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General introduction

The prevalence of type 2 diabetes is increasing in the Netherlands as in many countries 
worldwide [1]. In 2011, more than 830,000 patients were diagnosed with diabetes in the 
Netherlands, 90% of these patients with type 2 diabetes [2]. An increasing number of 
patients with obesity or physical inactivity, early diagnosis of type 2 diabetes, and aging 
of the population are among the main reasons for this increase in prevalence rate [2]. 
The high prevalence of diabetes reflects a substantial disease burden with considerable 
healthcare costs. The total Dutch healthcare costs related to diabetes were estimated at 
1.7 billion euro’s for the year 2011 [3]. An important part of diabetes-related healthcare 
costs is caused by costs due to micro- and macro-vascular complications of diabetes [4-6]. 

Cardiovascular complications of diabetes
Patients with type 2 diabetes are more likely to develop cardio- and cerebrovascular 
disease than individuals without diabetes. It has been estimated that patients with 
diabetes without a prior myocardial infarction have a risk for myocardial infarction 
as high as patients without diabetes, but with a history of myocardial infarction 
[7]. In addition, mortality rates following a myocardial infarction are higher among 
patients with diabetes [8]. Around 60% of patients with diabetes die from any type of 
cardiovascular disease or stroke [9]. Therefore, the control of cardiovascular risk factors, 
including dyslipidaemia, is essential. 

Control of dyslipidaemia with statin treatment 
HMG coenzyme-A reductase inhibitors (statins) are the most important drug class 
for controlling dyslipidaemia. HMG-CoA reductase catalyses the conversion of HMG-
CoA to mevalonate, which is the rate-limiting step in the cholesterol synthesis. 
Competitive inhibition of this enzyme by statins decreases hepatocyte cholesterol 
synthesis and stimulates expression of LDL-cholesterol receptors [10]. This results in 
a reduction in the intracellular cholesterol concentration which causes an increased 
extraction of LDL-cholesterol from the blood and therefore decreases circulating LDL-
cholesterol concentrations [11]. Statins are also linked to various pleiotropic effects that 
are independent of their effects on lipids and associated with a variety of improved 
outcomes [12]. 

In 2014, five different statins were available on the Dutch market with over 1,900,000 
users in the Netherlands [13]. The extent to which the statin lowers LDL-cholesterol 
is dependent on the potency and dosing (potency: rosuvastatin> atorvastatin> 
simvastatin> pravastatin> fluvastatin) [14]. In general, doubling the statin dose has been 
associated with an additional 7% reduction in LDL-cholesterol from baseline [15]. Meta-
analyses have reported a reduced risk for cardiovascular events with statin treatment 
in both primary and secondary prevention populations [16,17]. Besides the reductions in 
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cholesterol levels and cardiovascular events, adverse events have been associated with 
statin treatment. Muscle toxicity and effects on liver enzymes are well acknowledged, 
the risk is, however, low [18]. Rhabdomyolysis is a severe, but rare, form of muscle toxicity 
involving muscle breakdown which can cause renal failure and can be fatal [18]. Although 
the risk for adverse events is low, for patients with a low cardiovascular risk they could 
possibly outweigh the benefits of treatment.

Statin treatment recommendations
The need for statin treatment for secondary prevention of cardiovascular events is widely 
recognized. Since 2006, Dutch guidelines recommend statin treatment for both primary 
and secondary prevention for almost all diabetes patients [19,20]. Standard-dose statin 
treatment (simvastatin 40 mg) is recommended for all diabetes patients with a history 
of cardiovascular disease [19,20]. The use of statin treatment for primary prevention is, 
however, more controversial. The Cochrane Collaboration, for example, emphasized in 
2011 that caution should be taken in prescribing statins to diabetes patients without 
risk-elevating medical conditions [17]. 

Treatment recommendations in the Dutch guidelines are based on individual estimated 
cardiovascular risk scores. Statin treatment is recommended for all patients with a 
10-year cardiovascular risk of ≥10% and an LDL-cholesterol level >2.5 mmol/l. This 
acknowledges that for patients with low estimated risks or with low LDL-cholesterol 
levels statin treatment might not be cost-effective nor improve patient quality of life [17]. 
When following the current guideline an increasing number of diabetes patients might 
not be eligible for statin treatment as type 2 diabetes is nowadays diagnosed earlier and 
at a younger age, with lower cardiovascular risk at diabetes diagnosis as a result. 

Cost-effectiveness of statin treatment
The recommendation in the Dutch guidelines to start statin treatment with simvastatin 
40 mg is based upon cost-effectiveness analyses [19]. In 2003, simvastatin was the 
first generic statin that entered the Dutch market resulting in a large reduction in the 
simvastatin price. This price reduction had a positive effect on cost-effectiveness of 
simvastatin treatment and allowed broader prescribing of simvastatin. 

Cost-effectiveness calculations are usually based on efficacy data from clinical trials. 
Clinical trial populations often do not reflect the population treated in clinical practice. 
Also, in clinical trials patients are treated under well controlled conditions, which is not 
the case in clinical practice [21]. This probably affects cost-effectiveness, and may lead to 
overestimations. 
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Treatment non-response in clinical practice
Observational studies have shown that in clinical practice cholesterol targets are not 
reached by at least a third of patients [22,23]. This lack of treatment response could be 
due to being prescribed low-dose treatment [22,24], lack of treatment intensification [25,26,27] 
and/or non-adherence to treatment [28,29]. 

Being prescribed a dose lower than recommended is a problem in clinical practice. 
Patients treated with a low dose are more likely not to reach their LDL-cholesterol target 
[22]. In 2006, 20 mg was the most often prescribed dose of simvastatin [22]. Although the 
treatment dose has been increasing over the years, patients were on average treated 
with a dose lower than recommended in the Dutch guideline in 2006 [19,22,24]. 

Furthermore, it has been shown that at least a third of the patients that are not reaching 
their LDL-cholesterol target do not receive any treatment modification [25,26,27]. This 
could be related to non-adherence, as suspicion of non-adherence to treatment could 
be reason for the physician not to intensify treatment. However, the ability of physicians 
to recognize non-adherence is poor [30]. There is some evidence of possible redundant 
treatment intensification in non-adherent patients [31], but also lack of treatment 
intensification in adherent patients [26]. More insight in prescribing and adherence 
patterns is needed to improve treatment response. 

Adherence to treatment
Non-adherence to statin treatment is an important problem, which is associated with 
less decrease in LDL-cholesterol [28,29] and with a higher risk for cardiovascular events and 
all-cause mortality [32]. The World Health Organization (WHO) has adopted the following 
definition of adherence to long-term treatment: The extent to which a person’s behaviour 
– taking medication, following a diet, and/or executing lifestyle changes, corresponds with 
agreed recommendations from a health care provider [33]. Adherence can be measured 
using prescription data as the Proportion of Days Covered (PDC) which expresses the 
proportion of days for which a patient has received medication in the study period [34]. 
Patients are often categorized as adherent or non-adherent for which an arbitrary cut-
off point of 80% PDC is commonly used [35]. It has been reported that only 50% of the 
patients remains adherent, that is PDC >80%, during the first years of treatment [36,37]. 
Also discontinuation rates of statin treatment may be high during the first years of 
treatment [38]. Adherence to and discontinuation of treatment is influenced by patient’s 
preferences. Non-adherence and discontinuation appear to be more common in patients 
that are female, have no cardiovascular history, have experienced adverse effects and 
have a lower socioeconomic status or education [39,40,41]. Better insight in patient’s 
preferences for lipid-lowering drugs according to patient characteristics could be useful 
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for motivating patients to continue using statin treatment and thereby improve health 
and economic benefits. 

Research aims and outline of the thesis
Type 2 diabetes patients have a higher risk for developing cardiovascular and 
cerebrovascular disease therefore statins are recommended for almost all diabetes 
patients. This thesis will focus on statin treatment in type 2 diabetes patients. Part I 
is about the effects of statin treatment on LDL-cholesterol and cardiovascular and 
cerebrovascular outcomes and about cost-effectiveness estimates, using clinical trial 
and observational data from routine medical practice. It provides updates on meta-
analyses and precise effect estimates for statin treatment in diabetes patients. For clinical 
decision making and cost-effectiveness analysis, it is important to have such precise 
estimates. Moreover, the impact of real-world adherence and dosing of statin treatment 
on the outcomes are assessed. These factors are expected to affect the cost-effectiveness 
of statin treatment in daily practice. Part II elaborates further on both patient-related 
factors (e.g. adherence to treatment, patient’s preferences) and physician-related factors 
(e.g. treatment dosing, and modifications) that affect outcomes of statin treatment. 

Part I. Effects and cost-effectiveness of statin treatment

The aims of the first part are 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 pa-

tients; 
• determine the cost-effectiveness of statins for primary prevention of cardiovascu-

lar and cerebrovascular events in newly diagnosed type 2 diabetes patients taking 
adherence into account.

 
In Chapter 1 a meta-analysis is presented in which we aimed to determine the effect of 
standard-dose statin treatment on the risk of cardiovascular and cerebrovascular events 
in a diabetes population without cardiovascular history. In Chapter 2 meta-analyses 
are presented in which the effects of standard-dose and intensive-dose treatment are 
determined in a secondary prevention population. The effect of dose and adherence to 
statins on LDL-cholesterol outcomes is determined in a retrospective cohort study in 
Chapter 3.  
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In Chapter 4 a cost-effectiveness analysis is presented for primary prevention of 
cardiovascular and cerebrovascular events in newly diagnosed type 2 diabetes patients.  
For this analysis the baseline risk of a population with type 2 diabetes is assessed 
using observational patient data, also the effect of real-world adherence rates on cost-
effectiveness is assessed. 

Part II. Patient & physician behaviour regarding statin treatment
 
The aims of the second part are to:
• describe adherence and prescribing patterns of statin treatment in diabetes  

patients;
• determine patient’s preferences for lipid-lowering drugs of diabetes patients. 
 
Chapter 5 describes and evaluates statin prescribing and adherence patterns in relation 
to LDL-cholesterol response in a diabetes cohort study with two year follow-up after 
statin initiation. In Chapter 6 the effect of the occurrence of a cardiovascular event 
while being on statin treatment on adherence rates is determined in diabetes patients, 
using a matched cohort design. In the study presented in Chapter 7 we determined the 
willingness of patients to continue using lipid-lowering treatment, and the importance 
they attach to specific treatment characteristics. We explored whether these aspects are 
influenced by patient characteristics such as age, gender, clinical history and education.

Finally, the main findings of the studies are summarized and discussed in the general 
discussion. 
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ABSTRACT 

Background: Patients with diabetes are at increased risk of developing 
cardiovascular disease. Controlling lipid levels has a preventive effect on the 
occurrence of major cardiovascular and cerebrovascular events. Individual trials 
have shown varying data on the efficacy of treatment with lipid-lowering statin 
therapy in the primary prevention of such events in diabetes. 

Objective: The objective of this study was to assess the efficacy of statins in the 
primary prevention of the first-time occurrence of a major cardiovascular or 
cerebrovascular event in diabetes patients. Secondary end points were fatal/non-
fatal stroke, fatal/non-fatal myocardial infarction and all-cause mortality. 

Methods: A systematic search for trial reports was conducted in PubMed, EMBASE, 
The Cochrane library and clinicaltrials.gov for the years 1966-2011. Reference 
lists of reviews and meta-analyses of related subjects were searched. High-quality, 
randomized, double-blinded clinical trials comparing a statin with placebo for the 
primary prevention of major cardiovascular and cerebrovascular events in diabetes 
patients were selected. Only large studies with a minimum of at least 500 diabetic 
participants followed-up for at least 2 years were included. End points were major 
cardiovascular and cerebrovascular events. 

Trial and patient characteristics were extracted by three researchers. The quality 
of the included studies was tested with the Jadad score. The combined effect on 
primary as well as secondary end points was measured with a fixed-effect model. 
Publication bias was examined with a funnel plot.

Results: Four trials were included, with a total of 10,187 participants. Treatment 
with statins in the primary prevention of major cardiovascular and cerebrovascular 
events in diabetes patients resulted in a significant relative risk (RR) reduction in 
the first-time occurrence of major cardiovascular or cerebrovascular events (RR 
0.75; 95% confidence interval [CI]: 0.67-0.85), fatal/non-fatal stroke (RR 0.69; 
95%CI: 0.51-0.92) and fatal/non-fatal myocardial infarction (RR 0.70; 95%CI: 
0.54-0.90) and a non-significant RR reduction in all-cause mortality (RR 0.84; 
95%CI 0.65-1.09). Among the studies there was non-significant heterogeneity in 
the individual effect estimates and no publication bias.
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1

INTRODUCTION

Cardiovascular diseases are the number one cause of death in Western countries [1]. The 
American Heart Association considers diabetes as one of the six major controllable risk 
factors for cardiovascular disease [2]. Patients with diabetes are two to four times more 
likely to develop cardiovascular disease or stroke than non-diabetic individuals, and 
mortality rates after a myocardial infarction are also higher among diabetes patients [2,3]. 
At least 65 per cent of patients with diabetes dies from any type of cardiovascular disease 
or stroke [2]. Hence, the control of cardiovascular risk factors in people with diabetes is 
essential and needs to be targeted at controlling hyperglycaemia and hypertension as 
well as  controlling dyslipidaemia.

Hydroxymethylglutaryl coenzyme-A reductase inhibitors (statins) are important in 
regulating lipids. Statins have shown high efficacy in reducing cardiovascular morbidity 
and mortality in patients with established cardiovascular disease [4,5]. There is, however, 
controversy over their value in the primary prevention of cardiovascular disease. For 
that reason, the Cochrane Collaboration emphasizes that caution should be taken in 
prescribing statins to diabetes patients without risk-elevating medical conditions [6].

Diabetes patients are an important subgroup in the population of primary prevention 
because of their higher risk of cardiovascular disease [2]. In a 2008 meta-analysis the 
authors concluded that reduction of major vascular events with statin treatment was 
similar in diabetes patients with and without vascular disease [7]. This analysis did 
not include the more recent ASPEN trial [8] (see Table 1 for full study names) which 
showed no benefit of statins in primary prevention diabetes patients. Since then, two 
other meta-analyses have been conducted assessing the efficacy of statins in diabetes 
patients without cardiovascular disease. Brugts et al. [9] compared the effects of statins 
in diabetes and non-diabetes patients but did not present a calculation of risk reduction 
including studies with only diabetes patients, such as the ASPEN trial [8]. Chen et al. [10] 
did include this trial but also included patients from the PROSPER trial [11] some of whom 

Conclusion: Treatment with statins in primary prevention among diabetes patients 
has a significant beneficial effect on event rates of the first-time occurrence of a 
major cardiovascular or cerebrovascular event, fatal/non-fatal stroke and fatal/
non-fatal myocardial infarction. There was a non-significant RR reduction in all-
cause mortality.
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were secondary prevention patients. To retrieve accurate and precise estimates we 
aimed to assess the effect of statins in the primary prevention of major cardiovascular 
and cerebrovascular events in diabetes patients. Because some end points may be 
vulnerable to performance and detection bias, [12] and we aimed to derive high-quality 
estimates, only double-blinded, placebo-controlled trials were eligible for inclusion in 
our meta-analysis.

 
METHODS

Search strategy 
We searched EMBASE, PubMed, The Cochrane library and clinicaltrials.gov for English-
language randomized clinical trials that compared treatment with a statin versus 
placebo in diabetes patients in the primary prevention of major cardiovascular and 
cerebrovascular events (1966 to November 2011). To identify these trials, the medical 
subject heading (MeSH) terms “HMG-CoA reductase inhibitors” and “diabetes mellitus” 
were used and we added the terms “statin”, “diabetes” and  “cardiovascular disease”. 
We then searched for randomized clinical trial reports. We also examined the reference 
lists of reviews and meta-analyses on subjects related to the study. Two researchers 
performed the search (FV and KP). 

Study selection
Studies were included if they were double-blinded randomized clinical trials that 
compared a statin with placebo in diabetes patients for the primary prevention of 
major cardiovascular and cerebrovascular events. Separate data on primary prevention 
diabetes patients needed to be available from the report. Studies were required to have 
at least 500 diabetic participants. The mean follow-up had to be at least 2 years, because 
we chose to examine long-term relevant clinical endpoints. The quality of the selected 
studies was scored by the Jadad score [13]. Scores could range from 0 to 5; higher scores 
indicate better quality. The included studies were all of good quality with scores ≥ 4. 
Three researchers (FV, KP, EH) individually extracted the trial and patient characteristics, 
the outcome results, and conducted the quality scoring.

Endpoints
The primary outcome in our meta-analysis was major cardiovascular and cerebrovascular 
events, which are the first-time occurrence of  cardiovascular death, non-fatal myocardial 
infarction, non-fatal stroke, unstable angina or revascularization. Secondary endpoints 
assessed were non-fatal and fatal stroke, non-fatal and fatal myocardial infarction and 
all-cause mortality. Included events for the endpoints are reported in Table 2. Effects 
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in the studies were measured either as the first-time occurrence of an event or the 
overall occurrence of the selected events. In the primary endpoint, events needed to 
be measured as the first-time occurrence of an event, which caused small unavoidable 
differences in endpoint definitions. 

Data analysis and statistical methods
For each endpoint, the relative risk (RR) with 95% confidence interval (95%CI), 
the absolute risk reduction and the number needed to treat (NNT) with 95%CI were 
calculated [14]. The results of the separate studies were pooled with the fixed-effect model 
and the random-effect model in the computer program RevMan [15,16]. After calculating 
both models, we compared them and concluded that the fixed-effect model was the best 
model to use in this case. 

The decision was made on the results of the Tau2 test in the random-effect model and the 
number of trials included in the analysis [17]. The Tau2 test gives the underlying estimate of 
the between-studies variance. In general, the Tau2 test does not systematically increase 
with the number or size of studies included in a meta-analysis. Therefore, making a 
decision based on the Tau2 test is better than making a decision based on the I2 test, 
which systematically increases with the size of the studies [18]. The quantity I2 measures 
the percentage of total variation across studies that is due to heterogeneity rather than 
chance [19]. There is one caveat in making a decision based on the Tau2: when the number 
of studies involved is very small, the estimation of the Tau2 will have poor precision. 
Because of this, although the outcome of the Tau2 in all-cause mortality prefers the 
mixed-effect model, the fixed-effect model is also used in this case since only two studies 
were included [17]. The test statistic Q was calculated to test for heterogeneity [15]. Testing 
for publication bias was done by visually examining funnel plots.



CHAPTER 1

26

TABLE 1. Full trial name of study acronyms

Study acronyms Trial name

ASCOT-LLA, 2005 [20] Anglo-Scandinavian Cardiac Outcomes Trial–Lipid-Lowering Arm

ASPEN, 2006 [8] Atorvastatin Study for Prevention of coronary heart disease Endpoints in 
Non-insulin-dependent diabetes mellitus

PROSPER, 2002 [11] PROspective Study of Pravastatin in the Elderly at Risk

CARDS, 2004 [21] Collaborative AtoRvastatin Diabetes Study

HPS, 2005 [22] Heart Protection Study of cholesterol-lowering with simvastatin in people with 
diabetes

4D, 2005 [25] Die Deutsche Diabetes Dialyse Studie

MEGA, 2006 [24] Management of Elevated cholesterol in the primary prevention Group of Adult 
Japanese

ALLHAT-LLT, 2002 [23] Antihypertensive and Lipid-Lowering treatment to Prevent Heart Attack Trial

 
RESULTS

Randomized clinical trials
Results from four randomized clinical trials were included in the meta-analysis (Figure 
1): the ASCOT-LLA [20],  the ASPEN [8], the CARDS [21] and the HPS  [22] (see Table 1 for 
full study names). The study and patient characteristics are represented in Table 3 and 
Table 4. In total, 10,187 participants were included in this meta-analysis, 5,100 of whom 
were treated with statins and 5,087 of whom were allocated to the placebo group. Those 
in the treatment group were treated with 40 mg simvastatin or 10 mg atorvastatin. The 
mean follow-up was 3.8 years (range 2.4 to 4.8). The mean age was 62 years, and 70% 
of participants was male. On average the low-density lipoprotein (LDL)-cholesterol was 
lowered by 1.0 mmol/L (range -0.9 to -1.2). 
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FIGURE 1. Flow diagram of study selection

The exclusion criteria for primary prevention in the studies were not exactly alike 
(Table 2). All studies excluded patients with prior myocardial infarction but only two 
also excluded those with cerebrovascular disease. There were also some differences in 
the events included in the reported major cardiovascular and cerebrovascular endpoint 
(Table 2). HPS [22] did not include unstable angina or a transient ischaemic attack (TIA), 
whereas the ASCOT-LLA study [20] included several minor events. 

Primary endpoint
When looking at the separate results of the included studies for the primary endpoint 
(major cardiovascular and cerebrovascular events) three out of fours studies showed 
a significant RR reduction (Figure 2). In this meta-analysis, treatment with a statin 
was associated with a significant 25% risk reduction in the first-time occurrence of 
major cardiovascular and cerebrovascular events in diabetes patients (RR 0.75, 95%CI: 
0.67-0.85) (Figure 2). In the statin treatment group, 8.5% of subjects had a major 
cardiovascular or cerebrovascular event (434/5,100), whereas 11.3% of those in the 
control group experienced such an event (576/5,087) (Table 5). To prevent the first-
time occurrence of one major cardiovascular or cerebrovascular event, 35 people needed 

Included randomised controlled trials (N=4)

Reports excluded on basis of title or abstract  (N=507)

Reports excluded on basis of exclusion criteria (N=7):

 • not double-blinded (n=2)

 • surrogate endpoint (n=1)

 • no separate results  (n=1)

 • small number participants (n=2)

 • specific population (n=1)

Reports retrieved for more detailed evaluation (N=11)

Potentially relevant reports screened for retrieval (N=515)

Extra reports screened for retrieval from reviews and meta-analyses (N=3)
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to be treated for 3.8 years (NNT 35, 95%CI: 25-58) (Table 5). There was no publication 
bias and non-significant heterogeneity in the individual effect estimates.

TABLE 3. Study characteristics

Study Diabetes 
pts (%)

Statin Compliance No. of participants 
(statin/control)

Mean follow-
up (y)

ASCOT-LLA, 2005 [20] 100 ATO 10 mg NA 2,532 
(1,258/1,274)

3.3

ASPEN, 2006 [8] 100 ATO 10 mg Excluded when 
less than 80% 
compliant

1,905  
(959/946)

2.4

CARDS, 2004 [21] 100 ATO 10 mg Excluded when 
less than 80% 
compliant

2,838 
(1,428/1,410)

4

HPS, 2003 [22] 100 SIM 40 mg Compliant 
when taking at 
least 80%

2,912 
(1,455/1,457)

4.8

ATO: atorvastatin; NA: not applicable; pts: patients; SIM: simvastatin.

Secondary endpoints
Participant and event numbers and outcome results for the secondary outcomes are 
listed in Table 5. We found a significant RR reduction in fatal and non-fatal stroke 
of 31% (RR 0.69, 95%CI: 0.51-0.92). Two out of three of the studies included in the 
meta-analysis did not find a significant RR reduction. For fatal and non-fatal myocardial 
infarction there was a significant 30% RR reduction (RR 0.70, 95%CI 0.54-0.90). The 
NNT was 86 (95%CI 50-290). For all-cause mortality, we found a non-significant risk 
reduction of 16% (RR 0.84, 95%CI 0.65-1.09) (Table 2 and Table 5).
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TABLE 4. Patient characteristics a

Characteristic ASCOT-LLA[20] ASPEN[8] CARDS[21]

Men (%) 77 62 68

Mean age (y) 64 60 62

Smoking (%) 20.4 12 23

Hypertension (%) 100 52 84

Mean BMI (kg/m2) 30 29 29

Mean SBP (mmHg) 165 133 144

Mean DBP (mmHg) 92 77 83

Total cholesterol (mmol/L) 5.3 5.0 5.4

LDL-cholesterol (mmol/L) 3.3 (−0.9) 2.9 (−0.9) 3.0 (−1.2)

HDL-cholesterol (mmol/L) 1.2 1.2 1.4

TG (mmol/L) 1.9 1.6 1.7

a Of the 5,963 patients in the HPS trial, [22] this meta-analysis only examined data in a subset of 2,912 
patients who had no history of any arterial disease. Baseline characteristics of this subset of patients 
have not been published separately.

BMI: body mass index; DBP: diastolic blood pressure; HDL: high-density lipoprotein; LDL: low-density 
lipoprotein; SBP: systolic blood pressure; TG: triglycerides.

TABLE 5. The combined results for the primary and secondary endpoints

Major cardio- and 
cerebrovascular 
events

Fatal/non-fatal 
stroke

Fatal/non-fatal 
MI

All-cause 
mortality

No. of participants 
(statin/control)

5,100/5,087 3,645/3,630 3,645/3,630 2,387/2,356

No. of events (statin/
control)

434/576 75/109 99/141 105/123

RR (95% CI) 0.75 (0.67–0.85) 0.69 (0.51–0.92) 0.70 (0.54–0.90) 0.84 (0.65–1.09)

Q 5.59 2.14 2.65 1.85

I2 46% 7% 25% 46%

Tau2 0.01 0 0.02 0.03

NNT (95% CI) 35 (25–58) 101 (59–362) 86 (50–290) 130 (50–∞)

NNT: number needed to treat; RR: relative risk.
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DISCUSSION

This meta-analysis shows that treatment with statins is associated with a 25% risk 
reduction in the first-time occurrence of major cardiovascular and cerebrovascular 
events in diabetes patients without established vascular disease. In order to prevent 
one major cardiovascular or cerebrovascular event, 35 people should be treated for 
3.8 years. Significant risk reductions of about 30% in fatal or non-fatal stroke and fatal 
or non-fatal myocardial infarction were also found. There was a non-significant risk 
reduction of 16% in all-cause mortality.

As mentioned earlier, there is conflicting evidence from the randomized clinical trials 
because the ASPEN study [8] did not show significant risk reductions in cardiovascular 
and cerebrovascular events. This study was not included in the previous meta-analysis 
by Kearney et al. [7] but inclusion in our meta-analysis resulted in precise beneficial 
estimates. The ASPEN study [8] population was younger, less hypertensive and included 
fewer smokers and men than the CARDS [21] and ASCOT-LLA [20] studies. The follow-up 
period of 2.4 years was the shortest of the included studies. These might be reasons for 
the finding of non-significant results. 

Our study differed from previous meta-analyses in that our inclusion criteria specified 
double-blinded studies. This caused the ALLHAT-LLT [23] and MEGA [24] studies to be 
excluded. The ALLHAT-LLT study [23] did not find significant risk reductions of all-cause 
mortality and coronary heart disease. The non-blinded study design was given as a 
possible reason. When looking at differences in lipid lowering between double-blinded 
and non-blinded studies, it is evident that the double-blinded studies [8,20-22] show much 
larger differences between statin and control groups than the non-blinded studies 
[23,24]. This could be due to higher use of statins or use of non-pharmacologic cholesterol 
interventions in the control group. In the MEGA trial, [24] the control group was a diet 
group which could also cause a decrease in the difference in lipid lowering between the 
two groups. 

The 4D trial [25] was also excluded from the meta-analysis because of the specific 
study population. In the 4D study, which compared atorvastatin with placebo on 
cardiovascular outcomes in 1,255 type 2 diabetes patients on maintenance hemodialysis 
the investigators found that after a median follow-up of 4 years atorvastatin (20 mg/
day) decreased the RR by 8% (95% confidence interval, 0.77-1.10; P=0.37) despite a 
high number of cardiovascular events and an overall 24% cardiovascular mortality. 
Additional pathogenic pathways in cardiovascular disease could be the reason for not 
finding significant reductions in the incidence of cardiovascular events in this trial. 



Statins for primary prevention in diabetes

33

1

The initiation of the statin treatment might come too late to translate into consistent 
improvement of the incidence of cardiovascular events in patients with end-stage renal 
disease  [25].

Inclusion of secondary prevention patients is a problem in primary prevention studies. 
It is likely that all studies are dealing with inclusion of some secondary prevention 
patients. In the ASCOT-LLA study, [20] 12% of diabetes patients had some pre-existing 
cardiovascular disease, which was not in their exclusion criteria for primary prevention. 
When these patients were excluded, the investigators still found a significant risk 
reduction of 25%, which is greater than the 23% risk reduction they originally found for 
their primary endpoint (total cardiovascular events and procedures). When excluding 
the ASCOT-LLA study [20] from our primary endpoint results we found a 26% (RR 0.74, 
95%CI: 0.65-0.85) risk reduction in the first-time occurrence of a major cardiovascular 
or cerebrovascular events.

Another problem can be early termination of a trial. The CARDS study [21] terminated 2 
years earlier than expected because the pre-specified early stopping rule for efficiency 
was reached. We believe this should not be a reason for excluding the CARDS study [21] 
from the meta-analysis, especially as included patients were followed-up for a median 
duration of 3.9 years (interquartile range 3.0-4.7 years). When we did exclude the 
CARDS study [21] from the meta-analysis we found a 22% (RR 0.78, 95%CI: 0.69-0.89) 
risk reduction in the first time occurrence of a major cardiovascular or cerebrovascular 
event which is not substantially different from the overall results. 

There are some limitations to this meta-analysis. First, the diagnostic criteria for diabetes 
differed among the studies. Where most used the World Health Organisation definition 
for diabetes, the ASCOT-LLA [20] study based the diagnosis of diabetes on a self-reported 
history and receiving any treatment; this included dietary manoeuvres. In their group 
of diabetes patients only around 50% were receiving oral hypoglycaemics and around 
7% were treated with insulin. This might make their diabetes patients less far advanced. 
A second limitation is that the criteria that were set in the separate studies for primary 
prevention were not all the same which made a difference in the baseline risk of the 
populations. Third, the events included in the primary endpoint differed. Also, not all 
studies used the same statin; three used atorvastatin 10 mg and one used simvastatin 
40 mg. Further, not all patients who were prescribed statins were still taking them at 
the end of follow-up; furthermore, patients in the placebo group were also receiving 
statins, which will lead to lower risk reductions. Finally, the use of subgroups from the 
ASCOT-LLA study [20] and HPS trial [22] could have caused some bias, but we do not think 
this had a major influence, because minimization randomisation techniques were used 
to balance treatment groups in terms of major prognostic factors. 
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Primary prevention by statins could reach a large group of diabetes patients, but it needs 
to be acknowledged that the absolute reduction in events is rather low because of the 
low baseline risk. However, the NNT found in randomized clinical trials is not high and 
economic analyses are needed to establish its efficiency. In the last decade, guidelines 
have changed in recommending statins for a larger group of people [26,27]. In 2006, the 
Dutch guidelines [28,29] changed, recommending statin treatment in almost all patients 
with diabetes.  However, exceptions were made for patients with low estimated risks or 
with low LDL-cholesterol levels, thereby acknowledging that, for such diabetes patients, 
statin treatment may not have an optimal benefit-risk balance. Non-adherence and 
willingness of patients to take statin treatment also play an important role in decision 
making. The overall better health of people without vascular complications makes them 
less likely to be adherent to drug therapy for primary prevention [30]. Observational data 
showed that the proportion of diabetes patients that were adherent 1 year after the start 
of statin treatment was less than 50%. Long-term adherence was also poor in diabetes 
patients, especially in those patients with few other cardiovascular risk factors [31].  
Effectiveness data from observational studies could be useful for economic evaluations. 
Olafsdottir et al. [32] examined the effect of statins on mortality in older type 2 diabetes 
patients without cardiovascular heart disease. The outcomes in that study supported the 
effects found in clinical trials [32]. 

 
CONCLUSION

Treatment with statins can have a beneficial effect in the primary prevention of major 
cardiovascular and cerebrovascular events in diabetes patients and may reduce all-
cause mortality. New insights from observational studies that also take effects of non-
adherence into account could be of great importance for economic evaluations and 
decision making. 



Statins for primary prevention in diabetes

35

1

REFERENCES

1. World Health organisation. Global Health Observatory 2008. http://www.who.int/gho/

mortality_burden_disease/causes_death_2008/en/index.html  

2. American Heart Association. Cardiovascular disease & Diabetes statistics update 2010. http://

www.heart.org/HEARTORG/Conditions/Diabetes/WhyDiabetesMatters/Cardiovascular-

Disease-Diabetes_UCM_313865_Article.jsp 

3. Miettinen H, Lehto S, Salomaa V, et al. Impact of diabetes on mortality after the first myocardial 

infarction. The FINMONICA myocardial infarction register study group. Diabetes Care 1998; 

21(1): 69-75.

4. Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of cholesterol-lowering treatment: 

prospective meta-analysis of data from 90,056 participants in 14 randomised trials of statins. 

Lancet 2005; 366(9493): 1267-1278.

5. Wei L, Ebrahim S, Bartlett C, Davey PD, Sullivan FM, MacDonald TM. Statin use in the 

secondary prevention of coronary heart disease in primary care: cohort study and compa-

rison of inclusion and outcome with patients in randomised trials. BMJ 2005; 330(7495): 821.

6. Taylor F, Ward K, Moore TH, et al. Statins for the primary prevention of cardiovascular disease. 

Cochrane Database Syst Rev 2011; (1): CD004816.

7. Kearney PM, Blackwell L, Collins R, et al. Efficacy of cholesterol-lowering therapy in 18 

686 people with diabetes in 14 randomised trials of statins: a meta-analysis. Lancet 2008; 

371(9607): 117-125.

8. Knopp RH, d’Emden M, Smilde JG, Pocock SJ. Efficacy and safety of atorvastatin in the 

prevention of cardiovascular end points in subjects with type 2 diabetes: The Atorvastatin 

study for prevention of coronary heart disease endpoints in non-insulin-dependent diabetes 

mellitus (ASPEN). Diabetes Care 2006; 29 (7): 1478-1485.

9. Brugts JJ, Yetgin T, Hoeks SE, et al. The benefits of statins in people without established cardio-

vascular disease but with cardiovascular risk factors: meta-analysis of randomised controlled 

trials. BMJ 2009; 338: b2376.

10. Chen YH, Feng B, Chen ZW. Statins for primary prevention of cardiovascular and cerebrovas-

cular events in diabetic patients without established cardiovascular diseases: a meta-analysis. 

Exp Clin Endocrinol Diabetes 2011; 120(2): 116-120.

11. Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin in elderly individuals at risk of vascular 

disease (PROSPER): a randomised controlled trial. Lancet 2002; 360(9346): 1623-1630.

12. Jüni P, Altman DG, Egger M. Systematic reviews in health care: Assessing the quality of 

controlled clinical trials. BMJ 2001; 323 (7303): 42-46.

13. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of randomized clinical 

trials: is blinding necessary? Control Clin Trials 1996; 17(1): 1-12.

14. Cook RJ, Sackett DL. The number needed to treat: a clinically useful measure of treatment. BMJ 

1995; 310(6977): 452-454.



CHAPTER 1

36

15. Scholten RJ, Kostense PJ, Assendelften WJ, Bouter LM. De praktijk van systematische reviews. 

IV. Het combineren van de resultaten van afzonderlijke onderzoeken. [In Dutch] Ned Tijdschr 

Geneeskd 1999; 143(15): 786-791.

16. Review Manager (RevMan) [Computer program]. Version 5.1. Copenhagen: The Nordic 

Cochrane Centre, The Cochrane Collaboration, 2011.

17. Borenstein M, Hedges LV, Higgins JPT, et al. (2009). Introduction to meta-analysis. Part 3 fixed-

effect versus random effects models. John Wiley & Sons, Ltd. (59-86)

18. Rücker G, Schwarzer G, Carpenter JR, Schumacher M. Undue reliance on I(2) in assessing 

heterogeneity may mislead. BMC Med Res Methodol 2008; 8: 79.

19. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ 

2003; 327(7414): 557-560.

20. Sever PS, Poulter NR, Dahlöf B, et al. Reduction in cardiovascular events with atorvastatin 

in 2,532 patients with type 2 diabetes: Anglo-Scandinavian Cardiac Outcomes Trial –lipid-

lowering arm (ASCOT-LLA). Diabetes Care 2005; 28(5): 1151-1157.

21. Colhoun HM, Betteridge DJ, Durrington PN, et al. Primary prevention of cardiovascular disease 

with atorvastatin in type 2 diabetes in the Collaborative Atorvastatin Diabetes Study (CARDS): 

multicentre randomised placebo-controlled trial. Lancet 2004; 364(9435): 685-696.

22. Collins R, Armitage J, Parish S, Sleigh P, Peto R. MRC/BHF Heart Protection Study of cholesterol-

lowering with simvastatin in 5963 people with diabetes: a randomised placebo-controlled 

trial. Lancet 2003; 361(9374): 2005-2016.

23. The ALLHAT officers and coordinators for the ALLHAT collaborative research group. Major 

outcomes in moderately hypercholesterolemic, hypertensive patients randomized to prava-

statin vs usual care. The antihypertensive and lipid-lowering treatment to prevent heart 

attack trial (ALLHAT-LLT). JAMA 2002; 288(23): 2998-3007.

24. Nakamura H, Arakawa K, Itakura H, et al. Primary prevention of cardiovascular disease with 

pravastatin in Japan (MEGA Study): a prospective randomised controlled trial. Lancet 2006; 

368(9542): 1155-1163. 

25. Wanner C, Krane V, März W, et al. German diabetes and dialysis study investigators. Atorva-

statin in patients with type 2 diabetest mellitus undergoing hemodialysis. N Eng J Med 2005; 

353(3): 238-248.

26. Grundy S, Cleeman JI, Merz NB, et al., for the Coordinating Committee of the National Choles-

terol Education Program. Implications of recent clinical trials of the National Cholesterol 

Education Program Adult Treatment Panel III Guidelines. Circulation 2004; 100(2): 227-239.

27. Reiner Z, Catapano AL, De Backer G, et al. ESC/EAS guidelines for the management of dysli-

pidaemias. The task force for the management of dyslipidaemias of the European Society of 

Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart J 2011; 32(14): 

1769-1818.

28. Rutten GEHM, De Grauw WJC, Nijpels G. NHG-Standaard Diabetes mellitus type 2. Huisarts 

Wet. 2006; 49(3): 137-152.



Statins for primary prevention in diabetes

37

1

29. Wiersma TJ, Goudswaard AN. NHG-standaard cardiovascular risk management. [In Dutch] 

Houten: Bohn Stafleu van Loghum; 2006.

30. Bates TR, Connaughton VM, Watts GF. Non-adherence to statin therapy: a major challenge for 

preventive cardiology. Expert Opin Pharmacother 2009; 10(18): 2973-2985.

31. Donnelly LA, Doney AS, Morris AD, Palmer CN, Donnan PT. Long-term adherence to statin 

treatment in diabetes. Diab Med 2008; 25(7): 850-855.

32. Olafsdottir E, Aspelund T, Sigurdsson G, et al. Effects of statin medication on mortality risk 

associated with type 2 diabetes in older patients: the population-based AGES-Reykjavik Study. 

BMJ Open 2011; 1(1): e000132.





CHAPTER 2

Efficacy of standard and intensive statin 
treatment for the secondary prevention of 
cardiovascular and cerebrovascular events  

in diabetes patients: a meta -analysis

Folgerdiena M. de Vries1 

Johan Kolthof1 

Maarten J. Postma1

Petra Denig2

Eelko Hak1

PLOS ONE 2014;9(11):e111247.

1. University Groningen, Department of Pharmacy, Unit of PharmacoEpidemiology  
& PharmacoEconomics, Groningen, the Netherlands 

2. Department of Clinical Pharmacy and Pharmacology, University of Groningen, 
University Medical Center Groningen, Groningen, The Netherlands



CHAPTER 2

40

ABSTRACT 

Aims: To estimate the efficacy of standard and intensive statin treatment in the 
secondary prevention of major cardiovascular and cerebrovascular events in 
diabetes patients. 

Methods: A systematic search was conducted in Medline over the years 1990 to 
September 2013. Randomized, double-blind, clinical trials comparing a standard-
dose statin with placebo or a standard-dose statin with an intensive-dose statin 
for the secondary prevention of cardiovascular and cerebrovascular events in 
diabetes patients were selected. Trial and patient characteristics were extracted 
independently by two researchers. The combined effect on the composite primary 
endpoint was measured with a fixed-effect model. Potential publication bias was 
examined with a funnel plot.

Results: Five trials were included in the analysis comparing standard-dose statins 
with placebo with a total of 4,351 participants. Four trials were included for 
comparing standard-dose with intensive-dose statins, including 4,805 participants. 
Compared with placebo, standard-dose statin treatment resulted in a significant 
relative risk (RR) reduction of 15% in the occurrence of any major cardiovascular 
or cerebrovascular event (RR 0.85, 95% CI 0.79-0.91). Compared with standard-
dose statin treatment, intensive-dose statin treatment resulted in an additional 9% 
relative risk reduction (RR 0.91, 95% CI 0.84-0.98).

Conclusion: Treatment with standard-dose statins to prevent cardiovascular or 
cerebrovascular events in diabetes patients with manifest cardiovascular disease 
results in an estimated 15% relative risk reduction and intensive-dose statin 
treatment adds 9%. If proven cost-effective, more intensive statin treatment should 
be recommended for diabetes patients at high cardiovascular risk.
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INTRODUCTION

Cardio- and cerebrovascular diseases are ranked among the major causes of mortality 
worldwide [1]. Patients with diabetes have a two- to four-fold higher risk of cardiovascular 
events than age-matched non-diabetes patients [2]. Especially those diabetes patients 
with a history of cardio- or cerebrovascular disease are at increased risk for recurrent 
events [3]. Hence, cardiovascular risk management is an essential part of the management 
of diabetes [4].

The need for statin treatment for secondary prevention of cardiovascular events is widely 
recognized. Significant benefits of statin treatment were reported in two meta-analyses, 
leading to the conclusion that statin therapy reduces the occurrence of major vascular 
events in diabetes patients with and without vascular disease [5, 6]. These analyses did not 
include the ASPEN study, which did not show significant results with a standard-dose 
statin in diabetes patients [7]. Recently Chang et al. [8] performed a meta-analysis and 
came to the conclusion that there is still uncertainty regarding the benefits of statins 
in diabetes patients. When focusing on high quality trials for secondary prevention in 
diabetic patients only, being the ASPEN trial and the 4D trial [9], no significant benefits 
of statin treatment were seen [8]. In these previous meta-analyses several studies with 
selective subgroups, such as patients on hemodialysis, were included and a significant 
heterogeneity was seen. Moreover, most trials included in the previous meta-analyses 
were limited to interventions with standard-dose statins. Baigent et al. reported, 
however, that more intensive treatment is associated with even further reductions 
in the risk for major vascular events in secondary prevention patients [10]. As LDL 
cholesterol targets have been set at lower levels, targets are not met in at least a third of 
these patients and more intensive treatment may be needed [11,12]. Randomized clinical 
trials comparing standard with intensive statin treatment reported partly significant 
and partly insignificant effects of intensive treatment on reducing the occurrence of 
major cardiovascular or cerebrovascular complications within the diabetes subgroup 
[13,14,15,16]. For clinical decision making and cost-effectiveness analysis it is important to 
have precise effect estimates of standard and intensive statin treatment for secondary 
prevention diabetes patients. 

We aimed to perform two meta-analyses: (1) to assess the effect of standard-dose 
statins over placebo and (2) to assess the additional effect of intensive-dose statins over 
standard-dose statins, both for the secondary prevention of major cardiovascular and 
cerebrovascular events in a non-restrictive diabetes population. Only high-quality and 
double-blinded studies were eligible for inclusion. 
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METHODS

Search strategy
We searched the Medline and Embase databases and ClinicalTrials.gov for randomized 
clinical trials that either compared statin treatment to placebo or standard to intensive 
statin treatment for the secondary prevention of cardiovascular and cerebrovascular 
events (1990 to September 2013) reported in the English-language. Trials were 
identified with the use of the medical subject heading (MeSH) terms ‘statins’, ‘HMG-CoA 
reductase inhibitor’, ‘randomized controlled trial’, ‘secondary prevention’, ‘intensive’, 
‘moderate’, ‘diabetes’, ‘coronary heart disease’, ‘myocardial infarction’ and ‘stroke’. 
Reference lists of reviews and meta-analysis related to the study were examined. The 
search was independently performed by two researchers (FV and JK). 

Study selection
Inclusion criteria for both meta-analyses were: randomized clinical trials (1); including a 
non-restrictive secondary prevention diabetes population with previous coronary heart 
disease, cerebrovascular disease, myocardial infarction or unstable angina pectoris (2); 
and reporting major cardiovascular and cerebrovascular events as endpoint (3). For 
the first meta-analysis studies were required to include a standard-dose statin arm and 
a placebo arm, for the second meta-analysis studies were included which compared a 
standard-dose with an intensive-dose statin arm. Standard-dose refers to commonly 
prescribed daily doses of atorvastatin <=20 mg, simvastatin <=60 mg, rosuvastatin <=10 
mg and any dosing of pravastatin, lovastatin and fluvastatin [17,18,19]. Higher daily doses 
were categorized as intensive-dose statin treatment. The quality of selected studies 
was scored with the Jadad score [20]. The Jadad score evaluates on a scale from 0-5 the 
appropriateness of the randomization technique (1), the method for double-blinding 
(2) and the description of withdrawals and dropouts (3). Two researchers (JK, FV) 
individually extracted the trial and patient characteristics and the outcome results. 

Endpoints
The primary endpoint for both meta-analyses was a composite of major cardiovascular and 
cerebrovascular events, including the first occurrence of fatal and non-fatal myocardial 
infarction (MI), fatal and non-fatal stroke, revascularization and hospitalization for 
unstable angina. The meta-analysis comparing standard-dose statins with placebo also 
assessed the secondary endpoints: fatal and non-fatal MI (a); fatal and non-fatal stroke 
(b); and all-cause mortality (c). 
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Data analysis and statistical methods
For each endpoint, the relative risk (RR) with corresponding 95% confidence interval 
(CI) and the number needed to treat (NNT) with 95% CI were calculated [21]. The results 
of the separate studies were pooled with the fixed-effect model and the random-
effect model in the computer program RevMan from the Cochrane Collaboration [22,23]. 
The fixed-effect model assumes that differences in effects between studies are due to 
sampling error whereas the random-effect model assumes that the separate studies are 
measuring different effects. Model selection was based on heterogeneity testing which 
was assessed by calculating the Q statistic, that tests the homogeneity hypothesis, and 
the I2 index [24], that calculates the percentage of variability in the effect estimates that is 
due to heterogeneity rather than chance. Based on the heterogeneity testing the fixed-
effect model was used for all endpoints. Evidence for potential publication bias was 
examined by visually studying funnel plots.

FIGURE 1. Flow diagram of study selection

 
RESULTS

Description of included randomized clinical trials
Data from nine randomized clinical trials were included in the current meta-analyses 
(Figure 1): the 4S [25], the ASPEN [7], the CARE [26], the HPS [27] and the LIPID [28] trial for 
the comparison of a standard-dose statin with placebo and the A to Z [13], the PROVE-

Included randomised controlled trials (N=9)

Reports excluded on basis of title or abstract (N=1,173)

Reports excluded on basis of exclusion criteria (N=12):

 • not double-blinded (n=3)

 • no secundary prevention population (n=3)

 • selective population (n=4)

 • small number participants (n=2)

Potentially relevant reports screened for retrieval (N=1,194)

Reports retrieved for more detailed evaluation (N=21)
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IT TIMI [14], the SEARCH [15] and the TNT [16] trials for the comparison of standard-dose 
statin treatment with intensive-dose statin treatment (see Table 1 for full trial names). 
The study and patient characteristics of the included studies can be found in Table 2 
and Table 3. In total, 4,351 (2,153 standard-dose statin/ 2,198 placebo) participants 
were included in the standard-dose statin/placebo analysis and 4,805 (2,409 intensive-
dose statin/ 2,396 standard-dose statin) participants were included for the comparison 
intensive-dose statin/standard-dose statin treatment. Within the standard-dose statin/
placebo analysis participants were treated with pravastatin 40 mg, atorvastatin 10 
mg or simvastatin in the dosage of 20 or 40 mg daily. Within the analysis comparing 
standard-dose statin treatment with intensive-dose statin treatment, patients in the 
standard-dose statin group were treated with simvastatin 20 mg, pravastatin 40 mg or 
atorvastatin 10 mg and patients in the intensive-dose statin group were treated with 
simvastatin 80 mg or atorvastatin 80 mg. 

The weighted mean follow-up was 5.3 years (ranging from 4.0 in the ASPEN trial [7] and 
6.0 in the LIPID trial [28]) in the standard-dose statin/placebo analysis and 4.6 years 
(ranging from 2.0 years in the A to Z trial [13] and the PROVE-IT TIMI trial [14] to 6.7 years 
in the SEARCH trial [15]) in the standard-dose statin/intensive-dose statin analysis. 
Participants in both analyses did not differ according to age and gender.

TABLE 1. Full trial name of study acronyms

Study acronyms Trial name

4D[9] Die Deutsche Diabetes Dialyse Studie

4S [25] Scandinavian Simvastatin Survival Study

ASPEN [7] Atorvastatin Study of Prevention of coronary heart disease Endpoints in  
Non-insulin-dependent diabetes mellitus

A to Z [13] Phase Z of the A to Z trial

CARE [26] Cholesterol And Recurrent Events

GISSI [30] Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico 
Prevenzione trial

HPS [27] Heart Protection Study of cholesterol-lowering with simvastatin in people 
with diabetes 

LIPID [28] Long-Term Intervention with Pravastatin in Ischemic Disease

LIPS [31] The Lescol Intervention Prevention Study

Post CABG[29] Post Coronary Artery Bypass Graft Trial 

PROVE IT TIMI [14] The Pravastatin or Atorvastatin Evaluation and Infection Therapy 
Thrombolysis in Myocardial Infarction trial

SEARCH [15] Study of the Effectiveness of Additional Reductions in Cholesterol and 
Homocysteine

TNT [16] Treating to New Targets
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TABLE 2. Patient and trial characteristics of the included studies

Trial Intervention Patients Drugs DM Outcome used for 
primary endpoint

Jadad [20]#

4S,1997 [25] SDS/ Plac MI or AP Sim 20mg T1/T2 CHD death, MI, 
revascularization, 
stroke, PVE

5

ASPEN,2006 [7] SDS/ Plac MI or IP Ato 10mg T2 CHD death, 
MI, stroke, 
revascularization, 
UAP

4*

CARE,1998 [26] SDS/ Plac MI Pra 40mg T1/T2 CHD death, MI, 
revascularization

5

HPS,2003 [27] SDS/ Plac CVD Sim 40mg T1/T2 CHD death, 
MI, stroke, 
revascularization

5

LIPID,2003 [28] SDS/ Plac MI or 
UAP

Pra 40mg T1/T2 CHD death, 
MI, stroke, 
revascularization, 
UAP 

5

A to Z,2004 [13] SDS/ IDS ACS Sim 
20mg/ 
Sim 80mg

T1/T2 CHD death, MI, 
stroke, AP

5

PROVE-IT 
TIMI,2006 [14]

SDS/ IDS ACS Pra 40mg/ 
Ato 80mg

T1/T2 CHD death, 
MI, stroke , AP, 
revascularization

4*

SEARCH,2010 [15] SDS/ IDS MI Sim 
20mg/ 
Sim 80mg

T1/T2 CHD death, 
MI, stroke, 
revascularization

5

TNT,2006 [16] SDS/ IDS CHD Ato 10mg/ 
Ato 80mg

T1/T2 CHD death, 
MI, stroke, 
revascularization, 
AP, CHF

4*

# score ranging 1-5; * method of randomization not described ACS: acute coronary syndrome; 
AP: angina pectoris; Ato: atorvastatin; CHD: coronary heart disease; CVD: cardiovascular disease; 
CHF: congestive heart failure; DM: diabetes mellitus; IDS: intensive-dose statin; IP: interventional 
procedures; MI: myocardial infarction; Pra: pravastatin; PVE: peripheral vascular event; SDS: 
standard-dose statin; Sim: simvastatin; T1: Type 1 diabetes; T2: Type 2 diabetes; UAP: unstable 
angina pectoris.
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TABLE 3. Patient characteristics of the included studies
Trial No. DM patients 

(exp/ con)
Age 
(yr.)

Men 
(%)

Baseline TC 
(mmol/l)

Baseline 
LDLC 
(mmol/l)

Follow-up 
(yr.)

4S,1997 [25] 202  (105/97) 60 72 6.7 4.8 5.4

ASPEN,2006 [7] 505 (252/253) 63 82 4.9 2.9 4.0

CARE,1998 [26] 586 (282/304) 61 80 5.3 3.6 5.0

HPS,2003 [27] 1981 (972/1009) NA NA NA NA 5.0

LIPID,2003 [28] 1077 (542/535) 64 81 5.6 3.7 6.0

A to Z,2004 [13] 1059 (529/530) NA NA NA NA 2

PROVE-IT TIMI,2006 [14] 978 (499/479) 60 72 4.6 2.6 2

SEARCH,2010 [15] 1267 (633/634) NA NA NA NA 6.7

TNT,2006 [16] 1501 (748/753) 63 72 4.5 2.5 5

Con: controls; DM: diabetes mellitus; Exp: experimental; LDLC: low-density lipoprotein cholesterol; 
NA: not available TC: total cholesterol.

The definition for secondary prevention patients was slightly different for the individual 
trials included in both meta-analyses (Table 2). Some studies included patients with 
previous unstable angina or cerebrovascular disease, while others did not. Furthermore, 
some slight differences in inclusion criteria were made in age, cholesterol and triglyceride 
levels. Small differences were also present in the definition of endpoints that were 
included in the composite endpoint of major cardiovascular and cerebrovascular events.

Relative risk of standard-dose statin versus placebo 
Within a hypothetical high risk population with a 10-year risk for cardiovascular disease 
of 50%, 27 patients need to be treated for 5 years with a standard-dose statin to prevent 
one major cardiovascular or cerebrovascular event. Standard-dose statin treatment was 
associated with a significant relative risk (RR) reduction of 15% for major cardiovascular 
or cerebrovascular events (RR 0.85, 95% CI 0.79-0.91) (Figure 2, Figure 3). In the statin 
treatment group, 35.2% of subjects had a major cardiovascular or cerebrovascular event 
(763/2,153), whereas 41.4% of those in the placebo group experienced such an event 
(914/2,198). There was no observed publication bias and non-significant heterogeneity 
in the individual effect estimates.

In Table 4, participant and event numbers and outcome results for secondary endpoints 
are presented. For fatal and non-fatal stroke, there was a significant 33% relative risk 
reduction (RR 0.67, 95% CI 0.49-0.90). Non-significant relative risk reductions of 27% 
for fatal and non-fatal MI  (RR 0.73, 95% CI 0.53-1.00) and 22% for all-cause mortality 
(RR 0.78, 95% CI 0.53-1.14) were found.
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Relative risk of intensive-dose statin versus standard-dose statin
To prevent one major cardiovascular or cerebrovascular event, 17 patients need to be 
treated with an intensive-dose statin for 5 years in a hypothetical high risk population 
with a 10-year risk for cardiovascular disease of 50%. Compared to treatment with 
standard-dose statins, treatment with intensive-dose statins resulted in an additional 
9% relative risk reduction (RR 0.91, 95% CI 0.84-0.98) (Figure 4, Figure 5, Table 4). In 
the intensive-dose statin treatment group, 31.7% of subjects had a major cardiovascular 
or cerebrovascular event (764/2,409), whereas 34.9% of those in the standard-dose 
statin treatment group experienced such an event (837/2,396). 

FIGURE 3. Funnel plot of the meta-analysis comparing placebo with standard-dose statin 
treatment
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FIGURE 5. Funnel plot of the meta-analysis comparing standard-dose with intensive-
dose statin treatment

TABLE 4. Overall results of the primary and secondary endpoints in the meta-analyses 
comparing standard-dose statins with placebo and intensive-dose statins with standard-
dose statins

No. of patients 
(statin/control)

No. of events 
(statin/control)

RR (95% CI) I2 Q NNT 

(95% CI)

Standard-dose vs. placebo:

MCCE 2153/2198 763/914 0.85 (0.79-0.91) 0% 3.14 16 (11-30)

F/NF stroke 1181/1189 65/98 0.67 (0.49-0.90) 0% 2.0 37 (21-142)

F/NF MI 534/557 56/81 0.73 (0.53-1.0) 0% 0.22 25 (13-711)

All-cause mortality 357/350 41/51 0.78 (0.53-1.14) 41% 1.70 32 (12-∞)

Intensive-dose vs. standard-dose:

MCCE 2409/2396 764/837 0.91(0.84-0.98) 0% 0.04 31 (17-180)

F: fatal; MCCE: Major cardiovascular and cerebrovascular events; MI: myocardial infarction; NF: non-
fatal.
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DISCUSSION

The results of this study show that treatment with standard-dose statins for the 
secondary prevention of major cardiovascular or cerebrovascular events in diabetes 
patients is associated with a 15% significant relative risk reduction. Treating patients 
with an intensive-dose statin instead of a standard-dose statin will reduce the relative 
risk for such events with an additional 9%. Within a hypothetical high risk population 
with a 10-year risk for cardiovascular events of 50% this will reduce the number needed 
to treat for 5 years to prevent one major cardiovascular and cerebrovascular event from 
27 to 17. 

Secondary endpoints in the analysis of a standard-dose statin compared to placebo also 
achieved a significant relative risk reduction of 33% for fatal and non-fatal stroke and 
non-significant relative risk reductions of 27% for fatal and non-fatal MI and 22% for 
all-cause mortality. The number of participants for these analyses were small, however, 
leading to wide confidence intervals. Due to lack of data we were not able to compare 
standard-dose statin treatment and intensive-dose statin treatment for secondary 
endpoints in a meta-analysis. The TNT [16] and PROVE-IT TIMI [14] trials, however, did 
report results on some of these endpoints. In the TNT trial there was a non-significant 
risk reduction of 33% (RR 0.67, 95% CI 0.43-1.04) for stroke. The PROVE-IT TIMI trial 
reported a non-significant difference in stroke event rate of 2.6% for diabetes patients 
on intensive-dose statin treatment vs 2.2% on standard-dose statin treatment. Also, 
regarding event rates for MI and all-cause mortality, only non-significant differences 
were observed [14,16]. 

Previous meta-analyses comparing standard-dose statin treatment with placebo for 
secondary prevention in diabetes patients reported risk reductions of 20% [5] and 21% 
[6] as well as a non-significant reduction of 11% [8], whereas our estimate was 15%. These 
differences can be explained by differences in study inclusion criteria. The estimates of 
20% and 21% included non-blinded studies, such as the Post-CABG [29] in the analysis of 
Costa et al. [6] and the GISSI [30] in the analysis of Kearney et al. [5]. Furthermore, Chang et 
al. included studies in restrictive subpopulations, such as patients with heart failure or 
on hemodialysis [8]. Analyses of Chang et al. showed that including these studies resulted 
in higher risk reductions than when including only double-blinded studies in diabetes 
patients [8]. All previous analyses included the LIPS [31] which was conducted in patients 
after a successful percutaneous coronary intervention. We did not include non-blinded 
studies nor studies in restrictive subpopulations.
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On the other hand, we did include the ASPEN trial that was not included by Kearney et al. 
[5] and Costa et al. [6]. The non-significant results from the ASPEN trial caused conflicting 
evidence from the randomized clinical trials regarding the efficacy of statins [7] but 
contributed to our risk reduction estimate of 15%. 

In addition to the previous meta-analyses comparing standard-dose statins with 
placebo, we conducted a meta-analysis comparing standard-dose with intensive-dose 
statins including all diabetes patients from relevant studies. Through using similar 
inclusion criteria for both comparisons, we were able to determine the estimate of the 
overall effect of statins in a general secondary prevention population with diabetes and 
the effect of intensive-dose over standard-dose statins.

There are some limitations to our study. There were small differences in the definition for 
secondary prevention in the separate studies, which could have resulted in differences 
in the baseline risk of the populations. Also, the diagnostic criteria for diabetes differed 
among the studies. Where most used the World Health Organization definition for 
diabetes, CARE [26] interviewed the patients and asked whether they had diabetes. Most 
included type 1 and type 2  diabetes patients. Furthermore, the events included in 
the primary endpoint were not exactly similar. The differences especially concern the 
inclusion of unstable angina, congestive heart failure or peripheral vascular events in 
addition to CHD death, MI and stroke in some studies. Including additional events in a 
composite endpoint may lead to larger or smaller risk reductions depending on the effect 
of statins on such events. The larger risk reductions seen for our secondary endpoints 
MI and stroke may suggest that we have underestimated the overall risk reduction for 
the major events. Furthermore, not all patients who were prescribed statins were still 
taking them at the end of follow-up, and some patients in the placebo group may also 
receive statins during follow-up, which will lead to lower risk reductions. In the analysis 
comparing standard-dose with intensive-dose statin treatment, patients could also have 
changed treatment intensity over time. For the ASPEN [7], HPS [27], TNT [16], PROVE-IT TIMI 
[14], A to Z [13] and SEARCH [15] trials, we used subgroup results which can cause bias. 
However, these trials used minimization randomization techniques we do not expect 
that this will have a high impact on the meta-analysis results. 

Cardiovascular risk management is an important part of diabetes treatment. The Dutch 
and European guidelines [32,33], for example, recommend statin treatment in almost 
all diabetes patients, and especially in those patients with a history of cardiovascular 
disease. LDL-cholesterol targets are lowered for these high risk patients, therefore 
reaching targets is more difficult and intensive-dose statin treatment may be needed 
[11,12,34]. Our analysis shows that intensive-dose statin treatment has a significant effect 
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in reducing major cardiovascular and cerebrovascular events compared to standard-
dose statin treatment for the secondary prevention in diabetes patients. We should 
acknowledge, however, that these reductions are not confirmed yet by analyzing 
individual endpoints. While the 2012 ESC guidelines just recommend statin treatment 
[33], the recent ACC/AHA guideline recommends intensive-dose statin treatment for all 
secondary prevention patients [35]. In contrast, the current Dutch guidelines recommend 
to start with a standard-dose statin, such as simvastatin 40 mg. This choice is largely 
driven by economic considerations [32]. Now that the patent for atorvastatin has expired, 
however, the cost-effectiveness needs to be reassessed. 

Besides the reductions in cardiovascular events, there are adverse events associated with 
statins, among which muscle toxicity and effects on liver enzymes are well acknowledged 
[36]. With higher doses there is an increased risk for statin-induced adverse events, 
especially regarding their effect on liver enzymes [36,37,38]. The risk of myopathy remains 
low at high doses, with an estimated incidence of 0.5% for simvastatin 80 mg and 1.5% 
for atorvastatin 80 mg [37,38]. The incidence of rhabdomyolysis was found to be too low 
to detect significant differences between standard and intensive dose statin treatment 
[36,37,38].  

The efficacy of statins as shown here is based on clinical trials in which patients usually 
form a more selective population than patients included in observational studies. A few 
observational studies have been conducted in secondary prevention patients. These 
studies show similar results as found in the clinical trials. Significant risk reductions for 
repeat hospitalization for acute coronary syndrome and for mortality were reported in 
observational studies comparing standard-dose with intensive-dose statins [39,40]. 

Translation of trial evidence into guideline recommendations and of guideline 
recommendations into practice is subject to interpretation of the evidence. Meta-
analyses can support and strengthen this process. Some guidelines now recommend 
intensive-dose statin treatment for all secondary prevention patients, whereas others 
recommend to start statin treatment on a standard-dose and to switch to an intensive-
dose if LDL cholesterol targets are not reached. Our meta-analyses show that standard-
dose statin treatment is associated with a 15% relative risk reduction of cardiovascular 
and cerebrovascular events and that the use of intensive-dose statins results in a 
reduction of 9% compared to standard-dose statin treatment in a secondary prevention 
diabetes population. These estimates are useful for further cost-effectiveness analyses. 
If proven cost-effective, a more differentiated advise can be given, where more intensive 
treatment is recommended for diabetes patients at high cardiovascular risk. 
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ABSTRACT

Objective: To determine the association between adherence, treatment dose 
and LDL-cholesterol response in patients with type 2 diabetes initiating statin 
treatment.

Research design and methods: This cohort study was performed using data for 
2007-2012 from the Groningen Initiative to Analyse Type 2 Diabetes Treatment 
(GIANTT) database. The association between adherence to a standard-dose statin 
and LDL-cholesterol response was assessed using linear regression, adjusting 
for covariates. The effect of low-dose versus standard-dose was assessed in a 
propensity-score matched cohort. Adherence rates, defined as the Proportion of 
Days Covered (PDC), were estimated between statin initiation and LDL-outcome 
measurement.

Main outcome measure: LDL-cholesterol level at follow-up.

Results: The effect of adherence on LDL-cholesterol response, measured in 2,160 
patients, was dependent on the baseline LDL-cholesterol level. For patients with 
a baseline LDL-cholesterol of 3.7 mmol/l and an adherence rate of 80%, a 40% 
reduction in LDL-cholesterol was predicted. In the matched sample of 1,144 
patients, the treatment dose showed a difference in impact on the outcome for 
adherence rates higher than 50%. It was estimated that a patient with a baseline 
LDL-cholesterol of 3.7 mmol/l will need an adherence rate of at least 76% on low-
dose and 63% on standard-dose treatment to reach the LDL-cholesterol target of 
2.5 mmol/l.

Limitations: Adherence was measured as the PDC, which is known to overestimate 
actual adherence. Also, we were not able to adjust for lifestyle factors. 

Conclusions: We determined the concurrent effect of treatment adherence and 
treatment dose on LDL-cholesterol outcomes. Given the adherence levels seen in 
clinical practice, diabetes patients initiating statin treatment are at high risk of not 
reaching the recommended cholesterol target, especially when they start on a low-
dose statin.
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INTRODUCTION

Patients with type 2 diabetes are at high risk for developing cardiovascular disease (CVD), 
and the use of statins is associated with a reduction in the risk of cardiovascular events 
[1,2]. Clinical guidelines recommend statin treatment for almost all diabetes patients 
unless they have a very low cardiovascular risk [3,4,5]. Dutch guidelines recommend to 
start with a standard-dose statin for both primary and secondary prevention, and aim 
for an LDL-cholesterol level of <2.5 mmol/l (<97 mg/dl), which is considered the most 
cost-effective strategy [3]. It is expected that not all patients will achieve the lipid targets 
on standard-dose treatment, depending on their LDL-cholesterol level at initiation, 
in which case they should switch to a high-dose statin. In case of low LDL-cholesterol 
levels, one may start with a low-dose statin [3].

Observational studies show that lipid targets are not met in at least a third of the patients 
[6,7]. Insufficient treatment response could be due to prescribing low-dose treatment [6,8] 
or non-adherence to treatment [9-12]. In the last decade, the prescribed daily dose of statins 
has increased but on average patients receive less than the recommended standard dose 
[8,13]. Adherence to statins has also improved but remains sub-optimal with up to 30% of 
patients being non-adherent in the first year after initiation [14]. It is not clear, however, 
what the concurrent impact of statin dose and non-adherence is on treatment response 
in clinical practice.

Several studies assessed the association between non-adherence and LDL-cholesterol 
response in statin initiators but most used arbitrary cut-off points for adherence 
[9-12]. This makes it difficult to determine which level of non-adherence may lead to a 
clinically relevant decrease in treatment response. Moreover, few studies differentiated 
between the choice or dose of statins [9,11]. One study observed LDL-cholesterol outcomes 
decreasing from 3.6 mmol/l (140 mg/dl) to 2.4 mmol/l (95 mg/dl) with adherence 
levels increasing from 20% to 100%, and also observed differences between statins, not 
taking account of dose [9]. Another study showed that high risk patients on low-dose 
statins were less likely to achieve the LDL-cholesterol target across several adherence 
categories [11]. For clinical practice it is important to gain better insight in the impact of 
the level of non-adherence in relation to the dose of statin on treatment response. 

The aim of this study is to determine the association between statin adherence and 
LDL-cholesterol response in type 2 diabetes patients initiating on the recommended 
standard-dose statin treatment, and to assess the effect of low-dose versus standard-
dose on this association. 
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METHODS 

Study design
A retrospective cohort study was performed in patients with type 2 diabetes initiating 
lipid-lowering treatment between January 2007 and December 2012. First, the 
association between adherence to statin treatment and LDL-cholesterol response was 
determined in patients on standard-dose statin treatment. Second, the effect of low-
dose versus standard-dose statin treatment on this association was determined in a 
propensity-score matched cohort.

Setting
This study was performed in the Groningen Initiative to Analyse Type 2 Diabetes 
Treatment (GIANTT) database. The GIANTT database contains anonymized longitudinal 
information retrieved from electronic medical records of general practitioners and is 
maintained by the University Medical Center Groningen [15]. These records include medical 
history, prescription data, routine laboratory test results and physical examinations of 
type 2 diabetes patients from the northern part of the Netherlands that are managed 
in primary care. Medical history consists of date of diabetes diagnosis and comorbidity 
data, which is based on the International Classification of Primary Care (ICPC) [16] or text 
descriptions that are coded manually.  

Patient selection
Patients managed in general practice for type 2 diabetes initiating statin treatment 
were included (Anatomical Therapeutic Chemical (ATC) code C10AA) [17]. Since the 
documented date of diagnosis is not always exact in our database, we allowed for a 
grace period of up to 180 days before the documented diagnosis in which the statin 
might be initiated. Statin initiation was defined as having no prescription for any lipid 
lowering medication (ATC code C10) in the preceding 360 days. Patients needed to have 
sufficient medical history to be classified as initiators, and a follow-up period of at least 
270 days. Patients with temporary absence from the database, for example due to being 
institutionalized, as identified by long-term gaps in all prescribed medication, were not 
included as initiators. 

Patients were included in the standard-dose treatment group when they were prescribed 
simvastatin 40 mg, atorvastatin 20 mg, or rosuvastatin 5 or 10 mg from statin initiation 
till the LDL-cholesterol measurement at follow-up. These doses are recommended in 
the first steps of the Dutch guideline and expected to reduce the LDL-cholesterol on 
average by 37% to 43% [3,18,19]. Patients were included in the low-dose group when they 
were prescribed pravastatin 40 mg, simvastatin 20 mg or atorvastatin 10 mg from statin 
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initiation till the LDL-cholesterol measurement at follow-up. Such low-dose treatment is 
expected to reduce the LDL-cholesterol on average by 32% to 38% [3,18,19].

For assessing the LDL-cholesterol response, which was calculated using the Friedewald 
equation, patients without an LDL-cholesterol measurement at baseline or follow-up, 
or with triglyceride levels >4.5 mmol/l which may result in unreliable LDL-cholesterol 
calculations [20], or who used co-medication that interacts with statin treatment were 
excluded. We included as interacting medication [21]: (1) medication causing an increase 
of the statin concentration (amiodaron, amlodipine, diltiazem, verapamil, ciclosporin, 
imatinib, ticagrelor, danazol, and colchicine), and (2) medication causing a decrease 
of the statin concentration (bosentan, carbamazepin, phenobarbital, phenytoin, and 
primidon).

Adherence measurement
Adherence was estimated over a period from statin initiation till the LDL-cholesterol 
measurement at follow-up. It was calculated as the Proportion of Days Covered (PDC), 
which expresses the proportion of days for which a patient has received medication 
in the study period [22]. Patients receiving treatment in daily packages or with single 
prescription durations longer than 270 days or with missing prescription data were 
excluded, since the PDC cannot be reliably calculated in such cases. 

LDL-cholesterol response
The primary outcome measure was the LDL-cholesterol level (mmol/l) at least 270 
days and not more than 540 days after statin initiation. For patients with multiple 
LDL-cholesterol measurements in this period, the one nearest to 360 days after statin 
initiation was selected. As secondary outcome, percentages of patients achieving the 
LDL-cholesterol target of 2.5 mmol/l were estimated.  

Confounders
The association between statin adherence and LDL-cholesterol response may be 
confounded by patient characteristics. In addition to baseline LDL-cholesterol level, 
the following baseline characteristics possibly related to cardiometabolic treatment 
were considered: (1) age, gender, and diabetes duration; (2) HDL-cholesterol, total-
cholesterol, triglycerides, systolic blood pressure (SBP), diastolic blood pressure (DBP), 
fasting glucose, HbA1c, creatinine, potassium, hemoglobin, albuminuria, body mass 
index (BMI) and smoking status; (3) comorbidity, including lipid disorders (ICPC code 
T93), high blood pressure (K85/K86/K87), stroke/cerebrovascular accident (K89), 
transient ischemic attack (K90), atherosclerosis (K91), myocardial infarction/ischemic 
heart disease (K75/K76), angina pectoris (K74), heart failure (K77), bypass/angioplasty 
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(including: coronary artery bypass grafting (CABG), percutaneous transluminal coronary 
angioplasty (PTCA), peripheral bypass and percutaneous transluminal angioplasty 
(PTA)) and microvascular complications including: proteinuria (U98/U90), diabetic 
neuropathy (N94.2), diabetic foot, retinopathy (F83) and blindness.

Statistical analyses
Descriptive statistics are presented for patients on low-dose and standard-dose 
treatment who persisted on the same dose up to the LDL-cholesterol measurement at 
follow-up, and they were compared on baseline characteristics and adherence rates 
using chi-square tests, independent sample t-tests and Wilcoxon rank-sum tests. 

To determine the association between adherence and LDL-cholesterol response in 
patients on standard-dose statin treatment, we first used a multivariate linear regression 
model adjusted for baseline LDL-cholesterol and possible confounders. Confounders 
were selected via forward selection and included with a p-value of 0.05. Missing data 
on SBP, DBP, HbA1c, fasting glucose, HDL-cholesterol, triglycerides, total-cholesterol, 
creatinine, potassium, hemoglobin, albuminuria, and BMI were imputed using multiple 
imputation. Patients who had no data on SBP and DBP and HbA1c and BMI were excluded 
from this analysis, since imputation was considered unreliable for these patients. 

Next, to determine the effect of low-dose versus standard-dose statin treatment on 
the association between adherence and LDL-cholesterol response a propensity-score 
matched cohort was formed [23,24]. Since patients initiating low-dose treatment may 
differ from patients initiating standard-dose treatment, confounding by indication can 
be expected. Propensity-score matching is a method that is recommended to balance 
treatment groups and reduce indication bias [25]. Within the matched sample, the 
association between adherence, baseline LDL-cholesterol and treatment dose (low-dose 
versus standard-dose) and the interaction terms adherence/baseline LDL-cholesterol 
and adherence/treatment dose were determined using a multivariate linear regression 
model adjusted for baseline LDL-cholesterol. 

The propensity-scores were calculated using logistic regression based on all available 
demographic and clinical characteristics and comorbidity data (see above, section 
Confounders). Patients on low-dose and standard-dose treatment were matched 1:1 
on the propensity score using a nearest neighbor matching algorithm with a caliper 
width equal to 0.01 [23,24]. The standardized differences of characteristics between the 
low-dose and standard-dose group were calculated, and variables with a standardized 
difference of ≤0.10 were assumed to be balanced [24]. We adjusted variable selection 
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of the propensity-score generating model until all baseline variables were sufficiently 
balanced in the matched cohort. 

Robustness of the regression models was verified by examining normality and 
homoscedasticity of residuals and collinearity of the model. This resulted in log 
transforming the outcome variable and centering the variables adherence and LDL-
cholesterol at baseline. The analyses were performed with Stata version 13 (Stata Corp., 
College Station, TX). 

Sensitivity analysis
To examine whether the period of follow-up may affect the results, we conducted two 
additional analyses with more restricted follow-up periods of 270 to 450 days (around 
1 year plus/minus 90 days) and 315 to 405 days (around 1 year plus/minus 45 days) 
after statin initiation.

 
RESULTS

In total 6,046 of the type 2 diabetes patients initiating statin treatment between 2007 
and 2012 received a standard dose statin, and 1,525 patients received a low dose statin 
during the first year of treatment (Figure 1). More females (chi-square test; p-value 
<0.001), older patients, with a longer diabetes duration and lower glucose levels (t-tests; 
p-value <0.001) were on low-dose treatment compared to standard-dose treatment 
(Table 1). The average baseline LDL-cholesterol levels were 3.7 mmol/l and 3.8 mmol/l 
for patients initiating low-dose and standard-dose treatment respectively (t-test; p-value 
0.029). More patients were above the LDL-cholesterol target level at baseline in the low-
dose as compared to the standard-dose treatment group (66% vs. 62%; chi-square test: 
p-value 0.007). In the standard-dose group more patients had missing LDL-cholesterol 
measurement at baseline (29% vs. 32%; chi-square test: p-value 0.016). There were 
small differences in history of angina pectoris and myocardial infarction or ischemic 
heart disease between the groups (Table 1). 
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BMI: body mass index; DBP: diastolic blood pressure; DM: Diabetes Mellitus; LDL-cholesterol: low-
density lipoprotein cholesterol; SBP: systolic blood pressure.

FIGURE 1. Selection of standard- and low-dose patients

Exclusion criteria Base population 11,994

7,571

Standard-dose Low-dose

Treated by a specialist 235

Started >180 days before DM diagnosis 906

No history 73

Follow-up <270 days 764

Not remaining on same dose category till follow-up 2,445

6,046 1,525

381 87

134 32

25 5

343 56

21 3

2,740 683

242 80

Population with adherence and 

LDL measurements

2,160 579

Comedication use influencing statin concentration

Patients using daily packages

Prescription duration >270 days

Triglycerides >4,5mmol/l

Missing data on SBP, DBP, Hba1c and BMI

Missing LDL cholesterol measurements

Adherence calculation impossible
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TABLE 1. Characteristics of baseline populations on low-dose and standard-dose statin 
treatment.
Variable Low-dose (n=1,525) Standard-dose (n=6,046) p-value

Age, mean (SD) 64.6 (11.6) 62.3 (12.1) <0.001

Male sex 46.5% 52.4% <0.001

SBP, mmHg (SD) 143.7 (19.3) 144.5 (20.1) 0.171

DBP, mmHg (SD) 82.0 (10.5) 82.7 (10.6) 0.036

Diabetes duration (IQR) 2 (0-6) 1 (0-5) <0.001

Fasting glucose, mmol/l 7.9 (2.4) 8.2 (2.9) <0.001

HbA1c (%) 7.0 (1.2) 7.3 (1.6) <0.001

LDL cholesterol, mmol/l 3.68 (0.8) 3.75 (1.0) 0.029

HDL cholesterol, mmol/l 1.2 (0.3) 1.2 (0.3) <0.001

Triglycerides, mmol/l 2.1 (1.8) 2.3 (1.7) <0.001

Total cholesterol, mmol/l 5.6 (1.0) 5.7 (1.2) <0.001

Creatinine, μmol/l 82.6 (22.5) 82.6 (21.6) 0.993

Potassium, mmol/l 4.3 (0.42) 4.2 (0.42) 0.053

Hemoglobin, mmol/l 8.9 (0.9) 9.0 (0.9) 0.022

Body mass index 30.6 (5.6) 30.6 (5.8) 0.997

Smoking 22.9% 28.5% 0.006

Comorbidity:

Hypertension 37.4% 36.2% 0.396

Angina pectoris 4.7% 3.4% 0.020

Myocardial infarction/IHD 5.1% 4.1% 0.071

Heart failure 1.7% 2.3% 0.189

Bypass/angioplasty 2.6% 2.6% 0.925

Lipid disorder 7.8% 7.5% 0.682

Stroke/CVA/TIA/ atherosclerosis 4.6% 4.5% 0.856

Microvascular complications 4.1% 3.6% 0.301

CVA: cerebrovascular accident; DBP: diastolic blood pressure; HDL: high-density lipoprotein; IHD: 
ischemic heart disease;  IQR: interquartile range; LDL: low-density lipoprotein; SBP: systolic blood 
pressure; SD: standard deviation;  TIA: transient ischemic attack. 
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Less patients in the low-dose treatment group reached the target in comparison to the 
standard-dose group (Table 2). The median adherence was 85% in the low-dose group 
(interquartile range (IQR): 47%-99%) and 89% in the standard-dose group (IQR: 55%-
99%) (Wilcoxon rank-sum test; p-value 0.014) (Figure 2).

TABLE 2. LDL-cholesterol outcomes at follow-up
LDL-cholesterol at follow-up: Low-dose Standard-dose p-value

LDL-cholesterol missing, n (%) 494 (32.4) 1,951 (32.3) 0.926

Mean LDL-cholesterol level, mmol/l (SD) 2.63 (0.87) 2.44 (0.95) <0.001

LDL-cholesterol at target, n (%) 566 (37.1) 2,627 (43.5) <0.001

LDL-cholesterol above target, n (%) 465 (30.5) 1,468 (24.3) <0.001

SD: standard deviation.

FIGURE 2. Boxplots showing the Proportion of Days Covered (PDC) till the follow-up LDL-
cholesterol measurement for patients on standard-dose and low-dose treatment
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Adherence and LDL-cholesterol response
A total of 2,160 patients were included in the standard-dose treatment group for 
analyzing the association between adherence and LDL-cholesterol response (Figure 
1). Most patients were excluded because of missing LDL-cholesterol measurements. 
Excluded patients had a slightly longer duration of diabetes (Appendix I; Supplemental 
Table S1). The multivariate linear model included adherence, LDL-cholesterol at 
baseline, age, lipid disorder, fasting glucose, hypertension and diabetic neuropathy 
(Table below Figure 3). Adherence was significantly associated with LDL-cholesterol 
at follow-up, with every 10% increase in adherence resulting in an expected decrease 
in LDL-cholesterol of 0.068 mmol/l (adjusted coefficient -0.0068, p-value <0.001). For 
patients with a baseline LDL-cholesterol value of 3.7 mmol/l, an adherence rate of 100% 
was associated with a 48% reduction in LDL-cholesterol; an adherence rate of 80% was 
associated with a reduction of 40%; an adherence rate of 60% was associated with a 
reduction of 31% in LDL-cholesterol. In this range, a 10% decrease in adherence was 
associated with 4% less reduction in LDL-cholesterol.

Sensitivity analysis
Restricting the follow-up period to 270-450 days resulted in the inclusion of 1,595 
patients; with a follow-up period of 315-405 days only 941 patients could be included. 
Using these restrictions the observed associations between adherence and LDL-
cholesterol response were similar (Appendix I; Supplemental Figure S1 and S2).  

Low-dose versus standard-dose treatment
A propensity-score matched sample of 1,144 patients on low-dose and on standard-
dose was created, for which the baseline characteristics were balanced (Appendix 
I; Supplemental Table S2). The multivariate linear model included adherence, LDL-
cholesterol at baseline, low-dose treatment, and the interaction terms adherence/LDL-
cholesterol at baseline and adherence/low-dose treatment. The average LDL-cholesterol 
level of these patients at baseline was 3.7 mmol/l. Being on low-dose treatment was 
significantly associated with less LDL-cholesterol response at follow-up (Table below 
Figure 4).  Again adherence was found to be associated with LDL-cholesterol at follow-
up (coefficient -0.0067, p-value <0.001). This association was however dependent on 
LDL-cholesterol at baseline (coefficient -0.0009 for the interaction term, p-value 0.013), 
showing a stronger effect of adherence on LDL-cholesterol at follow-up in patients 
with higher baseline LDL-cholesterol levels. Also the treatment dose affected the 
relation between adherence and LDL-cholesterol at follow-up (coefficient -0.0016 for 
the interaction term, p-value 0.010), showing a stronger effect of adherence on LDL-
cholesterol for patients on low-dose treatment. 
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FIGURE 3. Predicted LDL-c response in patients (n=2,160) on standard-dose treatment 
for different adherence rates using a multivariate linear model

Variable Coeffcient (ß) Standard error p-value

Adherence (PDC) (%) -0.0068 0.00025 <0.001

LDL-cholesterol at baseline (mmol/l) 0.1594 0.00660 <0.001

Age (years) -0.0026 0.00055 <0.001

Lipid disorder (yes/no) 0.0808 0.02464 0.001

Fasting glucose (mmol/l) -0.0107 0.00247 <0.001

Hypertension (yes/no) -0.0266 0.01323 0.044

Diabetic neuropathy (yes/no) -0.2636 0.12583 0.036

Constant 1.001 0.05218 <0.001

R² = 0.384, p-value = <0.001

LDL-c, LDL-cholesterol; PDC, proportion of days covered
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FIGURE 4. Predicted LDL-cholesterol response for low-dose and standard-dose statin 
treatment in a propensity-score matched sample (n=1,144). Associations are presented 
for a LDL-cholesterol baseline level of 3.7 mmol/l.

Variable Coeffcient (ß) Standard error p-value

Low-dose treatment 0.0923 0.0159 <0.001

LDL-cholesterol at baseline 0.1668 0.0090 <0.001

Adherence (PDC) -0.0067 0.0045 <0.001

Adherence (PDC) x LDL-cholesterol at 
baseline

-0.0009 0.0004 0.013

Adherence (PDC) x low-dose 
treatment

0.0016 0.0006 0.010

Constant 0.8154 0.0112 <0.001

R² = 0.385, p = <0.001

CI, Confidence interval; LDL-c, LDL-cholesterol; PDC, proportion of days covered
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Following from the model presented in Figure 4, an adherence rate of 80% in patients 
with a baseline LDL-cholesterol of 3.7 mmol/l treated with low-dose statin was 
associated with a 34% reduction in LDL-cholesterol compared to 40% reduction for 
patients treated with standard-dose statin treatment. For adherence rates higher than 
50% and a baseline LDL-cholesterol of 3.7 mmol/l, patients on low-dose need to be at 
least 10% more adherent than patients on standard-dose treatment to reach the same 
LDL-cholesterol level (Figure 4). For example, to reach the LDL-cholesterol target of 2.5 
mmol/l (97 mg/dl), a patient with a baseline LDL-cholesterol of 3.7 mmol/l needs to 
have an adherence rate of at least 76% on low-dose treatment and of 63% on standard-
dose treatment. In our study population, 38% in the low-dose and 28% in the standard-
dose treatment group did not reach these adherence rates. Patients with a lower baseline 
LDL-cholesterol level of, for example, 2.7 mmol/l need to have an adherence rate of at 
least 37% on low-dose and 33% on standard-dose treatment to reach this target. With a 
higher baseline LDL-cholesterol level of 4.7 mmol/l an adherence rate of 88% is needed 
on standard-dose, whereas patients on low-dose treatment are not expected to reach 
their target even with an adherence rate of 100%.

 
DISCUSSION

We determined the concurrent effect of treatment dose and adherence on LDL-cholesterol 
outcomes in diabetes patients starting on statins, where previous research focused on 
adherence disregarding the statin dose (or vice versa). In patients with a baseline LDL-
cholesterol level of 3.7 mmol/l we estimated that a 10% reduction in adherence rate on 
standard-dose treatment is associated with 4% less reduction in LDL-cholesterol. Such 
patients need to take more than 60% of their medication to reach the target level of 2.5 
mmol/l. 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. 

In line with previous findings, we observed that reaching lipid targets was more difficult 
with low-dose statin treatment [6,8]. Nevertheless, a substantial number of patients 
started on low-dose statin treatment. Remarkably, we found that these patients had a 
high average baseline level of 3.7 mmol/l, which was almost similar to that of patients 
starting on standard-dose treatment. As observed before, we found that older and 
female patients are more often treated with a low-dose [26,6]. Fear for adverse events in 
such patients may be the reason to initiate on a low dose but in patients with high LDL-
cholesterol levels up-titration to a maximally tolerated dose would be the next step [4,27]. 
The patients in our study, however, remained on low-dose statin treatment till the end 
of follow-up.
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The predicted LDL-cholesterol reduction of 40% in patients who were 80% adherent 
to standard-dose treatment was similar to reductions reported in the reviews based 
on clinical trials [18,19]. It has been acknowledged that also in trials patients may not be 
adherent [28]. Regarding the association between adherence and outcomes, one small 
sample size study found that 10% less medication taken would correlate with 3.1% less 
reduction in LDL-cholesterol in patients who had an average baseline LDL-cholesterol of 
3.9 mmol/l [12]. Most patients in that study were on low-dose simvastatin or atorvastatin 
treatment. Our study provides new insights in the effect of being non-adherent on 
standard-dose as compared to low-dose treatment. For patients on standard-dose, a 
10% decrease in adherence is associated with 4% less LDL-cholesterol reduction. The 
difference in LDL-cholesterol reductions seen between low-dose and standard-dose 
treatment becomes smaller, when the adherence rate is lower. Our results suggest that 
for patients with less than 50% adherence there is little difference in expected outcomes 
regardless of the statin dose. Since most patients have higher adherence rates, physicians 
should preferably use standard-dose statin as initial treatment, as low-dose treatment is 
more sensitive to treatment non-response due to non-adherence [27].

Reviews and meta-analyses on the therapeutic equivalence of statins have resulted in 
slightly varying classifications on statin doses. We followed the classification used in the 
Dutch guidelines, which was based on the review of Law et al [19] and provides estimates 
with confidence intervals. Given these partly overlapping intervals and also conflicting 
evidence about simvastatin compared to atorvastatin, there is some debate about the 
equivalence of statins but estimates based on results of more than 50 head-to-head 
trials conducted by the Canadian Drug Effectiveness Review Project resulted in the same 
classification as we used in our study [18].

A strength of our study is that we estimated the association between statin adherence 
and LDL-cholesterol using adherence as a continuous variable. Often a cut-off point of 
80% adherence is used to determine the effect of adherence on outcomes [29]. Our study 
showed that even in patients with adherence rates above 80% relevant benefits can be 
achieved by increasing either the adherence or the dose, especially for patients with 
high baseline LDL-cholesterol levels. Although patients with missing LDL-cholesterol 
measurements could not be included, we had sufficient variation in LDL-cholesterol 
levels for determining an association between adherence and reduction in LDL-
cholesterol. Also, selection by matching did not affect the observed association in the 
patients on standard-dose treatment, nor did restricting the time period for the outcome 
measurements. We did not differentiate between primary and secondary prevention 
patients, since the effect of statins is expected to be similar in both groups [30]. 
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A limitation of our study is the use of PDC as measure for adherence, which is known 
to overestimate actual adherence [31]. This limitation is likely to result in observing a 
weaker association between adherence and LDL-cholesterol response. Also adherence 
was measured over a flexible time period, which could have biased this relation as 
adherence to treatment may decrease over time. However, we conducted sensitivity 
analyses showing similar associations between adherence and LDL-cholesterol response 
after restricting the maximal difference follow-up period to 180 or 90 days. Finally, we 
were not able to adjust for lifestyle factors that might be related to adherence and LDL-
cholesterol response. 

 
CONCLUSION

Diabetes patients initiating statin treatment are at high risk of not reaching the 
recommended cholesterol target, especially when they start on a low-dose statin. 
Patients with high baseline LDL-cholesterol levels starting on low-dose statin are not 
expected to reach their target even with an adherence rate of 100%. To prevent the 
lack of effective statin treatment more attention should be given to improve current 
management strategies in clinical practice.
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ABSTRACT

Objectives: Statins are lipid-lowering drugs that reduce the risk of cardiovascular 
events in patients with diabetes. The aim of this study is to determine whether 
statin treatment for primary prevention in newly diagnosed type 2 diabetes is cost-
effective, taking non-adherence, baseline risk, and age into account. 

Methods: A cost-effectiveness analysis was performed using a Markov model with a 
time horizon of 10 years. The baseline 10-year cardiovascular risk was estimated in 
a Dutch population of primary prevention patients with newly diagnosed diabetes 
from the Groningen Initiative to Analyse Type 2 Diabetes Treatment database 
(GIANTT), using the UKPDS risk engine. Statin adherence was measured as pill 
days covered (PDC) in the IADB.nl pharmacy research database. Cost-effectiveness 
was measured in costs per quality-adjusted life-year (QALY) from the healthcare-
payers’ perspective.

Results: or an average patient of 60 years, the base case, statin treatment was 
highly cost-effective at €2,245 per QALY. Favorable cost-effectiveness was robust 
in sensitivity analysis. Differences in age and 10-year cardiovascular risk showed 
large differences in cost-effectiveness from almost €100,000 per QALY to almost 
being cost saving. Treating all patients under 45 at diabetes diagnosis was not cost-
effective (weighted cost-effectiveness of almost €60,000 per QALY). 

Conclusions: Despite the non-adherence levels observed in actual practice, statin 
treatment is cost-effective for primary prevention in patients newly diagnosed with 
type 2 diabetes. Due to large differences in cost-effectiveness according to different 
risk and age groups, the efficiency of the treatment could be increased by targeting 
patients with relatively higher cardiovascular risk and higher ages.
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INTRODUCTION

The prevalence of diabetes is growing in the Netherlands, as in many countries worldwide, 
due to aging of the population and the occurrence of diabetes at younger ages[1]. Patients 
with type 2 diabetes have an increased risk of cardiovascular complications[2]. These 
complications reflect a high burden for health and cause substantial costs related to 
diabetes [3,4,5]. Statins are lipid-lowering drugs that have shown to reduce the risk of 
cardiovascular and cerebrovascular events in diabetes patients [6,7,8]. After 2006, the Dutch 
guidelines for diabetes and cardiovascular risk management changed and recommended 
statin treatment for the prevention of cardiovascular events for practically all type 2 
diabetes patients, unless they have a low cardiovascular risk [9,10]. Although risk tables 
changed in recent guidelines, it was found using different risk calculation methods 
that few type 2 diabetes patients are at such low risk [11]. Also in other countries, statin 
treatment is recommended for a large proportion of the diabetes population [12,13]. 

Previous pharmacoeconomic analyses on the primary prevention of cardiovascular and 
cerebrovascular events estimated that statin treatment is likely to be cost-effective in 
type 2 diabetes patients [14,15,16]. These pharmacoeconomic results, however, are limited 
since they made use of data from the same clinical trial, which included a restricted 
patient population with high adherence levels. Adherence to statins is a well-known 
problem in clinical practice [17,18], and therefore important to take into account when 
assessing cost-effectiveness. Furthermore, attention should be paid to the risk level 
where treatment becomes cost-effective. Greving et al. [19] recently demonstrated for 
a hypothetical primary prevention population that statins were not cost-effective in 
persons at low risk in the Netherlands. Whether this may also be true for type 2 diabetes 
patients at relatively low risk is not known. Earlier detection of type 2 diabetes and 
younger age of these patients cause that patients with lower risk for cardiovascular 
and cerebrovascular events are being identified and treated with statins [20]. For better 
guidance on treatment decisions, it is important to gain insight in the cost-effectiveness 
of statin treatment in type 2 diabetes patients using the cardiovascular risk estimates 
and adherence levels based on patient data from actual practice. 

The objective of this study is to determine whether statin treatment for primary 
prevention, started at the time of diagnosis of type 2 diabetes, is cost-effective from a 
healthcare payers’ perspective in the Netherlands, taking non-adherence, baseline risk 
and age into account. 
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METHODS

Markov Model
The cost-effectiveness of statin treatment for primary prevention, started at the time 
of type 2 diabetes diagnosis, was determined with a Markov model (Figure 1). A 
population with statin treatment and a population without the use of any lipid-regulating 
treatment were simulated with the model. The design of the model was the same for 
both populations, only probabilities of transitions to events changed by the use of statin 
treatment. We assumed that all patients got optimal secondary prevention. Differences 
in costs and effects were evaluated.

Because we aimed to determine the cost-effectiveness of primary prevention, all 
patients started in the ‘Otherwise healthy’ state, that is, patients with type 2 diabetes 
having experienced no previous cardiovascular or cerebrovascular event. Ten different 
health states were included in the Markov model and patients could shift to another 
health state after a 1-year cycle, for which half cycle corrections were performed [21]. The 
adverse events rhabdomyolysis and myopathy were taken into account. Patients that 
had experienced an adverse event returned to the ‘Otherwise healthy’ state in the next 
run. The correction for patients discontinuing treatment due to adverse events was done 
by applying real world adherence rates, which include patients who have stopped statin 
treatment after an adverse event. In the base case a time horizon of 10 years was used, 
as we are focusing on primary prevention. 

CHD: coronary heart disease

FIGURE 1. Markov model 

Fatal CHD Non-fatal strokeNon-fatal CHD

Death

Fatal stroke

Otherwise HealthyMyopathie Rhabdomyolysis

Post strokePost CHD
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Event probabilities
Probabilities of shifting to an event state were taken from the results of the UKPDS risk 
engine with which the annual rates for an event over a 10-year period can be calculated 
(see below) [22,23,24]. When patients experienced a non-fatal event in the model, they 
moved to the ‘Post event’ state in the next cycle. All patients in the cohort experienced 
age-specific probabilities of dying from other causes. These probabilities were taken 
from the Dutch lifetime tables, taking the ageing of the Dutch population explicitly into 
account [25]. As we evaluate primary prevention, we used a simplified adjustment on the 
death rate after the occurrence of an event. That is, for patients in the ‘Post event’ states 
the probabilities of death, taken from the Dutch lifetime tables, were increased two-fold 
based on previous studies [26,27]. 

The UKPDS risk engine was used to estimate the patients’ 10-year risks for coronary 
heart disease (CHD) and stroke on the basis of patient characteristics, including age, 
lipid ratio and other risk factors [22,23,24]. These patient characteristics were obtained 
from the Groningen Initiative to Analyse Type 2 Diabetes Treatment (GIANTT) database. 
The GIANTT database contains anonymised longitudinal information retrieved from 
electronic medical records of general practitioners and is maintained by the University 
Medical Center Groningen [28]. Information on age, lipid ratio and smoking status were 
taken at the time of type 2 diabetes diagnosis, in line with Dutch guidelines that advise 
statin treatment for type 2 diabetes patients immediately after diagnosis for practically 
all patients [9,10]. Since it is to be expected that after diagnosis HbA1c and blood pressure 
values will decrease due to initiation of glucose- and blood pressure lowering treatment, 
we averaged the values for HbA1c and systolic blood pressure at one and two years after 
the diagnosis for estimating the 10-year risks. In this way, we aim to estimate the risk 
factors levels achieved with such treatment and assume that patients remain adequately 
treated for these other risk factors during follow-up. This allows us to assess the risk 
reduction of statin treatment in addition to the risk reduction caused by concurrent 
treatment for the other risk factors. Clinical data retrieved from the GIANTT database for 
a cohort of patients diagnosed with type 2 diabetes in 2007, 2008 or 2009 were inserted 
into the UKPDS risk engine. Patients with a history of CHD or stroke (International 
Classification of Primary Care codes K75, K76, K90) [29] or who had a prescription for any 
lipid-regulating treatment (Anatomical Therapeutic chemical (ATC) C10) [30] during the 
year before diagnosis were excluded.

In total, 4,683 newly diagnosed type 2 diabetes patients without a history of 
cardiovascular and cerebrovascular events were extracted from the GIANTT database 
and included in the UKPDS risk engine. The average patient was 61.3 years of age and 
there were slightly more women than men (51.4%). On average patients had a HbA1c 
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of 6.7%, systolic blood pressure of 140 mm Hg and a lipid ratio of 5 (total cholesterol/
high-density lipoprotein cholesterol), 18% of the patients were smoking and 1.6% had 
atrial fibrillation according to their medical records. 

The average 10-year risks of the population aged 25-65 years at type 2 diabetes 
diagnosis, was 16% for CHD, 8% for fatal CHD, 4% for stroke and 0.7% for fatal stroke. 
Stratifying the 10-year cardiovascular risks by age showed that age has a large influence 
on the risks. Patients aged 56-65 at diagnosis of type 2 diabetes had average risk of 21% 
for CHD, 11% for fatal CHD, 6% for stroke and 1% for fatal stroke, patients aged 46-55 
years had risks of 15%, 6%, 3% and 0.4%, respectively. Patients aged 36-45 years were 
estimated to have average risks of 9% for CHD, 3% for fatal CHD, 1% for stroke and 0.1% 
for fatal stroke. 

Statin treatment and adherence
Statin efficacy was modelled by implementing the relative risk reduction found in a recent 
meta-analysis of randomized clinical trials on the primary prevention of cardiovascular 
and cerebrovascular events in diabetes patients with statins [8]. Overall relative risk 
reductions of 31% for non-fatal CHD and fatal CHD and 30% for non-fatal stroke and 
fatal stroke were applied. The risks for adverse events myopathy and rhabdomyolysis 
were taken from a systematic review [31].

Adherence to statins was modelled using real-world data from the IADB.nl database, 
which is a pharmacy research database in the Netherlands with a sample of the 
Dutch population of 500,000 persons. Patients with type 2 diabetes and no history of 
cardiovascular and cerebrovascular events were identified by the use of medication 
proxies (Appendix II). Statin adherence rates were defined as the Proportion of Days 
Covered (PDC) [32]. Adherence rates were measured for patients starting statin treatment 
from 2008 up to and including 2010 (ATC C10AA, C10BA, C10BX). Patients were 
considered as a starter of statin treatment when they did not use any lipid-lowering 
medication (ATC C10) in the year before the start of the statin treatment. Adherence 
rates were measured up to a maximum of three years, and in the base case we assumed 
that statin adherence stayed constant after year three, as was observed in a previous 
study [17]. 

Non-adherence was modelled by reducing the statin efficacy. Statin treatment with 
≥80% PDC was assumed to be associated with full efficacy [33]. Patients with ≤20% 
PDC were assumed to be associated with no efficacy of the statin treatment. Efficacy 
of intermediary levels of PDC were approximated with linear interpolation in the base 
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case, as studies indicate that there is a linear association between adherence levels and 
reductions in LDL-cholesterol and in hospitalizations [34,35,36].

In 1,660 patients who started statin treatment the mean PDC was 81% during their 
first year of statin use. Adherence rates decreased to 77% and 75% in year two and 
three, respectively. In total, 1,049 patients were followed for at least two years and 479 
for three years. As we allowed new users to be included during the study period, some 
patients could only be followed for one year. The decrease in the number of patients in 
the follow-up years was mainly due to later inclusion into the study rather than early 
dropout. 

Health effects and costs
We determined the difference in quality-adjusted life-years (QALY) between no lipid-
regulating treatment and treatment with a statin. QALYs were calculated by multiplying 
the time in a specific health state with the quality of life associated with the health 
state. For patients experiencing a CHD or stroke disutility scores were 0.06 and 0.22, 
respectively  [37]. These utility scores were constant over time. A small disutility of 0.001 
for taking a statin pill every day was included [38,39].

All cost estimates were updated to 2012 Euro’s with the Dutch consumer price indices 
(http://statline.cbs.nl). Annual costs for statin treatment in the base case were based 
on statin pill costs (€7.3 for 40 mg generic simvastatin) [40], two GP visits (€59.5) [41], 
annually lipid spectrum testing (€20.3) [42], and four pharmacists’ prescription fees 
(€23). Event costs were based on literature (Table 1).
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TABLE 1. Incidence, effectiveness, disutilities and cost data for the base case
Parameter Base case Distribution Data source Reference

Annual risks

CHD yearly risk,  
% (10-year risk)

1.7, 1.8, 1.9, 2.0, 2.0, 2.1, 
2.2, 2.3, 2.4, 2.5  (21%)

Beta Real world data from GIANTT database 
inserted in UKPDS risk  engine

-

Fatal CHD yearly risk,  
% (10-year risk)

0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 
1.3, 1.4, 1.5, 1.6  (11%)

Beta Real world data from GIANTT database 
inserted in UKPDS risk  engine

-

Stroke yearly risk,  
% (10-year risk)

0.3, 0.4, 0.4, 0.5, 0.6, 0.6, 
0.7, 0.8, 0.9, 1.0  (6%)

Beta Real world data from GIANTT database 
inserted in UKPDS risk  engine

-

Fatal stroke yearly risk, 
% (10-year risk)

0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 
0.1, 0,1, 0.2, 0.2  (1%)

Beta Real world data from GIANTT database 
inserted in UKPDS risk  engine

-

Myopathy (per 
100,000 person years)

11 Beta Systematic review 31

Rhabdomyolysis (per 
100,000 person years)

3 Beta Systematic review 31

Overall mortality rate 
(10-year risk)

12% - Actual rates 25

Statin treatment effectiveness (relative risk)

MI 0.69 Lognormal Meta-analysis 8

Stroke 0.70 Lognormal Meta-analysis 8

Mean adherence rate

First year 81% Beta Real world data from the IADB.nl 
prescription database

-

Second year 77% Beta Real world data from the IADB.nl 
prescription database

-

Third until tenth year 75% Beta Real world data from the IADB.nl 
prescription database

-

Disutility

MI 0.06 Triangular Meta-analysis 37

Stroke 0.22 Triangular Meta-analysis 37

Act of taking statin -0.001 Triangular Assumption 38,39

Annual cost data (€)

Statin treatment

   Simvastatin 40 mg € 7.30 - Official tariff 40

   Doctor visits € 59.5 - Official tariff 41

   Laboratory fee € 20.3 - Official tariff 42

   Pharmacists fee € 24.3 - Official tariff 43

Myopathy € 59.5 Gamma Assumption -

Rhabdomyolysis € 11,126 Gamma Cost study 44

MI 

   First year € 5,012 Gamma Cost study 45

   Subsequent years € 1,885 Gamma Cost study 5

Stroke

   First year € 13,480 Gamma Cost study 46

   Subsequent years € 1,885 Gamma Cost study 5

Death € 2,902 Gamma Assumption 19

CHD: coronary heart disease
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Economic analysis
The model was run over a time horizon of 10 years. Costs were discounted at 4% and 
health effects at 1.5%, following the Dutch guidelines [41]. In the base case a 60 year old 
patient was assessed, based on the average age of 61.3 years at type 2 diabetes diagnosis 
in the GIANTT population. Mean 10-year cardiovascular risks of patients aged 56-65 at 
type 2 diabetes diagnosis were used. With the use of a tornado diagram the influence 
of the parameters on the outcome of the cost-effectiveness was assessed. Additionally, 
the effects of age and baseline risk for CHD and stroke were evaluated. To assess the 
impact of individual parameters that may vary between countries or that were based 
on assumptions, one-way sensitivity analyses were performed. This included sensitivity 
analyses for statin costs, adverse event rates, discounting rates, disutility of taking a 
pill every day, time horizon, adherence rates, and relation between non-adherence 
and efficacy. Parameter variations tested are presented in Table 2. We also included 
a one-way sensitivity analysis to account for the possible overestimation by using the 
UKPDS risk engine, assuming a maximum reduction in the estimates of 50% [47].  Finally, 
a probabilistic sensitivity analysis with 5,000 iterations was performed to deal with 
parameter uncertainty [48]. The parameter distributions used are listed in Table 1.
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TABLE 2. One-way sensitivity analyses (base case values between brackets)

Assumption Cost-effectiveness

Base case €2,245

Statin costs (€7.3) 

€18.5 (actual costs IADB.nl population) €2,644

€50 €3,766 

€100 €5,547

Myopathy  (11 on 100.000 years)

100 €2,247

Discounting rate (effects 1.5%;costs 4%) 

Effects 3%; costs 3% €3,041

Effects 4%; costs 4% €3,144

Disutility taking a pill (0.999) 

No disutility €2,155

Time horizon (10 years) 

5 years €12,424

Adherence rate  
(81%, 77%, 75% respectively first, second and subsequent years) 

Full adherence (80-100% PDC) in all years €1,534

50% adherence in all years €3,312

Adherence decreasing 2% each year after year 3 €2,266

Adherence decreasing 5% each year after year 5 €2,297

Relation statin efficacy and non-adherence (≥80%=1;20-80%=linear;≤20%=0)

≥70%=1;30-70%=linear;≤30%=0 €2,217

≥80%=1;0-80%=linear €2,175

≥60%=1;0-50%=linear €2,108

UKPDS risk overestimation

Lowering risk with 50% €6,500

PDC: Proportion of Days Covered.
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TABLE 3. Outcomes of the cost-effectiveness analysis stratified by age and risk for 
coronary heart disease and stroke
Age 10-year risk for 

CHD; fatal-CHD; 
stroke; fatal stroke    

Proportion 
per age 
group

QALY’s 1,000 
patients 

Costs per 
1,000 
patients 

Cost-effectiveness

<45 1. 3;1;1;0 27.5 -8 €814,012 Inferior

2. 6;1;1;0 28.5 -3 €789,256 Inferior

3. 9;3;1;0 21.8 11 €738,926 €66,537

4. 13;4;2;0 9.5 43 €689,576 €16,085

5. 16;6;3;1 12.7 77 €634,993 €8,223

Weighted cost-effectiveness for treating all diabetes patients under 45 in the Netherlands = 
€57,244

45-55

               

1. 6;2;1;0 21.1 9 €758,216 €88,440

2. 10;4;2;0 28.7 49 €674,895 €13,828

3. 15;6;3;0.5 20.8 75 €623,327 €8,345

4. 20;7;4;0.5 16.7 96 €559,641 €5,810

5. 26;10;5;1 12.6 145 €486,131 €3,353

Weighted cost-effectiveness for treating all diabetes patients between 45 and 55 in the 
Netherlands = €8,295

55-65 1. 6;3;3;1 6.8 43 €638,881 €14,824

2. 10;4;3;1 30.4 61 €618,594 €10,119

3. 21;11;6;1 34.7 193 €432,890 €2,245

4. 27;13;7;1 15.9 197 €382,633 €1,939

5. 35;24;9;2 12.3 453 €276,148 €609

Weighted cost-effectiveness for treating all diabetes patients between 55 and 65 in the 
Netherlands = €2,480

             > €80,000                     €50,000 - €80,000                   €20,000 - €50,000                     < €20,000  
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RESULTS

Economic analysis
In the base case, cost-effectiveness is €2,245 per QALY (Table 2). Sensitivity analyses 
were performed to investigate the differences in risks for CHD and stroke according to 
age. In Table 3 the outcomes of the cost-effectiveness analysis are shown stratified by age 
and 10-year risks for CHD and stroke. The risks chosen for each age group were based on 
the actual risk ranges within the GIANTT population. Treating all type 2 patients under 
the age of 45 for primary prevention of cardiovascular and cerebrovascular events was 
not cost-effective, with costs of €57,243 per QALY. Treating all patients aged 45-55 at 
diagnosis was cost-effective with €8,295 per QALY. However, for 21,1% of the patients 
cost-effectiveness would be high and not cost-effective (Table 3). 

The tornado diagram (Figure 2) shows that the efficacy of the statins, the baseline risk 
for CHD and stroke and the adherence rates have a large effect on the outcome of the 
cost-effectiveness. In the one-way sensitivity analyses (Table 2), statin costs also have 
a major effect on cost-effectiveness. In the Netherlands, statin costs for 40 mg generic 
simvastatin were only €7.3 annually. The actual annual statin costs per patient in the 
IADB.nl population were €18.5, which results in a negative effect on cost-effectiveness 
(€2,644 per QALY). Changing the time horizon to 5 years will lead to a substantial 
increase in costs (€12,424 per QALY). Increasing adherence to statin treatment will 
improve cost-effectiveness. Full adherence reduces the costs to €1,534 for the base case. 
However, changing the assumptions on the adherence rate after year three does not have 
a great impact on cost-effectiveness (Table 2). 

The acceptability curves of the probabilistic sensitivity analyses in Figure 3 show that 
the probability that statin treatment is cost-effective for the average 60 year old patient 
is 100%, using a threshold of €20,000 per QALY. Considering the average 40 year old 
patient, the analysis shows that with this threshold of €20,000 per QALY, the probability 
that it is cost-effective is less than 15% (Figure 3).
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FIGURE 2. Tornado diagram; all parameters are increased and decreased with 25%

                               60 year old                   50 year old                     40 year old

FIGURE 3. Cost-effectiveness acceptability curves from the probabilistic sensitivity 
analysis
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CONCLUSION

We estimated that statin treatment for primary prevention starting at the time of 
diagnosis of type 2 diabetes is cost-effective at €2,245 per QALY in the base case. There 
is great diversity in the risks for CHD and stroke in the type 2 diabetes population. 
Differences in age and 10-year risks for CHD and stroke result in large differences in 
cost-effectiveness from losing QALYs to being almost cost neutral. With the adherence 
rates seen in 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 as low as 6%. For the other patients, statin treatment 
is expected to be cost-effective.

Our finding that statin treatment for primary prevention is cost-effective for the average 
60-year old patient is in line with other pharmacoeconomic analyses [14,15,16]. The finding 
that statin treatment is not cost-effective in patients at low risk is in line with the findings 
from Greving et al. [19] Cost-effectiveness, however, appears slightly better in our diabetes 
population. For a 65-year old patient with a 10-year risk of 15%, Greving et al estimated 
the costs at €12,652 per QALY whereas we estimated the costs at €10,119 per QALY for 
a 60-year old patient with a 10-year risk of 13%.

Currently, there are over 800,000 diabetes patients in the Netherlands [49]. Within 
the GIANTT population, 14% of the patients has a cardiovascular history, implying 
that 688,000 patients might be eligible for primary prevention with statin treatment. 
With the current price levels, such statin treatment would cost the Dutch healthcare 
system around €75.7 million each year. The broad range for cost-effectiveness between 
the individual patients suggests that the efficiency of treatment could be increased 
by focussing on patients with higher cardiovascular risk and higher ages. Within the 
GIANTT primary prevention population, 19% of the patients had an age at diagnosis 
under 50 years in whom starting statin treatment at the time of diagnosis may not be 
cost effective.

Cost-effectiveness was assessed taking various parameters into account, such as 
adherence and adverse events. Adherence to statin treatment obviously plays an 
important role in cost-effectiveness analysis. In our study population, adherence rates for 
statin treatment were higher than reported in other studies [17,50]. Nevertheless, further 
improving adherence would lead to improvements in cost-effectiveness. Furthermore, in 
the base case analysis the statin costs of 40 mg generic simvastatin (€7.3) were applied; 
use of the average annual costs of statin treatment from the IADB.nl population (€18.5) 
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has a minor negative influence on cost-effectiveness. Dutch guidelines [9,10] recommend 
40 mg simvastatin or 40 mg pravastatin (€16.10) when statin treatment is started. 
Treating patients with 40 mg simvastatin has beneficial effects on cost-effectiveness. 
Nevertheless, some patients need a switch to more expensive statins to reach lipid 
goals [51]. In the base case analysis, we chose a time horizon of 10 years.  Shortening 
the time horizon to 5 years clearly affects the cost-effectiveness, indicating that primary 
prevention with statins is especially beneficial in diabetes patients who can and will take 
the treatment for a longer period.  

Strengths
We analysed the baseline risk of a population of type 2 diabetes patients using 
observational patient data that were inserted into the UKPDS risk engine. Since the 
GIANTT cohort includes an unrestricted population of type 2 diabetes patients in 
primary care, these data better reflect the population treated with statins in actual 
practice as compared to the patients included in trials. Adherence rates were also 
measured in the actual population. Both populations were taken from the northern 
part of the Netherlands. Using the tornado diagram, the parameters that have a large 
influence on the outcome of the cost-effectiveness analysis -such as the efficacy of statins, 
the baseline risk for CHD and stroke and adherence rates- were analysed in detail. From 
this, it becomes clear that the utilities and the drug costs did not have a large impact on 
the results. Another strength of the study is that we stratified the patients according to 
age. As a result of the broad ranges in the 10-year risks for CHD and stroke between the 
different age groups, broad variations in cost-effectiveness could be shown.

Limitations
First, the UKPDS risk engine was used for determining cardiovascular risks for type 2 
diabetes patients. There is evidence that the UKPDS risk engine overestimates the risks 
for CHD and stroke [47,52]. As shown in the sensitivity analysis, the costs per QALY could 
more than double when risks are overestimated by a factor of 2. However, it seems that 
at the risk levels seen in the primary prevention diabetes population the overestimation 
is probably not that high [47]. Second, adherence rates of the patients were measured in 
a pharmacy research databases in which the indication of the patient was not known. 
Medication proxies had to be used for identifying diabetes primary prevention patients. 
The proxy for diabetes is known to give a high sensitivity [53]. The proxy for primary 
prevention showed a high sensitivity of 85%. However, around 15% of the included 
patients can be expected to be secondary prevention patients. Third, the adherence 
rates were only measured for the first three years and assumed to stay constant over 
time afterwards. In addition, for the intermediate adherence levels we assumed a linear 
relation with the efficacy. Although there is some evidence that these assumptions 
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are acceptable, [17,34,35,36] we tested them in the sensitivity analyses which showed that 
various changes in the assumptions did not have much impact on the results. We used 
real patient data for the risk estimation and adherence rates, but treatment efficacy, 
disutilities and cost data were based on literature. For statin efficacy as well as for post-
MI and post-stroke utilities, we made use of estimates from meta-analyses, which applied 
minimum criteria for including appropriate data. For costs, we tried to retrieve the most 
recent data available but had to rely on multiple sources published in the past decade. 
Only direct health care costs were included. Including indirect costs would obviously be 
favourable for cost-effectiveness. 

This study is an illustration for the Netherlands. In the Netherlands, statin costs are 
very low, and such medication is reimbursed for all patients. Other countries may have 
higher statin costs or higher non-adherence rates due to patient co-payments, and cost-
effectiveness might be less favourable. The populations used in this analysis were from 
the northern part of the Netherlands, which is known to have a lower rate of immigrants 
and a lower socio-economic-status in comparison to other parts of the Netherlands 
[54,55]. As one could speculate that this might affect the estimated risks for cardiovascular 
events and the adherence rates in opposite directions, it is not clear to what extent this 
would result in relevant changes in our findings. 

We used a time horizon of 10 years with cycle lengths of one-year. Due to data availability 
is was not possible to shorten the cycle length but by performing half cycle corrections 
the effect of this longer cycle length was minimized. As we aimed to assess the effect of 
primary prevention of cardiovascular and cerebrovascular events, we did not perform a 
life-time analysis but did shorten the time horizon in the sensitivity analysis to 5 years. 

In general, primary prevention with statin treatment at the time of diagnosis is not cost-
effective for all type 2 diabetes patients. In the recent Dutch guidelines for cardiovascular 
management 40 years is mentioned as age limit for diabetes patients below which 
statin treatment would seldom be indicated [9]. Our study indicates that this age limit 
may be set higher, since on average starting statin treatment in patients below 45 years 
is not expected to be cost-effective. On the other hand, our results indicate that statin 
treatment, even with the levels of non-adherence and variations in choice of statin seen 
in actual practice, is highly cost-effective for patients of more than 55 years at diagnosis 
with a time horizon of 10 years. Although it is acknowledged that there is no single 
treatment appropriate for all patients and the individual risk profile of a patient should 
be considered, these simple age-based recommendations could be helpful for guiding 
practice.
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ABSTRACT

Aims: The aim of this study was to describe and compare treatment modifications 
and discontinuation, adherence levels, and response to treatment in patients with 
type 2 diabetes initiating on low-dose versus standard-dose statin treatment. 

Methods: A 2-year follow-up cohort study was performed using data from the 
Groningen Initiative to Analyse Type 2 Diabetes Treatment (GIANTT) database in 
patients with type 2 diabetes initiating statin treatment between January 2007 and 
December 2012. First we determined whether there were differences in treatment 
modifications and discontinuation after statin initiation between patients starting 
on a low-dose versus standard-dose. Second, we looked at differences in adherence 
and LDL-cholesterol response after 2 years follow-up between these groups.

Results: Around 22% of patients initiated statin treatment 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. Over 25% of patients starting on low-dose or standard-dose treatment 
discontinued treatment, often within the first 180 days after initiation or after 
a first treatment change. 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 follow-up.

Conclusions: Current patterns of statin treatment in patients with type 2 diabetes 
are suboptimal, with discontinuation, inadequate adherence levels and lack of 
treatment intensification seen in those who had inadequate LDL-cholesterol 
response after 2 years of follow-up. Patients starting on low-dose had more 
treatment modifications, discontinuation and adherence problems as compared 
to those starting on standard-dose treatment, which calls for a closer look at the 
rationale of starting patients on low-dose statin treatment. 
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INTRODUCTION

Patients with type 2 diabetes have an increased risk of developing cardiovascular 
disease, therefore statin treatment is recommended for almost all type 2 diabetes 
patients. Statins are associated with a reduction in risk of cardiovascular disease [1,2]. 
Dutch guidelines recommend to start with simvastatin 40 mg for both primary and 
secondary prevention, and aim for an LDL-cholesterol level of ≤2.5 mmol/l (≤97 mg/dl) 
[3]. However, statins are not optimally used in clinical practice and lipid targets are not 
reached in about a third of the patients [4,5].

This lack of treatment response could be due to being prescribed low-dose treatment 
[4,6,7], lack of treatment intensification [8,9,10] and/or non-adherence to treatment [11,12]. In 
the last decade, the prescribed daily dose of statins has increased but on average patients 
receive less than the recommended dose [6,13], which could lead to insufficient treatment 
response. Also, it has been shown that at least a third of the patients with lipid levels 
above target do not receive treatment modifications [8,9,10]. Suspicion of non-adherence to 
treatment could be reason for the physician not to modify treatment, however the ability 
of physicians in recognizing non-adherence is poor [14]. There is evidence of redundant 
treatment intensification in non-adherent patients [15], but also lack of treatment 
intensification in adherent patients [9]. Also, the relation between adherence and LDL-
cholesterol response is related to the treatment dose [7]. The initial treatment dose could 
have an impact on subsequent adherence and treatment modification patterns. Better 
insight in such patterns of statin treatment modifications and adherence is needed for 
the development and refinement of interventions aimed at improving outcomes of statin 
treatment in daily practice.

The aim of this study was to describe and compare treatment modifications and 
discontinuation, adherence levels, and cholesterol response in patients with type 2 
diabetes initiating on low-dose versus standard-dose statin treatment. 
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METHODS

Study design 
A 2-year follow-up cohort study was performed in patients with type 2 diabetes initiating 
statin treatment between January 2007 and December 2012. First we determined 
whether there were differences in treatment modifications and discontinuation after 
statin initiation between patients starting on a low-dose versus standard-dose. Second, 
we looked at differences in treatment modifications, discontinuation, adherence and 
LDL-cholesterol response after 2 years follow-up between patients starting on a low-
dose versus standard-dose.

Setting
This study was performed using data from the Groningen Initiative to Analyse Type 2 
Diabetes Treatment (GIANTT) database. The GIANTT database contains anonymized 
longitudinal information retrieved from electronic medical records of general 
practitioners and is maintained by the University Medical Center Groningen [16]. These 
records include medical history, prescription data, routine laboratory test results 
and physical examinations of type 2 diabetes patients from the northern part of the 
Netherlands. Medical history consists of date of diabetes diagnosis and comorbidity 
data, which is based on the International Classification of Primary Care (ICPC) [17] or text 
descriptions that are coded manually.

Patient selection
Patients managed in general practice for type 2 diabetes initiating lipid-lowering 
treatment exclusively on a statin were included (Anatomical Therapeutic Chemical (ATC) 
code C10AA) [18]. Since the documented date of type 2 diabetes diagnosis is not always 
precise, we allowed for a grace period of 180 days before the documented diagnosis date 
for a statin initiation to be included. Initiation was defined as having no prescription for 
any lipid lowering medication (ATC code C10) in the preceding 360 days. Patients needed 
to have sufficient medical history to be classified as initiators, and a follow-up period of 
at least 720 days. Patients with temporary absence from the database, for example due 
to being institutionalized, as identified by long-term gaps in all prescribed medication, 
were not included as initiators. Patients receiving treatment in daily packages or with a 
single prescription duration longer than 270 days or with missing prescription attributes 
were excluded, since adherence cannot be reliably calculated in such cases.

Treatment changes
Statins are expected to be prescribed sequentially, but prescription information in 
the medical records do not necessarily reflect actual drug taking. Therefore, before 
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treatment changes were assessed the prescriptions were pre-processed to correct for, 
amongst others, stockpiling, erroneous prescription durations due to modifications and 
artefacts caused by entry errors. This approach is described in more detail elsewhere [19].

The first and second change in treatment in up to two years after statin treatment 
initiation were determined. We differentiated between a treatment modification, 
being a dose adjustment, treatment switch or addition, and treatment discontinuation. 
Modifications in which the patient stayed on the same type of statin but changed dosing 
were classified as a ‘dose increase’ or ‘dose decrease’. Patients that started a different 
lipid-lowering drug, and had a treatment stop <90 days after or before initiation of the 
new lipid-lowering drug, were defined as switchers. To classify switchers (increase/
decrease/similar) all lipid-lowering drugs and dosings were classified into three dose 
categories [20,21]; low-dose, standard-dose and high-dose (Table 1). Patients with a 
‘switch increase’ switched to a lipid-lowering drug in a higher dose category, a ‘switch 
decrease’ was a switch to a lipid-lowering drug in a lower dose category, switching to 
a lipid-lowering drug in a similar dose category was defined as ‘switch similar’. When 
patients had a different lipid-lowering drug started without the initial lipid-lowering 
drug being stopped before or in the 90 days after initiation of the new lipid-lowering 
drug, the modification was defined as an ‘addition’. An overlap period of at least 90 days 
was used, which is the usual length of one prescription in the Netherlands. If patients 
had a period of 180 days in which they had no medication available this was defined as 
‘discontinuation’. 

Treatment turbulence during follow-up was expressed as the number of treatment 
modifications divided by number of prescriptions x 100%.

 
TABLE 1. Dose-classification of different types and dosings of lipid-lowering treatment

Lipid-lowering drug: Low-dose Standard-dose Intensive-dose

Fluvastatin All doses - -

Pravastatin ≤ 40 mg >40 mg -

Simvastatin ≤ 20 mg >20 mg -  ≤60 mg >60 mg

Atorvastatin ≤ 10 mg >10 mg -  ≤30 mg >30 mg

Rosuvastatin - ≤ 10 mg >10 mg

Lipid-lowering drugs other than statins were classified in the low-dose treatment group.
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Adherence measurement
Adherence was estimated over the two years of follow-up. It was calculated as Proportion 
of Days Covered (PDC), which expresses the proportion of days for which a patient has 
received medication in the study period [22]. Patients with a PDC ≥80% were classified as 
adherent, patients with a PDC < 80% as non-adherent [23].

LDL-cholesterol response
All LDL-cholesterol levels are based on the Friedewald equation [24]. At statin initiation 
(baseline) we determined whether LDL-cholesterol was at target (≤2.5 mmol/l). This 
was the most recent measurement in the 180 days before or at statin initiation. LDL-
cholesterol response was determined after two years of follow-up, that is, using the 
measurement closest to 720 days after statin initiation within a period 540 and 900 
days after initiation. Adequate treatment response was defined as either achieving the 
target LDL-cholesterol level of 2.5 mmol/l or a decrease of at least 40% from baseline 
LDL-cholesterol, which is the expected decrease for standard-dose treatment [20,21]. 

Data analyses
Descriptive statistics are presented for patients initiating on a low-dose and standard-
dose. Groups were compared on baseline characteristics using chi-square tests, 
independent sample t-tests or Wilcoxon rank-sum tests. First and second treatment 
changes were described for patients initiating on low-dose or standard-dose treatment. 
Differences between patients initiating on low-dose and standard-dose in (1) proportion 
of first treatment modifications and discontinuation, (2) treatment adherence and 
turbulence during two years of follow-up, and (3) LDL-cholesterol response after 
two years follow-up were tested using chi-square tests, Wilcoxon rank-sum tests, or 
independent sample t-tests. Kaplan-Meier curves were used to present the time till the 
first treatment modification, separate for treatment intensification, reduction, switch 
similar, and discontinuation. Significance of differences between patients initiating on a 
low-dose versus a standard-dose was determined using log-rank tests. 

 
RESULTS

In total 7,772 type 2 diabetes patients who initiated statin treatment between 2007 and 
2012 were included in the analyses. Of these 86% started on simvastatin treatment; 
69% started on simvastatin 40 mg which is the recommended dose in Dutch guidelines[3] 
(Figure 1). In total 1,776 patients initiated on a low dose compared to 5,842 that 
initiated on a standard dose. Patients that initiated on low-dose treatment were for 
example older (t-test; p-value <0.001), more often female (chi-square test; p-value 
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<0.001), had a longer diabetes duration (chi-square test; p-value <0.001), and better 
glucose regulation (t-test; p-value <0.001) compared to patients initiating on standard-
dose treatment. There was no difference in LDL-cholesterol at baseline (t-tests; p-value 
0.703), nor in the proportion of patients with a baseline LDL-cholesterol level at target 
(chi-square test; p-value 0.131) (Table 2). 

Initiation dose: dark grey =  intensive-dose; grey = standard-dose; light grey = low-dose

FIGURE 1. Flow chart of the patient selection and initiation dose of the patients

Exclusion criteria Base population 10,349

Follow-up <720 days 2,324

Patients using daily packages 174

Prescription duration >270 days 79

80 mg 

0 (0%)

80 mg 
4 

(0.1%)

80 mg 
15 

(0.2%)

40 mg 
7 

(0.1%)

40 mg 
109 

(1.4%)

40 mg 
5,333 

(68.6%)

40 mg 
103 

(1.3%)

20 mg 
24 

(0.3%)

20 mg 
50 

(0.6%)

20 mg 
1,194 

(15.4%)

20 mg 
187 

(2.4%)

10 mg 
173 

(2.2%)

10 mg 
19 

(0.2%)

Others 
0 

(0.0%)

10 mg 
169 

(2.2%)

Others 
6 

(0.1%)

10 mg 
216 

(2.8%)

Others 
2 

(0.0%)

5 mg 
147 

(1.9%)

Others 
2 

(0.0%)

Atorvastatin 

523 (6.7%)

Simvastatin 

6,706 (86.3%)

Pravastatin 

178 (2.3%)

Other drugs 

12 (0.2%)

Rosuvastatin 

353 (4.5%)

Initiation dose Included patients 7,772
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TABLE 2. Characteristics of the total baseline population and patients classified by 
treatment initiation dose
Variable Total population 

(n=7,772)
Standard-dose 
(n=5,842)

Low-dose 
(n=1,776) 

p-value

Age, mean (SD) 62.1 (11.7) 61.5 (11.7) 63.9 (11.5) <0.001

Male sex 50.2% 51.7% 45.3% <0.001

SBP, mmHg (SD) 144.5 (19.8) 144.5 (19.9) 144.6 (19.1) 0.969

N 6,337 4,734 1,490

% missing 18.5 19.0 16.1 0.006

DBP, mmHg (SD) 82.8 (10.6) 83.1 (10.6) 82.2 (10.6) 0.008

N 6,336 4,734 1,489

% missing 18.5 19.0 16.2 0.007

Diabetes duration:

≤2 years (n) 65.7% (5,008) 68.8% (4,020) 55.6% (988) <0.001

2-10 years (n) 26.8% (2,039) 24.5% (1,434) 34.1% (605)

>10 years (n) 7.5% (571) 6.6% (388) 10.3% (183)

Fasting glucose, mmol/l (SD) 8.3 (2.9) 8.4 (3.1) 8.0 (2.5) <0.001

N 5,601 4,258 1,261

% missing 27.9 27.1 29.0 0.120

HbA1c % (SD) 7.3 (1.6) 7.4 (1.7) 7.1 (1.3) <0.001

N 6,288 4,728 1,459

% missing 19.1 19.1 17.8 0.249

LDL cholesterol, mmol/l (SD) 3.8 (0.9) 3.8 (1.0) 3.8 (0.9) 0.703

N 5,202 3,904 1,236

% missing 33.1 33.2 30.4 0.029

> target (n) 91.5%  (4,760) 91.4% (3,570) 92.8% (1,147) 0.131

<= target (n) 8.5%    (442) 8.6%    (334) 7.2%   (89)

HDL cholesterol, mmol/l (SD) 1.19 (0.33) 1.18 (0.33) 1.22 (0.33) 0.002

N 5,298 3,995 1,237

% missing 31.8 31.6 30.3 0.313

Triglycerides, mmol/l (IQR) 1.9 (1.4-2.7) 2.0 (1.4-2.8) 1.9 (1.3-2.6) <0.001

N 5,332 4,013 1,251

% missing 31.4 31.3 29.6 0.171

Total cholesterol, mmol/l (SD) 5.9 (1.2) 5.9 (1.2) 5.9 (1.1) 0.183

N 5,186 3,921 1,199

% missing 33.3 32.9 32.5 0.757

Body mass index (SD) 30.6 (5.7) 30.6 (5.7) 30.6 (5.5) 0.805

N 3,786 2,877 849

% missing 51.3 50.8 52.2 0.287

Comorbidity:

Macrovascular complications (n) 11.7%  (911) 10.9% (634) 12.3% (219) 0.084

Microvascular complications (n) 3.6%   (279) 3.3% (195) 4.3% (76) 0.061

DBP: diastolic blood pressure; IQR: inter quartile range; SBP: systolic blood pressure; SD: standard deviation.
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Treatment changes
The first two treatment changes during follow-up for patients initiating on low-dose 
and standard-dose treatment are shown in Figure 2. More than half of the patients 
that initiated on a low-dose either did not have any treatment change during follow-
up (n=865, 48.7%) or did not receive a dose increase (n=110, switch similar without 
dose increase; n=11, dose decrease without dose increase). Almost 15% received a 
dose increase, including around 9.0% without further change (n=160) and 2.3% with 
a subsequent switch or second dose increase (n=40). Furthermore, more than 22% 
discontinued treatment either without a restart (n=330, 18.6%) or after a switch to a 
similar low-dose statin (n=36, 2.0%) or a dose increase (n=35, 2.0%). Patients restarting 
treatment after discontinuation (n=176, 9.9%) mostly restarted with a similar low-dose 
statin (n=139).

Of the patients that initiated on a standard dose, the majority did not have a treatment 
change (n=3,236, 55.4%) or switched to a similar dose statin without subsequent change 
(n=186, 3.2%). More than 8% received a dose decrease without subsequent dose increase 
(n=499, 8.5%). Less than 3% received a dose increase, either as first change without 
subsequent decrease or discontinuation (n=129, 2.2%) or after a switch to a similar 
statin (n=30, 0.5%). Furthermore, almost 19% discontinued treatment either without 
a restart (n=903, 15.5%) or after a dose decrease (n=127, 2.2%) or switch similar or 
dose increase (n=74, 1.3%). Patients restarting treatment after discontinuation (n=606, 
10.4%) mostly received a similar standard-dose statin (n=469) or a low-dose statin 
(n=118).    

The percentage of patients that did not have any treatment change during follow-up was 
lower in the patients initiating on low-dose compared to standard-dose (48.7% versus 
55.4%, chi-square test p-value <0.001). Patients initiating on low-dose were more likely 
to discontinue treatment (28.5% versus 25.8%, chi-square test p-value 0.026), and to 
receive a treatment intensification (14.6% versus 2.9%, chi-square test p-value <0.001) 
or a switch to a similar dose category (7.3% versus 5.6%, chi-square test p-value 0.009) 
as first treatment change. As could be expected, a reduction was more common in 
patients on standard-dose (10.2% versus 0.8%, chi-square test p-value <0.001). Also, 
the time to first treatment reduction was shorter for patients starting on standard-
dose treatment, whereas the time to treatment intensification was shorter for patients 
initiating on low-dose (Figure 3a/b). The time to the first switch or to discontinuation 
were significantly shorter in the low-dose group (Figure 3c/d). In both groups, most 
switches and discontinuations occurred within the first 180 days after treatment 
initiation. Furthermore, there was significantly more treatment turbulence for patients 
initiating on low-dose during follow-up, which was mainly caused by the difference in 
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the amount of patients with no treatment change (67.3% for low-dose versus 70.8% for 
standard-dose) (chi-square test p-value 0.004).

FIGURE 2. First and second treatment changes for patients initiating on low-dose and 
standard-dose statin treatment

Second changeFirst changeStart

No change* 55.4% (3,236)

Treatment start (5,842) 
with standard-dose statin 

Treatment start (1,776) 
with low-dose statin 

No change 48.7% (865)

No change 46.7% (7)
Decrease 0.0% (0)
Increase 26.7% (4)
Switch similar 13.3% (2)
Discontinuation 13.3% (2)

No change 61.5% (160)
Decrease 9.6% (25)
Increase 10.0% (26)
Switch similar 5.4% (14)
Discontinuation 13.5% (35)

No change 45.4% (59)
Decrease 0.8% (1)
Increase 15.4% (20)
Switch similar 10.8% (14)
Discontinuation 27.7% (36)

No restart 65.2% (330)
Restart with:
Decrease 0% (0)
Increase 7.3% (37)
Switch similar 27.5% (139)
Same statin 0% (0)

Decrease 0.8% (15)

Dose decrease 0.8% (15)

Switch decrease not possible

Increase 14.6% (260)

Dose increase 9.4% (167)

Switch increase 4.7% (84)

Addition 0.5% (9)

Switch similar 7.3% (130)

Discontinuation 28.5% (506)

No change 62.9% (107)
Decrease 14.1% (24)
Increase 5.3% (9)
Switch similar 7.6% (13)
Discontinuation 10.0% (17)

No change 56.5% (186)
Decrease 11.6% (38)
Increase 9.1% (30)
Switch similar 5.5% (18)
Discontinuation 17.3% (57)

No restart 59,8% (903)
Restart with:
Decrease 7.8% (118)
Increase 1.3% (19)
Switch similar 31.1% (469)
Same statin 0% (0)

No change 53.7% (321)
Decrease 1.2% (7)
Increase 16.6% (99)
Switch similar 7.4% (44)
Discontinuation 21.2% (127)

Decrease* 10.2% (598)

Dose decrease 3.5% (205)

Switch decrease 6.7% (393)

Increase* 2.9% (170)

Dose increase 1.0% (56)

Switch increase 1.3% (77)

Addition 0.6% (37)

Switch similar* 5.6% (329)

Discontinuation* 25.8% (1,509)
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                                                       low-dose                      standard-dose

FIGURE 3. Days till first treatment modification or discontinuation according to the 
treatment initiation dose. Part a. shows results when the first modification is an 
intensification; Part b. when the first modification is a reduction; Part c. when the first 
modification is a switch to a similar dose; Part d. shows the time till discontinuation. 

Adherence and LDL-cholesterol achievement
The adherence rate during follow-up was slightly lower in the low-dose group (PDC: 
median 83%; IQR 46-96) compared to the standard-dose group (PDC: median 86%; IQR 
52-97) (Wilcoxon-test; p-value <0.001) (Figure 4). More than 80% of adherent patients 
without a change in treatment had an adequate LDL-cholesterol response, whereas this 
was just over 70% for adherent patients with a treatment change (Table 3). For patients 
without treatment change, regardless of the adherence level, the LDL-cholesterol 
response was significantly better for the standard-dose group in comparison to low-dose 
group (Table 3). For adherent patients with a treatment change, the LDL-cholesterol 
was similar for both groups. The poorest response was seen for non-adherent patients 
with at least one treatment change during follow-up, with only 40% of patients initiating 
on low-dose and 52% initiating on standard-dose treatment having an adequate LDL-
cholesterol response (Table 3). Of the patients with a discontinuation as first treatment 
change, almost half had an adequate LDL-cholesterol response after 2 years (44.0% for 
low-dose and 49.8% for standard-dose). 
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Overall, of the 502 patients initiating on low-dose treatment without an adequate 
LDL-cholesterol response after 2 years, 209 (42%) had a discontinuation and 128 
(26%) showed poor adherence rates, whereas 108 (21%) had remained on a low dose 
while showing an adequate adherence rate and 57 (11%) had a change in treatment 
with adequate adherence (Table 3). In comparison, of the 1179 patients initiating on 
standard-dose treatment without an adequate LDL-cholesterol response, 543 (46%) had 
a discontinuation, 284 (24%) showed poor adherence rates, 217 (18%) had remained 
on the same dose and 135 (11%) had a change in treatment with adequate adherence.

TABLE 3. LDL-cholesterol level and response 2 years after treatment initiation for 
adherent and non-adherent patients starting on low-dose or standard-dose treatment, 
and categorized by receiving no treatment change, treatment change or discontinuation

Adherent Non-adherent

Low-dose Standard-dose Low-dose Standard-dose 

No change:

LDL-c missing (n) 23.5% (167) 21.8% (579) 28.1% (43) 24.2% (139)

Mean LDL-c [SD] (n) 2.3 [0.7] (545) 2.1 [0.7] (2,082) 2.7 [0.9] (110) 2.4 [0.9] (436)

LDL-c response + (n) 80.2%* (437) 89.6% (1,865) 63.6%* (70) 77.3% (337)

LDL-c response – (n) 19.8%   (108)   10.4%   (217) 36.4%   (40) 22.7%   (99)

Change:

LDL-c missing (n) 13.1% (30) 17.7% (110) 16.5% (29) 19.3% (92)

Mean LDL-c [SD] (n) 2.6 [0.9] (199) 2.4 [0.9] (511) 3.3 [1.1] (147) 3.1 [1.1] (384)

LDL-c response + (n) 71.4% (142) 73.6% (376) 40.1%* (59) 51.8% (199)

LDL-c response – (n) 28.6%   (57) 26.4% (135) 59.9%   (88) 48.2% (185)

Discontinuation:

LDL-c missing (n) - - 26.3% (133) 28.4% (428)

Mean LDL-c [SD] (n) - - 3.2 [1.0] (373) 3.1 [1.0] (1,081)

LDL-c response + (n) - - 44.0% (164) 49.8% (538)

LDL-c response – (n) - - 56.0% (209) 50.2% (543)

*significant difference between low-dose and standard-dose treatment. 
LDL-c: Low-density lipoprotein cholesterol; SD: standard deviation
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FIGURE 4. Overall adherence calculated as proportion of days covered over the first two 
years of treatment, for patients initiating on low-dose and standard-dose

DISCUSSION

Around 22% of type 2 diabetes patients initiated statin treatment 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,  more than half remained on the same treatment during this period, 
whereas 8% received a dose decrease without subsequent increase. More than 25% of 
patients starting on low-dose or on standard-dose treatment discontinued treatment, 
often within the first 180 days after initiation or after a first treatment change. On the 
other hand, 35-40% of them restarted treatment within 720 days, often with a similar 
dose statin. Patients that initiated on low-dose were older and more often female than 
patients initiating on standard-dose treatment. There was no difference in baseline 
LDL-cholesterol level. Patients that initiated on low-dose showed a higher treatment 
turbulence and received treatment changes earlier 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 follow-up. Discontinuation or poor adherence accounted for 68-70% 
of inadequate response, whereas no treatment change in adherent patients accounted 
for 18-21% of inadequate LDL-cholesterol response after 2 years follow-up.  

Previous studies showed that more than half of the patients started statin treatment on 
a low dose [25,26]. In our population of diabetes patients this proportion was considerably 
lower but still substantial with 22%. Having only a moderately increased LDL-cholesterol 
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level could be a reason to start on a low-dose. However, we observed no difference in 
baseline LDL-cholesterol between patients initiating on low-dose and standard-dose 
statin treatment. With an average baseline LDL-cholesterol level of 3.8 mmol/l, it can be 
expected that many of the patients will not reach the LDL-cholesterol target of 2.5 mmol/l 
on low-dose treatment [20,21]. After initiation on a low-dose upward titration should be 
the next step but this occurred in less than 15% of such patients. Others also reported 
that treatment intensification was uncommon in clinical practice [26,27]. The strategy to 
start with low-dose statin treatment and titrate treatment till the LDL-cholesterol target 
has been reached might be suboptimal. This strategy can delay effective treatment 
with 18 months or more [28]. Whereas a previous study found that treatment changes 
and discontinuation were not influenced by the initial statin potency [26], we found that 
initiating on a low dose was associated with higher treatment turbulence, including 
more and earlier treatment changes. Such increased treatment turbulence needed for 
dose titration could contribute to poorer patient adherence [29,30]. This is in accordance 
with the higher discontinuation and lower adherence rates we observed for patients 
starting on a low dose. Future studies using longitudinal modelling are needed to get 
better insight in the relationship between dosing, treatment turbulence and adherence, 
as well as interpersonal variation in treatment response. 

Fear for adverse events could be another reason to initiate on low-dose statin. Muscle 
toxicity and effects on liver enzymes are well-acknowledged adverse events associated 
with statin treatment [31,32,33]. With higher doses there is an increased risk for statin-
induced adverse events [31,32,33]. Patients initiating on a low dose in our study were older 
and more often female. Especially in patients vulnerable for adverse events, such as the 
elderly, physicians might be inclined to start on a low dose statin. However, patients 
up to the age of 80 years have been included in clinical trials, showing a safety profile 
that was generally similar to that of younger adults [31,34,35]. Experiencing adverse events 
during treatment can be a reason to become non-adherent or discontinue treatment 
[36]. We did not have information about adverse events but observed a lower adherence 
rate and higher discontinuation rate in patients that initiated on low-dose as compared 
to standard-dose treatment. This suggests that starting on a low dose did not prevent 
patients becoming non-adherent.

Treatment dosing and adherence affect the likelihood of reaching lipid targets [4,6,7]. This 
was also seen in our study. In addition, we observed that LDL-cholesterol response was 
worse for patients with treatment changes than for patients without treatment changes, 
regardless of the initial dose or adherence level. Treatment changes are more likely 
in patients that have not yet reached the LDL-cholesterol target level [26], but can also 
be made to reduce adverse events. Our study shows that such changes, especially in 
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patients who were non-adherent, did not lead to adequate LDL-cholesterol response in 
around half of the patients after 2-year follow-up. 

Initiation on low-dose statin is a problem that is common in clinical practice [25,26] but 
little was known about the subsequent treatment modifications and outcomes. Our 
study is one of the first providing insight in differences in treatment patterns and LDL-
cholesterol response during 2 years of follow-up between patients that initiated on 
low-dose and standard-dose statin treatment. We had detailed information about statin 
dosing and subsequent changes in treatment, enabling to describe various trajectories 
such as discontinuations after treatment changes and restart of treatment after 
discontinuation. 

Our descriptive approach is a limitation, since we cannot draw conclusions about possible 
causal relationships. We defined LDL-cholesterol response as adequate when the LDL-
cholesterol target was reached or when a reduction in LDL-cholesterol of 40% was 
achieved, thereby allowing for patients with very high baseline LDL-cholesterol levels 
to have a response considered to be adequate. Around 23% of the patients, however, 
did not have an LDL-cholesterol measurement with no difference for patients starting 
on low-dose or standard-dose. For adherence measurement, we used the PDC which is 
known to overestimate actual adherence [37]. Finally, we did not have information about 
actual adverse event rates in our study population.

In conclusion, our study illustrates that current patterns of statin treatment in patients 
with type 2 diabetes are suboptimal, with discontinuations followed by inadequate 
adherence levels and lack of treatment intensification seen in those who do not have 
adequate LDL-cholesterol response.  Adherence levels are lower and discontinuation 
rates are higher in patients starting on low-dose as compared to standard-dose 
treatment, and when restarting patients often do so on similar low-dose statins. These 
findings call for a closer look at the rationale of initiating patients with type 2 diabetes 
on low-dose statins. 
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ABSTRACT 

Objective: To be effective, adherence to statin treatment is essential. We assessed 
the effect of an apparent first cardiovascular event on statin adherence rates in type 
2 diabetes patients.

Methods: A matched cohort study was conducted among type 2 diabetes patients 
initiating statin treatment for primary prevention in the Groningen University 
IADB.nl pharmacy database. Patients who had a drug-treated cardiovascular event 
(index date) after statin initiation were matched to a reference patient without 
such an event with similar gender, age at statin initiation, initiation date, follow-up 
period and adherence level before the event. Adherence rates were measured as 
Proportion of Days Covered (PDC), and shifts in adherence levels (non-adherent/
partial-adherent/full-adherent) and rates around the event were evaluated.

Results: We could match 375 of the 855 eligible index patients to a reference 
patient. Index patients had on average a PDC of 81% after the index date; reference 
patients had a PDC of 71% (P<0.001) while both had a PDC of 79% before the index 
date. Index patients were 4.5 times more likely than reference patients to shift from 
non-adherent to full-adherent [95%CI 1.1-18.8] and 1.8 times more likely to shift 
from partial-adherent to full-adherent [95%CI 1.2-2.6]. In the index group, 26% 
of patients became more adherent after the first cardiovascular event. In contrast, 
20% of patients became less adherent. 

Limitations: Medication proxies were used, which could have caused 
misclassification. Furthermore, a substantial group of index patients could not be 
matched to a reference patient due to small ranges in matching criteria.

Conclusions: The occurrence of a drug-treated cardiovascular event appeared to 
avert the declining statin adherence rate observed in diabetes patients without 
such an event. On the other hand, one in five patients became less adherent after 
the event, indicating that there are still important benefits to achieve.
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INTRODUCTION

Cardiovascular disease is one of the most common causes of death [1]. Diabetes patients 
are at increased risk for developing cardiovascular disease [2]. The use of statins is 
associated with a reduction in the risk of cardiovascular events in diabetes patients 
with and without previous cardiovascular events [3,4]. To be effective, however, patients 
need to adhere to the advised dose regimens. The high adherence rates as accomplished 
in a clinical trial setting may in practice be much lower which reduces the health and 
economic impact of such preventive medication [5]. Having a cardiovascular history or 
a high risk for cardiovascular complications is associated with higher adherence rates 
than having no cardiovascular history or a low risk for cardiovascular complications [6-9].

Despite this difference between statin adherence rates in primary and secondary 
prevention, not much is known about adherence patterns of patients who experience 
a first cardiovascular event while using statins. This occurrence is becoming more 
common since the population for primary prevention has been extended in most 
Western countries, but treatment cannot prevent cardiovascular events in all patients 
[10,11]. Poluzzi et al. [12] reported in a sub-analysis of a cohort study that 53% of the 
patients on statin treatment used more statins after they experienced a cardiovascular 
event, whereas 26% used the same and 21% used less than before the event. The finding 
that more patients increased their use might be expected as secondary prevention is 
associated with higher adherence rates. However, other investigators reported that 
the occurrence of a cardiovascular event during statin treatment was associated with 
lower adherence rates [8,9]. The perception that the drug had been ineffective was 
mentioned as a possible explanation. These three studies did not distinguish between 
a first or subsequent cardiovascular event, which might explain the disparate findings. 
None of the studies elucidate the effect of a first event on the adherence rate in primary 
prevention patients. 

We designed a matched cohort study to assess the causal effects of the occurrence of 
a first drug-treated cardiovascular event on statin adherence rates in type 2 diabetes 
patients. This design was chosen to reduce the potential for confounding in cohort 
studies.
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METHODS

Study design
An index-reference matched cohort study was conducted among type 2 diabetes patients 
initiating statin treatment for primary prevention (Figure 1). Based on their medication, 
patients in the index group were identified as having experienced a cardiovascular event 
after initiating statin treatment, whereas the reference group consisted of patients who 
did not experience such an event after initiating statin treatment. Matching was done on 
potential confounders for the association between cardiovascular event and adherence 
rates (see Study population).

Type 2 diabetes patients initiating statin treatment for a primary objective in both index and 
reference groups. Index group patients experience a cardiovascular event at T1, time between T0 
and T1 should be at least one year, and follow up after T1 at least 180 days. Patients in the reference 
group are followed as long as their matched index patient, reference patients will not experience a 
cardiovascular event during follow up.

FIGURE. 1 Study design. 
 

Setting
This cohort study was performed with the University of Groningen IADB.nl pharmacy 
prescription database which contains prescription data from 1994 until 2011 and 
covers an estimated population of 500,000 persons in the Netherlands. Age, gender, and 
prescription rates among the database population have found to be representative for the 
Netherlands as a whole, and the database is widely researched [13-15]. Each prescription 
record contains information on the date of dispensing, the quantity dispensed, the dose 
regimen, the number of days the prescription is valid, the prescribing physician, and 
the Anatomical Therapeutic Chemical code (ATC code) [16]. Each patient has a unique 
anonymous identifier; date of birth and gender are known. Due to the high patient-
pharmacy commitment in the Netherlands, the medication records of each patient are 
virtually complete, except for over the counter (OTC) drugs and medication dispensed 
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during hospitalization [17]. Data between January 2001 and December 2011 were used 
for the analyses. 

According to the Code of Conduct for Health Research (Dutch FMWV Code approved by 
Dutch Data Protection Authority in 2004), no ethics committee approval is needed for 
research using anonymous medical records that do not lead to questions from the point 
of view of privacy.

Study population 
Individuals initiating statin treatment (ATC codes C10AA, C10BA, C10BX) between 2001 
and 2011 were selected from the IADB.nl database. Patients were only included in the 
study when they were present in the database for at least one year before initiation of 
statin treatment. Type 2 diabetes patients were selected by the use of two prescriptions 
of non-insulin blood-glucose lowering drugs (A10B) [18] within the time-interval of 180 
days before and 180 days after statin initiation. Patients on monotherapy of insulin were 
not included, as they are mainly type 1 diabetes patients. This implies that around 6% 
of type 2 diabetes patients that are exclusively treated with insulin were excluded from 
the study [19]. Identification of primary prevention diabetes patients was done by the use 
of cardiovascular and cerebrovascular medication proxies (Appendix II: Identification 
of primary and secondary prevention patients with type 2 diabetes in a prescription 
database) [18]. Diabetes patients who had received at least two prescriptions for 
vitamin K antagonists (B01AA) or thrombocyte aggregation inhibitors (B01AC) within 
the interval of 180 days before and 180 days after statin initiation were excluded, as 
they were considered to be secondary prevention patients. The occurrence of a first 
cardiovascular event (T1) at the index date was defined by start of medication with 
a high specificity and sensitivity for indicating such events, i.e. a treatment start for 
thrombocyte aggregation inhibitors (≥2 prescriptions for B01AC within one year, see 
Appendix II). Reference patients did not start thrombocyte aggregation inhibitors but 
were allowed to use other cardiovascular medication. For calculating adherence rates, 
complete medication follow-up after the index date (T1) needed to last for at least 180 
days. To enable a reliable calculation of adherence rate before the event, patients that 
shifted to secondary prevention within one year after statin initiation were excluded.

All index patients who started thrombocyte aggregation treatment were preliminary 
matched with potential reference patients on age at statin initiation (+/-1 year of age), 
gender, date of statin initiation (between -180 and +180 days), and follow-up period. 
By requiring a medication follow-up period for reference patients at least as long as 
their matched index patient we prevented so-called immortal time bias [20]. Next, the 
adherence level (see further) was measured until the occurrence of the cardiovascular 
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event for index patients and in case of the reference patients for the same follow-up 
period as the matched index patient (see also Figure 1). Subsequently, all index patients 
were matched on all four criteria to one reference patient for the analysis. 

Adherence
All statin prescriptions (ATC codes C10AA, C10BA, C10BX) were identified. The expected  
duration of the prescription was estimated using the number of tablets dispensed and 
the prescribed number of tablets used per day. Patients were allowed to switch to 
another statin or another dosage. Adherence rates were measured as the Proportion 
of Days Covered (PDC) which is calculated as the number of days the patient has drugs 
available divided by the number of days within the specific time period multiplied by 
100 [21]. Patients were classified into three groups: non-adherent (level 1: <20% PDC), 
partial-adherent (level 2: 20%-80% PDC), or full-adherent (level 3: >80%  PDC) [5].

Adherence rates were calculated for two periods: (1) from initiation of statin treatment 
until the occurrence of a cardiovascular event for index patients (T0-T1), and in case of 
the reference patients for the same follow-up period as their matched index patient; (2) 
from the time of the occurrence of a cardiovascular event until the end of follow-up for 
index patients which is the last date the patient was active within the IADB.nl database. 
Again we assessed the adherence rates for reference patients over the same follow-up 
period as their matched index patient. 

Data analysis
Descriptive statistics were used to compare matched with unmatched index patients, 
and index with reference patients regarding baseline characteristics and duration of 
follow-up. Furthermore, index and reference patients were compared regarding their 
use of RAS inhibitors (C09), beta-blockers (C07A), calcium antagonists (C08) and 
nitrates (C01DA) within the interval of 90 days before and 90 days after the start of 
statin treatment (T0) and from the occurrence of the first cardiovascular event (T1) 
until 180 days after T1 using Chi-square tests.

Adherence rates before and after the first cardiovascular event (T1) for reference and 
index patients were compared using Wilcoxon signed rank tests. The mean adherence 
rate of the index patients after the occurrence of a first cardiovascular event (T1) was 
compared with that of the reference patients for the same follow-up period as their 
matched index patient by the use of Mann-Whitney U Tests. In addition, relative risks 
(RR) with 95% confidence interval (95% CI) of shifting to another adherence level after 
the event/index date (T1) were compared between the index and the reference group. 
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The amount of patients that shifted to a higher or lower adherence rate or stayed within 
the same adherence range were calculated. A shift was defined as having an absolute 
difference of more than 10% PDC before and after the index date. The statistical 
significance of shifts were compared between index and reference patients by the use 
of Chi-square tests. 

Sensitivity analysis
The adherence rate before the event could have been underestimated when patients are 
hospitalized for a period of several weeks. In such cases, our proxy for a drug-treated 
event would lead to a misclassification regarding the date, where the actual event would 
have occurred earlier in time leading to unreliable adherence rate calculations before 
the event. Therefore, we performed a sensitivity analysis excluding patients that may 
have been hospitalized for a long period. Index patients and their matched reference 
patients that had no prescription in the period of 90 to 30 days before the event date 
were excluded,  as an indicator for patients not active in the database due to a long 
period of hospitalization.

 
RESULTS

Study Population
We identified 855 index patients of whom 375 could be matched to one of the 5,829 
reference patients. Patient characteristics of the matched and unmatched index patients 
and the reference patients are listed in Table 1. There were no substantial differences 
between the matched index patients and the unmatched index patients concerning age 
and gender distribution at baseline. Matched index patients were on average 62 years of 
age when initiating statin treatment and 49% was male. Within the reference group  the 
use of calcium antagonists (Chi-square test, p-value 0.01) and nitrates (Chi-square test, 
p-value 0.01) around initiation of statin treatment was slightly lower compared to the 
matched index group. As expected, cardiovascular co-medication use was significantly 
higher in the index group than in the reference group after the occurrence of the first 
apparent cardiovascular event.

Adherence rates
The mean PDC before the index date T1 was 79% for both the index group and the 
reference group (Mann-Whitney U Test, p-value 0.92, see Table 1). After the occurrence 
of an apparent event (T1), the mean PDC for the index group changed to 81% (Wilcoxon 
signed ranks test, p-value 0.032)  a decrease to 71% (Wilcoxon signed ranks test, p-value 
<0.001) was reported in the reference group, see Table 2. There was a significant 



CHAPTER 6

130

difference between reference and index patients after T1 (Mann-Whitney U Test, p-value 
<0.001). 

Adherence shifts
Shifts in adherence levels before and after the index date T1 with the relative risks and 
95% CI are shown in Table 3. Index patients were more likely to become full-adherent 
after the occurrence of a cardiovascular event (T1) compared to their reference patients. 
The relative risk to shift from being non-adherent (level 1) to full-adherent (level 3) was 
4.5 (95% CI 1.1-18.8), and from partial-adherent (level 2) to full-adherent (level 3) was 
1.8 (95% CI 1.2-2.6) for the index group. Reference patients were more likely to become 
non-adherent (level 1) after the index date (T1). The relative risk of remaining non-
adherent (level 1) was 0.4 (95% CI 0.2-0.9), and the shift from partial-adherent (level 2) 
to non-adherent (level 1) was 0.5 (95% CI 0.3-0.8) for the index group. 

When analyzing the absolute PDC adherence rates, 53% (n=200) of the index patients 
and 54% (n=203) of the reference patients had a similar adherence rate, i.e. 10% or less 
PDC difference, before and after the index date. Index patients shifted more often to a 
higher PDC adherence rate (26%, n=97), whereas reference patients shifted more often 
to a lower adherence rate (30%, n=111) (chi-square tests; p-value <0.05). 

Since the partial-adherence level has a wide range in PDC (20-80%), we explored 
whether the distributions within this partial-adherence group differed between the 
index and reference group before the index date (T1), which showed no significant 
difference (Mann Whitney U test, p-value 0.89). 

Sensitivity analysis
Of the index patients, 34 did not have a prescription in the period 90 to 30 days before 
the event date. After exclusion of these patients and their matched reference patients, 
the mean PDC was 80% before the event and 81% after the event for the index patients. 
For reference patients, the PDC was 79% before the event and 72% after the event. Index 
patients were more likely to shift from non-adherent to full-adherent (RR 1.4; 95% CI 
1.0-2.0) and to shift from partial-adherent to full-adherent (RR 1.4; 95% CI 1.1-1.8). 
Reference patients were more likely to stay non-adherent (RR 0.5; 95% CI 0.3-1.0) and 
to shift from partial-adherent to non-adherent (RR 0.8; 95% CI 0.6-1.0). 20% of the 
patients decreased their use after the event. 
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TABLE 1. Baseline characteristics of the index and reference patients

Total index 
group (n=855)

Unmatched 
index (n=480)

Matched 
index (n=375)

Reference 
(n=375)

Male (%) 51% 53% 49% 49%

Age (mean, SD), years 63 (11.0) 63.6 (11.2) 62 (10.7) 62 (10.7)

Follow-up, years 6.7 (2.1) 7.3 (1.7) 5.8 (2.1) 5.8 (2.1)

Time until T1, years 3.4 (1.9) 3.6 (2.0) 3.0 (1.8)

Time after T1, years 3.3 (2.1) 3.7 (2.2) 2.8 (1.8)

Year of initiation, n

2001-2005 629 413 216 225

2006-2010 226 67 159 150

Adherence level before index date

1: Non-adherent (≤20%), % 
(n, mean percentage of days 
covered)

11%  
(93, 7.1%)

14%  
(68, 7.8%)

7%  
(25, 5.2%)

7%  
(25, 8.3%)

2: Partial-adherent (20-80%), 
% (n, mean percentage of days 
covered)

25%  
(213, 53%)

25%  
(120, 54%)

25%  
(93, 52%)

25%  
(93,52%)

3: Full-adherent (≥80%), %  
(n, mean percentage of days 
covered)

64%  
(549, 96%)

61%  
(292, 96%)

69%  
(257, 96%)

69%  
(257, 95%)

Mean percentage of days 
covered,  (IQR)

75.5% 
(60.3%-99.1%)

72.8% 
(51.8%-98.9%)

79.0%  
(68.2%-99.3%)

79.0%  
(67.5%-99.2%)

Co-medication at initiation:#

RAS inhibitors (C09) 45% (386) 45% (217) 45% (169) 42% (156)

Beta blockers (C07A) 23% (200) 23% (108) 25% (92) 21% (79)

Calcium antagonists (C08) 15% (125) 13% (62) 17% (63) 10% (39)*

Nitrates (C01DA) 2% (21) 2% (8) 3% (13) 1% (3)*

Co-medication at T1:≠

RAS inhibitors (C09) 68% (581) 67% (322) 69% (259) 57% (212)*

Beta blockers (C07A) 57% (484) 56% (267) 58% (217) 26% (98)*

Calcium antagonists (C08) 27% (231) 27% (128) 27% (103) 15% (56)*

Nitrates (C01DA) 18% (158) 19% (91) 18% (67) 1% (2)*

IQR = inter quartile range
#at least one prescription between 90 days before and 90 days after statin initiation 
≠ at least one prescription between T1 and 180 days after T1

*p-value<0.05; comparing matched index patients with reference patients
T1: the occurrence of the first cardiovascular event of the index patients
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TABLE 2. Adherence level after the index date for index and reference patients
Adherence level after 
event/index date:

Total index group 
(n=855)

Unmatched index 
(n=480)

Matched index 
(n=375)

Reference 
(n=375)

1: Non-adherent

(≤20%) %,  
(n, mean PDC)

11%  
(96, 3.7%)

12%  
(58, 2.7%)

10%  
(38, 5%)

18%  
(66, 2.6%)

2: Partial-adherent

(20-80%) %,  
(n, mean PDC)

17%  
(144, 57%)

16%  
(77, 58%)

18%  
(67, 56%)

19%  
(72, 53%)

3: Full-adherent

(≥80%) %,  
(n, mean PDC)

72%  
(615, 97%)

72%  
(345, 97%)

72%  
(270, 98%)

63%  
(237, 96%)

Mean PDC, (IQR) 80%  
(75.2%-100%)

79%  
(75.3%-100%)

81%  
(72.0%-100%)

71%  
(49%-100%)

IQR: inter quartile range; PDC: proportion of days covered.

 
TABLE 3. The relative risk (RR) and 95% confidence interval (CI) to shift from one 
adherence level to another
Level before T1 Level after T1 Index (n) Reference (n) RR CI (95%)

Non-adherent  Non-adherent 7 16 0.44 0.22-0.88

Non-adherent  Partial-adherent 9 7 1.29 0.57-2.90

Non-adherent  Full-adherent 9 2 4.50 1.08-18.77

Partial-adherent Non-adherent 21 39 0.54 0.34-0.84

Partial-adherent Partial-adherent 24 27 0.89 0.56-1.42

Partial-adherent Full-adherent 48 27 1.78 1.22-2.58

Full-adherent Non-adherent 10 11 0.91 0.44-2.27

Full-adherent Partial-adherent 34 38 0.89 0.58-1.37

Full-adherent Full-adherent 213 208 1.01 0.94-1.09

T1: the occurrence of the first cardiovascular event of the index patients
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DISCUSSION

This matched cohort study showed that mean statin treatment adherence rate of type 
2 diabetes patients before and after a drug-treated cardiovascular event had a small 
increase in adherence, while among reference patients statin treatment adherence rates 
declined. Index patients had an average adherence rate of 81% after the occurrence of an 
apparent cardiovascular event (T1), whereas reference patients had a mean adherence 
rate of 71% when considering the same follow-up period, while both had mean 
adherence rates of 79% before the index date (T1). Index patients were more likely to 
shift from being non-adherent or partial-adherent to full-adherent, whereas reference 
patients were more likely to stay non-adherent or to shift from being partial-adherent to 
non-adherent. Still, 20% of the index patients became less adherent after the occurrence 
of a first event.  

Our results show that a drug-treated cardiovascular event averts the decline in adherence 
rates for statins seen in patients without such an event. The finding that there were more 
patients that increased than decreased in their adherence to treatment after an event 
was in line with previous results from Poluzzi et al. [12]. This previous study did not focus 
on diabetic patients and reported that most patients increased statin adherence after 
the occurrence of a cardiovascular event, whereas in our study most patients did not 
change their adherence. This difference could be the result of including also very small 
changes in the adherence calculation before and after the event as a decrease or increase 
in adherence in the previous study, whereas our criteria of change were based on an 
absolute change in PDC of more than 10%. Other investigators [8,9] did not adjust for 
adherence rates before the event which could lead to confounding by indication. Also, 
previous studies did not distinguish between first or subsequent cardiovascular events 
and included both patients in primary and secondary prevention. Thus, it may be that 
adherence to statin treatment does not decrease after a first event -as shown in our 
study- but may decrease after subsequent cardiovascular events. 

The percentage of patients becoming less adherent after an event in our study was 
around 20%, similar as found in a previous study [12]. This amount of patients is lower 
than compared to patients who did not experience an event but is still a matter of concern. 
Especially our finding that 10% of patients had an adherence rate of less than 20% PDC 
after an event is worrying. This suggests that patients might discontinue treatment after 
a cardiovascular event, which has shown to increase mortality rates [22]. To address this 
problem better in clinical practice, the underlying reasons for this phenomenon need 
to be studied. Furthermore, it is important to look whether similar patterns of non-
adherence are seen for other medications. What becomes clear from our study, is that we 
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should tailor the approach to managing individual patients after a cardiovascular event. 
We cannot assume that all patients will be motivated to keep using their statin treatment 
after such an event, importantly these patients are at increased risk [23]. 

A strength of our study is that we analysed the effect of the transition from primary 
to secondary prevention on statin treatment adherence. This transition is important 
because of the difference between adherence rates in primary and secondary prevention 
patients. We adjusted for possible bias and confounding by indication, and corrected for 
immortal time bias by requiring a follow-up period for reference patients to be as long 
as their matched index patient [20]. Furthermore, adherence rates in our study were not 
affected by increased medication costs for patients after a cardiovascular event, since 
drug costs are fully reimbursed in the Netherlands, as is not the case in many other 
healthcare systems where patients are confronted with co-payments [8]. 

The fact that we had to use medication proxies to identify cardiovascular events is a clear 
limitation to our study. Nevertheless, the use of medication proxies to identify patients 
with specific diseases or events is common when reliable diagnostic coding is lacking [7,24]. 
We tested the medication proxies for sensitivity and specificity, however, misclassification 
could have occurred. Such misclassification would lead to underestimating the impact 
of the event on the adherence rates and biased the effects towards the null. Further, 
type 2 diabetes was identified by the use of oral anti-diabetic medication. Patients 
exclusively treated with insulin were thereby excluded, which might have resulted in 
excluding some of the more severe cases. Patients using oral anti-diabetic medication 
for other indications could not be excluded. As the use of medication proxies could have 
caused some misclassification, we suggest for future research to conduct the analysis 
linking event data with diagnostic codes to pharmacy dispensing records which would 
probably result in stronger associations. Furthermore, we were not able to include data 
on medication dispensed during hospitalization which could have underestimated our 
adherence rate calculations in the index group. Excluding patients that appeared not 
to be active in our database, possibly due to a long period of hospitalization, indeed 
decreased the point estimate as well as the confidence intervals for the relative risks 
of shifting to higher adherence levels. It did, however, not lead to relevant changes in 
adherence rates nor in the direction or significance of our findings. Another matter of 
possible concern is that, a substantial group of index patients could not be matched 
to a reference patient due to the small ranges in our matching criteria. Determining 
these ranges is balancing between the inclusion of more patients on the one hand and 
introducing more bias on the other hand. The use of strict matching criteria is preferred 
to prevent the introduction of bias due to poor matching. Matched and unmatched index 
patients were relatively similar in terms of age, gender, co-medication use and adherence 
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levels after the index date. Finally, we did not differentiate between non-adherence and 
non-persistence, which were both included in the calculation of the adherence level. For 
the purpose of our study there is no need to distinguish between these two types of 
non-adherence, since we aim at comparing statin drug-taking behaviour over the entire 
follow-up period.

 
CONCLUSION

In type 2 diabetes patients the occurrence of a drug-treated cardiovascular event during 
statin treatment is likely to avert the decline in adherence observed in patients without 
such an event. Since one in five of the patients with an event became less adherent, 
there are still important health and economic benefits to achieve by tailoring the 
pharmaceutical management of individual patients.
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ABSTRACT 

Aims: To assess the willingness of patients with type 2 diabetes to continue 
using lipid-lowering treatment, the importance they attach to specific treatment 
characteristics, and the influence of patient characteristics on this.

Methods: Patients being prescribed at least an oral glucose-lowering and lipid-
lowering drug completed a questionnaire with discrete choice experiment. This 
experiment contained choice sets with two hypothetical lipid-lowering treatments 
and the option to stop lipid-lowering treatment. These treatment options differed 
in their characteristics (i.e. effects and intake moments). Multinomial logit models 
were used to assess the importance attached to the characteristics in relation to 
patient characteristics. 

Results: In total, 175 patients were included in the study (mean age 66 years; 59% 
male). In general, patients were willing to continue using lipid-lowering treatment 
when their cholesterol level was too high. All treatment characteristics included 
in the experiment had a significant impact on the patients’ treatment choices. 
Cholesterol reduction and risk of adverse events were most influential. Patients 
with lower educational levels and a history of cardiovascular disease were more 
willing to continue treatment. Age, education, cardiovascular history and having 
experienced adverse effects all influenced the importance patients attached to 
specific treatment characteristics when choosing between medication alternatives.

Conclusions: Patients were generally willing to continue using lipid-lowering 
treatment but the willingness and importance patients attached to specific 
treatment characteristics depended on patient characteristics. These insights can 
be useful for motivating patients to continue lipid-lowering treatment and making 
treatment decisions more in accordance with patient preferences when current 
treatment is considered insufficient.
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INTRODUCTION

Lipid-lowering drugs are associated with a reduction in risk of cardiovascular events [1,2]. 
Lipid-lowering treatment is recommended for almost all patients with type 2 diabetes [3,4], 
as such patients have an increased risk of developing cardiovascular disease [5]. However, 
lipid-lowering drugs are not optimally used in clinical practice. Discontinuation rates of 
lipid-lowering treatment are high during the first years of treatment [6,7]. 

Discontinuation of treatment is related to patient’s preferences. Discontinuation appears 
to be more common in patients that are female, have no cardiovascular history, have 
experienced adverse effects, and have a lower socioeconomic status or education [8-11]. 
Additionally expected benefits and adverse effects of a drug, especially when interfering 
with daily activities, influence the willingness to take preventive medication [12]. A recent 
study assessing patients’ trade-off preferences for statin treatment showed that about 
40% of the patients valued efficacy equal to or lower than adverse effects and other 
drawbacks [13]. These trade-off preferences for preventive medication might be related 
to age, as older patients may value quality of life over life extension [14,15]. Better insight in 
patients’ preferences according to patient characteristics could be useful for motivating 
patients to continue using lipid-lowering treatment and to make treatment decisions in 
line with those preferences [16].

Patients’ preferences for lipid-lowering treatment can be assessed using a discrete 
choice experiment. In this experiment a hypothetical situation is presented to the patient 
with treatment choices described by their characteristics regarding expected benefits 
and drawbacks [13,17]. The aim of this study was to assess (1) the willingness of patients 
with type 2 diabetes to continue using lipid-lowering treatment, (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. 
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METHODS

Study design, sample and data collection
We conducted a questionnaire study incorporating a discrete choice experiment to assess 
patients’ preferences regarding lipid-lowering treatment. Patients were recruited via 
pharmacies in the northern part of the Netherlands. Patients were eligible if they were 18 
years or older, had type 2 diabetes (identified as at least one prescription for non-insulin 
blood glucose-lowering treatment) and had received statin treatment in the six months 
before selection. Patients with a prescription for fibrates, bile acid sequestrants, nicotic 
acid and derivatives or other lipid modifying agents were excluded. Eligible patients 
were informed about the study via an information letter including an informed consent 
form. Patients that returned the informed consent form received the questionnaire 
by mail. Patients were called when they did not return the questionnaire within eight 
weeks or when there was data missing in the general part of the questionnaire to reduce 
the amount of non-responders and missing items. Questionnaires with an incomplete 
discrete choice experiment were returned for further completion. 

Gender and age of all the contacted patients were provided by the pharmacy to compare 
responders with non-responders. Of consenting patients, a medication list of the last 
six months was collected from their pharmacy. Medication use during this period was 
classified using ATC codes [18]. 

The Medical Ethics Committee of the University Medical Center Groningen (METc UMCG) 
in the Netherlands determined that ethical approval was not needed for this study 
(reference number M14.150721). In accordance to the Dutch law, all patients consented 
to participation. 

Discrete choice experiment
The general part of the questionnaire consisted of questions about age, gender, 
clinical history and education. The second part of the questionnaire consisted of a 
discrete choice experiment. Discrete choice experiments are used to analyse trade-off 
preferences regarding treatments, based on the choices the patient makes between 
hypothetical treatment options. Information about treatment characteristics, including 
efficacy regarding cholesterol level and cardiovascular risk reduction, risk of adverse 
effects, and drug administration aspects, was given. Varying levels of these treatment 
characteristics were shown to assess their influence on the patient’s treatment choices. 
These characteristics were selected based on previous findings indicating their 
relevance for discontinuation of treatment [6,7] and patient preferences for preventive 
treatment [13]. Levels for cholesterol reduction and cardiovascular risk reduction were 
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based on clinical trial data of lipid-lowering treatment [1,2,19]. The levels for the risk of 
adverse effects were based on reported risks for muscle pain [20,21]. Levels for the intake 
moment were based on available options [22]. The treatment characteristics and levels 
were discussed and finalized in interviews with ten healthcare professionals, including 
2 nurse practitioners, 3 general practitioners, 2 specialists, and 3 pharmacists. Table 1 
contains the final characteristics and levels of the discrete choice experiment.  

For the experiment, patients needed to imagine they used a lipid-lowering drug (1 tablet 
per day) without experiencing adverse effects and that their LDL-cholesterol level was 
too high (3 mmol/l). Patients were asked to choose between continuing treatment with 
‘Medication A’, continuing treatment with ‘Medication B’ or ‘I consider stopping’. Within 
the ‘I consider stopping’ option, levels of cholesterol, risk of death, risk of limitations 
due to a heart attack and risk of limitations due to stroke increased, whereas the risk of 
adverse effects became zero just as the number of tablets per day. An efficient design [23] 
was used to generate the Medication A and Medication B options, and select a limited 
number of choice sets that maximize the precision of the model parameters. Ngene 
(version 1.1.1) was used to develop a D-efficient design with 30 different choice sets 
[23]. These 30 choice sets were divided in three blocks of 10 to reduce the burden for 
the respondents. Stratified sampling based on age, gender and pharmacy was used to 
assign patients to one of the blocks containing 10 choice sets, leading to 10 choices per 
patient. To identify irrational responders, one dominant choice set was added in which 
all characteristics of Medication A favoured the ones of Medication B. 
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FIGURE 1. Example of a choice set presented in the questionnaire
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The questionnaire was tested in a pilot study with 10 patients, after which some changes 
in wording and a separate instruction form were made. An example of a choice set is 
shown in Figure 1.    

Statistical analyses
Descriptive statistics were used to compare responders with non-responders, and rational 
with irrational responders. The treatment choices made by the patients (medication A, 
medication B or consider stopping treatment) were analysed using a multinomial logit 
model, which estimates the probability of a particular choice made by a patient given a 
set of treatment and patient characteristics. First, a model was estimated which included 
the main effects of the six treatment characteristics to assess the willingness to continue 
using lipid-lowering treatment (compared to stopping such treatment) and the relative 
importance of the included treatment characteristics (Table 1). A random utility model 
was used assuming that patients choose their preferred option by maximizing utility: 

U = β0continue treatment + β1cholesterol + β2early death + β3limitations heart  attack + β4limitations stroke +  
          β5adverse effects + β6one tablet every other day + β7half tablet every day + ε

U  =  utility that a patient assigns to a treatment 
ε  =  unexplainable component 
β0 =   estimate of willingness to continue versus to stop treatment 
β1- β7 =  relative importance of each of the treatment characteristics

Second, the impact of the patients’ characteristics on the willingness to continue using 
lipid-lowering drugs and on the relative importance of the treatment characteristics was 
assessed by including interaction terms of patient characteristics with all six treatment 
characteristics in the model. The impact of the following patient characteristics was 
tested (1) age, (2) gender, (3) cardiovascular history, (4) education and (5) history 
of adverse effects. Main effects and interaction terms were selected via backward 
selection using the log-likelihood as the guiding measure of goodness-of-fit. The relative 
importance of treatment characteristics was determined by calculating the coefficient 
range, which is the difference between the smallest part worth utility and the largest 
part worth utility within the levels of the treatment characteristics, and dividing it by the 
sum of the coefficient ranges of all treatment characteristics and ranges [24]. The analyses 
were performed with Stata version 13 (Stata Corp., College Station, TX). 
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TABLE 1. Treatment characteristics and levels used in the discrete choice experiment

Coefficient Abbreviation in regression formula Coding

Cholesterol level β1 Cholesterol

Increase from 3.0 mmol/l to 4.0 mmol/l* 4

Staying at 3.0 mmol/l# 3

Decrease from 3.0 mmol/l to  2.0 mmol/l 2

Risk of early death β2 early death

9 out of 100 patients (9%)* 9

7 out of 100 patients (7%)# 7

5 out of 100 patients (5%) 5

Limitations due to heart attack β3 limitations heart attack

5 out of 100 patients (5%)* 5

4 out of 100 patients (4%)# 4

3 out of 100 patients (3%) 3

Limitations due to stroke β4 limitations stroke

5 out of 100 patients (5%)* 5

4 out of 100 patients (4%)# 4

3 out of 100 patients (3%) 3

Risk of adverse events β5 adverse events

No adverse events* 0

5 out of 100 patients (5%) 5

10 out of 100 patients (10%)# 10

Intake moment

No tablets* -

Every day one tablet (reference)# -

Every other day one tablet β6 one tablet every other day -

Every day half a tablet β7 half tablet every day -
* Levels included in the ‘I consider to stop’ option (not used for medication A or medication B); 
# Levels used for the non-preferable treatment in the dominant choice set.

 
RESULTS

Of the 904 patients that were contacted by the pharmacies, 251 expressed their 
willingness to participate (Figure 2). There was no difference in gender (p = 0.189) 
and age (p = 0.283) between non-responders and responders. Of the responders, 203 
completed the questionnaire. Eight patients had to be excluded because they did not 
meet the inclusion criteria, and 20 were identified as irrational responders. Rational and 
irrational responders did not differ in age (p = 0.457) or gender (p = 0.542).



Preferences for lipid-lowering treatment in diabetes

147

7

FIGURE 2: Patient inclusion flowchart

Information letters sent (n=904)

Questionnaire sent to patients (n=251, 28%) 

mean age 66.6 (SD 10.1) 57% males

Questionnaires with complete discrete choice experiment 

(n=203, 23%) mean age 66.1 (SD 10.0) 59% males

Questionnaires used for analyses (n=175, 19%) 

mean age 66.2 (SD 9,7) 59% males

- Did not meet inclusion criteria (n=3) 

- Other reasons (n=2)  

- Non-responders (n=648, 72%)

- No/incomplete questionnaire returned (n=48) 

- No medication list (n=3) 

- No lipid- or glucose-lowering drugs (n=5) 

- Irrational choice dominant choice set (n=20)

Contacted

Responders

Completers

Included
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TABLE 2. Patient characteristics (n=175)
Characteristics

General:

Age, (SD) 66.2 (9.7)

Female (%) 72 (41.1)

Education (%)

Low educated a. 80 (45.7)

Moderate educated b. 72 (41.1)

High educated c. 20 (11.4)

Other 3 (1.7)

BMI (IQR) 29.2 (25.7-32.0)

Smoking (%)

Current smokers 21 (12.0)

Past smokers 99 (56.6)

Non smokers 55 (31.4)

Patients hospitalized for cardiovascular disease (%) 64 (37%) 

Cardiovascular event 55 (86%)

Cerebrovascular event 7 (11%)

Cardiovascular and cerebrovascular event 2 (3%)

Prescribed medication: 

Number of lipid-lowering drugs

1 lipid-lowering drug 175

Classes of cholesterol lowering drugs (ATC code)

Simvastatin (C10AA01) 82 (46.9)

Pravastatin (C10AA04) 9 (5.1)

Atorvastatin (C10AA05) 54 (30.9)

Rosuvastatin (C10AA07) 30 (17.1)

Number of glucose-lowering drugs (%)

1 glucose-lowering drug 86 (49.1)

2 glucose-lowering drug 78 (44.6)

>2 glucose-lowering drug 11 (6.3)

Number of blood pressure-lowering drugs (%)

No blood pressure-lowering drug 34 (19.4)

1 blood pressure-lowering drug 39 (22.3)

2 blood pressure-lowering drugs 51 (29.2)

>2 blood pressure-lowering drugs 51 (29.2) >>
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Number of cholesterol-lowering drugs used according to the patient (%)

None 6 (3.4)

One 160 (91.4)

Two 3 (1.7)

More than two 1 (0.6)

I do not know 5 (2.8)

Did you ever experience side effects from cholesterol-lowering drugs? (%)

No 108 (61.7)

Yes 46 (26.3)

I do not know 21 (12.0)

SD: Standard deviation; IQR: Interquartile range 
a No education; Elementary school; Junior secondary vocational education 
b Junior general secondary education; Senior secondary vocational education 
c Senior general secondary education; Higher professional education; University education

In total, 175 patients were included in the study with a mean age of 66 years (SD 9.7) 
and 59% of them were male. Almost half of the patients was lower educated (Table 
2). There were 64 patients (37%) that reported that they had been hospitalized for a 
cardiovascular or cerebrovascular event. Adverse effects from lipid-lowering drugs 
were experienced by 26% of the patients (Table 2). According to the medication lists, 
all included patients used one lipid-lowering drug and almost half of the patients used 
simvastatin (Table 2). 

Impact of treatment characteristics on preferences
Only 7 patients considered for one or more choice sets to stop lipid-lowering treatment. 
This was confirmed by the positive constant term in the logit model, which indicates 
that patients prefer to continue using treatment when their cholesterol level is too 
high (Table 3). All treatment characteristics included in the model were significantly 
associated with the patients’ treatment preferences (Table 3). Looking at the relative 
importance, patients’ preferences are most strongly influenced by the effect of the 
treatment on the cholesterol level, followed by the effect on the risk of adverse events, 
early death, limitations due to a heart attack and limitations due to a stroke.
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TABLE 3. Relative importance of treatment characteristics

Variables Coefficient CI 95% p-value Relative importance* 
(ranking)

Constant (continue treatment) 2.06 1.492 -   2.627 <0.001

Cholesterol -0.641 -0.750 - -0.532 <0.001 23.65  (1)

Early death -0.290 -0.346 - -0.235 <0.001 21.40  (3)

Limitations heart attack -0.291 -0.400 - -0.182 <0.001 10.74  (4)

Limitations stroke -0.227 -0.337 - -0.117 <0.001 8.37  (5)

Adverse effects -0.119 -0.141 - -0.097 <0.001 21.95  (2)

Half a tablet every day -0.440 -0.592 - -0.287 <0.001 8.12  (6)

One tablet every other day -0.313 -0.469 - -0.157 <0.001 5.77  (7)

Number of observations 1,750 (175 patients * 10 choice sets) 
Log Likelihood -1087.89 
Log Likelihood ratio 650.23 
*The relative importance of treatment characteristics was determined by calculating the coefficient 
range, which is the difference between the smallest part worth utility and the largest part worth 
utility within the levels of the treatment characteristics, and dividing it by the sum of the coefficient 
ranges of all treatment characteristics and ranges. [24]  
CI: confidence interval.

 
Impact of patient characteristics on preferences
Patients with a history of cardiovascular disease were more willing to continue using lipid-
lowering treatment. Whereas, patients with a higher education level were less willing to 
continue lipid-lowering treatment (Table 4). With increasing age, the importance of the 
risk reduction of early death and limitations due to a heart attack decreased, whereas 
the importance of a low risk of adverse effects increased. Additionally with increasing 
age, patients were less willing to take a tablet every other day as compared to daily 
intake. Having a cardiovascular history was associated with attaching more importance 
to a low risk of limitations due to a heart attack. For higher educated patients a lower 
cholesterol level and a lower risk of early death was more important. Patients that 
had experienced adverse effects from lipid-lowering treatment before, attached more 
importance to a lower risk of adverse effects. Gender did not influence the willingness to 
continue treatment nor the importance of treatment characteristics. 
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TABLE 4. Relative importance of treatment characteristics when including interaction 
terms with patient characteristics
Variables Coefficient CI 95% p-value

Constant (continue) 3.424 2.326 – 4.522 <0.001

Constant (continue) x Cardiovascular history* 2.176 0.133 – 4.219 0.037

Constant (continue) x Education† -2.477 -3.682 - -1.272 <0.001

Cholesterol -0.501 -0.656 - -0.347 <0.001

Cholesterol x Education† -0.314 -0.535 - -0.094 0.005

Early death -0.864 -1.226 - -0.502 <0.001

Early death x Age#  0.010 0.005 – 0.015 <0.001

Early death x Education† -0.165 -0.276 - -0.055 0.003

Limitations heart attack -0.979 -1.695 - -0.264 0.007

Limitations heart attack x Age# 0.012 0.001 – 0.022 0.032

Limitations heart attack x Cardiovascular history* -0.236 -0.467 - -0.006 0.044

Limitations stroke -0.245 -0.357 - -0.133 <0.001

Adverse effects x Age# -0.001 -0.002 – -0.001 <0.001

Adverse effects  x Experienced adverse effects‡ -0.090 -0.138 – -0.042 <0.001

Half a tablet every day -0.457 -0.611 - -0.302 <0.001

Tablet every other day x Age# -0.005 -0.007 – -0.003 <0.001

Number of observations 1,750 (175  patients * 10 choice sets) 
Log Likelihood -1045.7 
Log Likelihood ratio 583.72 
CI: confidence interval. 
#age: (continouos variable) 
*cardiovascular history: (Have you ever been hospitalized for a cardiovascular or 
  cerebrovascular event?  yes (coded 1) or no (coded 0)) 
† education (What is your highest completed education? Lower educated: No education; 
  Elementary school; Junior secondary vocational education (coded  0); Higher educated:    
  Junior general secondary education; Senior secondary vocational education; Senior general  
  secondary education; Higher professional education; University education (coded 1)) 
‡ history of adverse effects (Did you ever experience side effects from cholesterol-lowering drugs?    
  Yes (coded 1); No (coded 0); I do not know (coded 0)).

DISCUSSION

In general, current users of lipid-lowering treatment were willing to continue using 
treatment when their cholesterol level was too high. Age and gender did not influence 
the willingness to continue treatment, but patients with lower educational levels and 
with a history of cardiovascular disease were more willing to do so. Age, education, 
cardiovascular history and having experienced adverse effects all influenced the 
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importance patients attached to specific treatment characteristics when choosing 
between medication alternatives. 

Previous studies found conflicting results regarding the relationship between age and 
discontinuation of statin treatment [8,9]. Our study suggests that elderly patients do not 
have a decreased willingness to continue treatment but that they may differ in how they 
weigh beneficial and adverse effects when choosing between treatments. With increasing 
age, patients may attach less importance to life-extension and put more value on quality 
of life [14,15]. The finding that older patients in our study gave less importance to a low risk 
of early death and more importance to a low risk of adverse effects supports this. It has 
been suggested that females may discontinue treatment more often [8], but this might in 
part be due to experiencing more adverse effects [25]. When adjusting for adverse effects, 
a recent study found that female gender became an insignificant factor for predicting 
statin discontinuation [9]. Our study did not find a gender effect on treatment decisions.  

It is acknowledged that adverse effects and concerns about developing adverse effects 
are reasons for discontinuing lipid-lowering treatment [9,10,26]. Most patients in our study, 
however, were willing to continue with some kind of medication treatment that offered 
benefits at the costs of potential adverse effects. Only seven patients considered to 
discontinue treatment which would result in experiencing no adverse effects but also 
less beneficial effects. Previous studies found that discontinuers also expect limited 
benefits of statins [8,10,26]. In addition, discontinuers had less knowledge and were less 
satisfied with information they received about the treatment [9,10]. Therefore, it is possible 
that with sufficient information about benefits and drawbacks, as provided in our study, 
more patients are inclined to choose medication treatment over discontinuation of 
treatment. When being confronted with actual bothersome adverse effects, however, the 
willingness to continue treatment is likely to decrease [9,26,27]. A recent study assessing 
patients’ preferences when choosing between pairs of cholesterol-lowering treatments 
showed that around 40% of the patients valued efficacy equal to or lower than adverse 
effects and other drawbacks when such drawbacks were presented as certainties [13]. In 
contrast, having experienced adverse effects in the past did not affect the willingness to 
continue treatment in our study. One explanation could be that we studied a cohort of 
current users, who apparently have been able to cope with these adverse effects. These 
patients did attach more importance to a low risk of adverse effects when choosing 
between treatments, perhaps because they are more aware of the effects of adverse 
effects on the quality of life.
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A higher willingness to continue treatment was seen in patients with a history of 
cardiovascular disease, which corresponds to the lower discontinuation rates seen 
in patients with cardiovascular diseases or diabetes [8]. Patients with a cardiovascular 
history gave more importance to a low risk of limitations due to a heart attack but 
not to limitation due to a stroke or a low risk of early death. As most patients with a 
cardiovascular history in our study experienced a cardiovascular event (i.e. 89% 
compared to 14% with a cerebrovascular event) they might have been more aware of 
the consequences of a heart attack.

We found that higher educated patients were more likely to discontinue treatment. This 
appears to be in contrast to a Danish study, where a lower education was associated with 
more discontinuation [11] and a US study that did not find an impact of education [9]. One 
reason for such conflicting results is confounding by socio-economic-status, especially 
in countries where the treatment is not fully reimbursed. When corrected for socio-
economic-status, the association between low education and discontinuation became 
insignificant in the Danish study [11]. In the Netherlands, lipid-lowering treatment is 
reimbursed. We could speculate that higher educated patients more often have a healthy 
lifestyle and a lower cardiovascular risk, and therefore perceive medication treatment as 
less essential. When making a choice between treatments, higher educated patients gave 
more importance to a low cholesterol level and a low risk of early death suggesting that 
they focus more on the efficacy of treatment. 

A possible limitation to our study is the response rate and possible related selection 
bias. However, 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 [28]. We included current users 
of lipid-lowering treatment. Therefore, patients that had permanently discontinued 
such treatment because of negative beliefs or experiences were not included in our 
study. Another limitation to the study is that patients needed to consider a hypothetical 
situation which might be a difficult task for some. By excluding patients that did not prefer 
the dominant option we tried to exclude responders who may not have understood the 
task. The fact that patients needed to consider benefits and adverse effects of treatment 
at the same time in a discrete choice experiment is a strength of our study. Furthermore, 
the option to stop lipid-lowering treatment was included, therefore the choices resemble 
real-world choice options [29]. 
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CONCLUSIONS

We conclude that education level and cardiovascular history are relevant for the 
willingness of diabetes patients to continue lipid-lowering treatment, and that age, 
education, cardiovascular history and having experienced adverse effects all influenced 
the importance these patients attach to specific treatment characteristics when choosing 
between medication alternatives. These insights can be useful for motivating patients 
to continue using lipid-lowering treatment and making treatment decisions more in 
accordance with patient preferences when current treatment is considered insufficient.   
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General discussion

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. 



General discussion

163

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. 



General discussion

167

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.



168

General discussion

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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Dit proefschrift richt zich op statinetherapie in type 2 diabetespatiënten; hiervan zijn 
verschillende aspecten onderzocht. In Deel I worden de effecten van statines op LDL-
cholesterol en cardiovasculaire en cerebrovasculaire uitkomsten bepaald. Daarnaast 
is de kosteneffectiviteit van statinetherapie geschat waarbij gebruik is gemaakt van 
informatie uit de klinische praktijk. In Deel II ligt de focus op het gedrag van de patiënt en 
de arts ten aanzien van statinetherapie. Hieronder wordt per deel een korte introductie 
gegeven en worden de belangrijkste bevindingen uit de onderzoeken weergegeven. 

 
Deel I. Effecten en kosteneffectiviteit van statinetherapie

Voor secundaire preventie van cardiovasculaire en cerebrovasculaire events is het belang 
van statinetherapie breed erkend; voor primaire preventie is het gebruik van statines 
meer controversieel. De absolute risicoreductie door statinetherapie kan klein zijn door 
een laag cardiovasculair risico. Het is gerapporteerd dat statinetherapie geassocieerd 
is met een vijfde reductie in de incidentie van cardiovasculaire en cerebrovasculaire 
events per mmol/l reductie in LDL-cholesterol, grotendeels ongeacht specifieke 
patiëntkarakteristieken. Echter, andere onderzoeksgroepen hebben gerapporteerd dat 
er slechts beperkt bewijs is dat statinetherapie bij primaire preventie kosteneffectief 
is en de kwaliteit van leven van de patiënt verbetert. Er is geen accurate effectschatting 
voor statinetherapie bij diabetespatiënten met en zonder doorgemaakt cardiovasculair 
event. Eerdere analyses in primaire preventie populaties includeerden ook secundaire 
preventie patiënten. Een accurate effectschatting is echter belangrijk bij het nemen van 
klinische beslissingen en voor kosteneffectiviteitsanalyses, voornamelijk bij primaire 
preventie waar de balans tussen voor- en nadelen van therapie mogelijk niet optimaal 
is. In klinische geneesmiddelonderzoeken worden patiënten vaak behandeld onder 
gecontroleerde condities, in tegenstelling tot de klinische praktijk. In de klinische praktijk 
wordt de respons en kosteneffectiviteit van statinetherapie beïnvloed door bijvoorbeeld 
therapietrouw. Het is onduidelijk in welke mate therapieontrouw leidt tot verminderde 
therapierespons; deze relatie wordt waarschijnlijk beïnvloed door de dosering. 

De doelen van het eerste deel van dit proefschrift waren:
• Het bepalen van de effect schattingen van statinetherapie voor de primaire en 

secundaire preventie van cardiovasculaire en cerebrovasculaire events bij diabe-
tespatiënten;

• Het effect van statine dosering en therapietrouw op cholesteroluitkomsten in 
diabetespatiënten schatten;
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• De kosteneffectiviteit van statinetherapie voor de primaire preventie van cardio-
vasculaire en cerebrovasculaire events bij nieuw gediagnosticeerde type 2 diabe-
tespatiënten bepalen, rekening houdend met therapietrouw.

Belangrijkste bevindingen
In hoofdstuk 1 is het effect van statinetherapie op het optreden van een eerste 
cardiovasculair of cerebrovasculair event in diabetespatiënten bepaald aan de hand van 
een meta-analyse. Gebaseerd op resultaten van vier studies met gezamenlijk 10.187 
deelnemers, resulteerde statinetherapie voor primaire preventie van een cardiovasculair 
of cerebrovasculair event in een relatieve risico daling van 25%. Om één cardiovasculair 
of cerebrovasculair event te voorkomen moeten 35 patiënten 3,8 jaar behandeld worden. 
Significante relatieve risico reducties van 31% voor een fataal en niet-fataal beroerte en 
30% voor een fataal en niet-fataal hartaanval, en een niet-significante risico reductie van 
16% voor algehele mortaliteit werden gevonden.

De effectiviteit van standaarddosering en intensieve dosering statinetherapie 
voor de secundaire preventie van een cardiovasculair of cerebrovasculair event 
in diabetespatiënten is in hoofdstuk 2 bepaald. Gebaseerd op gegevens van vijf 
onderzoeken met gezamenlijk 4.351 deelnemers, resulteerde standaarddosering 
statinetherapie vergeleken met placebo in een significante relatieve risico reductie 
van 15% voor een cardiovasculair of cerebrovasculair event. Er was een significante 
relatieve risico reductie van 33% voor fataal en niet-fataal beroerte. Niet-significante 
relatieve risico reducties van 27% voor fataal en niet-fataal hartaanval en van 22% voor 
algehele mortaliteit zijn gevonden. Vergeleken met standaarddosering statinetherapie 
resulteerde een intensieve dosering statinetherapie in een extra 9% relatieve risico 
reductie voor een cardiovasculair of cerebrovasculair event. Dit was gebaseerd op data 
van vier onderzoeken met gezamenlijk 4.805 deelnemers.

In hoofdstuk 3 is een cohort studie uitgevoerd met observationele data van de Groningen 
Initiative to Analyse Type 2 Diabetes Treatment (GIANTT) databank. De associatie 
tussen therapietrouw, dosering en LDL-cholesterol respons in type 2 diabetespatiënten 
die statinetherapie starten is bepaald. Voor patiënten met een baseline LDL-cholesterol 
waarde van 3,7 mmol/l, werd een therapietrouw niveau van 100% geassocieerd met 
een 48% reductie in LDL-cholesterol bij standaarddosering. Een 20% reductie in 
therapietrouw in deze patiënten werd geassocieerd met 8-9% minder daling in LDL-
cholesterol. Patiënten met een baseline LDL-cholesterol waarde van 3,7 mmol/l hebben 
een therapietrouwniveau van tenminste 63% op een standaarddosering nodig om de 
streefwaarde van 2,5 mmol/l te halen, en bij lage dosering is een therapietrouwniveau 
van 76% nodig.  
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In hoofdstuk 4 is de kosteneffectiviteit van statinetherapie voor de primaire preventie 
van cardiovasculaire en cerebrovasculaire events in nieuw gediagnosticeerde type 2 
diabetespatiënten bepaald. Het effect van therapietrouwniveaus zoals waargenomen in 
de praktijk is bepaald. Rekening houdend met verwachte therapietrouwniveaus (81%, 
77%, 75% respectievelijk voor het eerste, tweede en opvolgende jaren) was het starten 
van statinetherapie op het moment van type 2 diabetes diagnose kosteneffectief met 
€2.245 per QALY in de base case (een 60-jarige patiënt met het gemiddelde 10-jaar 
cardiovasculair risico van patiënten in de leeftijd 56-65 jaar bij type 2 diabetes diagnose). 
Verschillen in leeftijd en 10-jaars risico voor cardiovasculaire en cerebrovasculaire 
events zorgden voor grote verschillen in kosteneffectiviteit, uiteenlopend van het verlies 
van QALY’s tot bijna kosten neutraal. Met de therapietrouwniveaus gezien in de klinische 
praktijk, kan geconcludeerd worden dat behandeling met statines voor alle type 2 
diabetespatiënten onder de 45 jaar bij type 2 diabetes diagnose niet kosteneffectief 
is. Voor patiënten in de leeftijd van 45 tot 55 jaar bij type 2 diabetes diagnose is 
statinetherapie kosteneffectief tenzij het 10-jaars cardiovasculaire risico 6% of lager is. 
Voor alle andere patiënten wordt verwacht dat statinetherapie kosteneffectief is. 

 
Deel II. Gedrag van patiënten en artsen ten aanzien van 
statinetherapie 

Voordelen van statinetherapie zijn aangetoond voor primaire en secundaire preventie 
van cardiovasculaire en cerebrovasculaire events in diabetespatiënten in Deel I 
van dit proefschrift. Echter, er werd ook aangetoond dat een lage dosering en/of 
therapieontrouw voor inefficiëntie kan zorgen, wat resulteert in hoge kosten per QALY. 
Dit betekent dat de behandeling enerzijds suboptimaal kan zijn door een lage dosering 
of gebrek aan intensivering van de behandeling, en anderzijds door therapieontrouw. 
Betere inzichten in voorschrijf- en therapietrouwpatronen, en gerelateerde voorkeuren 
van patiënten ten aanzien van cholesterolverlagende middelen zijn nodig om uitkomsten 
van statinetherapie in de klinische praktijk te verbeteren. 

De doelen van het tweede deel van dit proefschrift waren:
• Het beschrijven van therapietrouw- en voorschrijfpatronen van statinetherapie in 

diabetespatiënten;
• Het bepalen van patiënten preferenties voor cholesterolverlagende middelen in 

een diabetes populatie. 
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Belangrijkste bevindingen
In hoofdstuk 5 zijn verschillen in therapieveranderingen, stoppen, therapietrouw en 
LDL-cholesterol uitkomsten beschreven tussen type 2 diabetespatiënten die starten 
op lage versus standaarddosering. Deze studie is uitgevoerd met data van de GIANTT 
databank. Ongeveer 22% van de patiënten startte op een lagere dosering dan aanbevolen, 
meer dan de helft van deze patiënten bleef op een lage dosering gedurende twee jaar 
follow-up, terwijl minder dan 15% een dosisverhoging kreeg. Van de patiënten die op een 
standaard dosis startten bleef ook meer dan de helft op dezelfde dosis gedurende twee 
jaar follow-up, terwijl 8% een dosisverlaging kreeg zonder opvolgende dosisverhoging. 
Meer dan 25% van de patiënten die zijn gestart op een lage of standaarddosering 
stopten met de behandeling. Patiënten die begonnen met een lage dosis waren ouder 
en vaker vrouw. Er was geen verschil in baseline LDL-cholesterol waarden. Patiënten 
die begonnen op een lage dosis kregen meer en eerder therapie veranderingen dan 
patiënten die op standaarddosering begonnen. Patiënten op een lage dosering hadden 
een lagere geschatte therapietrouw en een lagere kans op een adequate LDL-cholesterol 
respons vergeleken met patiënten op een standaarddosering na twee jaar follow-up.    

Het effect van een eerste cardiovasculair event op statine therapietrouw is bepaald 
in hoofdstuk 6. Doordat statinetherapie steeds meer gebruikt wordt voor primaire 
preventie,  maar behandeling niet alle cardiovasculaire events kan voorkomen, is 
er een steeds groter aantal patiënten dat statines gebruikt ten tijde van het eerste 
cardiovasculaire event. Alhoewel we weten dat therapietrouw hoger is in secundaire 
preventie populaties dan in primaire preventie populaties is het effect van het eerste 
cardiovasculair event op therapietrouw niet duidelijk. Deze gematchte cohort studie 
is uitgevoerd met data van de IADB.nl apotheekdatabank van de Rijksuniversiteit 
Groningen. Patiënten met een cardiovasculair event werden gematcht met een patiënt 
zonder cardiovasculair event (referentie). Therapietrouw werd vergeleken voor en 
na het cardiovasculair event (voor referentie patiënten gedurende dezelfde follow-up 
periode als hun match). Patiënten met een cardiovasculair event hadden gemiddeld 
een geschatte therapietrouw (gemeten in ‘proportion of days covered’ (PDC)) van 
81% na het event. Dit was significant hoger dan de referentie patiënten, die een PDC 
van 71% hadden terwijl beide een PDC van 79% voor het event hadden. Onder de 
patiënten met cardiovasculair event had 26% een hogere therapietrouw waarde na het 
eerste cardiovasculair event. Aan de andere kant was 20% van de patiënten minder 
therapietrouw na het event.      

Preferenties van patiënten ten aanzien van cholesterolverlagende middelen zijn bepaald 
in een vragenlijstonderzoek met een discrete choice experiment in hoofdstuk 7. 
Bepaald zijn (1) de bereidheid van patiënten met type 2 diabetes om door te gaan met 
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cholesterolverlagende middelen, (2) het belang van specifieke therapiekarakteristieken 
of uitkomsten voor hen, en (3) de invloed van patiënt karakteristieken zoals leeftijd, 
geslacht, klinische historie en educatie hierop. Patiënten moesten zich indenken dat hun 
cholesterol te hoog was en moesten kiezen tussen twee hypothetische behandelopties 
dan wel de optie om te stoppen met de cholesterolverlagende behandeling. De meeste 
patiënten waren bereid om door te gaan met de cholesterolverlagende middelen. 
Patiënten met een doorgemaakt cardiovasculair event waren meer bereid om door te 
gaan met de behandeling dan patiënten zonder doorgemaakt cardiovasculair event. 
Patiënten met hogere educatie waren minder bereid om door te gaan met de therapie. 
De behandeluitkomsten ten aanzien van cholesterolverlaging, risico op vroegtijdig 
overlijden, risico op beperkingen door een hartaanval, risico op beperkingen door 
een beroerte, risico op bijwerkingen en het inname moment hadden allemaal een 
significante invloed op de behandelkeuze van de patiënten. Cholesterolverlaging en 
risico op bijwerkingen waren het meest belangrijk. Leeftijd, educatie, cardiovasculaire 
historie en eerdere ervaringen met bijwerkingen beïnvloedden het belang van specifieke 
therapiekarakteristieken. Met toenemende leeftijd bijvoorbeeld, werden het risico op 
vroegtijdig overlijden en beperkingen door een hartaanval minder belangrijk voor de 
patiënt, terwijl het risico op bijwerkingen belangrijker werd.    

Deel I van dit proefschrift heeft laten zien dat statines een aanzienlijk gezondheidsvoordeel 
hebben in diabetespatiënten met en zonder doorgemaakt cardiovasculair event. Het 
effect kan echter beperkt zijn door suboptimale therapie veroorzaakt door factoren als 
lage doseringen en therapieontrouw. Deel II van dit proefschrift heeft laten zien dat 
lage doseringen, therapieontrouw en stoppen van statinetherapie veelvoorkomend is 
in de klinische praktijk. Interventies om statinegebruik en uitkomsten te verbeteren 
kunnen zich richten op (1) het verbeteren van het voorschrijven van statines door arts-
gerelateerde redenen voor het voorschrijven van lage doseringen te bepalen, (2) het 
voorschrijven van hoge dosering statinetherapie voor patiënten met een hoog risico 
op cardiovasculaire events, (3) het verbeteren van therapietrouw door het leveren van 
op maat gemaakte informatie over voor- en nadelen van therapie, rekening houdend 
met het educatie niveau, leeftijd en eerdere ervaringen met cardiovasculaire events 
en bijwerkingen, (4) ‘precision medicine’ die mogelijk kan helpen om bijvoorbeeld 
patiënten met een verhoogd risico op bijwerkingen te identificeren. 

Dit proefschrift geeft aan dat statinetherapie kan zorgen voor economische en 
gezondheid gerelateerde voordelen. In de praktijk zijn deze voordelen momenteel 
beperkt door het voorschrijven van lage doseringen en door therapieontrouw. Om de 
gezondheid en economische winst te verbeteren moeten interventies zich  richten op de 
patiënten en de arts.  
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APPENDIX I

SUPPLEMENTAL TABLE S1. Population on standard-dose excluded 
(missing measurements) versus included

Variable Standard-dose excluded 
(n=3,886)

Standard-dose included 
(n=2,160)

Age, mean (SD) 62.5 (12.6) 61.4 (11.3)

Male sex 55% 48%

SBP, mmHg (SD) 145.1 (20.7) 143.5 (19.0)

DBP, mmHg (SD) 82.8 (11.1) 82.5 (9.9)

Diabetes duration, years (IQR) 1 (0-5) 0 (0-3)

Fasting glucose, mmol/l 8.4 (3.2) 8.1 (2.7)

HbA1c (%) 7.3 (1.6) 7.2 (1.6)

LDL cholesterol, mmol/l 3.7 (1.0) 3.8 (0.9)

> target (%) 1752 (90%)* 2000 (93%)

<= target (%) 204 (10%) 160 (7%)

HDL cholesterol, mmol/l 1.2 (0.3) 1.2 (0.3)

Triglycerides, mmol/l 2.5 (2.2) 2.0 (0.8)

Total cholesterol, mmol/l 5.7 (1.3) 5.8 (1.0)

Creatinine, μmol/l 84.1 (23.4) 80.4 (18.5)

Potassium, mmol/l 4.2 (0.4) 4.2 (0.4)

Hemoglobin, mmol/l 8.9 (1.0) 9.1 (0.8)

Body mass index 30.6 (5.8) 30.5 (5.6)

Smoking 28.2% 28.9%

Comorbidity:

Hypertension 38.1% 32.9%

Angina pectoris 4.4% 1.6%

Myocardial infarction/IHD 5.3% 1.9%

Heart failure 2.9% 1.0%

Bypass/angioplasty 3.3% 1.3%

Lipid disorder 8.0% 6.6%

Stroke/CVA/TIA/atherosclerosis 5.3% 3.0%

Microvascular complications 3.8% 3.2%

CVA: cerebrovascular accident; DBP: diastolic blood pressure; HDL: high-density lipoprotein; IHD: 
ischemic heart disease;  LDL: low-density lipoprotein; SBP: systolic blood pressure; SD: standard 
deviation;  TIA: transient ischemic attack.  
* Percentage calculated over population with LDL-cholesterol measurement. 



Appendices

187

SUPPLEMENTAL TABLE S2. Balance between low-dose and standard-dose patients in 
the propensity-score matched cohort
Variable low-dose mean 

(n=572)
low-dose SD standard-dose 

mean (n=572)
standard-dose 

SD
SDD

Age, mean 64.0 10.7 65.0 11.0 0.092

female sex 55.9 . 57.5 . 0.032

SBP, mmHg 143.4 19.3 144.7 19.6 0.067

DBP, mmHg 82.1 10.2 82.6 10.9 0.049

Diabetes duration 3.6 4.7 3.3 4.8 0.056

Fasting glucose, mmol/l 7.9 2.4 7.8 2.4 0.054

HbA1c (%) 7.1 1.4 7.0 1.3 0.012

LDL cholesterol, mmol/l 3.7 0.8 3.7 0.9 0.025

HDL cholesterol, mmol/l 1.3 0.3 1.3 0.3 0.072

Triglycerides, mmol/l 1.9 0.8 1.8 0.8 0.083

Total cholesterol, mmol/l 5.8 1.0 5.7 1.0 0.034

Albuminuria 17.7 . 17.6 . 0.002

Creatinine, μmol/l 80.3 18.5 79.2 18.1 0.057

Potassium, mmol/l 4.3 0.5 4.3 0.5 0.008

Hemoglobin, mmol/l 9.0 1.0 9.0 0.9 0.003

Body mass index 30.6 7.1 30.4 5.9 0.034

Smoking status 22.3 . 23.1 . 0.020

Comorbidity:

Hypertension 34.6 . 32.7 . 0.041

Angina pectoris 3.7 . 2.8 . 0.049

Myocardial infarction/IHD 2.1 . 2.8 . 0.045

Heart failure 1.6 . 1.6 . 0.000

Bypass/angioplasty 1.2 . 0.5 . 0.075

Atherosclerosis 0.2 . 0.2 . 0.000

Lipid disorder 7.9 . 7.2 . 0.027

TIA 1.0 . 0.9 . 0.018

Stroke/CVA 1.0 . 1.2 . 0.016

PTA 0.0 . 0.0 . 0.000

PTCA 0.7 . 0.9 . 0.038

CABG 0.5 . 0.3 . 0.027

Peripheral bypass 0.2 . 0.0 . 0.059

Proteinuria 1.0 . 1.6 . 0.046

Nephropathy 0.0 . 0.0 . 0.000

Neuropathy 0.7 . 0.9 . 0.020

Diabetic foot 0.2 . 0.3 . 0.034

Retinopathy 1.7 . 1.4 . 0.028

Blindness 0.5 . 0.5 . 0.000

Pre-matching c-statistic: 0.648 Post-matching c-statistic: 0.570  
CABG: coronary artery bypass grafting; CVA: cerebrovascular accident;  DBP: diastolic blood pressure; HDL: high-density lipoprotein; 
IHD: ischemic heart disease;  LDL: low-density lipoprotein; PTA: peripheral bypass and percutaneous transluminal angioplasty; PTCA: 
percutaneous transluminal coronary angioplasty; SBP: systolic blood pressure; SD: standard deviation;  SDD: Standardized difference 
of the mean; TIA: transient ischemic attack.
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SUPPLEMENTAL FIGURE S1: Predicted LDL-c response on standard-dose treatment for 
different adherence rates using multivariate linear regression. Patients needed to have an 
LDL-cholesterol measurement in the period (initiation date + 360) -/+ 90 days, (n=1,595).

Variable Coefficient (β) Standard error p-value

Adherence (PDC) (%) -0.0065 0.00029 <0.001

LDL-cholesterol at baseline (mmol/l)  0.1664 0.00767 <0.001

Age (years) -0.0025 0.00061 <0.001

Lipid disorder (yes/no)  0.0720 0.02808   0.010

Fasting glucose (mmol/l) -0.0107 0.00296 <0.001

Constant  0.9307 0.06003 <0.001

R2 = 0.383, p-value = <0.001

LDL-c, LDL-cholesterol; PDC, proportion of days covered
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SUPPLEMENTAL FIGURE S2: Predicted LDL-c response on standard-dose treatment for 
different adherence rates using multivariate linear regression. Patients needed to have an 
LDL-cholesterol measurement in the period (initiation date + 360) -/+ 45 days, (n=941).    

Variable Coefficient (β) Standard error p-value

Adherence (PDC) (%) -0.0065 0.00037 <0.001

LDL-cholesterol at baseline (mmol/l)  0.1712 0.00972 <0.001

Age (years) -0.0021 0.00079   0.008

Fasting glucose (mmol/l) -0.0107 0.00352   0.002

PTCA (yes/no)  0.2608 0.12177   0.032

constant  0.8887 0.07385 <0.001

R2 = 0.396, p-value = <0.001

LDL-c, LDL-cholesterol; PDC ,  proportion of days covered; PTCA, percutaneous transluminal 
coronary angioplasty
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APPENDIX II

Identification of primary and secondary prevention patients with type 2 diabetes 
in a prescription database 

Background 
When using a pharmacy database, such as the IADB.nl database, medication proxies are 
needed to identify patients with a specific condition or event. The aim of this analysis 
is to test the accuracy of medication proxies for identifying primary and secondary 
prevention patients from a type 2 diabetes population by using the Groningen Initiative 
to Analyse Type 2 Diabetes Treatment (GIANTT) database as reference, which contains 
general practitioner data [1].

Methods 
The accuracy of the medication proxies for identifying primary and secondary prevention 
patients was tested for patients from the cohort of 2008 who received two prescriptions 
for ATC A10B in this year, to meet the inclusion criteria for type 2 diabetes from the 
IADB. Multiple medication proxies were tested within the GIANTT database, using the 
cardiovascular events and disease history of the patients as documented in the general 
practitioner medical records as a gold standard (ICPC codes K75, K76, K90). Proxies 
were all based on having two prescriptions within the year 2008, to identify chronic use. 
Sensitivity and specificity of the proxies were calculated. 

Results 
Medication proxies were tested on 6,400 diabetes patients from the GIANTT database. 
Sensitivity and specificity of the medication proxies are presented in table Appendix I. 
Proxy 7 (thrombocyte aggregation inhibitors or vitamin K antagonists) showed the highest 
sensitivity, which is needed to exclude all patients likely to be secondary prevention 
patients. For identifying patients who experience a drug-treated cardiovascular event, 
proxy 5 (thrombocyte aggregation inhibitors) showed a high specificity without loss of 
much of the sensitivity.

Conclusion
To identify patients that are expected to initiate statin treatment for primary prevention, 
patients receiving at least two prescriptions for a thrombocyte aggregation inhibitor 
and/or a vitamin K antagonist before or around statin initiation should be excluded. 
For identification of the occurrence of a cardiovascular event, two prescriptions for a 
thrombocyte aggregation inhibitor is considered as the optimal medication proxy.
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TABLE APPENDIX I. Sensitivity and specificity measurements of the medication proxies 
tested on general practitioner data from the GIANTT database

Proxy (ATC) Sensitivity Specificity

1. Nitrates (C01DA) 0.17 0.96

2. Vitamin K antagonists (B01 AA) 0.19 0.91

3. Calcium antagonists (C08) 0.33 0.79

4. Beta-blockers (C07A) 0.68 0.62

5. Thrombocyte aggregation inhibitors (B01AC) 0.69 0.79

6. RAAS inhibitors (C09) 0.75 0.40

7. Thrombocyte aggregation inhibitors (B01AC) or 
vitamin K antagonists (B01AA)a

0.85 0.71

a Patients receiving at least two prescriptions from at least one of the medication groups

1. Voorham J, Denig P. Computerized extraction of information on the quality of diabetes from 

text in electronic medical patient records of general practitioners. J Am Med Inform Assoc 

2007; 14(3): 349-354.
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