of diabetes and showed improvements on control frequency 
and glycaemic control with this intervention compared to controls [17,18]. In this kind of 
collaboration, GP laboratories usually offer a recall system for regular patient check-ups, 
the results of which are reported to the GP.

This study was performed in a general practice in a municipality with a low SES 
status (1.6 standard deviation below the Dutch average, based on income, employment 
and level of education of the postal code region) [19] and markedly increased cardiovas-
cular mortality (the standardised mortality ratio is 124 (95% CI: 106–143), which means 
that CVD mortality standardised for age is 24% higher than the Dutch average level) [20].

In the current report we addressed the following questions on the proactive GP 
based approach, supported by a GP laboratory, in a low SES-area: what are the response 
rate and attendance rate at the screening of the invitees and what are the reasons for 
non-attendance? How many of those with risk profiles that were selected for further anal-
ysis, appeared to be “new high risk patients” i.e. high risk CVD patients without previously 
receiving CVD-medication? Comparisons of response and attendance rates are made 
with summary data for the same approach in other municipalities. From these other mu-
nicipalities, one was located in a substantial higher SES municipality. The yield of high 
risk patients for the studied low mean SES municipality has been compared to the yield 
in this higher SES municipality. The comparison with this other practices was performed 
to assess the external validity of the screening. Our hypothesis is that with this approach 
the response rate and attendance rate of the low SES municipality will equal the other 
municipalities and we expect that the yield of high risk patients will be higher in the low 
SES municipality compared to a higher SES municipality.

Methods

The screening was performed between April and September 2008 in a general practice in 
Oude Pekela, Eastern Groningen, with a population size of 2850 patients (the average GP 
practice number in the Netherlands is 2350).
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Male persons from 50 years on and females from 55 years on, without registered 
diabetes mellitus, were preselected from this population using the computer system for 
patient registration. Asylum seekers (80 persons in this practice) were not approached 
because follow-up often was not possible. The general practitioner could furthermore 
exclude persons for whom participation was considered inappropriate, for example pa-
tients suffering severe dementia or persons with an impaired life expectancy (estimat-
ed < 2 years), together 13 persons in this practice, or incapacity to come to the general 
practice due to a very old age or an enduring bedridden condition, 24 persons. Current 
follow-up by a cardiologist or internist (second line) was also an exclusion criterion. Per-
sons already receiving CV risk factor treatment (except diabetes) in a primary prevention 
setting were included. Those with previous cardiovascular events, but not in second-line 
follow-up, were invited for possible updating/ optimisation of secondary prevention. This 
latter group was not taken into account in the further analysis below.

The selected persons received an information letter and a response form on behalf 
of their general practitioner. Respondents willing to participate all received an invitation 
and a questionnaire. Each invitee received an appointment at the location of the general 
practice, scheduled for half an hour. The filled-in questionnaire was discussed with the 
representative of the general practice service LabNoord Groningen, usually a doctor’s as-
sistant. This representative had previously received additional training for taking the car-
diovascular history and physical examination. Specific attention was given to performing 
blood pressure measurements according to the guidelines.

The previously sent questionnaire consisted of the following items: previous his-
tory and family history of cardiovascular disease, hypertension, diabetes, lipid disorders, 
medication use, smoking behaviour and physical exercise habits. The physical examina-
tion included length, weight, BMI, and standardised blood pressure measurement. Blood 
pressure was measured three times on both arms; the mean of three measurements 
on the arm with the highest blood pressure was used. Additionally a 12-lead ECG, an 
albumin-creatinine ratio in a morning urine sample, and non-fasting serum assays of cre-
atinine (with the estimated glomerular filtration rate (eGFR)), glucose, potassium, total 
cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides were assessed. The ECG 
was examined by a cardiologist.

Using the collected data, for each attendant to the screening, a report was com-
posed for the general practitioner by the GP laboratory service LabNoord. This sum-
marised the identified risk factors, the calculated SCORE risk assessment (ten-year car-
diovascular mortality risk) [21], and included advices for lifestyle and pharmaceutical 
treatment, for possible second-line specialist referral advices, and for follow-up by the 
general practitioner himself or LabNoord. The advices were based on the SCORE assess-
ment plus additional risk factors, in line with the Dutch GP guideline [22]. Additional 
risk factors were: positive family history of first degree relatives with cardiovascular dis-
ease < 60 years, overweight (BMI > 27 kg/m2), symptoms of end organ damage such as 
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micro albuminuria (albumin/creatinine ratio: ♀ > 3,5 /♂ > 2,5), eGFR < 60 ml/min/1.73 
m2, or left ventricular hypertrophy on ECG. SES is not part of the SCORE risk calculation. 
A vascular internist examined the data and gave lifestyle pharmaceutical and follow-up 
advices based on the Dutch cardiovascular risk management GP guideline. The general 
practitioner received this report approximately 2 weeks after the screening visit, earlier 
in case of abnormal results requiring more urgent action. Depending on the results and 
the advice, the screened person received a letter or call for a GP visit to implement the 
lifestyle or pharmaceutical advices and follow-up as chosen by the GP.

The screening performed by the general practitioner in cooperation with the gen-
eral practitioner’s laboratory was not registered at a medical ethics committee. Comparable 
cooperative screening facilities between general practitioners and the laboratory already 
existed several years for diabetes mellitus and COPD. The participating general practitioner 
in this study and the laboratory wanted to extend these screening facilities, in the interest 
of the local patients. The region of the general practice is known for its elevated cardiovas-
cular risk [20] and in general patients increasingly demand medical screenings. With the 
current methods, experiences from the diabetes screening could be used to offer a screen-
ing programme embedded in a well-organised setting with quality insurance including an 
appropriate follow-up. Afterwards it was decided to publish the findings of this - at least 
for the Netherlands - novel initiative. All the procedures on the subjects as described in our 
article were part of usual risk factor detection, according to the Dutch cardiovascular risk 
management guidelines. 141 persons who did not respond or refused participation were 
asked half a year later by letter for the reasons not to respond or participate.

As mentioned in the backgrounds, this study was performed in a general prac-
tice in a municipality with a SES status 1.6 standard deviation below the Dutch average, 
based on income, employment and level of education of the postal code region [19]. We 
analysed whether the postal code of the attendees was different from the whole practice 
(excluding the asylum seekers), using Fisher’s exact test 2-sided, to assess if these further 
analysed participants reflected the low SES population of the practice.

After the first screening, the same approach was used in five other general prac-
tices that were also already collaborating with LabNoord for the treatment of diabetes. 
Four from these other practices were located at the town of Stadskanaal, located in a mu-
nicipality with a mean SES of 1.4 standard deviation below the Dutch average [19]. The 
fifth practice was located at Drachten, municipality Smallingerland, with a mean SES of 
0.6 standard deviation below the Dutch average, which is substantially higher than the 
other practices [19]. Summary response rates of all five practices were compared to the 
described practice, using Fisher’s exact test 2-sided. The yield in identified persons with 
an elevated risk in the studied practice has been compared to the general practice from 
the higher SES municipality. For this municipality the cardiovascular mortality is at a level 
comparable to the average in the Netherlands (with a standardised mortality ratio of 105 
(95% CI: 97–113), which is substantially higher than the studied practice [23].
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Results

As shown in Figure 1, 591 individuals were preselected from the patient database. These 
were individuals in the requested age category, being no asylum seeker and without 
registered diabetes or conditions considered inappropriate for participation. In the next 
step 69 individuals being under second line follow up and 1 person that had deceased 
were excluded.

521 persons were sent a letter inviting them for participation. 18% did not re-
spond, 14% were not interested in participation and 68% responded positively and were 
invited for a screening visit. 91% of these invitees (which is 62% of all persons that were 
sent an invitation letter) attended the screening. 11 persons invited for the screening 
appeared to have previously had an increased glucose level but had not been noted in 
the practice registry as having diabetes. 32 persons had suffered previous cardiovascular 
events. The risk profiles of these latter two groups were assessed but not used in the fur-
ther analysis below. The remaining 278 risk profiles were analysed further.

From these 278 analysed risk profiles, 59.7% (95% CI: 53.7–65.5, n = 166) had a low 
cardiovascular risk, being in the category < 5% ten-year cardiovascular mortality risk. 
30.1% (95% CI: 23.3–37.7, n = 50) of this low risk group used pharmaceutical treatment for 
hypertension and/or hypercholesterolemia, and were known using this treatment in the 
general practice. Below the age of 65 years, 78.1% (143/183; 95% CI: 71.4–83.9) had a low 
risk ( < 5%), between 50 and 55 years (only men) this was 91.7% (33/36; 95% CI: 77.5–98.2) 
(Figure 2). 14.0% (95% CI: 10.2–18.7, n = 39) of the 278 analysed participants had an in-
termediate cardiovascular risk (5-10% without additional risk factors), and 26.3% (95% CI: 
21.2–31.8, n = 73) had an increased risk (5-10% with additional risk factors or ≥ 10%).

Of the complete group with a risk ≥ 5%, 40.2% (45/112; 95% CI: 31.0–49.9) was 
already being treated for hypertension or hypercholesterolemia, but was nevertheless in 
the intermediate or high risk group. 24.1% (95% CI: 19.2–29.6, n = 67) of all 278 analysed 
participants were individuals with a (moderately) increased risk ( ≥ 5%), without previous-
ly receiving pharmaceutical treatment for hypertension or hypercholesterolemia. 

95% of all analysed risk profiles and 93% of the whole general practice population 
(p = .22) lived in the postal code region with the SES status −1.6 SD below the mean of 
the Netherlands [19]. 

80 of 141 questionnaires on non-participation were returned, see Figure 1. Given 
reasons for non-participation were combinations of not being convinced of usefulness, 
the wish not to know the CV risk, being afraid of unwanted results (24), lack of time (16), 
and financial costs (13). The remaining category (27) mentioned reasons including: age, 
other health problems, missed call or combinations of these.

Response rates and yield for use of the current model in five other general practices 
in other cities and regions in the northern part of the Netherlands, also in a higher SES class 
region are shown in Table 1 (Ref: unpublished data from the CV screening at Drachten and 
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Figure 1. Flow of patients.
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Stadskanaal, LabNoord Groningen; 2009). Compared with the 1874 initially addressed per-
sons in these other practices, the proportion of person who were not interested was slight-
ly lower (13.8% vs. 18.8%) and related to this, the proportion invitees was slightly higher 
(67.9% vs. 62.1%) in the studied practice, with the proportions being in the range that was 
also found for the other practices. The yield in identified persons with an elevated risk has 
been compared to one of these practices, which is located in a city with a cardiovascular 
mortality at a level comparable to the average in the Netherlands [23], which is consider-
ably lower than in the currently reported low SES municipality. In this practice in the area 
with a lower cardiovascular risk, 29.6% (95% CI: 23.4–36.5) was found to have a SCORE risk 
assessment ≥ 5% compared to 40.3% (95% CI: 34.5–46.3) in the current study group; with 
the difference between both proportions being 10.6% (95% CI: 2.06–19.20).

Figure 2. Distribution of SCORE risk categories for different age groups in the studied general practice.
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Table 1. Proportions of non-responders, individuals who were not interested, invitees and attenders at the 

screening for the described GP (“Oude Pekela”), compared to the 5 other GPs.

Oude Pekela GP  
(521 information 
letters) N (%)

Similar screening in 5 other GPs  
(total 1874 information letters) Difference between  

Oude Pekela and  
5 other GPs P-valueN (%) Highest-Lowest GP

No response 95 (18.2) 358 (19.1) 10%–32% .70

No interest 72 (13.8) 353 (18.8) 13%–27% .01

Invitation 354 (67.9) 1163 (62.1) 51–72% .01

Attendance  
at screening  
(% of invitees)

321 (90.7) 1090 (93.7) 88% –100% .06

Discussion

This primary prevention CV risk screening, performed within the general practice with 
logistical support of the regional general practice laboratory and service, could be well 
managed within the GP setting, and resulted in a limited additional workload for the GP 
and his assistant. The GP was only involved in the selection of the patients and provided 
the location within his practice. The response rate and attendance of the invitees was high, 
when compared to the Dutch Prevention Visit for example. The yield in newly identified 
persons (i.e. not currently treated already for hypertension or hypercholesterolemia) with 
increased risk was considerable (24% of the analysed participants). Compared to a practice 
from an area with a lower cardiovascular mortality, the yield in identified high risk patient 
was higher in the studied practice, as expected. Compared to the five practices with simi-
lar screenings, the proportion of individuals that was interested after written invitation and 
could be invited for the risk assessment, was even slightly higher in the studied practice.

The percentage of individuals that had received an invitation letter and was even-
tually invited for the screening (68%) is comparable with the results of the Dutch ResCon 
research agency, which assessed by questionnaires in 45–74 year old persons their will-
ingness to participate in a health check for early detection of cardio metabolic risk: 66% 
reported to probably or surely be willing to undergo a health check [10]. Likely reasons 
for the good attendance are the invitation by their own general practitioner, the screen-
ing location within the general practice and the reimbursement by the health insurance 
provider (depending on the remaining own risk) [10]. The response rate was considerably 
higher than during the pilot of the Dutch national Prevention Visit. The admission age was 
higher in the present study, which is related to a higher response [24- 26]. For example, 
Van de Kerkhof et al. found that respondents at a cardiovascular risk factor screening were 
significantly older than non-responders (52.7 vs. 49.5 years, p < .001) [24]. Besides, a con-
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siderable number of the analysed participants already used medication and thus was 
already a regular visitor of the practice. These people probably experience fewer barriers 
to participate in a medical programme.

Both in the pilot study of the Prevention Visit as well as in the study by Van de 
Kerkhof et al. a questionnaire was used as first selection step [9,24]. The dependence on 
a questionnaire to be filled in by possible candidates as a first filter for a cardio metabolic 
screening seems to be less efficient in identifying high risk people than increasing the ad-
mission age from 40 to 50 years [27]. In the present study even in the 50–55 years range, 
the large majority (92%) of men was in the low risk range. Active invitation is needed to 
additionally obtain information on missing or incompletely available risk factors for an 
adequate assessment and identification of high CVD risk patients, as is shown in our and 
the Prevention Visit pilot studies [9], but also in the UK primary care setting [28].

In the present municipality with a low average SES and increased mortality for car-
diovascular disease, the target group had a high response rate with the current approach. 
Thus, an active screening as performed in the current study seems to be an answer to the 
demand for a reliable risk assessment in such a low SES group. The expectation that many 
undertreated persons with increased risk would be identified using the approach via their 
general practice was confirmed.

A limitation of the currently reported data of only one specific general practice sit-
uation may be that the external validity is limited. However, use of the currently described 
model of CV risk screening within a general practice, in several other general practices in 
other cities and regions in the northern part of the Netherlands, also in a higher SES class 
region, revealed no major differences in response rates and yield.

The participating general practitioners, both from the studied practice and from 
the other municipalities, may be more motivated for improving cardiovascular screening 
and adjusting practice organisation than average practices, as this was a novel initiative. 
This may overestimate the effect.

Within the 40% of the further analysed participants with a SCORE risk assess-
ment ≥ 5% already using pharmaceutical treatment for the risk factors, many were not 
on the target levels as advised in Dutch and other national CV guidelines. Similar obser-
vations have often been made in primary as well as in secondary care [1,29]. This group 
received additional advice as suggested in the guidelines. It illustrates that extension of 
the current health check model to those in a general practice already receiving pharma-
ceutical treatment for cardiovascular risk factors may still have added value.

In the described current CV screening model, males were invited > 50 years and 
females > 55 years, because SCORE risk assessments are to a large extent determined by 
age and start to rise to levels qualifying for lifestyle or even pharmaceutical treatment 
above these age levels [21]. In other health check risk screening programs, such as the NHS 
Health Checks programme, but also in the Dutch Prevention Consultation, younger age 
limits such as 40 or 45 years are used [3,9]. Current JBS charts allow assessments for three 
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age ranges: < 50, 50–59 and ≥ 60 years. We are aware that use of the lower age limit better 
takes into account that younger patients have greater lifetime risk. One may also argue 
that lowering the admission age has the second advantage of offering a time window for 
benefits from lifestyle modification with an otherwise still expectant policy. However, we 
weighed this against a broader acceptance (at least in the Netherlands) of the SCORE risk 
categories as qualifiers for treatment. Using the currently used age limits, only 8% of the 
males between 50–55 years did have a SCORE risk assessment ≥ 5%.

In the current model the logistics and execution of the screening programme and 
health checks were performed by a regional general practice laboratory and service. Ad-
vantages are that the health checks may be performed in or in the neighbourhood of the 
general practices, and invitees are examined by trained personnel but still under supervi-
sion of the general practitioner. Dalton et al. [3] have already discussed the impact of the 
substantial extra workload of NHS Health Checks and similar screening programmes for 
the GPs. Involvement of GP laboratory personnel that organises and performs the screen-
ing program within the GP practice may alleviate such extra workload. In 2008 a Dutch 
NIVEL questionnaire addressed to 330 general practitioners revealed that 94% consider 
the general practice as the preferred place for detecting high cardiovascular risk patients 
[30,31]. A general practice laboratory was considered the preferred institution for delega-
tion of GP tasks (33.7% agreed/agreed very much, this was the highest percentage of all 
given options, which were, amongst others: hospital, pharmacy, municipal public health 
service) [31]. Although the general practice is well-equipped to perform follow-up for 
pharmaceutical treatment in the detected persons with increased CV risk, a first or parallel 
step of lifestyle advices may require further involvement and cooperation with dieticians 
or physical therapists. Practice nurses within the general practice alternatively may offer 
integrated advice on lifestyle and pharmaceutical treatment. For long-term follow-up of 
treatment results health checks after follow-up periods ranging between one and five 
years may be repeated using the current model.

Conclusions

Pro-active GP based cardiovascular screening, supported by a GP laboratory, in a low SES-
area could be well implemented and resulted in a high response rate of invited persons, 
and a high yield of newly detected persons with increased risk. Apparently, in the studied 
practice, it is possible with the current approach to effectively detect those with increased 
cardiovascular risk within the target group of persons with low mean social economic sta-
tus. Further research questions that have to be answered before this approach should be 
broadly implemented are: whether this approach is effective in other GPs in low SES-areas, 
whether the approach is cost-effective and which positive effects on (long term) cardiovas-
cular risk can be achieved in the individuals found to have an elevated cardiovascular risk.
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Abstract

Background

Skin autofluorescence (SAF), as a proxy of AGE accumulation, is predictive of car-
diovascular (CVD) complications in i.a. type 2 diabetes mellitus and renal failure, 
independently of most conventional CVD risk factors. The present exploratory 
sub study of the Groningen Overweight and Lifestyle (GOAL)-project addresses 
whether SAF is related to Systematic COronary Risk Evaluation (SCORE) risk esti-
mation (% 10-year CVD-mortality risk) in overweight/obese persons in primary 
care, without diabetes/renal disease, and if after 3-year treatment of risk factors 
(change in, Δ) SAF is related to Δ SCORE.

Methods

In a sample of 65 participants from the GOAL study, with a body mass index 
(BMI) > 25–40 kg/m2, hypertension and/or dyslipidaemia, but without diabetes/ 
renal disease, SAF and CVD risk factors were measured at baseline, and after 
3 years of lifestyle and pharmaceutical treatment.

Results

At baseline, the mean SCORE risk estimation was 3.1 ± 2.6%, mean SAF 
2.04 ± 0.5AU. In multivariate analysis SAF was strongly related to age, but not 
to other risk factors/SCORE. After 3 years Δ SAF was 0.34 ± 0.45 AU (p < 0.001). 
Δ SAF was negatively related to Δ bodyweight but not to Δ SCORE%, or its 
components. At follow-up, SAF was higher in 11 patients with a history of CVD  
compared to 54 persons without CVD (p = 0.002).

Conclusions

Baseline and 3-year- Δ SAF are not related to (Δ)SCORE, or its components, ex-
cept age, in the studied population. Δ SAF was negatively related to Δ weight. As 
3-year SAF was higher in persons with CVD, these results support a larger study 
on SAF to assess its contribution to conventional risk factors/SCORE in predicting 
CVD in overweight persons with low-intermediate cardiovascular risk.
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Background

Skin autofluorescence (SAF) can be considered as a proxy of accumulation of advanced 
glycation end-products (AGE) in the dermis of the skin. SAF has been shown to be close-
ly related to dermal tissue levels of pentosidine, carboxymethyllysine (CML), and carbox-
yethyllysine (CEL) in skin biopsies [1–4]. It may also reflect AGE accumulation in other 
tissues with comparable slow turnover such as the lens of the eye and the vessel wall [5]. 
Skin AGE and autofluorescence levels are increased in persons with diabetes mellitus, 
and have been shown to be related to and predictive of both macro vascular and mi-
cro vascular complications, and of (cardiovascular) mortality in type 2 diabetes mellitus 
[6–9]. In the context of the very prolonged intervention effects in The Diabetes Control 
and Complications Trial, and Epidemiology of Diabetes Interventions and Complications 
Follow-up Study (DCCT-EDIC) and UK Prospective Diabetes Study (UKPDS) studies, AGE 
have been proposed to be the prime candidate as carrier of (glyco)metabolic memory in 
type 1 and type 2 diabetes, and in other conditions [10, 11]. Tissue AGE and SAF levels are 
also associated with and predictive for cardiovascular and micro vascular complications 
in type 1 diabetes and autoimmune disease [12–14]. Skin AF levels have been confirmed 
to be strong, independent predictors for cardiovascular disease (CVD) and mortality in 
intermediate [chronic kidney disease (CKD) III] and later stages of renal failure including 
haemodialysis, peritoneal dialysis and renal transplant patients [2, 15, 16]. A close rela-
tion between skin AF levels and CVD also exists in conditions which are not considered 
typical disease models of AGE accumulation: skin AF is also related to or predictive of 
CVD independent of conventional cardiovascular risk factors, in autoimmune disease 
[17–19], and several forms of existent CVD, including acute coronary syndromes, carotid 
artery disease, and stable peripheral arterial disease [20–23]. Carotid artery intima media 
thickness associates with skin autofluorescence in non-diabetic subjects without clini-
cally manifest CVD [24].

Little attention has been given so far to the relation of SAF to conventional car-
diovascular risk factors in primary care patients without conditions known to predispose 
to AGE accumulation and increased SAF. This holds for both persons without and with 
pre-existing CVD. Worldwide, risk scores integrating several of the conventional cardio-
vascular risk factors are the mainstay of cardiovascular risk assessment, and the principal 
guide for lifestyle or pharmaceutical interventions. From the available range of risk scores, 
in Europe the SCORE cardiovascular risk score is still the one most used for cardiovascular 
risk prediction [25].

The first aim of the present exploratory sub study of the Groningen Overweight 
and Lifestyle (GOAL) project is to assess whether SAF is related to the Systematic COro-
nary Risk Evaluation (SCORE) risk estimation in overweight or obese persons without dia-
betes mellitus or renal disease, but with hypertension and/or dyslipidaemia.
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The dynamics of changes in or reversibility of AGE accumulation in tissues with 
slow turnover might be expected to be absent or at least considerably slower than those 
in conventional cardiovascular risk factors. So far, no studies have addressed changes over 
time in SAF in relation to those in other risk factors. Also, another question is whether 
long-term interventions in cardiovascular risk are reflected in the same direction and ex-
tent in changes in SAF levels as in conventional risk factors. Therefore, the second aim was 
if the changes after 3-year treatment of these risk factors in (Δ) SAF were related to those 
in SCORE risk estimation score and its constituent risk factors.

Methods

GOAL study

The design and results of the GOAL study have been described in the detail before by ter 
Bogt et al. [26–28]. In short, the GOAL study aimed to assess in a randomized design the 
effects of lifestyle counselling and guidance by practice nurses (with help of a standard-
ized software program; intervention arm) compared to conventional care by the general 
practitioner (control arm), on the endpoints body weight and conventional risk factors in 
primary care patients with overweight and hypertension and/or hypercholesterolemia. 
Follow-up was performed for 3 years. Participants were recruited (between June 2005 and 
February 2006) at 11 general practice locations in the northern part of The Netherlands.

Subjects

As elsewhere described in detail, after screening and selection, the GOAL study included 
457 participants (aged 40–70 years) within the setting of the general practices. Eligible 
participants had a body mass index (BMI) between 25 and 40 kg/m2 and either hyper-
tension and/or dyslipidaemia. Hypertension was defined as mean systolic blood pres-
sure ≥ 140 mm Hg and/or diastolic ≥ 90 mm Hg (based on two measurements on at least 
two different visits) or current use of blood pressure-lowering medication, and dyslipi-
daemia was defined as a total serum cholesterol > 5.5 mmol/L or low HDL (male: < 0.9; 
female: < 1.1 mmol/L) or ratio total/HDL cholesterol > 6 and/or current use of cholesterol 
lowering medication. Exclusion criteria were diabetes mellitus, hypothyroidism, preg-
nancy, liver- or kidney disease, current treatment for malignancy, severely shortened life 
expectancy, mental illness and addiction to alcohol or drugs. The GOAL-study was ap-
proved by the Medical Ethics Review Committee (METc) of the University Medical Center 
Groningen and written informed consent was given by all participants.

For the current part of the project, in a sample of 65 participants SAF and the 
different components of the SCORE risk estimation and other CVD risk factors were mea-
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sured at baseline, and after the 3 years as described below. An additional exclusion crite-
rion for this part of the study was having a skin with Fitzpatrick skin type V–VI colour, with 
a skin reflectance < 8% (dark skin).

Measurements

At the GP locations a trained research team (not blinded for study group) performed 
a structured medical exam which included measurements of body weight, length, waist 
circumference and blood pressure. Body weight was measured on a digital scale with sub-
jects wearing light clothing and no shoes, height was measured using a wall-mounted 
measuring tape, and waist circumference was measured at the level midway between 
the lowest rib and the iliac crest. Blood pressure was measured twice and average val-
ues were used in analysis. The presence of cardiovascular risk factors, medication use and 
family history of disease and overweight/obesity were documented. Blood samples were 
collected in general practice setting after an overnight fast to analyse high sensitivity  
C-reactive protein (hsCRP) and fasting serum lipids and glucose (in the same central labo-
ratory, LabNoord in Groningen, using conventional and certified laboratory assays). SCORE 
risk scores to estimate 10-year risk of fatal CVD were calculated as described by Conroy 
[25]. Both at baseline and after 3 years the age at baseline was used to estimate the risk 
score, to eliminate the influence of age on the change in risk estimation after 3 years.

SAF was measured non-invasively by the AGE Reader. The AGE Reader is a desk-
top unit on which the patient positions the volar side of the right lower arm on a light 
source. The excitation light source is an ultraviolet-A black light tube, with a wavelength 
between 350 and 420 nm (peak wavelength, 370 nm), which illuminates around 2 cm2 
of the skin. A spectrometer detects the light coming back from the skin (emission) in 
the 420–600 nm range. SAF is calculated as the ratio of the total emission intensity and 
the total excitation intensity and expressed in arbitrary units (AU). The measurements of 
SAF were validated against AGE levels (pentosidine, carboxymethyllysine, and carboxy-
ethyllysine) in skin biopsy specimens in healthy controls, in patients with diabetes, and in 
patients on haemodialysis [1–4]. Prior reproducibility studies of repeated measurements 
in 25 healthy volunteers have shown a mean relative error [coefficient of variance (COV)] 
of 5% [1]. All the measurements were performed at baseline (between January and July 
2006), and after 3 years.

Statistical analysis

Descriptive statistics (mean, standard deviation, percentages) from SPSS statistical soft-
ware were used to describe baseline characteristics and characteristics after 3 years in 
both study groups. Both study groups were compared by unpaired t-test for continuous 
variables and chi square or fisher’s exact test for categorical variables. General Linear Mod-
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el (GLM) was used to describe the relation between specific variables and (Δ)SAF. First, 
univariate analyses were performed, next variables that appeared to be significant were 
analysed together using multivariate statistics. Change in SAF after 3 years was evaluated 
using paired t-test. Comparison of ΔSAF between both treatment groups and persons 
with/without history of CVD was performed by unpaired t-tests. A p-value < 0.05 was con-
sidered statistically significant.

Results

Figure 1 shows the flow of patients from the GOAL study that participated in the SAF 
measurements. At baseline, the mean age of participants from both groups was 
56.9 ± 7.6 years, 62% were female. Mean BMI was 29.1 ± 3.8 kg/m2, 15% smoked. Blood 
pressure was 144 ± 16/87 ± 8 mm Hg, 59% had hypertension. The total/HDL cholesterol 
ratio was 4.0 ± 1.3, 45% had dyslipidaemia; 17% had both hypertension and dyslipidae-
mia. The calculated mean SCORE risk estimation was 3.1% ± 2.6% 10-year risk for fatal CVD. 
Comparison of both study groups at baseline and after 3 years is shown in Table 1.

The participants of the SAF substudy have been compared to the whole GOAL 
study population with respect to the baseline characteristics as mentioned in Table 1. 
There were no significant differences (p < 0.05), except for the level of triglycerides and 
the waist circumference for males, both being significantly lower in the SAF population 
(triglycerides were 1.4 ± 0.5 vs. 1.6 ± 0.8 mmol/L, p = 0.028 and waist circumference for 
males was 100.1 ± 5.2 vs. 104.6 ± 8.9 cm, p = 0.001).

Mean SAF was 2.04 ± 0.5 AU. SAF was strongly related to age in both univariate 
and multivariate analysis. However, SAF was not related to other SCORE risk estimation 
components (including smoking, hypertension, dyslipidemia), overall SCORE risk estima-
tion or BMI in multivariate analysis (Table 2).

After 3 years SAF was 2.38 ± 0.47 AU, the difference with baseline was 0.34 ± 0.45 AU 
(p < 0.001). Twelve out of 65 persons had a fall in or unchanged skin AF. For the total group, 
Δ SAF was related to weight loss (explained variance 15.6%) and Δ BMI, but not to Δ SCORE 
risk estimation or its components (Table 3). At baseline 10 persons had a history of CVD 
and 55 did not have a history of CVD. The mean SAF was 2.27 AU ± 0.58 vs. 2.00 AU ± 0.42, 
with a p-value of 0.082. After 3 years, SAF was higher in 11 patients with a history of CVD 
with a mean SAF of 2.77 ± 0.44 AU, compared to 54 patients without CVD, having a mean 
SAF of 2.31 ± 0.44 AU (p = 0.002).

No differences regarding Δ SAF were found between the intervention and control 
groups.
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Figure 1. Flow of patients from the GOAL study that participated in the SAF measurements.

Discussion

Our results show that baseline SAF, and its 3-year change, are not related to (changes 
in) SCORE risk estimation, or its components, except age, in overweight-obese persons 
with hypertension and/or dyslipidaemia. Δ SAF over 3 years was negatively related to 
Δ weight, but not related to other CVD risk factors. Three-year SAF was higher in persons 
with previous CVD events. No differences were found in the changes in SAF between the 
intervention and control groups.

The dissociation of SAF from conventional CVD risk predictors like sex, hyperten-
sion and dyslipidaemia has previously been found in diabetes mellitus and renal failure 
(CKD III), but so far no data were available on SAF levels, and changes over time in the cur-
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rent intermediate CVD risk group of primary care overweight persons without diabetes or 
renal failure [9, 15, 29]. This dissociation with the aforementioned risk factors extends to 
persons with CVD and is also confirmed in the current study [23].

In previous studies in patients with CVD and in those with renal failure the variance 
in SAF was not, and in diabetes studies to a minor degree, dependent on BMI [6,15,24]. In 
the current study no relation existed between SAF and BMI at baseline, but remarkably 
the increase in SAF after 3 years was smaller or absent in those with a fall in or stable BMI. 
The increase in BMI observed in the major part of the participants may result in increased 
risk of glycemic exposure in those developing prediabetes, and so in increases in SAF. 
Increased exposure to low grade oxidative stress in those with a rise in BMI may contrib-
ute to a SAF increase. A fall in SAF over 3 years observed in a small number of the current 
study participants was associated with a fall in body weight in most of them.

Obviously the most important limitation of this report is the small number of par-
ticipants in which SAF was measured. However, this part of the project was designed to 
be exploratory. The aim was to include, in a primary care setting, persons with at least 
one cardiovascular risk factor, but with still a relatively low overall cardiovascular risk. The 
results show that for this prevalent group of persons SAF was indeed not related to con-
ventional cardiovascular risk factors and the SCORE risk estimation. Moreover, this lack of 
association is further supported by the fact that changes over time in SAF and in con-
ventional risk factors were not related (except for change in body weight). Obviously, the 
presence of diabetes or renal failure were exclusion factors because of their well-docu-
mented effects on SAF. A second limitation is that all participants had an increased body 
weight. However the threshold level for overweight in the GOAL study was relatively low 
(BMI ≥ 25 kg/m2). Thus, in fact the study participant characteristics overlap to a large de-
gree to those of a substantial part of the middle-aged population. A third limitation is that 
the study subjects participated in a larger randomized intervention study and that due to 
the low numbers interactions with the interventions cannot be excluded. We also note 
that participants for this sub study were not randomly selected.

As 3-year SAF was higher in persons with a history of CVD, and was dissociated 
from several of the conventional CVD risk factors, this justifies a larger study on SAF fol-
low-up to assess its contributory effect to conventional risk factors/score in predicting 
CVD in overweight persons with low-intermediate SCORE risk estimation scores. In fact, 
SAF measurements have been incorporated in an ongoing LIFELINES population study 
project in our area with a current inclusion number of > 100,000 persons [30].

If an association with and prediction of CVD, independent of conventional risk 
factors used in general practice, would indeed be confirmed in such a setting for the non-
invasive, rapid and point-of-care SAF measurement, its value may be considered most 
relevant in the intermediate cardiovascular risk group. In this intermediate risk group cur-
rent guidelines suggest use of alternative risk predictors to make decisions on starting or 
intensifying CVD preventive treatment.
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Table 1. Characteristics of both groups at baseline and after 3 years (expressed as mean ± standard devia-

tion, unless specified otherwise)

Baseline 3 year

Intervention 
group

Control group Intervention 
group

Control group

N = 22 N = 43 N = 22 N = 43

General characteristics

Females — n (%) 10 (45.5) 30 (69.8) - -

Age at baseline — years 55.9 ± 7.1 57.4 ± 7.8 - -

Smokers — n (%) 5 (22.7) 5 (11.6) 4 (18.2) 5 (11.6)

Hypertension — n (%) 10 (45.5) 28 (65.1) 14 (63.6) 33 (76.7)

Dyslipidemia — n (%) 9 (40.9) 20 (46.5) 12 (54.5) 21 (48.8)

Medication for hypertension — n (%) 4 (18.2) 11 (25.6) 7 (31.8) 18 (41.9)

Medication for dyslipidemia — n (%) 4 (18.2) 9 (20.9) 3 (13.6) 11 (25.6)

Physical examination

Body-mass index — kg/m2 29.3 ± 4.0 29.1 ± 3.8 28.8 ± 3.9 28.9 ± 3.5

Waist circumference males — cm 98.8 ± 5.9 101.3 ± 4.4 100.2 ± 5.9 101.3 ± 5.5

Waist circumference females — cm 96.1 ± 12.9 93.5 ± 11.0 97.8 ± 11.4 96.5 ± 9.5

Systolic blood pressure — mmHg 149.2 ± 17.2 142.0 ± 16.1 142.2 ± 15.8 138.9 ± 15.1

Diastolic blood pressure — mmHg 90.7 ± 8.8* 85.3 ± 7.6* 89.3 ± 9.0* 83.9 ± 10.5*

Blood tests

Glucose — mmol/l 5.1 ± 0.4 5.1 ± 0.5 5.0 ± 0.5 5.3 ± 0.7

Total cholesterol — mmol/l 6.0 ± 1.1* 5.5 ± 0.9* 6.1 ± 1.2* 5.6 ± 1.0*

HDL-cholesterol males — mmol/l 1.3 ± 0.2 1.2 ± 0.3 1.1 ± 0.2 1.1 ± 0.3

HDL-cholesterol females — mmol/l 1.8 ± 0.4 1.6 ± 0.4 1.5 ± 0.4 1.4 ± 0.4

Cholesterol ratio 4.4 ± 1.6 3.9 ± 1.1 5.3 ± 1.9 4.5 ± 1.3

LDL-cholesterol — mmol/l 3.8 ± 1.2 3.3 ± 0.9 4.0 ± 1.1 3.5 ± 1.0

Triglycerides — mmol/l 1.5 ± 0.5 1.4 ± 0.5 1.9 ± 1.0 1.7 ± 0.6

hsCRP — mg/l 4.7 ± 5.3 4.2 ± 4.3 3.1 ± 3.6 4.7 ± 5.5

SCORE risk estimation — % 3.7 ± 3.4 2.7 ± 2.1 3.6 ± 2.8 3.0 ± 2.4

SAF — a.u. 2.0 ± 0.4 2.1 ± 0.5 2.3 ± 0.4 2.4 ± 0.5

 * Significant differences between groups at baseline, p-values: diastolic blood pressure: p = 0.013, total 

cholesterol: p = 0.038; after 3 years, p-values: diastolic blood pressure p = 0.041, total cholesterol p = 0.049
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Table 2. Univariate analysis of baseline SCORE risk estimation and its components and SAF, and multivariate 

analysis with the significant variables from the univariate analysis. 

Univariate analysis Multivariate analysis

B p-value R2 B p-value

General characeristics

Age — years  0.029 0.000* 0.229 0.021 0.019*

Gender (female)  0.129 0.267 0.019

Smoking (non-smoker) - 0.118 0.454 0.009

Physical examination

Body-mass index — kg/m2 - 0.001 0.922 0.000

Waist circumference males — cm  0.022 0.208 0.068

Waist circumference females — cm - 0.008 0.236 0.037

Blood pressure systolic — mmHg - 0.002 0.605 0.004

Blood pressure diastolic — mmHg  - 0.014 0.042* 0.064 - 0.013 0.059

Blood tests

Glucose — mmol/l  0.029 0.816 0.001

Total cholesterol — mmol/l - 0.002 0.970 0.000

HDL-cholesterol males — mmol/l - 0.517 0.157 0.085

HDL-cholesterol females — mmol/l 0.085 0.634 0.006

Cholesterol ratio - 0.004 0.932 0.000

LDL-cholesterol — mmol/l - 0.015 0.792 0.001

Triglycerides — mmol/l 0.037 0.752 0.002

hsCRP — mg/l -0.005 0.665 0.003

SCORE risk estimation — % 0.052 0.014* 0.092 0.028 0.275

* Multivariate analysis R2 = 0.275, * significant
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Table 3. 3-year follow-up: univariate relation of change in SAF to change in cardiovascular risk factors in 

both study groups.

Total group Intervention group Control group

B p-value R2 B p-value R2 B p-value R2

Physical examination

Δ weight — kg  0.024 0.001* 0.156  0.007 0.635 0.012  0.030 0.000* 0.262

Δ BMI — kg/m2 0.062 0.003* 0.130 0.030 0.492 0.025 0.072 0.003* 0.195

Δ waist circumference ♂ — cm -0.004 0.781 0.003 -0.006 0.744 0.011 -0.005 0.841 0.004

Δ waist circumference ♀ — cm  0.016 0.060 0.092 -0.005 0.817 0.008  0.022 0.026* 0.165

Δ blood pressure systolic — mmHg -0.003 0.311 0.017 -0.006 0.280 0.061 -0.002 0.624 0.006

Δ blood pressure diastolic — mmHg -0.004 0.402 0.011 -0.003 0.737 0.006 -0.005 0.452 0.014

Blood tests

Δ glucose — mmol/l  0.018 0.787 0.001 -0.143 0.402 0.037  0.047 0.539 0.009

Δ tot. cholesterol — mmol/l -0.038 0.395 0.012 -0.081 0.248 0.070 -0.007 0.905 0.000

Δ HDL ♂ — mmol/l -0.257 0.479 0.022 -0.353 0.344 0.090  0.229 0.807 0.006

Δ HDL ♀ — mmol/l  0.090 0.656 0.005  0.916 0.039* 0.479 -0.190 0.396 0.026

Δ cholesterol ratio -0.041 0.290 0.018 -0.076 0.124 0.120  0.019 0.776 0.002

Δ LDL— mmol/l -0.041 0.418 0.011 -0.091 0.248 0.073 -0.002 0.974 0.000

Δ triglycerids — mmol/l -0.026 0.653 0.003 -0.079 0.297 0.057  0.052 0.569 0.008

Δ hsCRP — mg/l 0.008 0.338 0.016 -0.032 0.070 0.171 0.019 0.047* 0.097

Δ SCORE risk estimation — % -0.007 0.815 0.001 -0.029 0.441 0.032  0.030 0.555 0.009

Δ = change, B = beta, R2 = explained variance * significant
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Abstract

Background

Treatment goals for cardiovascular risk management are generally not achieved. 
Specialized practice nurses are increasingly facilitating the work of general prac-
titioners and self-monitoring devices have been developed as counselling aid. 
The aim of this study was to compare standard treatment supported by self-
monitoring with standard treatment without self-monitoring, both conducted 
by practice nurses, on cardiovascular risk and separate risk factors.

Methods

Men aged 50–75 years and women aged 55–75 years without a history of car-
diovascular disease or diabetes, but with a SCORE 10-year risk of cardiovascular 
mortality ≥ 5% and at least one treatable risk factor (smoking, hypertension, lack 
of physical activity or overweight), were randomized into two groups. The con-
trol group received standard treatment according to guidelines, the intervention 
group additionally received pro-active counselling and self-monitoring (pedom-
eter, weighing scale and/ or blood pressure device). After one year treatment 
effect on 179 participants was analysed.

Results

SCORE risk assessment decreased 1.6% (95% CI 1.0–2.2) for the control group 
and 1.8% (1.2–2.4) for the intervention group, difference between groups was 
.2% (-.6–1.1). Most risk factors tended to improve in both groups. The number of 
visits was higher and visits took more time in the intervention group (4.9 (SD2.2) 
vs. 2.6 (SD1.5) visits p < .001 and 27 (P

25
 –P

75
:20–33) vs. 23 (P

25
 –P

75
:19–30) min-

utes/visit p = .048).

Conclusions

In both groups cardiovascular risk decreased significantly after one year of treat-
ment by practice nurses. No additional effect of basing the pro-active counsel-
ling on self-monitoring was found, despite the extra time investment.
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Background

Cardiovascular diseases are the most important cause of death worldwide [1]. Preventive 
treatment of these diseases is targeted at individuals with an elevated cardio-vascular 
risk, based on a combined risk factor approach [2,3]. However, treatment goals for car-
diovascular risk factors are generally not achieved [4], which underlines the importance 
of improving the efficacy of treatment and follow-up programs. One of the approaches 
in the Anglo-Dutch health care system has been to train specialized practice nurses to 
assist the general practitioner (GP). They integrate life-style counselling and drug treat-
ment according to the guidelines and achieve promising results, as was shown in several 
international studies on cardiovascular risk management [5-7]. Another development is 
the use of self-monitoring (e.g. blood pressure devices, pedometers and standardized 
weighing scales for use at home) in lifestyle and pharmaceutical counselling. The use of 
each of these devices has demonstrated improvements on the specific risk factors [8-11] 
and in the case of home blood pressure measurements even led to a decreased use of 
medication [12]. Self-monitoring of combined parameters is already successfully being 
used in chronic heart failure patients [13].

The common approach taken in the Anglo-Dutch-Scandinavian health care sys-
tem consists of integrated lifestyle counselling and drug treatment for individuals with an 
elevated cardiovascular risk [2,3]. The height of the risk is estimated based on a combina-
tion of different risk factors (hypertension, hypercholesterolemia, overweight, smoking 
and lack of physical activity) and treatment is aimed at the individual combination of 
these risk factors. To our knowledge, no study has yet investigated the combined inter-
vention of this cardiovascular risk management approach, supported by self-monitoring 
equipment, conducted by trained practice nurses in general practices, even though such 
an approach is in line with the identified developments and might be effective.

The research question that the SPRING study (Self-monitoring and Prevention of 
RIsk factors by Nurse practitioners in the region of Groningen) aimed to answer, was: is 
cardiovascular risk management according to the Dutch GP’s Guideline [3], supported by 
self-monitoring, more effective than standard cardiovascular risk management according 
to the same guideline, in primary care? Effectiveness of both treatment strategies was 
evaluated after one year on SCORE (Systematic Coronary Risk Evaluation) 10-year risk of 
fatal cardiovascular disease [14] and on separate risk factors.
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Methods

Eligibility criteria for participants

Eligible participants were men aged 50–75 years and women aged 55–75 years. As 
women on average start to have an elevated cardiovascular risk at an older age then 
men, age inclusion was adapted to avoid major sex imbalance in other risk factors. Inclu-
sion furthermore required a SCORE cardiovascular risk assessment ≥ 5% and an indication 
for treatment for at least one risk factor (Table 1). Individuals with hypercholesterolemia 
alone were not included, because treatment for this was equal for both study groups 
(Table 2). Exclusion criteria were: a history of cardiovascular disease, diabetes mellitus, thy-
roid dysfunction or a seriously diminished life expectancy (estimated < 2 years). Written 
informed consent was given by all participants. The SPRING study was approved by the 
Medical Ethics Review Committee of the University Medical Centre Groningen (reference 
number 2007/232).

Recruitment

20 general practices at 15 locations in the Netherlands participated. From each practice 
patient database approximately 200 individuals meeting age requirements and without 
registered exclusion criteria were randomly selected. The GP excluded individuals with 
a diminished life expectancy. Between April and December 2008, 3480 selected individuals 
received an invitation letter with a questionnaire (Figure 1). This questionnaire contained 
items on smoking, BMI > 24 kg/m2 and physical activity < 150 minutes/week (2 questions 
based on the Short Questionnaire to Assess Health-enhancing Physical Activity, SQUASH) 
[15]. Individuals were invited for the screening if they were interested in participating and 
had at least one risk factor. Between June 2008 and August 2009 a trained research team 
collected the following screening data at the different practice locations.

Physical examination: Body weight, height and waist circumference were collect-
ed. Blood pressure was measured two times on each arm and this was repeated on a dif-
ferent day on the arm with the highest values. The mean value from this arm was used.

Medical history: Patient reported cardiovascular risk factors, medication use, med-
ical history and family history were recorded.

Blood test: After an overnight fast serum glucose, lipids, thyroid, liver and kidney 
function were analysed. If this suggested diabetes, familial hypercholesterolemia or thy-
roid dysfunction, individuals were excluded and the GP was informed. With other abnor-
mal results it was decided by mutual agreement with the GP whether participation was 
safe or not.

The SCORE risk assessment was calculated based on sex, age, smoking status, sys-
tolic blood pressure and total/HDL cholesterol, using a computer program (Dutch GP So-
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ciety ”Consultwijzer”, version December 2007). 65 is the maximum age for this risk calcu-
lator and was used for all participants aged ≥ 65 years. Treatment goals were individually 
determined (Table 1), based on risk factors, irrespective of current medication. Baseline 
data consisted of screening data, completed with a questionnaire, containing items on 
general characteristics and the standardized RAND-36 health survey and SQUASH [15,16].

Participants were allocated 1:1 to two parallel unpaired treatment groups, using 
computer generated random numbers. Randomization was at patient level.

Table 1. Risk factor cut off points according to the Dutch GP guideline.

Risk factor Cut off point for recommendation as a treatment goal

Overweight BMI ≥ 25 kg/m2 or waist circumference > 80 cm♀/ > 94 cm♂

Smoking  ≥ 1 item/day

Physical inactivity  < 30 minutes moderately intensive physical activity on ≥ 5 days/week

Hypertension systolic blood pressure ≥ 140mmHg and ≥ 1 additional risk factor*

Hypercholesterolemia LDL > 2,5 mmol/l and ≥ 1 additional risk factor*

* additional risk factors were a SCORE risk assessment ≥ 10%, positive family history for cardiovascular dis-

ease ( < 60 years in first degree relative), serum creatinine > 115-150♂/107-150♀ umol/l, waist circumfer-

ence > 88 cm♀/ > 102 cm♂ and BMI > 30kg/ m2.
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Table 2. Treatment programs and follow-up schedules for the different risk factors in both treatment groups.

Risk factor Control group Intervention group

Overweight

•   One single advice + 
standard information 
leaflet from Dutch GP 
society. 

•   More counselling or 
referral only on patient’s 
request 

•   Intensive counselling and feedback on 
energy intake and expenditure, supported 
by food diary, home weight scale (Microlife 
WS 80), step diary and pedometer (Yamax 
digiwalker SW-200). 

•   Follow-up 3 times at monthly intervals and 
after that at 3-monthly intervals.

Smoking

•   Intensive counselling and feedback based 
on Stage of Change, Minimal Intervention 
Strategy and Dutch GP guideline. 

•   Follow-up monthly until planned date of 
quitting and after that at increasing intervals.

Physical inactivity*

•   Intensive counselling and feedback on 
increasing physical activity, supported by 
step diary and pedometer (Yamax digiwalker 
SW-200). 

•   Follow-up 3 times at monthly intervals en 
after that at 3-monthly intervals.

Hypertension
Medication and follow-
up according to Dutch 
GP guideline. Follow-
up: monthly (hypert.) 
/3-monthly (hyperchol.) 
until optimal treatment.

Same as control group except feedback based 
on home measurements (Microlife Watch BP 
Home). 

Hypercholesterolemia Same as control group.

* If participants also had an indication to lose weight, increase of physical activity was not a separate goal

Intervention

General practices could participate if a practice nurse was working in the practice, which 
is the most current situation in Dutch general practices (2006: 70% of the practices) [17]. 
Practices were located in the northern part of the Netherlands, both at the city of Gronin-
gen and in smaller cities/villages. Fourteen practice nurses participated; ten of them were 
educated as nurses and four were originally GP-assistants with additional education as 
practice nurse. The practice nurses followed a specially developed training program, con-
sisting of five sessions lasting four hours each. The training involved cardiovascular risk 
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calculation, treatment guidelines and adapted motivational interviewing. Motivational 
interviewing is “a collaborative, person-centered form of guiding to elicit and strengthen 
motivation for change” [18]. This method, in which a client’s readiness to change, ambiva-
lence and motivation are assessed and goal setting and changing of unhealthy behaviour 
are reinforced, in collaboration with the client, has proven to be effective in various set-
tings [18- 21]. Closely related to this is the stage-of-change concept, which is used in the 
minimal intervention strategy for smoking cessation [22,23].

All patients received counselling regarding cardiovascular risk from practice nurses 
trained in motivational interviewing techniques and in the intervention group this counsel-
ling was based on self-monitoring results (pedometer, weighing scale and/ or blood pres-
sure device). Table 2 shows treatment and follow-up programs for both study groups. Visits 
took place at the general practices. During the first visit, the individual SCORE risk assess-
ment, present risk factor(s) and resulting treatment goals were discussed in both groups.

For the control group, follow-up visits were planned according to the Dutch GP 
guideline in case of hypertension and/or hypercholesterolemia [3].

For the intervention group, treatment for all present risk factors was pro-actively 
offered. The order in which the treatments for the different risk factors were started de-
pended on preference and stage of change of the participant. Adapted motivational in-
terviewing was used to help participants recognize and change unhealthy behaviour. 
If applicable, quitting smoking was advised as the first treatment goal. Treatment for all 
risk factors that the participant was motivated for working on, had to start within three 
months. In case of several risk factors, these treatments could be combined within one 
visit. The first visit was advised to take at least 20 minutes, while the duration of follow-up 
visits and follow-up intervals could be adapted to patient preferences. Dependent on 
the specific individual risk factor(s), participants were offered self-monitoring for direct 
feedback. For example, all participants with overweight were offered a weighing scale 
and pedometer at home. The use of self-monitoring was free of charge. For both groups, 
medication adjustments were made by the practice nurses under supervision of the GP. 
For each visit the practice nurses filled in a step by step treatment plan based on the 
Dutch GP guideline.

Outcomes

After one year anthropometric data, information on smoking behaviour, changes in 
medication and medical history, fasting blood glucose, lipids and creatinine were col-
lected. The baseline questionnaire was repeated and treatment plans were analysed on 
the number and duration of visits and use of self-monitoring. For the calculation of the 
SCORE risk assessment both at baseline and after one year, the age at baseline was used, 
entailing slight underestimation of the risk after one year.
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Statistical analysis

Based on two earlier studies, a difference between both study groups of 2% in SCORE risk 
assessment was assumed [24,25]. After screening of the first 82 participants in January 
2009, the observed standard deviation was 3.3. Power analysis with a standard deviation 
of 4 revealed that 86 subjects in each study arm were needed for 90% power and 5% sig-
nificance level 2-sided. To allow for drop out we aimed to enrol at least 200 participants.

Data were analysed for all participants that attended the data collection after one 
year. Baseline characteristics in both treatment groups, characteristics of participants 
and drop-outs, and characteristics of the treatment in both groups were evaluated with 
unpaired Student’s t-test for continuous variables and with Mann–Whitney U test when 
non-parametric testing was indicated. Normality of data was assessed by visual analysis 
of histograms and QQ-plots. Categorical variables were analysed with Fisher’s exact test 
2-sided. Change in risk profile after one year was analysed with paired t-test for continu-
ous variables and McNemar test for dichotomous variables. To compare the effects after 
one year in both groups, unpaired t-test was used for continuous variables and the dif-
ference in proportions for the other variables. We used statistical package SPSS version 
16. A p-value < .05 was considered significant.

Results

Figure 1 shows the flow of patients through the SPRING study. The drop-out level was 
11%; 6% in the control group and 15% in the intervention group (p = .045). Figure 1 also 
shows reasons for drop-out.

Table 3 shows that during baseline measurements both groups were well bal-
anced with no significant differences between groups. All p-values were > .1, except 
for HDL cholesterol and total cholesterol/HDL ratio, which tended to be higher in the 
intervention group (p = .068 and p = .071 respectively).

We compared drop-outs with participants completing follow-up on these 
similar variables. No significant differences were found between drop-outs and partici-
pants, except for waist circumference (107 cm (SD 12) for drop-outs and 102 cm (SD 10) 
for participants, p = .011).

The treatment period (from the first visit to the practice nurse until the out-
come measurements) lasted 345 days (SD 76 days), and was not different for interven-
tion and control group (p = .81). The time between baseline measurements/ random-
ization and first treatment visit was 97 days (median, P

25
–P

75
: 65–125) and was not 

different between both groups (p = .25).
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Figure 1. Flow of patients through the SPRING study.
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The mean number of visits was 2.6 (SD 1.5) for the control group and 4.9 (SD 2.2) 
for the intervention group (p < .001) and the median duration of each visit was  
27 (P

25
–P

75
:20–33) minutes/visit for the intervention group and 23 (P

25
 –P

75
:19–30) for the 

control group (p = .048).
In the intervention group 15.7% (14/89) received new/ more medication for hy-

percholesterolemia, compared to 8.9% (8/90) of the control group. In the intervention 
group 32.6% (29/89) received new/more medication for hypertension, compared to 
18.9% (17/90) of the control group. The difference in medication prescription was not 
significant for cholesterol (p = .18), but was significant for hypertension (p = .041).

Table 4 shows that for both groups the SCORE risk assessment dropped signifi-
cantly after one year, however the difference between both treatment groups was not 
significant. The effect on the SCORE assessment was also evaluated using risk category 
reclassification. In both groups almost 50% of the participants remained in the same risk 
category, 44% improved and 8% deteriorated. From the analysis of the risk reclassifica-
tion again no significant difference between both groups was found. Most separate risk 
factors tended to improve after one year in both groups, except glucose. Only for waist 
circumference, the intervention group showed a significantly larger improvement than 
the control group.

Discussion

Main findings

The goal of the SPRING study was to investigate the effect of one year of risk management 
performed by practice nurses, using intensive counselling and home monitoring devices, 
on cardiovascular risk. The results of the study show that there was no significant additional 
effect of this intervention compared to standard treatment by practice nurses, despite in-
vestment of extra time. For both groups the SCORE risk assessment dropped similarly and 
significantly. The effect size is comparable to a decrease in systolic blood pressure from 
160 to 120 mmHg for a non-smoking 60-year old woman with unchanged lipid levels.
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Table 3. Baseline characteristics for both treatment groups, n (%) unless otherwise indicated.

Control 
group
N = 90

Intervention 
group
N = 89

General characteristics
Age (years), M (SD) 65 (5.7) 65 (5.3)
Men 61 (68%) 63 (71%)
Level of education (level 1-4)*
Level 1 (%) 9% 10%
Level 2 (%) 40% 45%
Level 3 (%) 30% 24%
Level 4 (%) 22% 21%

Medication use
Medication for hypertension 23 (26%) 26 (29%)
Medication for hypercholesterolemia 10 (11%) 5 (6%)

Cardiovascular risk factors
Current smokers 30 (33%) 27 (30%)
Physically inactive participants 28 (32%) 23 (27%)
BMI (kg/m2), M (SD) 29 (4.0) 28 (3.3)
Waist circumference (cm), M (SD) 102 (10.8) 101 (8.0)
Syst. blood pressure (mmHg), M (SD) 158 (16.3) 158 (17.1)
Diast. blood pressure (mmHg), M (SD) 91 (8.5) 92 (9.5)

Blood test (after overnight fast)
Total cholesterol (mmol/l), M (SD) 5.6 (.94) 5.6 (.85)
HDL cholesterol (mmol/l), M (SD) 1.3 (.34) 1.3 (.29)
LDL cholesterol (mmol/l), M (SD) 3.6 (.81) 3.6 (.78)
Triglycerides (mmol/l), median (P

25 
–P

75
) 1.4 (1.02–1.76) 1.4 (1.06–2.15)

Total cholesterol/HDL ratio, M (SD) 4.4 (1.11) 4.7 (1.11)
Glucose (mmol/l), M (SD) 5.4 (.68) 5.4 (.50)
Creatinine (mmol/l), M (SD) 91 (16.8) 89 (17.6)

SCORE risk calculation
SCORE (%), median (P

25 
–P

75
) 7.19 (5.23–10.64) 7.58 (6.08–10.63)

Treatment indication
Treatment goals/person, median (P

25 
–P

75
) 3 (3-4) 3 (3-4)

Overweight 86 (96%) 87 (98%)
Smoking 30 (33%) 27 (30%)
Physical inactivity 29 (32%) 24 (27%)
Hypertension 70 (78%) 67 (75%)
Hypercholesterolemia 73 (81%) 69 (76%)

inactive: physical activity < 30min./day on 5 d./w, based on the SQUASH questionnaire, which was com-

pleted by 89 controls and 85 intervention participants. For missing data, treatment indication was based on 

the 2 questions about physical activity from the invitation letter.

* Level of education: 1 = no education or only primary education 2 = lower secondary education, 3 = higher 

secondary education, 4 = college or university
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Table 4. Effect on end points after one year of treatment.

Control group
 N = 90

Intervention 
group N = 89

Difference between 
groups (95% CI)

SCORE risk assessment

SCORE (%) -1.6 (-2.2– -1.0)* -1.8 (-2.4– -1.2)* .2 (-.6–1.1)

Risk reclassification

No change 42 (46.7%) 44 (49.4%) 2.7 (-11.9–17.3)

Improvement 41 (45.6%) 37 (41.6%) 4.0 (-10.5–18.5)

Deterioration 7 (7.8%) 8 (9.0%) 1.2 (-6.9–9.3)

Cardiovascular risk factors

Current smokers (Δ%) -8.9 (-16.8– -3.9)*† -11.2 (-19.7– -5.5)*† 2.3 (-6.5–11.1)

Phys. inactive participants (Δ%) -4.5 (-11.2– -1.3)† -11.8 (-20.6– -5.8)† 7.3 (-.8–15.4)

BMI (kg/m2) -.1 (-.41–.28) -.1 (-.38– .17) .04 (-.4–.5)

Waist circumference (cm) -1.9 (-3.1– -.67)* -3.7 (-4.8– -2.6)* 1.8 (.2–3.4)*

Syst. blood pressure (mmHg) -5.6 (-8.5– -2.6)* -6.8 (-10.3– -3.2)* 1.2 (-3.4–5.8)

Diast. blood pressure (mmHg) -3.3 (-4.8– -1.8)* -4.4 (-6.3– -2.4)* 1.1 (-1.4–3.5)

Blood test

Total cholesterol (mmol/l) -.14 (-.31–.03) -.32 (-.52– -.11)* .17 (-.09–.44)

HDL cholesterol (mmol/l) .10 (.05–.14)* .07 (.03–.11)* .02 (-.04–.08)

LDL cholesterol (mmol/l) -.18 (-.34– -.02)* -.34 (-.52– -.16)* .16 (-.08–.39)

Triglycerides (mmol/l) -.07 (-.18–.04) -.17 (-.32– -.03)* .10 (-.08–.28) 

Tot. cholesterol/HDL ratio -.34 (-.50– -.18)* -.52 (-.73– -.32)* .18 (-.08–.44)

Glucose (mmol/l) .28 (.15–.41)* .17 (.06–.29)* .11 (-.07–.28)

Creatinine (mmol/l) -6.0(-8.2– -3.7)* -5.1 (-7.2– -2.9)* -.9 (-4.0–2.2)

* significant 

† McNemar’s test in dichotomous variables: Δ% current smokers: control group p = .008, intervention group 

p = .006; Δ% physically inactive participants: control group p = .54, intervention group p = .052.The ques-

tionnaire about physical activity after one year was completed by 89 participants from the control group 

and 89 participants from the intervention group. The 85 participants from the intervention group and the 

88 participants from the control group that completed the questionnaire twice were analysed. 

Effects are indicated as delta values in continuous variables and Δ % in dichotomous variables, both with 

95% CI. Risk reclassification is indicated as n (%) in both groups and as % in difference between groups.



69 

 RCT on cardiovascular risk management by practice nurses supported by self-monitoring

Comparison with existing literature

The positive effect that was achieved in both study groups after treatment of risk factors 
by practice nurses corresponds with previous research on cardio-vascular risk manage-
ment by practice nurses [5-7]. Effective treatment and follow-up are increasingly nec-
essary as improved screening strategies like the recently introduced Dutch Prevention 
Consultation and similar initiatives elsewhere, such as the NHS Health Checks, have been 
developed [26,27]. Because of these screening initiatives, increasing numbers of individu-
als with an identified elevated cardiovascular risk are expected.

Although most risk factors tended to improve after one year of treatment, this was 
not the case for fasting glucose levels and body mass index (BMI). A possible explanation 
is that the participants belong to a middle aged, adipose population with an elevated 
risk of glucose intolerance. After one year the glucose might rise slightly due to increase 
of age. Besides, the focus of this study was on combined cardiovascular risk and not on 
weight only [28]. Another explanation is the prescription of antihypertensive medication; 
beta blocking agents and diuretics increase the risk of incident diabetes [29].

In the intervention group antihypertensives were more often newly added or the 
dosage was increased, compared to the control group. A similar trend was present for 
cholesterol lowering medication. The treatment programs for hypertension and hyper-
cholesterolemia were the same for both groups, except for the use of home monitoring 
in blood pressure management for the intervention group. However, decreased use of 
medication in the intervention group might have been expected, because of reduced 
white coat effect and more feedback and subsequent adherence to therapy [12]. One 
possible explanation is that the target blood pressure values were 135/85 mmHg for 
home measured values in this study, compared to 140/90 mmHg for office measured 
values. Another explanation is that during visits for lifestyle counselling in the interven-
tion group, blood pressure and lipid levels could also be discussed. As a consequence, 
medication may have been adjusted more frequently.

Strengths and limitations

As far as we know, this is the first study that investigated the effect of combined pro-ac-
tive counselling aided by self-monitoring devices by practice nurses in general practice.

Some circumstances may explain the decrease in SCORE assessment in both 
groups and the minor differences that were found between both study groups. First, 
we randomized at patient level instead of practice level, with the result that partici-
pants from both groups were treated by the same practice nurses. Randomization at 
patient level was chosen to diminish the influence of differences between practices 
c.q. practice nurses. Another advantage was that it made the study more efficient, since 
individuals were the unit of analysis and only a limited number of practices was required 
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with this design. All practice nurses had followed the training and were very motivated. 
The fact that the time investment in the intervention group was much higher, made 
us expect that contamination of research conditions would be limited. However, some 
degree of contamination might be present and may have diminished the difference 
between both groups.

Second, participants in both treatment groups were aware of the study goals and 
were probably more motivated than average patients.

For example the remarkably large decrease in proportions of smokers in both 
groups suggests the influence of these factors.

The intervention was an integrated combination of self-monitoring and a more pro-
active and motivational interviewing-based approach. The two group design made it im-
possible to determine the separate influence of these specific aspects of the intervention.

The drop-out rate was 6% in the control group and 15% in the intervention group. 
The reasons for drop-out as represented in Figure 1 do not indicate that the intensity of 
the program has been the main reason for increased drop-out in the intervention group. 
However, the precise extent to which the intensity of the program contributed to the 
dropping-out of persons with non-cardiovascular comorbidity, family related circum-
stances or lack of motivation in the intervention group is unknown, although the inten-
sity of the intervention program was intended to be adjusted in accordance with the 
participants’ preferences, to optimize involvement and motivation.

During the screening procedure a considerable number of individuals was ex-
cluded, due to the extensive amount of information that needed to be collected for iden-
tifying individuals at a moderately elevated cardio-vascular risk. We nevertheless expect 
our results to be applicable for a primary care population with an indication for cardiovas-
cular risk management.

During the screening we used a risk calculator, provided by the Dutch GP Society. 
For the analyses we used syntax to calculate SCORE with 2 decimals accuracy. Using this 
latter calculation, 10 (11%) participants from the intervention group and 16 (18%) from 
the control group appeared to have a baseline risk < 5%. Normally treatment is based on 
paper-based risk charts or the calculator we used, so our selection represents the patients 
that would also be identified during normal practice.

Conclusions

Based on this study, we confirm previous findings that practice nurses in general prac-
tice are well equipped for their task to treat and counsel individuals with an elevated 
cardiovascular risk. However, the intervention group did not achieve a better effect on 
cardiovascular risk, which suggests that the treatment program based on self-monitoring 
should not be directly implemented into daily practice. The time investment is greater 
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in such a program and the number of prescribed medications tends to be higher, with-
out any relevant additional effect, but with subsequent higher risk of side effects. Factors 
determining the effect of self-monitoring have to be further unveiled, as well as conse-
quences for health care costs and long term effects on morbidity and mortality.
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Abstract

Background

Cardiovascular disease is a leading cause of death. It is important to identify patient 
and treatment factors that are related to successful cardiovascular risk reduction in 
general practice. This study investigates which patient and treatment factors are 
related to changes in cardiovascular risk estimation, expressed as the Systematic 
Coronary Risk Evaluation (SCORE) 10 year risk of cardiovascular mortality.

Methods

179 general practice patients with mild-moderately elevated cardiovascular risk fol-
lowed a one-year programme which included structured lifestyle and medication 
treatment by practice nurses, with or without additional self-monitoring. From the 
patient and treatment data collected as part of the “Self-monitoring and Preven-
tion of RIsk factors by Nurse practitioners in the region of Groningen” randomized 
controlled trial (SPRING-RCT), the contribution of patient and treatment factors to 
the change in SCORE was analysed with univariate and multivariate analyses.

Results

In multivariate analyses with multiple patient and treatment factors, only SCORE 
at baseline, and addition of or dose change in lipid lowering or antihypertensive 
medications over the course of the study were significantly related to change 
in SCORE.

Conclusions

Our analyses support the targeting of treatment at individuals with a high SCORE 
at presentation. Lipid lowering medication was added or changed in only 12% 
of participants, but nevertheless was significantly related to SCORE in this study 
population. Due to the effect of medication in this practice-based project, the 
possible additional effect of the home monitoring devices, especially for indi-
viduals with no indication for medication, may have been overshadowed.



77 

Which patient and treatment factors are related to successful cardiovascular risk score reduction in general practice?

Background

Cardiovascular disease (CVD) is a leading cause of death both worldwide (29% of all 
deaths, 2004) [1] and in the Netherlands (28% of all deaths, 2011; Statistics Netherlands). 
The previously reported “Self-monitoring and Prevention of RIsk factors by Nurse practi-
tioners in the region of Groningen” randomized controlled trial (SPRING-RCT) assessed 
Systematic Coronary Risk Evaluation (SCORE) 10 year risk of cardiovascular mortality in 
individuals with a mild to moderately elevated cardiovascular risk [2,3]. This study demon-
strated that one year of combined lifestyle and medication treatments by practice nurses 
led to a significant decrease in cardiovascular risk (Figure 1) and showed that this effect 
was not increased with self-monitoring.

As treatment goals for cardiovascular risk factors are often not achieved, [4,5] it 
is important to identify patient and treatment factors that are related to successful car-
diovascular risk reduction in clinical practice. Strategies that are generally assumed to be 
effective include individualized risk assessment, risk communication and goal setting, and 
these are typically incorporated into national and international guidelines as well as re-
search projects [6- 8]. These elements formed part of the treatment in both study groups 
of the SPRING-RCT. The main difference between the treatment groups in this study was 
the use of self-monitoring as a basis for feedback and counselling (intervention group). In 
addition, previous analysis of this data has revealed that total consultation time and the 
use of antihypertensive medication were higher in the intervention group [3].

The objective of this paper is to investigate which patient and treatment factors 
are related to changes in cardiovascular risk estimation in individuals with a mild to mod-
erately elevated cardiovascular risk and who are enrolled in a programme of structured 
lifestyle and medication counselling with or without self-monitoring.

Methods

For the purposes of this investigation, patient and treatment data collected as part of 
the SPRING-RCT were further analysed. Between June 2008 and August 2009 randomly 
selected individuals from 20 general practices were invited for a screening. Men aged 
50–75 years and women aged 55–75 years were enrolled in the study if they met the 
following criteria: 1) Estimated SCORE 10-year risk of cardiovascular mortality ≥ 5% [2]; 
2) at least one treatable cardiovascular risk factor (smoking, hypertension, lack of physical 
activity or overweight); and, 3) no history of CVD, diabetes mellitus, thyroid dysfunction 
or an estimated life expectancy < 2 years. Patients were randomised into control and in-
tervention groups. All patients received standard treatment according to the 2006 Dutch 
general practitioner’s guidelines, [6] from specially trained practice nurses. The interven-
tion group additionally received counselling based on self-monitoring at home with 
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pedometers, weighing scales and/or blood pressure monitoring devices. After one year 
data from 179 participants were collected and analysed. The primary outcome was the 
SCORE 10-year risk of fatal CVD which is based on sex, age, blood pressure, lipid levels 
and smoking status and mean change in this did not differ significantly between groups 
(control group -1,63%; intervention group -1,79%). The SPRING study was approved by 
the Medical Ethics Review Committee of the University Medical Centre Groningen (refer-
ence number 2007/232). For more detailed information on study design and outcomes, 
see Tiessen et al. [3].

Statistical analysis

General Linear Modelling was used for univariate (individual patient and treatment fac-
tors as independent variables) and multivariate (all patient and treatment factors as inde-
pendent variables) analyses, with the SCORE as the dependent variable. For a description 
of all analysed variables see Table 1. Figure 1 shows one outlier with respect to the distri-
bution of the SCORE, which was removed from further analyses. All variables from the uni-

Figure 1. Distribution of ΔSCORE for all participants after one year of cardiovascular risk management (a negative number 

for ΔSCORE means that the estimated 10-year cardiovascular risk decreased after one year). The outlier was not included 

in subsequent analyses.
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variate analyses were included in the multivariate model (not only the significant ones), in 
order to determine which factors contribute to the SCORE and to what extent. In addition 
to investigating the effect of consultation time on SCORE, we analysed the relative con-
tribution of consultation time and different factors, which are: 1) the self-monitoring de-
vices (home blood pressure device, home weighing scale and home pedometer); 2) more 
than one visit for smoking cessation; and 3) treatment intensity (percentage of  indicated 
treatment goals for which treatment had actually been started) on SCORE. Data from 
participants with missing data values were compared with data from participants with 
complete data sets and plots of residual vs. predicted values and QQ plots of the residuals 
were visually analysed to check the assumptions on normal distribution. A p-value < 0.05 
was considered significant. We used IBM SPSS statistical software version 20.

Table 1. Description and explanation of variables included in the analysis.

  Variable* Explanation
Dependent variable:
ΔSCORE (%) Estimated 10-year cardiovascular mortality risk according to SCORE** 

after one year minus estimated 10-year cardiovascular mortality risk at 

baseline (negative numbers indicate a decrease in estimated risk)
Independent variables:
Patient characteristics:
Sex (male/female) n (%) male Sex of participant
Age (years) Mean (SD) Age of participant

Level of education (4 levels) n (%) Self-reported highest level of education of participant
SCORE at baseline (%) Mean (SD) Estimated 10-year cardiovascular mortality risk according to SCORE** 

at baseline of participant
Treatment characteristics:
Treatment group (control/intervention) n (%) 

interv.

Treatment group into which participant was randomised: with 

(intervention group) or without (control group) self-monitoring
Consultation time (minutes) Mean (SD) Total duration (in minutes) of all visits to practice nurse in the 

framework of the SPRING study
Treatment intensity (%) Mean (SD) % of indicated treatment goals for which treatment had actually been 

started
Home blood pressure device Was a home blood pressure device used as part of the SPRING study?
Home weighing scale Was a home weighing scale used as part of the SPRING study?
Home pedometer Was a home pedometer used as part of the SPRING study?
More than one visit for smoking Was smoking cessation discussed at more than one visit to the 

practice nurse?
New/changed medication for cholesterol Was medication for cholesterol newly prescribed or the dosage 

altered?
New/changed medication for hypertension Was medication for hypertension newly prescribed or the dosage 

altered?

* The independent variables are described in the following manner: variable (description of categories/unit 

of measurement) n (%) category/Mean (SD), except for the variables with categories yes/no: these are not 

described any further and the given results are n (%) of “yes”

** adapted Systematic Coronary Risk Evaluation, as used in the 2006 Dutch General Practitioner’s Guideline 

on cardiovascular risk management.
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Results

Total consultation time (i.e. total number of minutes participants spent visiting the prac-
tice nurse) was significantly related to a decrease in SCORE in the univariate analysis (Ta-
ble 2): The value of B = -0.012 (95% CI -0.018, -0.005) corresponds to a decrease in SCORE 
of 0.012% with every extra minute of consultation time over the course of the study. The 
treatment intensity, more than one visit for smoking cessation and the use of the self-
monitoring devices (except the pedometer) were also significantly related to a decrease 
in SCORE in the univariate analyses (Table 2). However, when these factors were analysed 
together, only the use of the self-monitoring blood pressure device was significantly re-
lated to a decrease in SCORE (B = -1.188 (95% CI -2.186, -0.191)).

In this study the only patient factor shown to be significantly related to a decrease 
in SCORE in both uni- and multi-variate analysis (multivariate analysis, B = -0.246 (95% CI 
-0.363, -0.128)) was the SCORE at baseline (Table 3). All studied treatment factors were 
significantly related to a decrease in SCORE in the univariate analysis, except treatment 
group and pedometer. In the multivariate analysis with all patient en treatment factors, 
only added/changed medication for hypertension and cholesterol remain significant, 
B = -1.051 (95% CI -2.039, -0.062) and B = -2.067 (95% CI -3.247, -0.886), respectively.

There were very few missing data values and only age was significantly different 
between participants with and without missing values, median age 69.5 years and 65.0 
years for participants with and without missing values, respectively (p = 0.02, Mann–Whit-
ney U test). No abnormalities were found with respect to the assumptions.

Table 2. The relationship between factors affecting consultation time and SCORE.

n (%) 
unless 

otherwise 
indicated

n 
missing

Univariate analysis
Multivariate 
analysis

B 95% CI R2 (adj. R2) B 95% CI

Consultation time (minutes) Mean (SD) 97 (64) 3 -0.012 -0.018, -0.005* 0.074 (0.069) -0.005 -0.014, 0.004

Treatment intensity (%) Mean (SD) 79 (24) 1 -0.024 -0.040, -0.007* 0.043 (0.037) -0.018 -0.035, 0.000

Home blood pressure device 43 (24) 0 -1.557 -2.484, -0.630* 0.059 (0.053) -1.188 -2.186, -0.191*

Home weighing scale 42 (24) 0 -1.238 -2.183, -0.292* 0.037 (0.031) -0.630 -1.874, 0.614

Home pedometer 30 (17) 0 -0.940 -2.024, 0.144 0.016 (0.011) 0.647 -0.936, 2.230

More than one visit for smoking 27 (15) 0 -1.231 -2.356, -0.105* 0.026 (0.020) -0.998 -2.121, 0.126

95% CI = 95% confidence interval of B, R2 = explained variance, adj. = adjusted. * = significant, Multivariate 

analysis R2 = 0.130 (adjusted R2 = 0.099).
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Table 3. Patient and treatment characteristics and their relationship to SCORE.

n (%) unless 
otherwise 
indicated

n 
missing

Univariate analysis
Multivariate 
analysis

B 95% CI R2 (adj. R2) B 95% CI

Patient characteristics

Sex (male/female) n (%) male 123 (69) 0 0.246 -0.638, 1.131 0.002 (-0.004) 0.666 -0.349, 1.681

Age (years) Mean (SD) 65 (5) 0 0.012 -0.063, 0.087 0.001 (-0.005) 0.038 -0.041, 0.118

Level of education (4 levels) n (%): 2 0.015 (-0.003)

1: No/only primary education** 17 (10)

2: Lower secondary education 74 (42) 1.012 -0.458, 2.482 0.322 -1.003, 1.648

3: Higher secondary education 47 (26) 1.183 -0.363, 2.730 0.621 -0.812, 2.055

4: College or university 38 (21) 1.157 -0.438, 2.751 -0.213 -1.695, 1.270

SCORE at baseline (%) Mean (SD) 8.6 (4.1) 0 -0.226 -0.321, -0.130* 0.111 (0.105) -0.246 -0.363, -0.128*

Treatment characteristics

Treatment group (control/interv.) n (%) interv. 89 (50) 0 -0.387 -1.203, 0.429 0.005 (-0.001) 0.722 -0.223, 1.667

Consultation time (minutes) Mean (SD) 97 (64) 3 -0.012 -0.018, -0.005* 0.074 (0.069) 0.000 -0.009, 0.009

Treatment intensity (%) Mean (SD) 79 (24) 1 -0.024 -0.040, -0.007* 0.043 (0.037) -0.009 -0.026, 0.008

Home blood pressure device 43 (24) 0 -1.557 -2.484, -0.630* 0.059 (0.053) -0.489 -1.474, 0.496

Home weighing scale 42 (24) 0 -1.238 -2.183, -0.292* 0.037 (0.031) -1.138 -2.356, 0.080

Home pedometer 30 (17) 0 -0.940 -2.024, 0.144 0.016 (0.011) 0.115 -1.345, 1.576

More than one visit for smoking 27 (15) 0 -1.231 -2.356, -0.105* 0.026 (0.020) -0.644 -1.712, 0.424

New/changed medication for cholesterol 22 (12) 0 -3.426 -4.559, -2.292* 0.168 (0.163) -2.067 -3.247, -0.886*

New/changed medication for hypertension 46 (26) 0 -2.195 -3.071, -1.320* 0.122 (0.117) -1.051 -2.039, -0.062*

95% CI = 95% confidence interval of B, R2 = explained variance, adj. = adjusted. * = significant; ** = reference 

category, Multivariate analysis R2 = 0.360 (adjusted R2 = 0.298).

Discussion

Summary of main findings

The goal of this paper was to investigate which patient and treatment factors are re-
lated to changes in cardiovascular risk estimation. Our results show that in the univariate 
analysis, the consultation time is significantly related to the SCORE. However, when the 
analysis includes the use of separate devices and treatment factors, only the use of the 
home blood pressure device was significantly related to the SCORE, and consultation 
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time was not significant anymore. The analyses with all studied patient- and treatment 
factors show that SCORE is related to both baseline SCORE and changed/added antihy-
pertensive and lipid lowering medication in the multivariate analysis.

Comparison with existing literature

Diabetes prevention and smoking cessation studies have demonstrated that success is 
more likely in patients who are closely monitored [9,10]. It is therefore possible that a simi-
lar positive effect may be seen in this study; namely a reduction in SCORE in the patients 
using self-monitoring devices and being, therefore, potentially more intense follow-up 
with more consultation time. However, the significant effect of consultation time on 
SCORE is not shown in our multivariate results.

A possible explanation for the influence of the use of the home blood pressure 
device on SCORE (Table 2) is that this is the only self-monitoring device used in this study 
that is directly related to one of the components of SCORE risk estimation. In contrast, 
use of the weighing scale and pedometer for the monitoring of weight and physical 
activity are not part of the SCORE calculation. Furthermore, the home blood pressure 
device and the home weighing scale were each used by a large number of participants 
(24%) whereas the pedometer was only used by 17% of the participants and is therefore 
unlikely to have a significant effect on the total SCORE of all participants. The failure to 
show a significant relationship between SCORE and the number of smoking-related visits 
made during the study despite the direct effect of this variable on a risk factor included 
in the SCORE calculation could similarly be explained by the small fraction of subjects in 
this category (15%). In this study treatment intensity, which may reflect the motivation 
of the patient was not significantly related to the overall decrease in SCORE seen in the 
multivariate analysis.

The second part about comparison with existing literature focusses on the analy-
ses with all studied patient and treatment factors. These analyses show that SCORE is 
related to both baseline SCORE and changed/added antihypertensive and lipid lower-
ing medication in the multivariate analysis, with an explained variance of 36% (Table 3). 
This effect was not related to the fact that only participants with a substantially elevated 
cardiovascular risk were advised to take medication, as both medication data and base-
line SCORE were independently related to SCORE. The positive effect of lipid lowering 
medication on cardiovascular risk reported here is particularly remarkable given that only 
12% of patients were newly prescribed with or received an altered dose of lipid lowering 
medication over the course of this study. The effect of anti-hypertensives on cardiovas-
cular risk is less surprising, because 26% of participants received a new prescription or 
altered dose of this medicine during the study. These findings combined with the rela-
tively low cost of the medications [11], serve to confirm the important role of statins and 
antihypertensives as part of a cardiovascular risk reduction programme [12,13].
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We expected that participants with hypertension would receive either home 
monitoring as well as (added/changed antihypertensive) medication or only medica-
tion in the intervention and control groups, respectively, and that home blood pressure 
monitoring would not be used in patients who were not receiving medication. Our re-
sults show an unexpectedly high rate of home blood pressure monitoring in patients 
who were not receiving added/ changed antihypertensive medication: Of the 178 par-
ticipants included in this analysis 27 had used both medication and home monitoring 
for their blood pressure, 19 only medication, 16 only home monitoring and 116 made 
use of neither of these. This may reflect the individualized nature of the therapy in this 
practice-based RCT and may have influenced the relation between home blood pressure 
monitoring and SCORE. Combined with the fact that treatment for hypercholesterolemia 
was the same in both control and intervention groups, the use of home blood pressure 
monitoring by patients in both groups may go some way to explaining the lack of signifi-
cant difference between groups in terms of SCORE.

With respect to the SCORE at baseline the European Guidelines on CVD prevention 
in clinical practice state that “the higher the risk the greater the benefit from preventive 
efforts” [7]. Targeting high risk individuals is also recommended by the Cochrane review 
on multiple risk factor interventions for primary prevention of coronary heart disease [14]. 
Our analyses confirm that the main focus of cardiovascular risk reduction should be the 
population with the highest risk levels. However, the magnitude of the effect in these 
participants in our study may be partly due to the regression to the mean-effect.

Strengths and limitations

Because we intended to analyse which factors are related to SCORE to what extent, and 
not to predict SCORE, we included all variables from the univariate analyses in the mul-
tivariate model and not only the ones found to be significant with univariate analysis. 
Our results should not be interpreted as a clinical decision rule, but might help clinicians 
substantiate the focus of cardiovascular risk management at their practices [15].

The current study took place in the practice setting meaning that the results can 
be easily translated into general practice treatment strategies. The sample population, 
with a mild-moderately elevated cardiovascular risk, is a heterogeneous group with re-
spect to individual risk factors, treatment goals and therapy chosen by each participant in 
cooperation with his/her practice nurse.

Most known factors influencing CVD risk were collected for the SPRING-RCT and 
included in the analyses. Whilst it has been shown that psychological factors such as stress, 
motivation, self-efficacy and received help may have an impact on cardiovascular risk and 
risk factor reduction, these aspects were not assessed in this study [10,16]. All studied vari-
ables were present in a considerable proportion in the study population, as can be seen in 
Tables 2 and 3. However, as the data were collected as part of the SPRING-RCT, the sample 
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size was calculated for the primary outcome of this RCT and not for the analyses of this 
paper. Finally, the research staff who did the measurements at follow-up was not blinded. 
However, SCORE was not directly measured, so this influence might be limited.

Interpretation of our results is facilitated by the use of unstandardized coefficients 
and their 95% confidence intervals which clearly show the size of the effect on the SCORE, 
given a certain value of the specific independent variable.

We did not collect data on long term outcomes regarding cardiovascular mor-
bidity and mortality, because our endpoint is the SCORE where SCORE is a tool for risk 
stratification. The adapted SCORE, based on the Dutch situation, which was used in the 
2006 Dutch General Practitioner’s Guideline on cardiovascular risk management as well 
as in this study, appears to overestimate cardiovascular mortality [17]. This is possibly due 
to the decline in cardiovascular mortality. This overestimation was reported in many Eu-
ropean countries [18- 21] but not in all [22,23]. The significant effect of medication on the 
SCORE probably reflects the direct effect of lipid levels and blood pressure on the param-
eters included in the calculation of SCORE. Because of this, it is important that the SCORE 
reported here should not be considered as an exact predictor of decreased mortality risk, 
but as an indicator for cardiovascular risk reduction.

Conclusions

For successful cardiovascular risk management, defined as greatest feasible reduction in 
the SCORE at general practice level, it is clear that treatment should be focused at individ-
uals with high SCORE at presentation. Medication (lipid lowering and antihypertensive) 
was independently related to a significant decrease in estimated cardiovascular risk, even 
though lipid lowering medication was added/changed in only 12% of the participants. It 
is also worthy of note that lipid lowering medication was the only intervention factor for 
which no intensive/ self-monitoring treatment alternative was offered in the intervention 
group. The SPRING-RCT was set up to investigate whether counselling based on home 
monitoring would have an additional effect on the estimated cardiovascular risk. Due to 
the effect of medication in this practice-based project, the possible additional effect of 
the home monitoring devices, especially for individuals with no indication for medica-
tion, may have been overshadowed. However, based on these results we recommend 
that for optimal risk reduction in general practice treatments (including prescription of 
medications when indicated and agreed with by the patient) for cardiovascular risk be 
targeted at high-risk individuals.
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Abstract

Background

Cardiovascular disease (CVD) is largely preventable and prevention expenditures 
are relatively low. The randomised controlled SPRING-trial (SPRING-RCT) shows 
that cardiovascular risk management by practice nurses in general practice with 
and without self-monitoring both decreases cardiovascular risk, with no addi-
tional effect of self-monitoring. For considering future approaches of cardiovas-
cular risk reduction, cost effectiveness analyses of regular care and additional 
self-monitoring are performed from a societal perspective on data from the 
SPRING-RCT.

Methods

Direct medical and productivity costs are analysed alongside the SPRING-RCT, 
studying 179 participants (men aged 50–75 years, women aged 55–75 years), 
with an elevated cardiovascular risk, in 20 general practices in the Netherlands. 
Standard cardiovascular treatment according to Dutch guidelines is compared 
with additional counselling based on self-monitoring at home (pedometer, 
weighing scale and/ or blood pressure device) both by trained practice nurses. 
Cost-effectiveness is evaluated for both treatment groups and patient catego-
ries (age, sex, education).

Results

Costs are €98 and €187 per percentage decrease in 10-year cardiovascular mor-
tality estimation, for the control and intervention group respectively. In both 
groups lost productivity causes the majority of the costs. The incremental cost-
effectiveness ratio is approximately €1100 (95% CI: -5157 to 6150). Self-monitor-
ing may be cost effective for females and higher educated participants, however 
confidence intervals are wide.

Conclusions

In this study population, regular treatment is more cost effective than counselling 
based on self-monitoring, with the majority of costs caused by lost productivity.
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Background

Cardiovascular diseases (CVDs) are a leading cause of death both worldwide (29% of all 
deaths, 2004) [1] as in the Netherlands (28% of all deaths, 2011; Statistics Netherlands). 
CVDs are to a large extent preventable [2]. In 2009, in Dutch family practice, €39 million 
was spent on non-pharmaceutical cardiovascular preventive activities, i.e. risk profiling, 
blood pressure (BP) measurements and lifestyle counselling [3]. Annual costs at patient 
level were estimated for the Dutch situation, including doctor’s visits, repeat prescrip-
tions, drug costs and excluding diagnostics and productivity costs, as €293 for statin use 
and €258 for antihypertensives [4].

Lifestyle interventions appear to be cost effective in reducing cardiovascular risk 
[5]. A Dutch study found that preventive cardiac medication, following a 2006 revised 
guideline, was also cost effective [4]. This guideline recommended a broader indication 
for starting medication than previous guidelines and was also the basis for SPRING study 
(Self-monitoring and Prevention of RIsk factors by Nurse practitioners in the region of 
Groningen), of which the cost effectiveness is discussed in this paper. Drug treatment 
of hypertension and dyslipidaemia for cardiovascular prevention according to Canadian 
guidelines appeared to be cost effective as well [6]. However, Grover et al. concluded that 
treatment is inefficient for younger individuals [6]. Kok et al. concluded that -although ef-
fects are more pronounced in older age groups- health gain per prevented case is larger 
for all age groups up to the age of 70 [4]. Several studies on cost-effectiveness of combined 
screening, life-style and pharmaceutical interventions in (cooperation with) primary care 
indicated increased life expectancy without increased costs [7-10], were inconclusive in 
one study, [11] or were depending on differences in assumptions on long-term duration 
of effect [12-14]. Most of the previously mentioned studies did not use a societal perspec-
tive (i.e. taking into account absence at work and transportation of participants), except 
Rasmussen and Salkeld [7-14]. Rasmussen and Salkeld took into account prevented pro-
ductivity losses for working individuals experiencing a cardiovascular event, but did not 
take into account productivity losses due to the intervention [7,11]. So, there is a need for 
cost effectiveness-analysis of cardiovascular preventive interventions in general practice 
from a societal point of view.

For the SPRING-RCT we reported that combined life-style and drug interven-
tion by practice nurses in persons with a mild to moderate cardiovascular risk resulted 
in a small but significant decrease of cardiovascular risk after one year ( SCORE 10 year 
risk of cardiovascular mortality -1.71% (SD 2.95) for both groups together) [15], without 
significant additional effect of intensive treatment with self-monitoring compared with 
standard treatment [16]. Interventions that cause modest risk reduction in individuals, 
like the SPRING trial, may have a substantial cumulative effect when applied on the popu-
lation as a whole (prevention paradox). Before implementation of such an intervention 
program, costs and cost-effectiveness should be considered.
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The objectives of this paper are to assess the costs and cost-effectiveness of car-
diovascular prevention by practice nurses from a societal perspective in both treatment 
groups of the SPRING-RCT, and specify the costs of components of the intervention and 
the cost-effectiveness for subgroups (age, sex, level of education).

Methods

SPRING population and intervention

The economic evaluation was conducted using data gathered in the SPRING-RCT. Between 
June 2008 and August 2009 randomly selected individuals from 20 general practices (GPs) 
were invited for a screening. Men aged 50–75 years and women aged 55–75 years, with an 
estimated SCORE 10-year cardiovascular risk of cardiovascular mortality ≥ 5% [15], at least 
one treatable risk factor (smoking, hypertension, lack of physical activity or overweight) 
and without history of CVD, diabetes mellitus, thyroid dysfunction or an estimated life 
expectancy < 2 years, were randomised at patient level into two groups. The control group 
received standard treatment according the 2006 Dutch general practitioner’s guideline, 
[17] conducted by specially trained practice nurses. The intervention group additionally re-
ceived counselling based on self-monitoring at home, with pedometers, weighing scales 
and/or BP devices. After one year 179 participants were analysed, the primary outcome 
was the SCORE cardiovascular risk estimation. The mean effect for the control group was 
1,63% decrease in SCORE 10-year risk of fatal CVD; the mean decrease for the intervention 
group was 1,79%. The SPRING study was approved by the Medical Ethics Review Commit-
tee of the University Medical Centre Groningen (reference number 2007/232). For more 
information on study design and outcomes, see Tiessen et al [16].

Cost calculation

Total costs were calculated for both treatment groups. Total costs consisted of direct costs 
(medication, time spent by medical staff, self-monitoring equipment, patient transport to 
the practice) and productivity losses (absence at work of the working individuals that par-
ticipated). Costs of intangibles (suffering/adverse effects) and medical costs not directly 
related to the study were not taken into account.

The staff costs of the visits to the practice nurse were based on the registered total 
visit time and standard hourly costs of practice nurses in general practice in the Nether-
lands (Table 1). As the practice nurses reported that time spent on consultation with the 
general practitioner about participants was negligible, this was not taken into account. 
Productivity costs of participants were calculated for participants that were employed in 
a paid job and were based on duration of the visits plus 30 minutes/visit as transportation 
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time, using mean salary costs stratified by gender [18]. Transportation costs to the prac-
tice for the participants were based on the average distance for Dutch inhabitants to their 
GP’s of 1.1 km [18]. Prices of pedometers, weighing scales and BP devices were based on 
average customer prices for these devices and were calculated for participants who had 
actually used the self-monitoring devices. Only medication that was newly added or for 
which the dosage was adapted during the treatment, was taken into account. 2012 prices 
of generic medication were used, including value added tax, and a pharmacists allow-
ance for every 3 months.

Cost-effectiveness analysis

In order to get an impression of the balance between additional costs that have to be 
invested with the new risk management strategy, and the health gains of this strategy, 
a cost effectiveness analysis was performed. The effectiveness measure was the SCORE 
cardiovascular mortality estimation (expressed as % 10-year cardiovascular mortality risk). 
As the duration of the study was one year, costs were not discounted (discounting is com-
mon in cost effectiveness studies with a longer duration, when costs are made at the start 
and future benefits are expressed in today’s values). Cost effectiveness ratios (CERs) in €/% 
SCORE were calculated for both treatment groups separately. Incremental cost effective-
ness ratios (ICERs) (expressed as difference in costs between the two methods/ difference 
in % SCORE) were calculated to compare the standard treatment and the intervention 
treatment from the SPRING-RCT with regard to both costs and effects. In addition, sub-
group analyses were performed for different patient categories. For both groups cost and 
effect pairs were bootstrapped 5000 times from the trial data, which means that based on 
a ‘random sample with replacement’ from the original trial data, 5000 new data sets were 
drawn, that were used to estimate the ICER 95% confidence interval. In addition, a cost 
effectiveness plane was constructed to graphically display the location of the estimates 
(right upper quadrant: more effective and more expensive, right lower quadrant: more 
effective and less expensive, left upper quadrant: less effective and more expensive and 
left lower quadrant: less effective and less expensive) [19]. Finally a cost effectiveness-
acceptability curve was computed to estimate the change the new risk management 
strategy is cost effective given an rage of different amounts of money a decision maker 
might be willing to pay for one additional unit of health [20].
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Table 1. Economic variables.

€ Reference/data source

Visit practice nurse (€/minute) 0.85 Vektis, information centre on costs and quality 
of health care in the Netherlands, established by 
health care insurers.

Mean salary costs men (€/hour) 32.49 Manual Hakkaart-van Roijen et al. [18]

Mean salary costs women (€/hour) 25.94 Manual Hakkaart-van Roijen et al. [18]

Transportation costs per visit 3.44 1.1 km * €0.20/km (back and forth: €0.44) + €3 
parking costs, based on the manual of Hakkaart-
van Roijen et al. [18]

Weighing scale 45 Mean price according to the “Consumentenbond” 
(Dutch consumers organisation)

Pedometer 40 Mean price according to “thuisvergelijken.nl” 
(website with reviews on web shops)

Blood pressure device 120 Mean price according to “bloeddrukmetershop.nl” 

Food diary and step diary 5 Price according to “weightwatchers.nl”

Medication variable 2012 prices according to “medicijnkosten.nl”, site 
of the College of Health Insurances

Results

Table 2 shows average costs per participant in both study groups and the contribution of 
different treatment aspects on total costs. Based on the mean effect of 1,63% and 1,79% 
decrease in SCORE risk estimation for the control and intervention group respectively, [16] 
the CERs are €98 and €187/% decrease SCORE risk estimation.

The mean difference between both groups regarding treatment effect is 0.16% 
SCORE risk estimation. The mean difference regarding costs is €175. The ICER, therefore, 
is €1082, which means that for the intervention group approximately €1100 has to be 
invested extra to obtain 1% extra decrease of SCORE risk estimation. The 95% confi-
dence interval for the ICER based on 5000 bootstrap replications is -€5157 to €6150. 
The replications are depicted as a cost effectiveness plane (Figure 1a). The location of 
the incremental cost effectiveness pairs is above the horizontal axis, which indicates the 
higher costs with the intervention group treatment compared with the control group 
treatment. With regard to the effectiveness, there is considerable uncertainty: 35% of 
the pairs are left from the y-axis, indicating more effect for the control group treatment 
and 65% are right from the y-axis, indicating more effect of the intervention group treat-
ment. Figure 1b depicts that irrespective of the amount a decision maker is willing to 
pay, the probability of the intervention treatment being more cost effective than the 
control treatment is at most 60%.
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Table 3 shows CER’s and ICER’s for subgroups. For all subgroups the cost effective-
ness ratio (CER) is lower for the control treatment compared with the intervention treat-
ment. The two columns at the right side of the table illustrate the relative cost and effect 
of the intervention group compared with the control group for the sub-groups. ICERs 
for the subgroup pairs show that the intervention treatment was most cost effective for 
females and participants aged > 65 years and to a lesser extent also for higher educated 
participants. However, confidence intervals are very large. The results for the subgroups 
are also depicted as cost effectiveness planes and value of ceiling ratios in Figure 2.

Table 2. Total costs and costs of different aspects of the treatment for complete cases in both groups per 

year (€).

Control group 
(N = 89)

Intervention group
(N = 87) 

Total cost per individual 160 335

Productivity of participants 72 139

Transport to practice for participants 9 17

Medical staff 55 110

Self-monitoring equipment 10 44

Medication adjustments 15 25

Statin 3 11

Thiazides 11 10

Beta blocker 0 1

Calcium antagonist 0 1

ACE-inhibitor*/Angiotensin II antagonist 0 2

*ACE = angiotensin converting enzyme

Figure 1. Scatter plot of bootstrapped costs and effects (a) and value of ceiling ratio (b) for the whole study population.
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Discussion

Main findings

In this population, the costs of cardiovascular prevention were higher in the intervention 
group, with annual costs per individual of €160 (control group) compared with €335 (in-
tervention group). Costs per percent decrease in estimated 10-year cardiovascular mor-
tality of €98 compared with €187, for the control and intervention group respectively. An 
added role for self-monitoring can be considered only for females and higher educated 
individuals. For both groups costs predominantly consisted of societal costs and staff 
time and not of medication.

Explanation and comparison with existing literature

The present study adds valuable new information compared with previous studies, as 
both costs and effects are based on an actual practice setting, which makes the outcomes 
more generalizable. In addition, societal costs were included, which is recommended to 
allow a broad perspective [21]. Lost productivity due to practice visits caused the majority 
of costs and is usually not taken into account.

The time investment of both medical staff and participants not only caused the 
main cost driver in both groups, but also the difference between both groups (Table 1). 
The number of visits of intervention group participants was almost twice the number of 
the control group participants and also the duration per visit was slightly longer in the 
intervention group [16]. All intervention group participants were offered lifestyle counsel-
ling and home collected self-monitoring results were discussed during the visits. The pro-
ductivity cost estimates may have been on the high side with 30 minutes transportation 
time, and with some working individuals probably having part-time jobs with planned 
visits during spare time. Of minor influence were the increased costs of self-monitoring 
equipment and medication adjustments in the intervention group. Despite self-moni-
toring not being part of the control group treatment, some self-monitoring costs were 
made due to BP measurements (on participant’s initiative) at home.
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Table 3. Effect (% SCORE* risk assessment), cost (€), CER* (€/% SCORE) and ICER* (€/% SCORE) in specific 

subgroups.

Control group Intervention group
ICER (95% CI) Effect Costs

effect costs CER effect costs CER

Sex
♂ 1,7 155 91 1,6 301 187 -1578 (-39811–41036) - +

♀ 1,5 171 114 2,3 420 185 325 (-2662–2601) ++ +

Age
≤ 65y 1,8 184 102 1,8 303 167 5865 (-3257–3363) + +

 > 65y 1,5 133 92 1,8 376 213 768 (-4076–4759) + +

Educ.*
low 2,4 174 74 1,8 369 208 -340 (-3649–3793) -- +

high 1,3 157 121 1,8 319 182 351 (-3402–2923) + +

*SCORE = systematic coronary risk evaluation (estimated 10-year cardiovascular mortality risk), CER = cost 

effectiveness ratio, ICER = incremental cost effectiveness ratio, Educ. = educational level

Based on De Bekker-Grob et al. with €39 million spend on non-pharmaceutical 
cardiovascular preventive activities and €181 million on medication, we expected that 
costs of modified medication would be relatively high [3]. In the present study however, 
these had only minor influence and consisted in both groups mainly of statins and thia-
zides. Medication costs in the SPRING study may be even overestimated, as we calculated 
costs as if all adjusted medication was prescribed for the whole study period whereas 
mostly participants were advised first to adjust their lifestyles. De Bekker-Grob et al. found 
a large difference in medication prescription between different GP’s. We did not study 
the differences in prescriptions between practices, but this probably is of minor influence 
in this study because medication adjustments were advised by the study protocol. As 
mentioned before, Kok et al. estimated for the Dutch situation annual costs as €293 for 
statin use and €258 for antihypertensives [4]. Compared with the Kok et al. the costs in 
the SPRING-RCT appear to be much lower, despite in the SPRING-RCT societal costs were 
taken into account. The goal of Kok et al. was not to estimate annual costs however, it was 
one step in estimating the cost-effectiveness of a new guideline. It is hard to make exact 
comparisons with other studies due to differences in programs, perspective and whether 
statins had already run out of patent (which reduces costs significantly) or not.

With regard to exploration of the subgroups, the control group CER is lower for all 
subgroups. Higher educated participants and women seem to benefit most from the in-
vestment of extra time and immediate feedback and motivation from self-monitoring, as 
the ICER is most favourable for these two groups. Whether the intervention programme 
is preferable over control treatment for these groups, depends on how much a decision 
maker is willing to pay for a certain decrease in SCORE risk estimation. However, confi-
dence intervals were very wide and not statistically significant.

On the other hand, especially lower educated participants seemed to be better 
off in the control group. A probable explanation is that for some lower educated individu-



98

Chapter 6

Figure 2. Scatter plot of bootstrapped costs and effects and value of ceiling ratio for subgroups: males, females, age ≤65y, 

age > 65y, low educated individuals and high educated individuals.
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als the instructions and feedback of the self-monitoring might have been too complex 
and might have had a discouraging effect. Higher social economic status is inversely re-
lated to cardiovascular risk [22- 27]. Some investigators suggest that screening and treat-
ing high risk individual patients might augment socio-economic health differences, com-
pared with whole-population approaches [28]. Self-monitoring probably enhances these 
differences. Individuals from a higher socio-economic back-ground who are motivated 
for using self-monitoring might be asked to pay a contribution. During the SPRING-RCT, 
participants were offered self-monitoring free of charge, but self-monitoring devices are 
usually not reimbursed by health insurance companies in the Netherlands.

With respect to sex, the awareness of both the public and physicians is poor about 
the fact that -despite women having lower 10-year risk estimations compared with men- 
the annual death rate for CVDs is higher among females compared with males, due to 
a higher case fatality rate from coronary attacks [1,29]. Reduction of risk factors is also 
effective for cardiovascular risk in women [30]. Our study indicates that self-monitoring 
may improve cardiovascular risk management in women.

There is controversy about cardiovascular risk management for specific age groups 
[4,6]. Both these studies estimated long term effects and our study only evaluates effects 
after one year. For this study, the intervention group CER is higher for participants aged 65 
years and older, compared with younger participants, despite the fact that productivity 
losses will be present mostly in younger participants. Incremental cost-effectiveness ratio 
is more favourable for participants aged 65 years and older.

Strengths and limitations

Strengths of this study are the pragmatic protocol and the societal perspective. No infor-
mation from the SPRING study was available on long term effects > 1 year nor on adverse 
effects. No modelling was performed to estimate for example quality adjusted life years, 
which makes comparisons with some other studies difficult. On the other hand the lack 
of assumptions necessary for modelling makes the results more plain to interpret. The 
group size was too limited to allow reliable cost effectiveness analyses in subgroups, so 
conclusions about sub-groups should be considered as preliminary.

Conclusion

In the studied population, standard cardiovascular risk management by practice nurses 
is more cost effective than additional intensive counselling based on self-monitoring. As 
a considerable proportion of the target population for cardiovascular risk management 
will consist of working individuals, productivity losses during practice visits have to be 
taken into account when deciding about cardiovascular risk management strategies. The 
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majority of costs resulted from societal costs. The costs for cardiovascular risk manage-
ment however are found to be relatively low, for protocols based on the Dutch General 
Practitioner’s Guideline on Cardiovascular Risk Management (version 2006) [17]. Our find-
ings support the use of this guideline for the targeted individuals in general practice. 
Costs from the perspective of the patient or the general practices are even considerably 
lower. A self-monitoring approach may be of interest for subgroups like females, facing 
a higher case fatality ratio. However, effects on subgroups should be further investigated, 
together with investigations on long term effects.
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Chapter 7
General discussion



Introduction

This thesis evaluates different aspects regarding the identification and manage-
ment of cardiovascular risk in high-risk individuals in a general practice setting. 
In this general discussion, the main findings from the previous chapters will be 
summarised and discussed. Current developments regarding cardiovascular risk 
management in the Netherlands will be described, to outline the context in 
which the findings of this thesis may be understood. Finally, several recommen-
dations for future research and clinical practice will be described.
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Summary and discussion of main findings

Chapter 2 evaluated a pro-active screening approach which took place in a general 
practice in the village of Oude Pekela, in an area in the Netherlands with a low mean 
socio-economic status (SES). Of the 521 individuals that were sent an invitation letter, 
62% attended the screening. This attendance rate was comparable with that reported at 
other practices in the north of the Netherlands who were using the same approach. The 
personal invitation from the general practitioner (GP), the screening location at the gen-
eral practice, and reimbursement from the health insurance policy may have contributed 
to this high attendance. For each participant the extent of reimbursement depended 
on the policy ‘own risk’ or excess, i.e. the level of annual care costs to be paid by patients 
after which the insurance company assumes the costs. Of the analysed participants, 24% 
appeared to have an elevated cardiovascular risk while not yet being treated for hyper-
tension and/or hypercholesterolemia. The proportion of participants with an elevated 
risk was significantly higher in Oude Pekela than in Drachten, an area with a higher SES 
and lower cardiovascular risk. This suggests that this approach is particularly effective at 
identifying ‘at risk’ individuals in low SES areas.

There is concern that targeting prevention measures at individuals as opposed 
to populations may widen socioeconomic health differences [1]. However, whether this 
holds true for individual prevention that is specifically targeted at high-risk individuals is 
not yet known. The analysis of the results from the Oude Pekela screening may contribute 
to resolving this issue. Furthermore, analysis of the reasons given for non-attendance in 
this study may help improve the targeting of individuals from a lower socioeconomic 
background. These included: Not being convinced of the usefulness, the wish not to 
know the cardiovascular disease (CVD) risk, a fear of unwanted results, lack of time, and 
financial costs. In addition, age, other health problems and missed invitations were men-
tioned. It is important to note that the low SES population in this study was from a quite 
rural area and that results may differ in more urbanized low SES areas, where urbanisa-
tion-related risk factors play a role [2]. A review in 2005 showed that GPs typically employ 
a less positive and less inclusive communication style with patients from a lower social 
class [3]. This may lead to a vicious circle in which patients become more passive, rein-
forcing GPs’ misperceptions concerning the ability and motivation of these patients to 
participate in prevention programmes. Improvement of doctor-patient communication 
may be an important step in improving the outcomes of individual cardiovascular risk 
prevention in low SES areas.

Actively approaching an entire age-cohort on behalf of their own GPs differs from 
the approach used in the PreventieConsult CMR (Cardiometabolic Risk Prevention Con-
sultation), for which the response rates were disappointing [4]. An active approach may 
be a useful means of optimising the results of cardiovascular screening in general prac-
tice, especially in high-risk areas [4]. Another difference between these approaches in-
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cludes the age criteria – in the Oude Pekela screening, males > 50 years and females > 55 
years were invited whereas in the PreventieConsult CMR the lower age limit was 45 years. 
In Oude Pekela, only 8% of the males between 50–55 years had a SCORE risk assess-
ment ≥ 5% (systematic coronary risk evaluation), indicating a relatively low prevalence 
in younger individuals. A modelling study of different screening approaches confirmed 
that with a higher inclusion age, a similar number of new cardiovascular events could be 
prevented with fewer screenings [5]. Another factor that supports the use of a higher in-
clusion age is that it has been shown to be positively related to response rate [6]. Van den 
Donk et al. showed another simple and cheap method of performing pre-screening se-
lection within an apparently healthy population. This method involves sending patients 
a tape measure and instructions for self-measurement of waist circumference, in order 
to facilitate the identification of individuals meeting the metabolic syndrome criteria [7].

In Oude Pekela, as the logistical support was provided by the general practice lab-
oratory, GPs were initially only required to provide the names and addresses of patients 
to be included in the study. This approach minimises the extra workload for GPs and may 
enhance their readiness to participate in such screening programmes.

In Chapter 3 a subpopulation of the Groningen Overweight And Lifestyle (GOAL) study 
was analysed with respect to the relationship between skin autofluorescence (SAF) and 
SCORE and its components, in general practice. SAF can be measured easily and has been 
shown to be independently predictive of cardiovascular mortality in diabetic patients 
and patients with renal failure [8-10]. Little is known so far about the relevance of SAF in 
primary care patients without diabetes or renal disease. Sixty-five participants from the 
GOAL study, who were overweight or had hypertension and/or hypercholesterolemia, 
received either three-year counselling by practice nurses or conventional care by their 
GP [11, 12]. Results showed that baseline SAF, whilst showing a strong positive correlation 
with age, was not related to SCORE or its components. The relationship with age, as found 
in the current pilot study as well as in previous studies, is not surprising as advanced gly-
cation end products (AGEs, the sugar-derived moieties that crosslink to proteins that are 
measured by SAF) accumulate slowly in tissue during life [8]. Furthermore, change in SAF 
(ΔSAF) over three years was neither related to change in SCORE nor to change in any of 
the components of SCORE. 

This fits with the assumption that AGE accumulation influences cardiovascular 
risk via alternative mechanisms than those of conventional risk predictors (except age). 
Tissue AGE accumulation has been proposed by the DCCT1 and UKPDS2 diabetes study 
groups as being the main mechanism of the so-called ‘glycometabolic legacy’ effect: This 
is the effect that might explain why in diabetic patients an early intensive intervention 
period leads to an increasingly stronger benefit in complication reduction far beyond 

1  DCCT = Diabetes Control and Complications Trial (United States)

2  UKPDS = United Kingdom Prospective Diabetes Study
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( > 10 years) the intensive intervention period [13-16]. Similarly, the legacy effect has also 
been suggested as an explanation for why ‘late’ intensive glycaemic intervention in per-
sons with longstanding diabetes failed to reduce complications. AGEs are also formed 
during oxidative stress due to acute or chronic inflammation, which may explain their 
increased tissue (but not plasma) accumulation in conditions with oxidative stress (e.g. 
autoimmune disease) [17].

Despite baseline SAF not being related to baseline weight (weight is not a com-
ponent of SCORE), ΔSAF was related to Δweight. A small increase in weight may be re-
lated to less exposure to oxidative stress and, therefore, less AGE accumulation. Tissue 
AGEs have a slow turnover and this may explain the apparent lack of relationship with 
changes in the other risk factors. 

The results of this analysis showed that three-year SAF was significantly higher in 
individuals with previous CVD events: Baseline SAF was also higher in these patients but 
this difference was not significant (p = 0.082). It is probable that oxidative stress or another 
mechanism accounts for both the elevated CVD risk and the accelerated AGE accumula-
tion in these patients [17]. The study sample was too small to perform logistic regression 
with history of CVD as the dependent variable and multiple independent variables, which 
would have given more information about the relationship between SAF and CVD. 

Den Engelsen et al. also studied SAF in a low risk population of 816 persons, aged 
20-70 years and with no diabetes or CVD; of these there were 431 individuals without 
central obesity [18]. Mean SAF increased with age and smoking. After adjustment for 
these two risk factors, no significant difference was found between centrally-obese and 
non-obese individuals. For the centrally obese participants, uni- and multivariate associa-
tions were found between, amongst other things, waist circumference (WC) and SAF. The 
contribution of WC to SAF variability was limited and the authors suggest that it may be 
determined by the duration of central obesity. The relationship between SAF and age, 
and possibly with the duration of central obesity, is consistent with the GOAL sub study 
results. Differences between these studies may be partially explained by the fewer par-
ticipants, and therefore also fewer smokers, in the GOAL sub study, the increased age of 
GOAL participants, and the inclusion of CVD patients in this study, as well as the absence 
of SAF follow-up in the Den Engelsen et al. study.

The results from the GOAL sub study are only preliminary results from a small 
sample, but do prompt the question of whether SAF measurement could be incorpo-
rated into methods of CVD prediction in general practice. In recent years, many other risk 
markers/additional risk factors that are not part of the current risk estimation models have 
been studied. Even if novel risk markers demonstrate predictive value independently of 
conventional risk markers, there is a long way to go to prove that they could be of added 
value in risk models. In assessing potential new factors, usefulness is determined by the 
potential of a factor to result in reclassification of individuals into risk categories that are 
associated with different treatment strategies [19]. The clinical value of a new risk marker 
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is also determined by its acceptance amongst GPs and patients and its cost-effectiveness. 
For example, in a study evaluating 12 new promising risk markers for their potential to 
effect cardiovascular risk reclassification, CT imaging of coronary sclerosis gave the best 
reclassification improvements [20]. However, this was only evaluated in an elderly white 
population, and the effect on clinical outcomes was not investigated. Interpretation of 
the usefulness of these results should also consider the implicit limitations of CT-imaging 
which is expensive and exposes patients to radiation. Even if new risk markers do not 
improve risk classification or clinical outcomes, this area of study may improve our under-
standing of the pathophysiology of this group of diseases [19].

The non-invasive, rapid, and point-of-care SAF-measurements that can be per-
formed without expertise are expected to be well tolerated by patients and physicians. 
The extent to which these measurements could contribute to screening for primary pre-
vention as well as their cost-effectiveness requires further study. Interestingly, SAF mea-
surements have been incorporated in the large Lifelines population-based study which 
may facilitate the assessment of their possible contributory effect to current risk factor 
models in predicting cardiovascular risk [21].

The results from the SPRING-RCT (self-monitoring and prevention of risk factors by nurse 
practitioners in the region of Groningen – randomized controlled trial) were analysed 
in Chapter 4 and 5. To our knowledge, this was the first RCT on cardiovascular risk man-
agement by practice nurses in primary care with/without additional self-monitoring. In 
a general practice population with a mild to moderately elevated baseline CVD risk, the 
average risk for the whole study population was significantly decreased after one year 
of treatment by practice nurses. This confirms the positive results that can be achieved 
by practice nurses in general practice [22]. Interestingly, no additional significant effect 
was found in the intervention group that received additional counselling based on home 
monitoring. This was despite the increased time-investment due to visits to the practice 
nurse, and the increased number of medication adjustments in this group. The mean ef-
fect for the control group was a 1,6% (95% CI: 1.0,2.2) decrease in SCORE ten-year risk of 
fatal CVD; the mean decrease for the intervention group was 1,8% (95% CI: 1.2,2.4) (differ-
ence between groups 0.2 with 95% CI: -0.6,1.1). 

Factors that were significantly related to the change in SCORE for the SPRING 
study population, independently of the other factors, were SCORE risk estimation at base-
line and added/changed medication for hypertension and dyslipidaemia. The relation-
ship with baseline SCORE risk estimation may be overestimated due to the regression to 
the mean-effect. The relationship with statins (lipid lowering medication) was particularly 
remarkable, as this medication was only added/changed in 12% of the participants. These 
results support the focus on high-risk individuals [23, 24], and the use of medication when 
indicated [25-27]. These results are also in line with a 2008 systematic review, which dem-
onstrated that lifestyle interventions in primary care were only of marginal benefit [28]. 
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In the practice setting, with treatment programmes taking into account individual risk 
patterns, motivation, and treatment preferences, the effect of self-monitoring may be 
overshadowed by the effect of medication. It is possible that in individuals for whom 
medication is not indicated, self-monitoring may have had a substantial effect that could 
not be recognised in this study.

The lack of difference in outcomes between the groups may be explained by the 
generally high level of motivation amongst all participants due to effective communica-
tion of the study goals. The results may also reflect the use of randomisation at patient lev-
el, to diminish the influence of inter-practice differences: This means that within practices, 
both control and intervention group patients were treated by the same practice nurses 
which represents a potential contamination of the research conditions. For example, it is 
possible that the blood pressure devices that were provided to all participating practices, 
intended for home use in the intervention group, may also have been lent to patients in 
the control group whom had been identified by pro-active nurses as standing to benefit 
from this approach. The treatment of hypercholesterolemia was the same for both groups 
in this study, because no self-monitoring alternative was available for this risk factor. The 
large influence of the treatment of this risk factor may be an additional explanation for the 
lack of difference between both groups regarding treatment effect. Finally, the research 
staff that performed the measurements after one year were not blinded for study group. 
The influence of this omission may be limited; although blood pressure (one of the com-
ponents of SCORE) is measured directly, it was measured by means of automatic devices, 
and our primary endpoint (SCORE) was not measured directly. 

As mentioned in the introduction of this thesis, the “SCORE-Netherlands” risk es-
timation was used in the 2006 Dutch College of General Practitioners (NHG) guideline 
and this guideline was the basis of the SPRING-RCT. Subsequently it was shown that the 
SCORE-Netherlands risk estimation actually appeared to overestimate cardiovascular 
mortality risk [29]. Therefore, it is important to note that the use of SCORE as the primary 
endpoint in this study should not be considered as an exact predictor of decreased mor-
tality risk, but rather as an indicator for cardiovascular risk reduction.

Another point of interest is the fact that both for individuals who were and were 
not previously receiving medication before the start of the study, treatment goals were 
based on SCORE. If an individual was already receiving medication and had a baseline 
risk 5-10% without additional risk factors, according to the study protocol, adjustment of 
medication was not advised. In fact, according to the NHG guideline, in patients already 
receiving medication, the goal of the medication is the reduction of blood pressure/lipid 
level and not SCORE. It is probable that more medication adjustments would have been 
indicated according to this strategy, which would have led to a larger decrease in overall 
SCORE for both treatment groups.

Future research on the value of self-monitoring for cardiovascular risk manage-
ment in general practice should focus on individuals with no indication for medication 
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as well as highly-educated and female subgroups (these higher educated/female sub-
groups will be discussed next with the results of Chapter 6). On the other hand, study-
ing the value of self-monitoring in individuals without an indication for medication is 
probably of less importance as for these, predominantly low risk individuals, a population 
approach may be more appropriate. Nevertheless, if confirmation of the SPRING-RCT re-
search question would be considered, the following recommendations could be of value: 

 — Randomisation at practice level should be considered to reduce the potential for con-
tamination of research conditions. A significant disadvantage would be that more 
participating practices may be necessary.

 — Blinded randomisation should be performed.
 — Practice nurses should be monitored more closely. During the SPRING-RCT, despite 

our close monitoring of the study preparations at participating practices and there 
being no problems reported, one practice nurse appeared unable to start the treat-
ment within the study period: For these patients, access to a treatment program was 
arranged subsequently. This example marks the importance of ensuring that partici-
pating practice nurses fully understand the responsibilities involved in taking part in 
a scientific study. On the other hand, this sort of problem (the same holds true for 
the abovementioned contamination of research conditions) may be inevitable when 
performing research in a real practice setting. Whilst it could be argued that this limits 
the validity of such trials, it is this feature that provides the unique value of such trials, 
namely from the accurate representation of daily practice and mixed general practice 
populations [30].

 — The research staff performing the measurements at the end of the study should be 
blinded for study group. 

 — Treatment plans and forms to be filled in by the practice nurses should be separate 
documents, shorter, and ideally available electronically, permitting the direct linking 
of information to the practice information system, preventing double administration. 
In this study, the step-by-step paper treatment plans were also used by the practice 
nurses to record the notes from each visit. Subsequently, data concerning the dura-
tion and the number of visits, as well as the use of self-monitoring, was retrieved from 
these forms. The development of special software for the study was not possible due 
to associated costs. 

 — If the SPRING-RCT were to be repeated, it would be carried out with the new ver-
sion of the general practitioner’s guideline with an adapted risk chart and some 
other changes which may influence the results. Resulting data would probably dif-
fer from those reported here due to the intrinsic risk overestimation calculated with 
the SCORE from the 2006 guideline. Furthermore, the inclusion in the new guideline 
of psychological stress as a risk factor would lead to the collection of data on stress 
levels, perception of the ability to change, and the receipt of help from others, which 
possibly influence treatment protocols. 
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In the final chapter (Chapter 6) using results from the SPRING-RCT, cost effectiveness was 
analysed from a societal perspective. The costs per percentage decrease in SCORE (ten-year 
cardiovascular mortality estimation) were €98 and €187 for the control and intervention 
(self-monitoring) groups, respectively. It is important to note that from the perspective of 
the patient or the GP, the costs are even lower. Based on feedback from some participating 
practice-owning GPs, these calculated costs were the same as or lower than expectations, 
although it is noteworthy that these reactions were not collected systematically or from 
a representative sample. Little public information is available about the actual costs of car-
diovascular risk management: This thesis provides an up-to-date estimation of the societal 
costs of cardiovascular risk management in an actual practice setting. This valuable infor-
mation may be used for determining future policy regarding cardiovascular risk prevention.

The incremental cost-effectiveness ratio is approximately €1100 (95% CI: -5157 
to 6150). In both groups, lost productivity because of practice visits caused the majority 
of the costs. This is a relevant consideration, as a large proportion of the target popu-
lation are likely to be active in the workforce. However, this factor has not been taken 
into account in most other studies examining the cost effectiveness of cardiovascular risk 
management. The large diversity in cost-effectiveness studies with regards to methodol-
ogy and definitions impairs comparison of these studies [31]. In our study, the costs of 
medication were relatively low which lends support to the current practice of freely pre-
scribing medication when indicated and in agreement with the patient. Self-monitoring 
may be cost-effective for females and highly-educated participants, however, confidence 
intervals were wide. As females have a higher case fatality ratio, the use of self-monitoring 
in this subgroup may be an area for future research, in case further research into the value 
of self-monitoring for cardiovascular risk management is considered.

Current developments regarding cardiovascular risk 
management in the Netherlands

Revisions of risk estimation models and cardiovascular risk man-
agement guidelines

Disadvantages of the 2006 NHG guideline, which was the basis of the SPRING-RCT, in-
clude the fact that the “SCORE-Netherlands” risk estimation: 1) Overestimates cardiovas-
cular mortality risk; 2) only estimates cardiovascular mortality; and, 3) can only be applied 
to individuals under 65 years of age [29]. The revised 2012 guideline therefore uses an 
adapted risk chart which also takes into account cardiovascular morbidity estimations 
and estimates ten-year mortality and morbidity until the age of 70 years [32]. However, 
even with this new risk estimation model, virtually all patients aged < 40 years will have 
a low risk and all patients aged > 70 years will have a high risk. 
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Several solutions have been proposed to address the increased risk seen in old-
er individuals. One of the possible solutions for the general increase in risk seen above 
a certain age is the “polypill” [33]. This theoretical pill consists of a combination of several 
medications at a fixed dose, such as statins and blood pressure lowering agents, and is 
supposed to be taken by everyone over the age of 55 years. In a simulation model this 
could have a substantial positive effect on health (reduction in ischemic heart disease of 
88%) at a low cost. Naturally, there are many disadvantages to such a proposal, such as 
a dependence on patient compliance, a potential for less healthy lifestyle choices, the 
medicalization of society, and the possibility of side effects/interactions with other medi-
cations, which can occur especially frequently in the elderly. As a more natural, safer and, 
probably, more palatable alternative, the “polymeal” was suggested, which –at least in 
a simulation model– could be as effective as the polypill (polymeal: reduction in CVD of 
76%) [34]. Other alternatives typically involve population approaches. Improved risk clas-
sification for the elderly, using the relative risk compared to other individuals of the same 
age could also benefit these assessments [35, 36].

The 2012 NHG guideline suggests that treatment be started in individuals at the 
lower end of the age range if clusters of risk factors occur, and that treatment be consid-
ered in individuals at the higher end of the age range after consideration of individual 
life expectancy and comorbidity. This does not provide clear guidance to the GP when 
advising patients at the upper and lower ends of the target population age range for 
cardiovascular risk management. Future guidelines will probably be based on a different 
kind of risk estimation model, namely lifetime risk estimates, which may help solve this 
problem [37]. Lifetime risk estimates predict survival and morbidity-free survival at dif-
ferent ages and with different risk factor levels (Figure 1). As can be seen in figure 1, the 
influence of risk factors on overall lifetime survival and morbidity-free survival are much 
higher at a lower age, despite life expectancy still being high for all risk groups at this age. 
Together with possible new risk indicators, as previously discussed with the main findings 
of Chapter 3, this new type of risk estimate may improve the targeting of cardiovascular 
risk management to the individuals who will benefit most from it. If high-risk individuals 
can be identified at an earlier stage in the future, the need for prolonged interventions 
becomes an important consideration [38].

Another short-coming in the current guidelines is the unclear advice with respect 
to the repeated measuring of an individual’s cardiovascular risk after the initial risk estima-
tion. Analyses by Bell et al. showed that decisions on repeat measurement frequency can 
be made on the basis of baseline risk [39]. Intervals for low-risk individuals can be safely 
extended beyond the three to five years that are currently advised by the NHG guideline 
PreventieConsult CMR. However, Bell et al. used the Framingham risk model, which may 
lead to slightly different recommendations than if SCORE was used [39]. 

These adjustments in the advice regarding risk estimation at the extremes of 
the age range, and appropriate follow-up, may reduce the complexity of the guideline 
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and stimulate public support and compliance [30, 40]. For an optimal risk assessment 
model, a delicate balance must be struck between the perfect fitting of clinical data to 
the mathematical model, and both the ease-of-use and the clinical relevance. Future 
advances in knowledge as well as changes in population risk may require that risk mod-
els and guidelines be updated on an on-going basis [41]. However, whilst too-frequent 
updates may deter the adherence to guidelines [30], the application of new technolo-
gies could potentially improve adherence to guidelines [40]. For example, NHGdoc is 
an NHG guideline-based computer programme [42]. This programme gives GPs specific 
reminders based on information from the electronic patient record within the patient 
information system of the practice. Over 1300 practices in the Netherlands currently use 
this software programme.

Screening for cardiovascular risk factors in general practice 

Prevention has not always been considered as an important task for general practitio-
ners. Formerly, preventive activities in general practice were limited, reflecting the doubt 
surrounding the effectiveness of prevention. Furthermore, practice organisation and fi-
nancing were not adapted to preventive activities [43]. Recently, the NHG has published 
a standpoint on the basic values of general practice and medical check-ups in asymp-
tomatic individuals [44, 45]. In this document, the NHG states that prevention is, today, 
one of the main tasks in general practice [45]. Possible benefits of early detection of dis-
eases include better health and wellbeing in the future and, thereby, decreased pressure 
on healthcare systems. However, these potential benefits should be proven scientifically, 
in order to avoid unwanted effects to preventative measures such as cardiac risk assess-

Figure 1. CVD-free survival and survival after CVD-events for men and women by index age and aggregate risk factor 

burden [37].
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ment [44]. For example, there should be a substantial chance of finding results for which 
medical intervention is necessary before widespread testing is employed. This is because 
a negative test result (i.e. indicating no elevated risk) in persons with an unhealthy lifestyle 
can decrease the motivation for improving lifestyle. Conversely, the unexpectedness of 
elevated risk being identified in asymptomatic individuals may lead to a requirement for 
additional emotional support. Furthermore, false-positive results lead to unnecessary pa-
tient concern, unnecessary further investigations, and unnecessary healthcare costs. For 
these reasons, prevention programmes should meet the criteria formulated by Wilson 
and Jungner in 1968 (Box 1), before being implemented. 

Box 1. Wilson and Jungner screening criteria (http://www.who.int)

1. The condition sought should be an important health problem.
2. There should be an accepted treatment for patients with recognized disease.
3. Facilities for diagnosis and treatment should be available.
4. There should be a recognizable latent or early symptomatic stage.
5. There should be a suitable test or examination.
6. The test should be acceptable to the population.
7. The natural history of the condition, including development from latent to de-
clared disease, should be adequately understood.
8. There should be an agreed policy on whom to treat as patients.
9. The cost of case-finding (including diagnosis and treatment of patients diag-
nosed) should be economically balanced in relation to possible expenditure on 
medical care as a whole.
10. Case-finding should be a continuing process and not a “once and for all” project. 

In recent years many initiatives have been launched by not-for-profit and for-prof-
it organisations to increase public awareness of cardiovascular risk. However, these initia-
tives were fragmented and the quality not always ensured. The NHG together with other 
national health organisations wanted to offer a single, sound, alternative health check, 
run by health professionals and with scope for follow-up within the regular healthcare 
framework. This took the form of the PreventieConsult CMR. The pilot of this project took 
place about a year after the screening in Oude Pekela (Chapter 2). As discussed previously, 
the yield of the pilot of this PreventieConsult CMR was quite low [46]. Fewer than 1% of 
the population that were initially approached were found to have one or more cardio 
metabolic disorders (mainly due to the very low response rate), and it was not specified 
as to whether treatment was necessary in all of these cases [47]. 

In the wake of this study, the Royal Dutch Medical Association (KNMG) stated that 
there is uncertainty as to whether this approach yields more than regular GP care [48]. 

http://www.who.int
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Furthermore, no evaluations have shown the PreventionConsult CMR to be cost-effective. 
Despite these inconclusive findings, the PreventieConsult CMR was nevertheless imple-
mented as an NHG-guideline, albeit with the plan to make changes as more information 
is made available about the cost-effectiveness of the different components [49, 50]. De-
spite this seemingly weak substantiation, the NHG and KNMG both state in their stand-
point documents that the PreventieConsult CMR is an example of a scientifically based 
preventive activity with a good balance between the benefits and the possible physical 
and psychological disadvantages [44, 45, 48]. The rapid implementation of the guideline 
was a source of great discussion, with a focus being the lack of quality evidence of its 
effectiveness, and the failure to evaluate possible disadvantages, such as the overtreat-
ment of elderly persons. Some voices stated that preventive testing such as this, may 
promote an atmosphere of fear, by transforming ageing into a health problem that needs 
treatment [51]. Another much-voiced opinion is that medical benefits should prevail over 
political motives [47]. It is also pointed out by the authors themselves that individual 
screening may widen social inequality [1, 50]. 

Several investigations have demonstrated that certain conditions may optimise 
the results of cardiovascular screening in general practice. Firstly, a personal invitation 
from a patients’ own GP may encourage participation amongst general practice patients 
[43, 52]. This approach was also used with the screening in Oude Pekela, as described in 
Chapter 2. In contrast, the use of an internet questionnaire has been shown to discour-
age people from participating in a screening [43]. Van de Kerkhof et al. used a written 
questionnaire and achieved higher attendance rates than the PreventieConsult CMR [6]. 
Both GPs and their patients should be convinced of the relevance and accuracy of the 
risk estimation, and GPs should have sufficient time to be able to clearly inform patients 
about their results [52, 53]. This latter aspect can be achieved by delegating tasks, for 
example to a GP-laboratory, as was done in the Oude Pekela screening. Efforts for par-
ticipants should be kept as low as possible and individuals should be convinced of their 
self-efficacy [43]. In order to facilitate participation, the Oude Pekela screening was carried 
out by GP-laboratory workers at the location of the GP’s practice, reducing transportation 
costs and efforts. Furthermore, for individuals who had already reached their insurance 
excess, the costs of laboratory testing were reimbursed. To optimise the uptake of such 
programmes in the long-term, both structural financing and the cooperation between 
different care providers are important considerations [43, 54].

As the attendance in the Oude Pekela screening was much higher than with the 
PreventieConsult, elements of this study, and the information on reasons for non-atten-
dance (as reported in Chapter 2), could be applied to other screening programmes in 
order to improve the results of screening by Dutch GPs. The Oude Pekela results are par-
ticularly striking as the screening took place in a low SES area where, typically, lower par-
ticipation rates are reported [6, 52]. As mentioned previously, individual screening may 
widen socioeconomic health inequalities [1]. The Oude Pekela screening may provide use-
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ful information about the effects of an individual approach targeted especially at high-risk 
individuals. Should an improved approach to individual cardiovascular risk screening in 
general practice be developed based on the results from this study, steps should be taken 
to determine the place of this approach with respect to population wide prevention.

The broader context of cardiovascular risk prevention policies

As mentioned in the previous paragraph, structural financing is key to improving screen-
ing and prevention [43, 54]. The exact long-term effects of cardiovascular risk manage-
ment are not yet known. However, for cardiovascular prevention to be effective, the assur-
ance of long-term follow-up is an important condition. General practice care is financed 
by the so called “basic insurance” [55]. Healthcare insurance companies pay general prac-
titioners a fixed yearly amount for every patient on their patient list. This amount is adapt-
ed to the age and social status (based on postal code) of each patient. In addition, specific 
activities such as patients’ visits to the practice, house calls, telephone calls and surgical 
procedures, are reimbursed at fixed prices. Patients are not required to pay a contribution 
for this level of primary care, nor is it part of the annual co-payment for the use of care. 

Population prevention activities such as screenings (for breast-, cervix- and co-
lon cancer) or influenza vaccinations are financed by the central government. Individual 
prevention activities such as cardiovascular risk management are financed by healthcare 
insurance companies [43] who, in 2006, introduced so-called “M&I (modernisation and in-
novation) modules” [56, 57]. An example of such a module is cardiovascular risk manage-
ment supported by a practice nurse. Practices were invited to submit an innovation plan 
for approval by the healthcare insurance company and in this way, practices received 
financing for the proposed activities of practice nurses. However, this was not structural 
financing. In 2010, “functional financing” was launched [58]. With this kind of financing, 
healthcare insurance companies pay a fixed yearly price for each patient with a certain 
chronic condition, including those with an elevated cardiovascular risk. As part of this 
approach, groups of practices (so-called “care groups”) make agreements with secondary 
care and other healthcare providers such as physical therapists and dieticians, and negoti-
ate costs with healthcare insurance companies (“ketenzorg” or integrated care). In return, 
the quality of each practice is evaluated by indicators such as the availability and extent 
of risk profile data for each cardiovascular risk patient. Through this functional financing, 
the government aims to improve cooperation between primary and secondary care and 
diminish double provision of the same care. However, as practices are legally competitors, 
there are very strict rules on cooperation, with practices risking high fines [59].

The potential effects of functional financing have yet to be evaluated. Early re-
sults from a pilot study of functional financing for diabetes care in 2005, showed that 
cooperation and quality control both improved [58]. However, there was no simultane-
ous improvement in the quality of care, and patients reported that it was less clear to 
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them which healthcare provider was responsible for the care they received. This pilot 
study was evaluated again in 2012 and largely showed the same results, although some 
small improvements were found with respect to reduction of risk factor indicators [60]. 
The relevance and long-term effects of this kind of financing and cooperation are not yet 
fully known. It is feared that functional financing: 1) Decreases the freedom of individual 
GPs to perform their task in what they consider to be the optimal way (clinical freedom); 
2) results in guidelines being misinterpreted as rigid benchmarks while the guidelines 
were never set up for that purpose; and, 3) could result in increased bureaucracy and 
even additional costs [61]. In contrast, functional financing may also be an opportunity 
for GPs to demonstrate, with quantitative indicators, the value of GP care compared to 
secondary care [62].

There is on-going (anno 2013) discussion about the optimal way to finance pre-
vention activities, and the outcome of this debate will have an impact on cardiovascular 
risk management in general practice. Against a backdrop of rising healthcare costs the 
partial shifting of expensive secondary (hospital and mental) care to less expensive pri-
mary care is considered to be a potential means of controlling and cutting costs [63, 64]. 
Despite the fact that this represents an acknowledgement of the importance of general 
practice, GPs are nonetheless concerned about the time and cost implications of this call 
for extra primary care [64, 65]. Other governmental measures have led to an increase in 
the level of excess in health insurance policies and a reduction in the reimbursement of 
several treatments in the basic insurance package. An example of the impact of these 
decisions (made by the Dutch government) is the effect of changing the reimbursement 
of smoking cessation therapies over the past years: During periods when reimbursement 
was included in the basic health insurance policies, participation in smoking cessation 
programmes was higher and the proportion of smokers was lower than when these costs 
were not reimbursed [66]. In comparison to the rest of Europe, the Netherlands shows 
quite good results in many areas of prevention, but lags behind with respect to tobacco 
policy [67, 68]. Sweden, Norway, Iceland and Finland are most successful with regard to 
prevention and this may be related to political differences. Typically, countries that are 
governed by pro-redistributive parties have more policies aimed at reducing socioeco-
nomic inequalities, which are associated with lower infant mortality and higher life expec-
tancy [69]. Another illustration of the influence of distribution of prosperity on population 
health comes from the British epidemiologists Wilkinson and Pickett. In an interview in 
2013 they explain that in prosperous countries, it is not the level of prosperity but the 
distribution of prosperity that is related to social problems and health problems such as 
life expectancy and obesity [70].

In 2006, in order to stimulate competition in healthcare and reduce healthcare 
costs, more independence was awarded to healthcare insurers. This has led to concern 
amongst both the public and GPs that insurance company interests may lie in devising 
competitive policies rather than in improving quality of care or preserving the freedom of 
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patient and GP choice. For example, the provision of extra services in order to incentivize 
an insurance package may promote unnecessary therapy, thereby compromising quality 
of care [71]. Furthermore, certain factors may discourage healthcare insurers from invest-
ing in prevention. For example, individuals are free to change to another insurance com-
pany, which makes it less attractive for companies to invest in activities with mainly long-
term effects [43]. In addition, healthcare insurers receive money from a central fund for 
clients with an unfavourable risk profile, which is based on modifiable and non-modifiable 
risk factors. The amount of money they receive from this fund is adapted to actual health-
care costs. As modifiable risk factors also contribute to the risk profile, this could be seen 
as a disincentive for health insurance companies to invest in improving risk profiles [72].

In May 2013, the Dutch Council for Public Health and Health Care (Raad voor de 
Volksgezondheid en Zorg, RVZ) published a report entitled “The importance of mutual-
ity… …solidarity takes work!” about solidarity in healthcare financing being under pres-
sure [73]. High-income individuals generally pay more for healthcare (by means of taxes) 
and conversely, often need/receive less healthcare. To maintain this solidarity in the face 
of rising costs, it is increasingly important that all individuals feel a joint responsibility for 
the contributions that they make to national healthcare costs. The RVZ suggests that this 
could be achieved by creating incentives with discounts given on the basis of a healthy 
lifestyle. Such an approach raises several questions: For example, as to whether this may 
lead to decreased access to care and increased socio-economic differences; whether an 
unhealthy lifestyle is a deliberate choice; how this could be regulated; and, whether fi-
nancial incentives can really change behaviour and be cost-effective [74, 75]. It is possible 
that this measure may increase healthcare consumers’ conviction of their right to claim 
certain care, rather than feeling responsible for keeping one’s healthcare costs low [74]. In 
conclusion, future decisions and developments regarding healthcare financing will have 
a large impact on the way future cardiovascular risk management is performed.

Recommendations for clinical practice  
and future research

Based on this thesis and within the context of the current developments, recommenda-
tions for cardiovascular risk management in general practice can be given at three levels; 
patient level, practice level and population level.

Firstly, at patient level the results of the SPRING-RCT support the treatment of pa-
tients with a mild-moderately elevated cardiovascular risk by practice nurses who have re-
ceived additional training in cardiovascular risk management and counselling techniques. 
Results from the SPRING-RCT do not support the standard use of self-monitoring in cardio-
vascular risk reduction in general practice. Whether self-monitoring has additional value for 
patients without an indication for medication or for women, who face a higher case-fatality 
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ratio, is still unclear and may be of interest for future research. Preliminary results show that 
self-monitoring was related to lower cost-effectiveness in lower educated individuals and 
is, therefore, unlikely to help diminish socioeconomic inequalities.

Secondly, at practice level, the reduction of cardiovascular risk after one year of 
treatment is significantly related to the extent of the risk at baseline and to treatment with 
medication for hyperlipidemia and hypertension. Based on these findings, unsurprisingly, 
it is advisable that at practice level treatment be aimed at individuals with a high cardio-
vascular risk at presentation, and that medication usage be promoted for these individuals 
where indicated. Cost effectiveness analyses of the data reported here showed that costs 
for medication were relatively low and that overall costs for cardiovascular risk manage-
ment from a practice perspective were also relatively low. 

Non-adherence to medication constitutes a large problem, particularly with regard 
to the outcome of cardiovascular risk management [76]. In order to improve adherence to 
medication, more personalised communication may help [77]. This personalised approach 
may also help in the promotion of lifestyle changes, for example, explaining spirometry 
results in terms of personal “lung age” appeared to improve smoking cessation rates [78]. 
In one study, video analyses showed that both for GPs and practice nurses, there is room 
for improvement regarding the tailoring of information to a specific patient [79]. This study 
looked at lifestyle information, but this may also apply to information about medication. 
Poor adherence to medication seems to be related to lower social status and low health lit-
eracy [76, 77]. Improving the communication skills of healthcare personnel may, therefore, 
help to reduce socioeconomic differences by increasing participation during the consulta-
tion (as mentioned before) and via better adherence to medication [3].

With respect to screening in general practice, in regions with an elevated cardiovas-
cular risk, an active approach of contacting an entire age cohort on behalf of their GP, may 
result in a good attendance and identification of many new high-risk patients. Logistical sup-
port (and scheduled follow-up) can be performed by a general practice laboratory. The cost-
effectiveness of such a screening approach, as well as the long-term outcomes of individuals 
identified in this way, should be further investigated in order to determine its influence on so-
cioeconomic inequalities and, ultimately, to determine the optimal balance between person- 
and population-targeted prevention. In the future, cardiovascular risk estimation in general 
practice is likely to be based on lifetime risk estimation, possibly with additional risk factors, 
such as SAF. Participation in preventive activities is waning [43]. Analysis of information given 
by non-attenders of the Oude Pekela screening may help to address this issue.

Thirdly, for the population as a whole, an important finding is the relatively low 
total cost of cardiovascular risk management in general practice. From a societal perspec-
tive, the main cost driver is lost productivity of the participants due to attendance at the 
programme. This new finding may be of importance given the large target population for 
cardiovascular risk management and the fact that many of these individuals will be active 
in the workforce. 
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Information on costs and long-term outcomes is necessary in order to find the opti-
mal combination of individual risk management and population-based prevention. For in-
dividuals with risk factors, but having a relatively low estimated total risk (due to their young 
age, for example), primary care interventions (as in SPRING-RCT) are less effective. How-
ever, in the Netherlands the number of these individuals is likely to grow and, therefore, 
increasing the use of population-targeted prevention strategies may be the best choice. 
As mentioned before, other advantages of population-targeted prevention include pre-
venting generalized medicalization, contributing less to socioeconomic differences, and 
sustainably treating the root of the health problem [80]. An example of a successful health 
promotion programme is the North Karelia Project in Finland [81]. Cuba is another example 
of an area where social care and primary care work very well together [82]. Despite the fact 
that Cuba is a very poor country, cardiovascular risk prevention is well organised and life 
expectancy is quite high. Examples of population-targeted prevention include: 1) Restric-
tions in the salt, fat and sugar content of processed foods; 2) promotion of a healthy lifestyle 
during television and radio commercials; 3) lifestyle education for school pupils and young 
infants by Youth Health Services and smoking prevention interventions aimed at (espe-
cially low SES) teenagers; 4) discouraging the use of escalators and elevators in schools and 
public buildings; 5) optimising cycle lanes and footpaths; 6) enforcing strict restrictions on 
tobacco use in public spaces; and, 7) raising taxes on tobacco and alcohol [36, 83].

Restricting general practice risk management to high-risk individuals may have 
another advantage in helping to relieve GP workload, which is currently increasing be-
cause of the recent shift of parts of secondary care to primary care. Despite the lack of 
broad public support, several parties have suggested increasing the responsibility of the 
government in population cardiovascular risk prevention, for example by increasing taxes 
on alcohol and tobacco [43, 73].

Cooperation between different healthcare providers including general practitio-
ners, public health physicians, physical therapists, dieticians and specialists in the fields of 
cardiology, internal medicine and vascular medicine, is very important for the sustainable 
implementation of cardiovascular risk management. This cooperation could be promot-
ed during the different vocational training programmes: Students could be encouraged 
to gain experience in the daily practice of their fellow healthcare providers, in particular 
with regard to their respective roles in cardiovascular risk management. This could in-
crease awareness of the challenges and possibilities associated with the different forms 
of healthcare provision and reduce the thresholds for consultation and cooperation with 
colleagues from the different fields. 

The optimal policy and optimal mix of person- and population-targeted preven-
tion will be different for different countries. This is due to international differences in risk 
factor exposure, available budget, and current cardiovascular prevention strategies [2]. 
The optimal policy may change over time for the same reasons and should, therefore, be 
regularly evaluated and adapted [2, 41]. 
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The following research questions seem of most importance in considering the fu-
ture of cardiovascular risk management in the Netherlands and abroad: Which long-term 
results can be achieved by person-targeted cardiovascular risk management? How can risk 
estimation be further optimized (with the addition of lifetime risk estimation models and 
new additional risk factors)? What is the optimal balance (for a particular country at a par-
ticular time) between person-targeted/population-targeted risk factor management?

General conclusion 

A personal pro-active screening approach initiated by a GP practice and supported by 
a general practice laboratory, may be a feasible and effective way of reaching high-risk 
CVD individuals in low SES areas. Reasons given for non-attendance were collected and 
may help to optimise the method of individual CVD screening whilst decreasing socio-
economic CVD differences. 

Measurement of SAF requires no special skills, is non-invasive, rapid, and can be 
performed at the point-of-care. Exploratory data from the GOAL study show that, after 
three years of intervention, SAF was higher in participants with previous CVD events. 
However, this preliminary data does not prove a contributory effect of SAF measurement 
in cardiovascular risk management in general practice. It is hoped that on-going studies 
will provide the necessary information about the possible contribution of SAF to CVD risk 
estimation in the future.

The results of this thesis confirm that general practice-based individual cardiovas-
cular risk management (including medication when indicated) of persons with a mark-
edly elevated cardiovascular risk is effective when carried out by practice nurses. With 
the possible exception of specific subgroups, self-monitoring is not expected to improve 
the effects of cardiovascular risk management and is not cost-effective. From a societal 
perspective, this thesis provides important information about the relatively low costs of 
cardiovascular risk management in an actual practice setting. This information should 
help to substantiate the optimal balance between person- and population-targeted in-
terventions. For both of these approaches, the use of structural financing, and coopera-
tion between different kinds of healthcare providers should be promoted. 

Future research should focus on long-term achievements, on improving the 
identification of individuals that benefit most from a person-targeted strategy, and on 
determining the optimal mix of lifestyle, medication, and population-targeted preven-
tion measures. In the meantime, individuals with an elevated cardiovascular risk can be 
treated effectively by practice nurses in general practice.
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Nederlandse samenvatting proefschrift 

“Cardiovasculair risicomanagement in de 

huisartsenpraktijk”

In dit proefschrift worden de resultaten beschreven van een aantal onderzoeken naar 
het opsporen en behandelen van risicofactoren voor hart- en vaatziekten in de Ne-
derlandse huisartsenpraktijk. Hart- en vaatziekten zijn een belangrijk gezondheids-
probleem. Bekende risicofactoren zijn bijvoorbeeld oudere leeftijd, roken, verhoogde 
bloeddruk en cholesterol, familieleden die al op jonge leeftijd hart- en vaatziekten heb-
ben, overgewicht, te weinig bewegen en stress. Hoewel de voor leeftijd gecorrigeerde 
sterfte aan hart- en vaatziekten afneemt in Nederland, komen risicofactoren zoals over-
gewicht en hoge bloeddruk heel veel voor en ook bij steeds jongere mensen. Binnen 
de Nederlandse bevolking lopen mensen met een lage sociaaleconomische status (SES; 
gebaseerd op inkomen, opleidingsniveau en/of beroep) een hoger risico dan mensen 
met een hoge SES en maken mensen met een lage SES daarnaast minder gebruik van 
preventieve programma’s. Risicovermindering kan zowel gericht zijn op individuen met 
een verhoogd risico als op de hele populatie. Voorbeelden van zo’n populatiebenade-
ring zijn regelgeving over tabaksgebruik, verbeteren van de samenstelling van voeding 
(lager zoutgehalte, verwijdering transvet, etc.) of het aanleggen van voorzieningen 
waardoor mensen meer gaan sporten. Voor de individuele aanpak van mensen met 
een verhoogd risico is de huisartsenpraktijk een geschikte locatie, zeker nu de laatste 
jaren taken van de huisarts worden overgenomen door praktijkondersteuners en zij 
goede resultaten blijken te behalen. Deze individuele aanpak kan mogelijk effectiever 
gemaakt worden door bijvoorbeeld mensen te stimuleren door middel van apparaten 
die hen feedback geven over hun risicofactoren, zoals bloeddrukmeters, stappentel-
lers en weegschalen. Daarnaast kan de effectiviteit mogelijk verhoogd worden door 
methodes om beter te bepalen welke mensen de meeste baat zullen hebben van zo’n 
individuele aanpak. Tegen deze achtergrond zijn een aantal onderzoeken uitgevoerd 
die in dit proefschrift worden beschreven.

In hoofdstuk 2 staan de resultaten van een onderzoek waarbij risicopatiënten 
werden opgespoord in Oude Pekela, een dorp met een lage gemiddelde SES en een 
hoog sterftecijfer voor hart- en vaatziekten. Mannen van 50 jaar en ouder en vrouwen 
van 55 jaar en ouder kregen een brief van hun huisarts met het aanbod hun risico te 
laten bepalen. De metingen van de risicofactoren werden uitgevoerd binnen de prak-
tijk, door een regionaal huisartsenlaboratorium. Deze aanpak leverde naast een hoge 
opkomst ook een groot aantal mensen met een verhoogd cardiovasculair risico op, die 
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nog niet daarvoor onder de aandacht waren van de huisarts. De extra hoeveelheid werk 
voor de huisarts bleef beperkt. Naderhand werden de redenen gevraagd die mensen 
hadden om niet mee te doen, om zo de benadering verder te optimaliseren.

Voor hoofdstuk 3 werd een apparaat getest, de AGE-reader, dat op een niet be-
lastende en snelle manier versuikerde eiwitten in de huid kan meten, door middel van 
UV-licht. Bij mensen met suikerziekte of een nierziekte zijn er aanwijzingen dat deze me-
tingen kunnen bijdragen aan het voorspellen van hart- en vaatziekten. Het gebruik van de 
AGE-reader is nog nieuw bij personen die geen suikerziekte of nierziekte hebben. In een 
verkennend onderzoek is gekeken naar de relatie van de metingen met de AGE-reader 
met verschillende risicofactoren. De waarde van de metingen bleek gerelateerd aan leef-
tijd, maar niet aan andere risicofactoren. Na drie jaren werden de metingen herhaald en de 
waarden bleken meer te zijn gestegen als mensen meer waren aangekomen in gewicht. 
Daarnaast was na drie jaar de waarde hoger bij mensen die ooit hart- en vaatziekten had-
den doorgemaakt, iets wat niet kon worden aangetoond bij de beginmeting. Het is nog te 
vroeg om te concluderen of de AGE-reader een toegevoegde waarde kan bieden bij het 
voorspellen van hart- en vaatziekten in de huisartsenpraktijk.

In hoofdstuk 4 worden de resultaten van de SPRING-studie beschreven. Voor dit on-
derzoek hebben mensen met een verhoogd risico uit meerdere huisartspraktijken geloot 
voor een behandeling van hun risicofactoren. Er werd geloot tussen twee soorten behande-
ling: de helft van de mensen kreeg een standaardbehandeling van hun praktijkondersteu-
ner, de andere helft kreeg daarbij nog extra feedback op basis van zelfmeetapparaten die 
ze mee naar huis mochten nemen (bloeddrukmeter, weegschaal, stappenteller). Ondanks 
deze extra feedback en extra tijd die aan deze deelnemers werd besteed, bleken ze na een 
jaar geen lager risico op hart- en vaatziekten te hebben. Het goede nieuws was wel dat 
het risico in beide groepen was gedaald; een extra aanwijzing voor de effectiviteit van de 
behandeling door praktijkondersteuners. In hoofdstuk 5 is verder onderzocht welke ken-
merken van zowel de deelnemers als de behandeling een relatie hadden met het succes 
van de behandeling. Hieruit kwam naar voren dat als medicatie voor de bloeddruk of het 
cholesterol was gestart of aangepast, dit gerelateerd was aan een grotere risicodaling. Zoals 
verwacht, werd daarnaast een grotere risicodaling gezien bij mensen die aan het begin een 
hoger risico hadden. Eén van de mogelijke redenen waarom geen verschil werd gevonden 
tussen beide groepen is dat in beide groepen zowel de praktijkondersteuners als de deel-
nemers waarschijnlijk bovengemiddeld gemotiveerd waren. De loting vond verder plaats 
per individu en niet per huisartsenpraktijk, dus de praktijkondersteuners behandelden allen 
mensen uit beide groepen, waardoor de verschillen mogelijk minder goed uit de verf kwa-
men. Het grote effect van medicatie kan ook bijgedragen hebben aan het feit dat er geen 
verschil werd gevonden tussen beide behandelgroepen, doordat de instructies voor het 
voorschrijven van cholesterolmedicatie in beide groepen gelijk was. 

In hoofdstuk 6 is tenslotte gekeken naar de kosten en kosteneffectiviteit van de twee 
werkwijzen die werden toegepast in de SPRING-studie. Een jaar standaardbehandeling kostte 
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gemiddeld €98 en met aanvullende zelfmeting €187. Hierbij werden ook kosten meegeno-
men van werkverzuim, doordat deelnemers tijdens werktijd naar de praktijkondersteuner toe 
moesten. Dit laatste bleek zelfs de belangrijkste kostenpost in beide groepen en duurder dan 
medicatie-aanpassingen. Werkverzuim wordt vaak niet meegenomen bij dergelijke analyses, 
maar is wel belangrijk omdat de doelgroep bij deze behandeling vaak nog de werkzame 
leeftijd heeft. Vanuit de deelnemer of de huisartsenpraktijk bekeken, waren de jaarlijkse kos-
ten dus nog aanzienlijk lager. Aanvullende zelfmeting was duurder en -zoals al beschreven in 
hoofdstuk 4- niet duidelijk effectiever, dus ook duidelijk niet kosteneffectief. Voor vrouwen en 
hoger opgeleiden leek de kosteneffectiviteit van zelf meten relatief wat gunstiger.

Deze bevindingen in relatie tot de actuele ontwikkelingen in richtlijnen voor opspo-
ring en behandeling van risicofactoren voor hart- en vaatziekten en veranderingen in het 
bekostigen van de zorg leiden tot de volgende conclusies en aanbevelingen:

 — Praktijkondersteuners in de huisartsenpraktijk kunnen een belangrijke rol spelen bij 
de behandeling van risicofactoren voor hart- en vaatziekten bij individuen. 

 — Zelfmetingen hebben geen toegevoegde waarde voor de behandeling van een ver-
hoogd cardiovasculair risico. Mogelijk is er voor subgroepen enige (kosten)effectivi-
teit te verwachten, namelijk bij mensen die nog geen medicatie nodig hebben en 
vrouwen. Verder zijn ook hoger opgeleiden interessant, maar die hebben gemiddeld 
al een gunstiger risicoprofiel wat betreft hart- en vaatziekten dan lager opgeleiden.

 — Het behalen van het grootste effect is gerelateerd aan 1) het voorschrijven van me-
dicatie wanneer dit geïndiceerd is en 2) het behandelen van mensen met relatief 
hogere risico’s. Medicatie-aanpassing bleek daarnaast maar een relatief klein deel van 
de totale kosten te bepalen.

 — De alternatieve wijze van opsporing in Oude Pekela en de verzamelde redenen om 
niet aan de risico-opsporing mee te willen doen, kunnen bijdragen aan het verbete-
ren van cardiovasculaire risico-opsporing in Nederland. Resultaten uit langlopende 
studies (zoals de Lifelines studie in Noord-Nederland) zullen waarschijnlijk meer infor-
matie verschaffen over de rol die de AGE-reader kan gaan spelen bij risico-opsporing 
in de huisartsenpraktijk.

 — Informatie over kosten en meer onderzoek naar lange-termijn resultaten bij opge-
spoorde individuen kunnen bijdragen bij het vinden van de optimale balans tussen 
een aanpak gericht op individuen met de meest hoge risico’s in combinatie met een 
aanpak gericht op de hele samenleving. Bij de individuele aanpak speelt de huis-
artsenpraktijk een belangrijke rol, maar is daarnaast een goede samenwerking met 
specialisten, diëtisten, fysiotherapeuten, huisartsenlaboratoria en GGD-en van groot 
belang. Omdat de inzichten en richtlijnen in beweging zijn, is het belangrijk dat deze 
balans geregeld wordt geëvalueerd en aangepast; ook per land kan de optimale ba-
lans verschillen. Omdat mensen steeds jonger al met risicofactoren kampen, is het 
belangrijk dat de politiek en zorgverzekeraars hierin doelmatige keuzes maken voor 
de lange termijn, zodat mensen gezond oud kunnen worden (“healthy ageing”). 





Dankwoord

Op deze pagina’s wil ik graag de mensen in het zonnetje zetten zonder wie dit proef-
schrift er nooit geweest was. Na de vertraging bij de start, de grote logistieke uitdaging 
van het uitvoeren van alle metingen in de praktijken en het herhaaldelijk herschrijven van 
artikelen, kijk ik nu terug op een hele mooie tijd en ligt er toch maar dit proefschrift! Het 
gaf me steeds veel plezier om –naast het uitdagende en gevarieerde huisartsenwerk– de 
diepte in te gaan qua onderwerp en zo betrokken te zijn bij de ontwikkelingen binnen 
het huisartsenvak. Het was erg bijzonder om het project zoals wij dat hadden bedacht 
echt in de praktijk te zien werken. Het opzetten en deels zelf geven van de scholingen 
voor de deelnemende praktijkondersteuners (POHs) was leerzaam en inspirerend, dankzij 
het enthousiasme en de actieve inbreng van de POHs. Ik voelde me er verantwoordelijk 
voor dat de inspanningen van al die mensen die hebben bijgedragen aan het uiteinde-
lijke slagen van het project, zouden resulteren in een publicatie. Uiteindelijk werden dat 
vijf publicaties en dus zelfs dit proefschrift. 

Allereerst wil ik de huisartsen, POHs en deelnemers enorm bedanken. De huisart-
sen en POHs die deel hebben genomen aan de SPRING studie staan bij naam genoemd 
in de lijst na dit dankwoord. Voor de screening in Oude Pekela wil ik huisarts dhr. Sebes 
Zevenhuizen bedanken dat hij een “kijk in de keuken” liet nemen in zijn praktijk. Zeker nu 
ik zelf huisarts ben, heb ik nóg veel meer waardering voor al jullie/uw enthousiasme en 
flexibiliteit, naast de vele taken die bij de dagelijkse praktijk horen. Alle deelnemers; de 
mensen die verscholen gaan achter de n = …, de percentages en stipjes in de grafieken: 
u bent onmisbaar geweest voor het voltooien van het project, ontzettend bedankt dat u 
bereid was uw tijd en moeite te investeren!

Dan mijn begeleiders/(co)promotors; dankzij jullie verschillende aandachtsge-
bieden, vanuit de huisartsgeneeskunde, tweede lijn/vasculaire geneeskunde en sociale 
geneeskunde heb ik mijn onderwerp vanuit een breed perspectief kunnen beschouwen: 

Prof. dr. K. van der Meer, beste Klaas, bedankt voor je toegankelijkheid en betrok-
kenheid en je vertrouwen in de goede afronding, wat mede tot uitdrukking kwam door 
de mogelijkheden die werden gevonden voor mijn aanstelling. Bedankt voor je hulp in 
het vinden van een snelle promotiedatum.

Prof. dr. A.J. Smit, beste Andries, bedankt voor je altijd snelle, opbouwende en 
deskundige commentaar en dat je steeds weer een nieuwe insteek zag voor interessante 
hoofdstukken/artikelen.

Dr. J. Broer, beste Jan, ook jij heel erg bedankt voor je zeer snelle en deskundige 
commentaar en het toesturen van interessante artikelen en rapporten die hielpen de 
bevindingen te plaatsen in een breder verband, passend bij de huidige ontwikkelingen. 

De leden van de leescommissie, prof. dr. J.J. van Binsbergen, prof. dr. P.W. Kamphuisen 
en prof. dr. P.F. Roodbol wil ik bedanken voor het lezen en beoordelen van het manuscript. 
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De volgende co-auteurs wil ik bedanken voor in hun rol bij het tot stand komen 
van de artikelen:

Dr. Frank Beltman, bedankt voor je bijdrage bij de start van het SPRING-project, het 
leggen van contacten met praktijken en voor het gezamenlijk begeleiden van studenten.

Dr. Nancy ter Bogt, mijn kamergenoot tijdens de eerste jaren, jij was al mooi op 
weg met de GOAL-studie, toen ik begon met SPRING. Jouw gedegen manier van werken 
en grote bereidheid dingen uit te leggen, hebben me erg geholpen met het opstarten 
van het SPRING project. Daarnaast bedankt voor het mogen gebruiken van de GOAL-data 
voor het artikel over de AGE-reader. 

Dr. Klaas Groenier, bedankt voor geduldig uitleggen van de statistiek, je commen-
taar op de analyses en de artikelen en het me uitdagen “mijn hersens te laten wapperen”.

Dr. Karin Vermeulen, bedankt voor je hulp bij de kosteneffectiviteitsanalyses en je 
commentaar bij het artikel. Ik vond het een verrijking vanuit deze invalshoek naar medi-
sche resultaten te leren kijken.

Willemein Jager, fijn dat we je gedegen wetenschappelijke stage-verslag konden 
gebruiken als basis voor het artikel over de AGE-reader en dat je na jaren nog data- en 
outputbestanden hebt op weten te duikelen. 

Edwin Spithoven, als student ben je “afgereisd” naar Oude Pekela voor het verza-
melen van aanvullende gegevens uit de huisartsenpraktijk. Bedankt daarvoor.

De Stichting Hypertensiedient Groningen en de afdeling huisartsgeneeskunde, 
met als toenmalig hoofd prof. dr. B. Meijboom-de Jong, hebben ervoor gezorgd dat het 
SPRING-project kon worden opgezet en uitgevoerd. Dr. Margriet Piersma en Mieke Ste-
ijvers van LabNoord ben ik veel dank verschuldigd voor het beschikbaar stellen van de 
data van de screening in Oude Pekela en hun bijdrage aan het artikel. 

Petra Haarsma, zonder jouw organisatietalent waren de SPRING screening- en 
baseline metingen in de praktijken nooit zo goed gelopen! Terwijl ik met de huisarts-
opleiding bezig was, was jij aanspreekpunt voor de praktijken, stuurde en ontving hon-
derden brieven en zorgde dat geschikte studenten werden gevonden, die op de juiste 
momenten in de juiste praktijken bij de juiste deelnemers op een nette manier de me-
tingen deden en gegevens verzamelden. Ik heb enorm met jou gelachen om hoe het 
soms liep. Mijn grote dank voor jouw bijdrage aan het SPRING project en fijn dat je mijn 
paranimf wilt zijn.

Een aantal studenten heeft hun wetenschappelijk stage gelopen bij het SPRING 
project. Bij de screening/baseline werkten Rebecca Langhout, Janneke Wolters en Dorien 
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