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This thesis focused on statin treatment in type 2 diabetes patients of which different 
aspects were studied. In Part I the effect of statins on LDL-cholesterol and cardiovascular 
outcomes was determined. Also, cost-effectiveness of statin treatment was assessed in 
which we took account of information from clinical practice. Part II focussed on patient 
and physician behaviour regarding statin treatment. The main findings, implications, 
methodological considerations, and future perspectives will be discussed for each part 
in this chapter. At the end of this chapter an overall conclusion is presented. 

 
Part I. Effects and cost-effectiveness of statin treatment

For secondary prevention of cardiovascular and cerebrovascular events, the need for 
statin treatment is widely recognized, however, for primary prevention the use of statins 
is more controversial. The absolute risk reduction of statin treatment for primary 
prevention could be low because of a low baseline cardiovascular risk. Some have reported 
that statins are associated, with a fifth reduction in the incidence of cardiovascular and 
cerebrovascular events per mmol/l reduction in LDL-cholesterol, largely irrespective of 
specific patient characteristics  [1]. Others, however, reported that there is only limited 
evidence that statins are cost-effective and improve patients quality of life for primary 
prevention [2]. There is no precise effect estimate of statin treatment in diabetes patients 
[1,2]. Such evidence is important for clinical decision making and cost-effectiveness 
analysis, especially for primary prevention where the benefit-risk balance might not be 
optimal. In clinical trials patients are often treated under controlled conditions, which 
is different from clinical practice. In clinical practice statin treatment response and cost-
effectiveness will be influenced by for example adherence to treatment [3-6]. The precise 
relation between adherence to treatment and treatment response is unclear and likely 
to be affected by the treatment dose.     

Therefore the aims of the first part of this thesis were to:  
• determine precise effect estimates of statins for primary and secondary prevention 

of cardiovascular events in diabetes patients; 
• assess the effect of dosing and adherence on cholesterol outcomes in diabetes 

patients; 
• determine the cost-effectiveness of statins for primary prevention of cardiovascular 

and cerebrovascular events in newly diagnosed type 2 diabetes patients, taking 
adherence into account.
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Main findings
In Chapter 1 the effect of statins on the first time occurrence of cardiovascular and 
cerebrovascular events in diabetes patients was determined in a meta-analysis. Based 
on four trials including 10,187 participants, treatment with standard-dose statins for 
the primary prevention of a major cardiovascular or cerebrovascular event resulted in a 
significant relative risk reduction of 25%. In order to prevent one major cardiovascular 
or cerebrovascular event 35 patients should be treated for 3.8 years. Significant relative 
risk reductions of 31% for fatal or non-fatal stroke and 30% for fatal or non-fatal 
myocardial infarction, and a non-significant risk reduction of 16% for all-cause mortality 
were found. 

The efficacy of standard-dose and intensive-dose statin treatment for the secondary 
prevention of major cardiovascular and cerebrovascular events in diabetes patients was 
assessed in Chapter 2. Using data from five trials including 4,351 participants, standard-
dose statin treatment resulted in a significant relative risk reduction of 15% in the 
occurrence of any major cardiovascular or cerebrovascular event compared to placebo. 
For fatal or non-fatal stroke, there was a significant 33% relative risk reduction. Non-
significant relative risk reductions of 27% for fatal or non-fatal myocardial infarction 
and 22% for all-cause mortality were found. In an analysis using data from four trials 
including 4,805 participants, standard-dose statin treatment compared to intensive-
dose statin treatment resulted in an additional 9% relative risk reduction in any major 
cardiovascular or cerebrovascular event. 

In Chapter 3 we performed a cohort study using observational data from the Groningen 
Initiative to Analyse Type 2 Diabetes Treatment (GIANTT) database. The association 
between adherence, treatment dose and LDL-cholesterol response in type 2 diabetes 
patients initiating statin treatment was assessed. For patients with a baseline LDL-
cholesterol level of 3.7 mmol/l, an adherence rate of 100% was associated with a 48% 
reduction in LDL-cholesterol. It was estimated that a 20% reduction in adherence rate 
on standard-dose treatment was associated with 8-9% less reduction in LDL-cholesterol 
in such patients. Patients with a baseline LDL-cholesterol of 3.7 mmol/l will need an 
adherence rate of at least 63% on standard-dose treatment and of 76% on low-dose 
treatment to reach the LDL-cholesterol target of 2.5 mmol/l. 

In Chapter 4 the cost-effectiveness of statins for primary prevention of cardiovascular 
and cerebrovascular events in newly diagnosed type 2 diabetes patients was assessed. 
The effect of real-world adherence rates was assessed. Taking expected adherence 
rates into account, starting statin treatment at diagnosis of type 2 diabetes was cost-
effective at €2,245 per QALY in the base case (a 60-year old patient with mean 10-year 
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cardiovascular risks as estimated for patients aged 56-65 at type 2 diabetes diagnosis). 
Differences in age and 10-year risks for CHD and stroke resulted in large differences in 
cost-effectiveness from losing QALY’s to being almost cost neutral. With the adherence 
rates seen in clinical practice, it can be concluded that treating all type 2 diabetes 
patients under the age of 45 at diagnosis with statins for primary prevention is not cost-
effective. For patients between 45 and 55 years at diagnosis, statin treatment is cost-
effective except when the 10-year risk for CHD is 6% or lower. For all other diabetes 
patients, statin treatment is expected to be cost-effective at a threshold level of 20,000 
euro per QALY or even cost-saving. Notably, also higher thresholds have been suggested 
and are being applied [7].

Implications
Nowadays, there is a broad indication for statin treatment [8,9]. The need for statin 
treatment for the secondary prevention of cardiovascular events is widely recognized, 
especially for diabetes patients [8,9,10]. Recommendations on the dose needed, however, 
are less clear. American guidelines recommend intensive-dose statin treatment for 
secondary prevention [10] whereas Dutch guidelines recommend to start on standard-
dose treatment irrespective of patient characteristics [8]. In Chapter 2 we found a 
significant risk reduction of 15% for major cardiovascular and cerebrovascular events 
for such treatment. There was an additional risk reduction in any major cardiovascular 
or cerebrovascular event of 9% for intensive-dose treatment compared to standard-
dose treatment. Although the risk for adverse events is increasing with higher dosing, 
this is not likely to outweigh the health benefits in high risk patients [11,12]. This implies 
that intensive-dose treatment can be used in high-risk patients, as this is also likely to 
be cost-effective [13]. 

Furthermore, there is discussion on the use of statin treatment for primary prevention 
[2]. The 25% risk reduction with acceptable numbers needed to treat as observed in 
our meta-analysis (Chapter 1), imply that standard-dose statin treatment can be 
used for primary prevention in type 2 diabetes patients. However, the number needed 
to treat can be high because of a low baseline cardiovascular risk. Standard-dose 
treatment is currently recommended in Dutch guidelines for patients with a 10-year 
cardiovascular risk of ≥10% [8]. We determined that for patients >45 years at diabetes 
diagnosis standard-dose statin treatment for primary prevention of cardiovascular and 
cerebrovascular events is cost-effective unless the 10-year cardiovascular risk is lower 
than 6% (Chapter 4). 

Diabetes patients initiating statin treatment are at high risk of not reaching the 
recommended LDL-cholesterol target, especially when they are on low-dose treatment. 
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Although for patients with a low or moderate cardiovascular risk intensive-dose treatment 
might not be preferred due to an increased risk for adverse events, low-dose treatment 
should be avoided [11,12]. Especially in patients with a high baseline LDL-cholesterol level 
as they are not expected to reach the LDL-cholesterol target even with an adherence 
level of 100% on low-dose. Both the decision whether to start statin treatment and 
the choice for the dose needed, should be based on cost-effectiveness of treatment and 
include a benefit-risk evaluation. Especially for patients with low cardiovascular risk it 
should be assessed whether the low absolute reduction in cardiovascular events is likely 
to outweigh the drawbacks of statin treatment.  

The results from Chapter 1 & Chapter 2 are based on clinical trials, which are often 
performed in patients who are treated under controlled conditions [14]. The difference in 
efficacy in trials and effectiveness of statin treatment in clinical practice could partly be 
caused by non-adherence to treatment [15,16]. In line with others, [3-6] we found that non-
adherence to treatment has a large impact on LDL-cholesterol outcomes, it however also 
considerably impacts cost-effectiveness of treatment (Chapter 4). In addition, Chapter 
3 showed how the relation between adherence and LDL-cholesterol response was 
affected by statin dose. Patients on low-dose treatment need to be at least 10% more 
adherent than patients on standard-dose treatment to reach the same LDL-cholesterol 
level. Therefore, low-dose treatment should especially be avoided in patients that are 
vulnerable for non-adherence to treatment. 

The studies in this thesis showed that statin treatment resulted in substantial health 
benefits in diabetes patients in clinical trials. However, health and economic outcomes 
of statin treatment in clinical practice will be affected by adherence and dosing. This 
means that suboptimal treatment outcomes can be due to physician-related factors 
(e.g. treatment dosing) and/or patient-related factors (e.g. adherence). Suboptimal 
treatment, especially in low risk patients for which treatment might be considered 
less essential, can lead to very high numbers needed to treat and high costs per QALY 
in clinical practice. More insight in physician-related and patient-related factors can 
be helpful for improving health and economic outcomes of statin treatment in clinical 
practice. 

Methodological considerations
Type 2 diabetes patients are an important group in cardiovascular risk management due 
to their increased risk for cardiovascular disease [17,18]. In clinical trials heterogeneity of 
treatment effects can be a problem which reflects patient diversity in risk of disease, 
responsiveness to treatment and the vulnerability to adverse effects [19]. Therefore it 
is important to take account of the population characteristics to retrieve precise effect 
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estimates for the target population. We tried to determine the effect of statins in a 
non-restrictive diabetes population in our meta-analyses. We therefore excluded trials 
in restrictive subpopulations, for example the Gissi-HF trial [20], which was performed 
in heart failure patients. Including such trials will affect the relative risk reductions  
found [19]. 

The relation between adherence, treatment dose and LDL-cholesterol was assessed in 
a type 2 diabetes population managed in general practice (Chapter 3). Although we do 
not expect that the relation between adherence and LDL-cholesterol response will differ 
in a non-diabetes population, caution should be taken when using these results in non-
diabetes populations [19].

In contrast to the cardiovascular and cerebrovascular events used as outcome in the 
meta-analyses (Chapters 1 & 2), we determined the effect of statins on LDL-cholesterol 
in the cohort study (Chapter 3). For determining the effect of medical treatment, clinical 
endpoints like cardiovascular and cerebrovascular events instead of surrogate endpoints 
as cholesterol levels are commonly preferred [21]. However, statin induced LDL-cholesterol 
reduction is clearly related to a reduction in cardiovascular events  [22]. Determining 
effects of treatment on clinical endpoints in a heterogeneous population requires a large 
cohort with a long follow-up. Also, the risk of cardiovascular and cerebrovascular events 
is not only affected by statin treatment but also by other factors, like the control and 
treatment of blood pressure and blood glucose [23,24], which are difficult to control for in 
a non-randomised study. Therefore, we assessed the effect of adherence and treatment 
dosing on LDL-cholesterol level instead of cardiovascular events.  

Future perspectives
The meta-analyses in this thesis show that overall benefits can be expected from 
standard-dose statin treatment in a type 2 diabetes population. For patients with a 
cardiovascular history intensive-dose statin treatment has a significant additional 
benefit. This is likely to be cost-effective [13]. Future Dutch guidelines on cardiovascular 
risk management could be more explicit about the limited value of low-dose statin 
treatment and the added value of intensive-dose statin treatment. 

In clinical practice, there can be heterogeneity of treatment effects which will also result 
in differences in cost-effectiveness. It was, for example, shown that differences in age 
and 10-year cardiovascular risk resulted in large differences in cost-effectiveness from 
losing QALY’s to being almost cost neutral (Chapter 4). The concept of personalized or 
precision medicine (i.e. treatment targeted to the needs of individual patients on the 
basis of genetics, biomarkers, phenotypic, or psychosocial characteristics [26]) has as goal 
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to improve outcomes of individual patients and minimizing adverse events in patients 
that are less likely to respond to treatment. For example, although current evidence 
suggests that common genetic variation is not an important determinant for statin LDL-
cholesterol response, it seems that SLCO1B1 can be used to predict myopathy [27]. This 
can be useful in clinical practice as fear of adverse events can be a reason for physicians 
not to treat patients with statins [28] or not to intensify statin treatment as the risk for 
adverse events increases with higher doses [11,12,29]. Precision medicine could play a role in 
improving outcomes of statin treatment by minimizing adverse events and it could also 
be helpful for more precise targeting at populations in which treatment is cost-effective, 
but this all requires additional research. The implementation of precision medicine in 
clinical practice will be challenging especially for primary care providers as they are 
the first line in the health care delivery system with the task to prevent disease, identify 
early signs of disease and navigate referral paths that will have many more branches as 
a result of precision medicine [26]. 

Furthermore, we did not consider adverse events in our studies. Within the GIANTT  
population, the number of reported adverse events was low (<2%) and therefore 
probably underreported. However, it has also been reported that only a small proportion 
of symptoms reported as statin induced are genuinely caused by statins [30]. Physicians 
might find it difficult to differentiate between adverse events caused by statins and 
symptoms that are spontaneous or attributable to the nocebo effect (i.e. patients 
experiencing symptoms due to negative expectations of treatment) [30]. Uncertainty about 
the cause of the symptom could be reason that adverse events are not well documented 
in clinical practice [31]. Active involvement of patients in the process of adverse event 
monitoring should be further explored [32].

 
Part II. Patient & physician behaviour regarding statin treatment

Benefits of statin treatment were shown for primary and secondary prevention 
of cardiovascular and cerebrovascular events in diabetes patients in Part I of this 
thesis. However, it also showed that suboptimal treatment by low-dosing and/or non-
adherence can lead to very high numbers needed to treat, resulting in high costs per 
QALY. Treatment can be suboptimal due to low-dose treatment [33,34], lack of treatment 
intensification [35,36,37] and/or non-adherence to treatment [3,4]. Better insights in 
prescribing and adherence patterns, and patient preferences are needed to improve 
treatment outcomes in clinical practice. 
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Therefore the aims of the second part of this thesis were to:
• describe adherence and prescribing patterns of statin treatment in diabetes 

patients;
• determine patient’s preferences for lipid-lowering drugs of diabetes patients.
 
Main findings
In Chapter 5 we described differences in treatment modifications, discontinuation, 
adherence and LDL-cholesterol outcomes between type 2 diabetes patients initiating on 
low-dose versus standard-dose statin treatment. This study was performed with data 
from the Groningen Initiative to Analyse Type 2 Diabetes Treatment (GIANTT) database. 
Around 22% of the patients started on a dose lower than recommended, more than half 
of them remained on a low dose during a 2-year follow-up period, whereas less than 
15% received a dose increase. Of the patients initiating on standard-dose, also more 
than half remained on the same treatment during this period, whereas 8% received a 
dose decrease without subsequent increase. More than 25% of the patients starting on 
low-dose or on standard-dose treatment discontinued treatment. Patients that initiated 
treatment at a low dose were older and more often female. There was no difference in 
baseline LDL-cholesterol. Patients that initiated on low-dose received more and earlier 
treatment changes than patients initiating on standard-dose treatment. Patients on low-
dose treatment had lower adherence levels and were less likely to have adequate LDL-
cholesterol response compared to patients on standard-dose after 2 years of follow-up.  

The effect of the occurrence of a first cardiovascular event on adherence to statin 
treatment was assessed in Chapter 6. As statin treatment is increasingly used for primary 
prevention but treatment cannot prevent all events, an increasing amount of patients 
is on statin treatment when experiencing their first cardiovascular event. Although we 
know that adherence is higher in secondary prevention populations compared to primary 
prevention populations [39-42], the effect of an event while being on statin treatment on 
adherence was unclear. This matched cohort study was performed with data from the 
Groningen University IADB.nl pharmacy database. Patients with a cardiovascular event 
during follow-up were matched to a patient without a cardiovascular event (reference) 
during follow-up. Adherence was compared before and after the event (for the reference 
patients for the same follow-up period as their match). Patients with a cardiovascular 
event had on average a Proportion of Days Covered (PDC) of 81% after the event (index 
date) which was significantly higher than the patients without a cardiovascular event 
which had a PDC of 71%, while both had a PDC of 79% before the index date. Among the 
patients with a cardiovascular event, 26% of the patients became more adherent after 
the first cardiovascular event. However, 20% of these patients became less adherent 
after the event. 
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Patients’ preferences regarding lipid-lowering treatment were assessed in a 
questionnaire study with a discrete choice experiment (Chapter 7). We  determined (1) 
the willingness of patients with type 2 diabetes to continue using lipid-lowering drugs, 
(2) the importance they attach to specific treatment characteristics, and (3) whether 
both are influenced by patient characteristics such as age, gender, clinical history and 
education. Patients needed to imagine that their cholesterol level was too high, and 
had to choose between two hypothetical treatment options or the option to stop lipid-
lowering treatment. Most patients were willing to continue using lipid-lowering drugs. 
Patients with a history of cardiovascular disease were more willing to continue using 
lipid-lowering drugs than patients without a history of cardiovascular disease. Patients 
with a higher education level were less willing to continue using lipid-lowering drugs. 
Treatment characteristics including cholesterol reduction, risk of early death, risk of 
limitations due to heart attack, risk of limitations due to stroke, risk of adverse events 
and intake moment, had a significant impact on patients’ treatment choices. Cholesterol 
reduction and risk of adverse events were most important for the choice of treatment. 
Age, education, cardiovascular history and previously experienced adverse effects 
influenced the importance patients attach to specific treatment characteristics. With 
increasing age, for example, risk reduction of early death and limitations due to a heart 
attack became less important for a patient, whereas avoiding adverse effects became 
more important.

Implications
A large proportion of type 2 diabetes patients is not reaching their LDL-cholesterol  
target [33,38], which was also demonstrated in our study population (Chapter 5). 
Moreover, 20% of patients started on low-dose treatment and treatment intensification 
was uncommon [39,40]. Given the adherence rates seen in practice, this is problematic 
since patients on a low-dose are more likely not to reach the LDL-cholesterol target due 
to non-adherence (Chapter 3). 

There are many factors contributing to non-adherence [41,42], therefore improving 
adherence in clinical practice is complex and interventions with some degree of success 
are often multifaceted interventions. However, some factors are non-modifiable. Having 
a cardiovascular history was found to be associated with better adherence [43-46]. This 
was confirmed in Chapter 6, where we observed that the occurrence of a cardiovascular 
event may avert the declining statin adherence rate seen in patients without such an 
event. In addition, we observed in Chapter 7 that patients with a cardiovascular history 
were more willing to continue using lipid-lowering treatment. However, one in five 
patients became less adherent after a cardiovascular event (Chapter 6), indicating that 
there are still important benefits to achieve.
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In clinical practice high discontinuation rates of statin treatment have been reported 
[39,47]. Some of these patients, however, may reinitiate treatment [48]. Taking such restarts 
into account, we showed in Chapter 5 of this thesis that more than a quarter of diabetes 
patients still discontinue treatment in the first two years after initiation. In Chapter 
7 we observed that patients using statins were generally willing to continue such 
treatment. Surprisingly, having experienced adverse events in the past did not affect the 
willingness to continue using lipid-lowering treatment, whereas this is often reported 
as an important reason to discontinue treatment [47,49]. Since our study was performed in 
a cohort of current users, this indicates that these patients were able to accept or cope 
with the drawbacks of treatment. Previous research found that discontinuers expect 
limited benefits [50-52]. In addition they had less knowledge and were less satisfied with 
information they received about the treatment [51,52]. We observed that higher educated 
patients were less willing to continue using lipid-lowering treatment (Chapter 7), it 
might be that higher educated patients, based on the same information about benefits 
and drawbacks of treatment, are less convinced about the usefulness of statin treatment 
than lower educated patients.  

The health benefits of statins, as illustrated in Part I, can be limited by low-dosing, non-
adherence and discontinuation of treatment. The studies in Part II illustrate that to 
improve the outcomes of statin treatment in practice, a joint approach towards patients 
and physicians is needed. Providing tailored information about benefits and drawbacks 
of treatment may be needed, taking educational level, age and previous experiences 
with cardiovascular events and adverse events into account. In addition, physician-
related reasons for low-dosing of treatment should also be addressed in interventions 
to improve statin use.

Methodological considerations
To provide insight in current practice, we described treatment modification patterns, 
discontinuation rates, adherence and LDL-cholesterol outcomes for patients initiating 
on low-dose and standard-dose statin treatment in Chapter 5. We were able to use a 
large unrestricted cohort of diabetes patients managed in the province of Groningen 
in The Netherlands. We gave a clear view of statin prescribing patterns in this diabetes 
population, these patterns might not be generalizable to other populations. Also, we did 
not look into specific subpopulations for example patients with a cardiovascular history. 

Possible selection bias could have been introduced in the study presented in Chapter 6, 
where we matched index patients to a reference. This was not possible for a substantial 
amount of patients because of the strict matching criteria used. The use of strict 
matching is preferred to prevent the introduction of bias due to poor matching. This 
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could have limited the generalizability of the results, however, we found that there were 
no substantial differences in the age and gender distribution between matched and 
unmatched index patients. 

The low response rate and possible related selection bias is a limitation in Chapter 7. In 
total, 251 patients (28%) were willing to participate, and  175 patients (19%) could be 
included in the analysis. There were no differences in gender and age between responders 
and non-responders. Also, almost half of the participants were lower educated, which 
corresponds with the national type 2 diabetes population [53]. Nonetheless, participants 
to surveys commonly have a higher socioeconomic status, better health and healthier 
lifestyle which could limit the generalizability of the results [54, 55]. 

Future perspectives
Patients starting on low-dose statin treatment appeared to have a similar need for 
the recommended standard-dose treatment as patients starting on standard-dose 
treatment. Fear for adverse events was mentioned as reason for physicians not to start 
statin treatment [28] and could also be reason to start on low-dose instead of standard-
dose treatment. As mentioned before precision medicine might be useful for identifying 
patients at high risk for adverse events. However, more research is needed to determine 
reasons for physicians to prescribe low-dose statin treatment, as this currently leads to 
limited health benefits of statin treatment.

In addition to low-dosing of treatment, discontinuation of and non-adherence to statin 
treatment are also limiting health benefits from statin treatment. Experiencing adverse 
events is often reported as the most important reason for patients to discontinue 
treatment [49,51,52,56,57]. However, it has also been reported that only a small proportion of 
symptoms reported as statin induced are genuinely due to statins [30]. This is in line with 
findings that most patients can successfully restart statin treatment after discontinuation 
due to an adverse event [47]. Therefore more effort should be placed on restarting statin 
treatment and motivating patients to continue using statin treatment.  

For statin users health benefits can be increased by improving adherence. Current 
interventions to improve adherence are often not very effective [58]. To be effective 
taking account of patients’ preferences is essential. Interventions with some degree 
of success are multifaceted combinations which include patient education, patient-
physician communication enhancement, and increased patient monitoring and follow-
up. In this precision medicine can also play a role as technology can assist in monitoring 
cholesterol levels, potential adverse events and adherence to medication [26]. Designing 
feedback systems and tailored incentives for the individual patient might help changing 
the behaviour of both the patient [58] and the physician [59, 60].   
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Overall conclusion

Part I of this thesis showed that statins result in substantial health benefits in patients 
with diabetes with and without cardiovascular history. The impact at a population 
level can, however, be limited by suboptimal treatment resulting from factors like low-
dosing and non-adherence to treatment. Part II of this thesis showed that low-dosing, 
non-adherence and discontinuation of statin treatment are common in clinical practice. 
Therefore, interventions to improve health benefits of statin treatment should target 
on (1) improving statin prescribing by determining physician-related reasons for 
low-dosing of treatment, (2) improving adherence to treatment for which providing 
tailored information about benefits and drawbacks of treatment may be needed, taking 
educational level, age and previous experiences with cardiovascular events and adverse 
events into account, (3) more tailored prescribing of intensive dose statin treatment 
especially for those patients at high cardiovascular risk and (4) precision medicine 
which could help identifying patients at risk for adverse events.

This thesis shows that health and economic benefits of statin treatment can be high, but 
this is currently limited in clinical practice due to low dosing and non-adherence. To be 
able to improve prescribing and adherence rates, interventions should not only target 
patients, but also the physician. 
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