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Aims In clinical practice, many patients do not reach the recommended treatment targets for LDL-cholesterol levels. We aimed to 
examine treatment patterns and adherence for patients on lipid lowering drugs in Norway to inform future strategies to 
improve therapies.

Methods 
and results

We obtained information on all dispensed statins, ezetimibe, and proprotein convertase subtilisin/-kexin 9 (PCSK9) inhibi
tors 2010–2019 from the Norwegian Prescription Database. Treatment gaps were assessed assuming patients take one tab
let per day and were defined to occur if a patient did not refill a prescription when the previous one should have been 
depleted. Treatment was defined as discontinued when the preceding prescription would have been used and no new sub
sequent prescription was filled. The mean proportion of days covered (PDC) was calculated by aggregating the total number 
of tablets dispensed during each calendar year and dividing by 365. Patients 80 years were excluded. A considerable pro
portion of statin users in Norway had long treatment gaps or discontinuation in treatment. The 19.6% of the patients 
had treatment gaps of 180 days or more, and 10.8% had gaps or greater than 365 days. Similar results were found for pa
tients on antidiabetics and hypertensives. PDC ranged from 84.9% for simvastatin to 72.2% for ezetimibe (2019). The most 
common lipid lowering drugs in 2019 were atorvastatin, simvastatin, and ezetimibe.

Conclusion There is a great potential for improving drug adherence and optimizing lipid lowering therapy by switching to more effective 
statins in greater doses, and more often add ezetimibe and PCSK9 inhibitors to treatment.
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Introduction
Pharmacological treatment with statins to reduce hypercholesterol
aemia is crucial for primary and secondary prevention of atherosclerot
ic cardiovascular and cerebrovascular disease (CVD).1,2 The addition of 
non-statin lipid-modifying drugs, in particular ezetimibe, and more re
cently proprotein convertase subtilisin/-kexin 9 (PCSK9) inhibitors, 
are recommended in patients who do not reach their individual treat
ment goal despite highest tolerated statin dose.1,2 The beneficial effects 
of lipid lowering drugs on CVD outcomes are mainly mediated through 
the reduction of low-density lipoprotein cholesterol and other 
apo-B-containing serum lipoproteins.3 However, they likely also im
prove clinical outcomes by reducing chronic subclinical inflammation.4

Therefore, statins, alone or in combination with ezetimibe and/or a 
PCSK-9 inhibitors, were given high scientific recommendation in the 
current European guidelines for CVD prevention1 and dyslipidemia.2

The recommended LDL-cholesterol treatment goal was recently re
duced from 1.8 to <1.4 mmol/L for patients with established ASCVD 
or a very-high CVD risk, and recent studies indicate that even lower 
treatment targets may be associated with a further risk reduction for 
subsequent cardiovascular events.5

National and international studies indicate that a majority of patients 
in clinical practice fails to achieve the recommended lipid goals6,7 which 
in turn increase their risk of CVD events6. Furthermore, many patients 
are treated with suboptimal statin doses and rarely are prescribed com
bination therapy with non-statin drugs.8,9 It is a prerequisite for treat
ment effects that patients are prescribed the optimal lipid lowering 
drugs and then use them as prescribed by their physician. Today, 

poor drug adherence (i.e. patients do not take their drugs as pre
scribed) remains a major challenge in lipid management globally, con
tributing substantially to adverse clinical outcomes.10,11

The concept of drug adherence includes the initiation, implementa
tion, and discontinuation phases,12 with persistence, defined as the 
‘time from initiation to discontinuation’, representing a quantitative 
concept. It is well known that estimates of adherence are strongly influ
enced by the applied definition of adherence,13 as well as the measure
ment method.14 Pharmacy prescription data currently provide the best 
opportunity for assessing population-wide drug adherence.12,14 Recent 
international registry-based studies 15,16 and meta-analyses 10 have 
documented that poor statin adherence is common in the real-world 
setting, and it is associated with adverse outcomes in terms of cardio
vascular disease events and mortality.

Knowledge about temporal trends in treatment practice and adher
ence to lipid lowering drugs are lacking in Norway. Such information 
may enhance clinical and public awareness, potentially paving the way 
for more optimized lipid management in clinical practice. This observa
tional study aims to evaluate treatment patterns (dispensed drugs and 
doses) and adherence for patients on lipid lowering drugs in Norway 
during 2010 and 2019 using nation-wide prescription data.

Methods
Data
We received patient-level data from the Norwegian Prescription Database 
(NorPD) for all pharmacy dispensed statins (ATC code C10AA), ezetimibe 
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(C10AX09), combination of statins and ezetimibe (C10BA02, C10BA05, 
and C10BA06), and PCSK9 inhibitors (C10AX13 and C10AX14) for the 
period 2010–2019. For patients with at least one such dispensing, we ob
tained information on their use of pharmacy dispensed diabetes drugs 
(ATC-code A10), diuretics (C03), beta-blockers (C07), calcium channel 
blockers (C08), and renin-angiotensin modulating drugs (C9) during the 
period 2010–2019.

For each dispensing, we received information on patient characteristics 
(age, sex, and month of death if applicable), dispensing date, ATC code of 
drug, number of defined daily doses (DDDs), and number of tablets or milli
gram active substance. The dataset encompassed 890 659 patients and 72 
664 529 prescription fills. There were no missing data. Norway has flexible 
reimbursement rules for statins (except rosuvastatin), ezetimibe, less flex
ible rules for rosuvastatin and ezetimibe combinations while PCSK9 inhibi
tors have very strict rules. Approximately 99% of all prescription fills for 
lipid lowering drugs are reimbursed

Sample selection
We excluded prescription fills for patients greater than 80 years of age [n = 
17 769 161 (24.5%)]. For example, prescriptions for patients born in 1935 
were excluded from analysis from 1 January 2016. The exclusion was mo
tivated by weak evidence of statin benefit among older people, especially for 
primary prevention.17 Furthermore, physicians may discontinue treatment 
in older people due to comorbidity or severe health state.

We also excluded patients with one or more prescription fills of pitavas
tatin (102 patients), prescription fills with a negative number of tablets (two 
prescription fills); and prescription fills with more than 20 000 tablets on 
one prescription (one prescription fill). A total of 804 904 patients re
mained for analysis. Descriptive statistics and patient characteristics for 
the total population (extracted raw data) and the study population are pro
vided in Supplementary material online, Table S1 and S2.

Analyses of treatment practice
We present frequencies of patients and prescription fills, as well as their dis
tributions by type of drug and drug dose, during the period 2010–2019. 
Patients at high CVD risk have lower LDL-cholesterol targets than others, 
and their drug use, doses, and adherence are particularly important.1,2

Because NorPD does not hold valid information on diagnoses or risk levels, 
we performed separate analyses for patients with at least one anti-diabetes 
and one anti-hypertension drug prescription during the study period (diure
tics, beta blockers, calcium channel blockers, and renin-angiotensin modu
lating drugs).

Analyses of treatment adherence
Mean proportion of days covered (PDC) was estimated by drug and year, 
by summing up the number of tablets (statins and ezetimibe) or milligrams 
(PCSK9) dispensed during each calendar year and dividing by 365. Patients 
were defined to be on a lipid lowering drug if they had at least one prescrip
tion fill of that drug during the year. One patient can therefore be present in 
more than one drug group. Because patients may start or discontinue drug 
treatment any day during the calendar year, and because some patients fill 
prescriptions unregularly, this simple method for estimating mean PDC, 
may entail bias. We explored potential bias in various sensitivity analyses, 
including by removing prescription filled 6 months before time of death, 
by prevalent and incident patients separately and by removing incident pa
tients who had their first filling after 1st October 1st in the year of interest 
or patients who died during the year. In addition, we used the reverse wait
ing time distribution (RWD) with random index dates in a 1-year sampling 
window for each calendar year to estimate the days covered by a single pre
scription.18 In the estimation, we included age categories, sex of the patient 
and categories for the number of pills as explanatory covariates to improve 
predictive accuracy.19 Changes in PDC over time were tested statistically 
using logistic regression.

We estimated the proportion of patients with gaps in statin use of more 
than 90, 180, 365, 545, and 730 days duration, and of discontinuation. We 
assumed that patients on statins take one tablet per day. If a patient receives 
for example 100 tablets and fills the next prescription after 190 days, we 
assumed there had been a treatment gap of 90 days. Treatment was defined 
as discontinued when the preceding prescription would have been used 

(assuming one tablet per day) and no new subsequent prescription was 
filled. When calculating the proportion of patients with a discontinuation, 
individuals were censored if they were registered as dead or turned 81 
years old during the study period. Analyses of adherence and treatment 
gaps were restricted to incident patients from 2012 (washout period 
2010–2011).

Statistical software
Analyses were performed using R version 4.1.2 (2021), STATA software 
version 15 (College Station, TX, USA), and Microsoft Excel (2016).

Ethical approval
Approval to use data from NorPD was granted from NorPD (ref:20/ 
13004–9) and the Regional Committees for Medical and Health Research 
Ethics (REK) (ref:153702).

Data availability
The data underlying this study were provided by NorPD under by permis
sion from REK. Data will be shared on request to the corresponding author 
with the permission of NorPD and REK.

Results
The proportion of the Norwegian population under 80 years with at 
least one lipid lowering drug prescription increased from 8.9% in 
2010 (n = 415 351) to 10.0% in 2019 (n = 511 124).20 With 2010– 
2011 as washout period, the number of drug-naive (incident) patients 
on lipid lowering drug increased from 26 446 in 2012 to 32 554 in 
2019. The mean age of the patients in 2019 was 65 years (SD = 10.5) 
and 42% of the patients were female. There were 106 532 patients 
who had a dispensing of both an anti-diabetes and an anti-hypertension 
drug in 2019. Prevalence, incidence, number of prescriptions, and more 
detailed patient characteristics for patients on lipid lowering drugs are 
provided in Supplementary material online, Table S1 and S2.

Choice of lipid lowering drug and 
prescribed doses
In 2010, 72.2% of the patients had at least one prescription fill of sim
vastatin, 24.1% of atorvastatin, and 3.1% of ezetimibe (Figure 1). In 2019, 
these proportions were 27.2%, 55.3%, and 11.3%, respectively. In total, 
159 779 patients switched from pravastatin or simvastatin to atorvasta
tin during the study period, while 24 601 switched to rosuvastatin. 
PCSK9 inhibitors were introduced in Norway in 2015, and the number 
of patients on these drugs increased from 54 in 2015 to 1266 in 2019. In 
2019, patients on PCSK9 inhibitors represented 0.2% of the patients on 
lipid lowering drugs in Norway. Of the patients with at least one pre
scription of anti-diabetes and one anti-hypertension drug during 2010 
through 2019, 27.3% used simvastatin, 53.9% atorvastatin, 2.4% pravas
tatin, 5.0% rosuvastatin, 11.2% ezetimibe, and 0.2% PCSK9 inhibitors.

For all statins, prescriptions with higher doses (40 or 80 mg) repre
sented a lower proportion of the prescription fills in 2019 compared 
with in 2010 (Table 1). For example, for atorvastatin, 23.9% of the pre
scription fills were 80 mg in 2010, while it was 14.5% in 2019. There 
was also a decrease in the proportion of 40 mg prescriptions during 
the study period (42.9–37.5%). Patients on antidiabetics and antihyper
tensives had somewhat higher doses, but the differences were small. 
The number of patients and prescription fills of lipid lowering drugs ac
cording to type of drug are presented in Supplementary material online, 
Table S3.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
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Table 1 Proportion (%) of prescription fills according to dose, by type of statin and year

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2019 Diabetes  
and hypertensiona

Simvastatin
10 mg 7.3 7.2 7.2 7.5 7.7 7.9 8.1 8.5 8.8 9.1 9.1
20 mg 40.4 40.0 39.6 39.6 39.5 39.4 40.1 40.9 41.1 41.3 40.6

40 mg 47.5 48.3 48.9 49.0 49.0 49.0 48.4 47.3 47.0 46.6 46.8

80 mg 4.7 4.5 4.2 4.0 3.8 3.7 3.4 3.2 3.0 3.0 3.6
Atorvastatin
10mg 11.5 12.6 13.3 13.9 14.4 14.5 14.7 15.0 14.9 15.0 12.8

20mg 21.6 25.8 28.2 29.4 29.3 30.2 31.0 31.6 32.6 33.1 30.7
40mg 42.9 40.6 39.3 38.6 39.0 39.1 38.7 38.3 37.9 37.5 39.2

80mg 23.9 21.1 19.1 18.1 17.3 16.3 15.6 15.0 14.6 14.5 17.4

Pravastatin
20 mg 38.8 40.5 39.3 40.3 40.8 41.2 42.2 43.0 43.0 43.5 38.6

40 mg 61.2 59.5 60.7 59.7 59.2 58.8 57.8 57.0 57.0 56.5 61.4

Rosuvastatin
5 mg 23.8 23.3 24.9 25.1 27.0 26.5 29.8 31.2 30.7 29.5 28.7

10 mg 25.7 30.4 31.4 31.6 31.6 33.6 32.9 32.6 33.0 33.1 32.9

20 mg 21.4 22.8 22.4 23.4 23.4 23.5 22.6 22.5 22.6 23.0 24.2
40 mg 29.1 23.5 21.4 19.9 18.0 16.4 14.8 13.7 13.8 14.4 14.2

aPatients on anti-diabetes and anti-hypertension drugs (diuretics, beta blockers, calcium channel blockers, and renin-angiotensin modulating drugs).
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Adherence and treatment gaps
For patients on lipid lowering drugs, adherence measured as mean PDC 
varied little across time and type of drug (Figure 2). In 2019, the mean 
PDC was 84.9% for simvastatin, 83.9% for atorvastatin, 83.1% for pra
vastatin, 79.2% for rosuvastatin, and 72.2% for ezetimibe. In 2019, the 
proportion of patients with PDC <80% was 37.8% for simvastatin, 
21.3% for atorvastatin, 21.9% for pravastatin, 25.6% for rosuvastatin, 
and 31.8% for ezetimibe (data not shown). For simvastatin, atorvastatin, 
and pravastatin, there were only minor changes in the mean PDC from 
2012 to 2019. While the mean PDC increased from 70.9 to 79.2% for 
Rosuvastatin from 2012 to 2019, it decreased for ezetimibe (from 78.7 
to 72.2%). The estimated time trends of PDC for simvastatin, pravasta
tin, and atorvastatin were small, with an estimated yearly change of 
−0,09%, −0,15%, and 0,42%, respectively. The trends were larger in 
magnitude for rosuvastatin (2.7% increase per year) and ezetimibe 
(decrease of 1.85% per year). All time trend estimates were statistically 
significant. For PCSK9 inhibitors, the mean number of mg dispensed per 
day in 2019 was 7.9 for evolocumab (SD = 3.4) and 7.26 for alirocumab 
(SD = 3.5), with recommended dose 10 mg per day. This implies that 
a mean PDC in 2019 was 79.0% for evolocumab and 72.6% for 
alirocumab.

In total, 130 998 (39.2%) patients had gaps or discontinuation in sta
tin treatment of 180 days or more (Figure 3). Among these patients, 65 
637 had a gap of more than 180 days before they started treatment 
again during the period 2012–2019. These 65 637 patients had a total 
number of 86 174 gaps of 180 days or more. Gaps or discontinuation 
in statin treatment of 730 days or more were observed in 18.5% of pa
tients (61 761 patients). The proportion of patients with gaps was simi
lar for patients receiving diabetes drugs and those aged 61 years or 
younger (see Supplementary material online, Figure S1).

Subgroup analyses
The mean drug dose per day and/or mean PDC varied across gender, 
age, and whether the patients were on diabetes and hypertension drugs 

or not (Table 2). For atorvastatin, women used 24.7 mg per day in 2019, 
while men used 31.3 mg. The estimated gender difference in mean dose 
was 6.58, with a 95% confidence interval ranging from 6.4 to 6.7. 
Younger patients (0–59) also used a lower dose (25.8 mg/day) com
pared with those aged 60 and above (60–69 years: 29.6 mg/day, 70 + 
years: 30.0 mg/day). There was also a significant difference in mean 
PDC across the age groups 0–59, 60–69, and 70+, with a mean PDC 
of 77.8%, 85.4%, and 87.5%, respectively. There was no variation in 
mean PDC according to gender. Patients with at least one prescription 
of a diabetes and a hypertension drug used somewhat higher doses, and 
those in the older age cohorts had a higher mean PDC compared with 
the total patient population.

Sensitivity analysis of proportions of days 
covered
Our estimates of the proportions of days covered (PDC) presented 
above are influenced negatively by treatment gaps and initiation of 
treatment late in a calendar year. We tested alternative methods for 
estimating PDC to account for these factors, resulting in estimates 
means in the range 87–92% (see Supplementary material online, 
Table S4). Using the RWD, we found that younger patients (age cat
egories < 50 years) have significantly longer prescription duration 
than older patients (age categories >59 years). We found no significant 
gender difference in prescription duration.

Discussion
Main findings
In Norway, an increasing number of patients use lipid lowering drugs. 
Our long-term data indicate that considerable proportions of patients 
have suboptimal treatment with low-intensity statins, low statin doses, 
modest adherence, and lengthy treatment gaps. Few patients receive 
ezetimibe, combination therapy with ezetimibe, or PCSK9 inhibitors. 
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Figure 2 Mean proportion of days covered (PDC) (%)1 by lipid lowering drug in 2012, 2015, and 2019. Solid line on top of each bar shows confidence 
interval for mean PDC. Confidence intervals are small due to large sample size. 1Total number of tablets dispensed in a calendar year divided by 365 and 
the number of patients in that year. *Ezetimibe (excluding combinations with statins).

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
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Thus, there seems to be a substantial potential for improvements in pa
tient and population health outcomes through optimized treatment 
with cost-effective lipid lowering drugs.

Strengths and weaknesses
The main strength of this study lies in almost complete national, 
longitudinal data on the use of lipid lowering drugs. Pharmacies in 
Norway are legally required to electronically report all prescription 
fills to the NorPD, thus our data cover the entire Norwegian popu
lation. Because the study was based on nationwide data rather than 
a sample, we remove potential selection bias and ensure generaliz
ability. Additionally, the number of patients and prescriptions is 
large for almost all subgroups, reducing the uncertainty in the esti
mates (as confirmed by the narrow confidence intervals). Still, there 
are important limitations. We do not have information on prescrip
tions that are not redeemed by the patients, and we do not know 
to what extent patients use the dispensed drugs. Consequently, the 
dispensed drugs represent the maximum treatment patients may 
receive. NorPD does not hold information on prescribed dosage. 
For statins and ezetimibe, we assume that patients are prescribed 
one tablet per day.

NorPD lacks information on clinical data such as lipid parameters. 
Data on comorbid CVD and risk levels are also largely missing even 
though prescription data on drug treatment for diabetes and hyperten
sion may serve as a proxy for these variables. Consequently, we were 
not able to distinguish between primary- and secondary prevention. To 
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Figure 3 Proportion (%) and number of patients with gaps or discontinuation in statin treatment, 2012–2019. 1A treatment gap occurs if a patient 
does not refill a prescription when the previous one should have been depleted. Example: When a patient receives 100 tablets and fill the next pre
scription after 300 days, we define this as a 200-day gap.
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Table 2 Proportion of days covereda and mean mg 
drug per day for atorvastatin users in 2019, according 
to age, sex, and the use of diabetes drugs

n Mean mg/day (SD) Proportion of days  
covered (%) [95% CI]

Sex
Women 126 344 24.7b[19.6] 83.9 [83.7, 84.1]
Men 184 640 31.3b [23.4] 83.9 [83.8, 84.1]

Total 310 984 28.6 [22.1] 83.9 [83.8, 84.0]

Age
0–59 91 987 25.8 [21.6] 77.8c[77.59, 78.04]

60–69 104 728 29.6 [22.5] 85.4c [85.2, 85.6]

70+ 114 269 29.97 [22.0] 87.5c [87.3, 87.6]
On diabetes and hypertension drugs
0–59 15 553 29.7 [23.3] 84.3 [83.8, 84.9]

60–69 19 069 33.0 [23.8] 89.2 [88.7, 89.7]
70+ 21 450 32.5 [23.1] 89.8 [89.3, 90.2]

aTotal number of tablets dispensed in a calendar year divided by 365 and the number of 
patients in that year. 
bThe gender difference in mean mg/day is significant at the 1%-level. 
cAn ANOVA-test shows that differences in mean PDC between all age groups are 
significant at the 1%-level.
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investigate patients with high CVD-risk subgroup, analyses were per
formed for patients with at least one anti-diabetes and one anti- 
hypertension drug prescription during the study period. Information 
on medical indication for prescriptions is missing and beta blockers, 
diuretics, calcium channel blockers, and ARBs may have been pre
scribed for non-CVD reasons.

Unfortunately, our data do not allow inference on the causes of 
gaps and discontinuation. The occurrence of the phenomenon 
seems is about the same across all patient subgroups we have 
examined.

We used mean PDC as the measure of adherence which can be es
timated in several ways.21–23 For statins and ezetimibe, we assumed 
that patients are prescribed one tablet per day, and subsequently aggre
gated per patient per year. This allows us to present adherence by cal
endar year which is important with our public health approach. This 
method, however, results in underestimating PDC for patients who ini
tiate or discontinue treatment during a calendar year. We explored this 
limitation in sensitivity analyses and observed that mean PDC is some
what higher (between 87 and 92%) when accounting for timing of ini
tiation and discontinuation. Because relatively few patients are 
prescribed lipid lowering drugs for the first time during each calendar 
year (see Supplementary material online, Table S2) and are expected 
to receive treatment lifelong, the bias is likely modest. The main explan
ation of the difference between the different PDC-methods seems to 
lie in the large number and magnitude of treatment gaps. We allowed 
for stockpiling regardless of switching between drugs. The PDC for 
PCSK9 inhibitors is uncertain because PDC depends on the dosing 
interval and prescribed doses.

Discussion of own findings
The beneficial effects of lipid lowering treatment with statins,24 ezeti
mibe,4 and PCSK9 inhibitors25,26 on clinical outcomes are well documen
ted. Further, high-intensity statin treatment is superior to standard-dose 
therapy,24 and combination-therapy with ezetimibe and simvastatin, and 
likely also other statins, improve outcome compared with treatment with 
statins alone.4 Statins, ezetimibe and their combinations are available as 
generic drugs with low prices. Thus, increasing the prescribed dosage, 
or the use of these drugs, has negligible costs.

Our results indicate that, despite excellent evidence on effective
ness, strong recommendations1,27, and modest drug costs, consider
able proportions of patients use low-intensity statins, low doses, and 
relatively few are using ezetimibe. The modest use of rosuvastatin 
may be a consequence of higher generic prices and more strict reim
bursement rules in Norway than for simvastatin and atorvastatin. 
Furthermore, reimbursement rules for PCSK9 inhibitors have been 
very strict and the utilization accordingly very low. Even though we 
in this study do not have information on LDL-cholesterol levels, 
other Norwegian studies find clear association between lipid lower
ing treatment, LDL-cholesterol levels and CVD risk.6,28,29 In line with 
this, a large European study shows that a significant number of pa
tients do not achieve the guideline-recommended treatment targets 
for LDL-cholesterol in daily clinical practice and that few are using 
combination with non-statin lipid lowering drugs.30 Immediate, com
bination therapy with statins and ezetimibe, at least to high-risk pa
tients, has therefore recently been recommended by a European 
Position document.27 Even though several patients have switched 
from simvastatin and pravastatin from 2010 to 2019, there are few 
signs that adherence has improved over time. Even more disappoint
ing is the finding that mean PDC or doses is not higher among pa
tients on anti-diabetes and anti-hypertension drugs, and that a 
substantial proportion of these patients are observed to have long 
gaps in their statin treatment. International data 10,11 and data 
from Norway31 show that statin non-adherence is associated with 
a greater than two-fold increased rate of subsequent cardiovascular 

events, more than four-fold increased risk of stroke and almost a 
four-fold increased risk of death. Non-adherence also contributes 
to significant healthcare expenditures.32 It is concerning that younger 
patients, who benefit most from lipid lowering, have the lowest 
adherence.

The disappointing findings cannot be explained by strict reimburse
ment rules except for PCSK9 inhibitors, nor can they be explained 
by patient co-payments which are modest in Norway (approximately 
€200 in total per year for any drug or medical treatment). In fact, a re
cent report indicates that treatment of CVD disease related to hyper
cholesterolaemia cost approximately €1 billion, while the cost of lipid 
lowering drugs is less than €50 million.33

Findings in other studies
Several other studies have investigated patterns of statin use in the real- 
world setting.28,34–37 In line with our results, previous studies indicate 
that there is an underutilization of high-intensity statin therapy35,36

and that patients at high risk for CV events have high rates of discon
tinuation and poor adherence.31,36 While many studies of adherence 
to lipid lowering treatment have focused on individual patients and spe
cific lipid lowering drugs, we explore all three drug groups with a public 
health approach.

Clinical and policy implications
Optimizing lipid lowering drug treatment represents a potential for 
considerable health benefits at small additional costs and possibly 
cost savings elsewhere in the health care system. A Cochrane review 
suggests ‘electronic reminders, pharmacist-led interventions, and 
healthcare professional education to help people better remember 
to take their medications’.38 The problem is greater than these findings 
may indicate. When people have treatment gaps of months or years 
duration, the problem is more than lack of memory. Statin intolerance, 
in particular self-perceived statin intolerance, is a leading cause of treat
ment gaps and discontinuations. A recent study utilizing data from more 
than four million patients finds a prevalence estimate of statin intoler
ance of 9.1%.39 A meta-analysis of randomized double-blinded statin 
trials report only a weak tendency towards more muscle symptoms 
among statin users compared with those who received placebo (12.6 
vs. 12.4%), with no difference between the groups in proportion 
who discontinued statins.40 Furthermore, when patients with self- 
perceived muscle symptoms on statins are randomized to high- 
intensity statin treatment and placebo in a crossover design, the inten
sity of muscle symptoms is similar in statin and placebo.41 Other causes 
such as cultural reasons, lack of information from the healthcare pro
vider, lack of education or awareness of the disease, and the silent 
aspect of CVD diseases also contribute to the observed 
non-adherence.42

In order to improve adherence to lipid lowering treatment in gen
eral, counselling and education, self-monitoring reminders, and 
pharmacist-led interventions are documented cost-effective43 and re
commended measures.2 Electronic patient record systems with remin
ders to inform physicians about the prescribed amounts for individual 
patients and to detect potential treatment gaps are now available and 
should be implemented in the healthcare system.38

Conclusion
These prescription data on lipid lowering treatment indicate that 
Norway has considerable potential for better CVD health at modest 
costs.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data


8                                                                                                                                                                                           I. Engebretsen et al.

Author biography
I.E. holds a master’s degree in economics 
from the University of Oslo, with a spe-
cialization in data analysis and statistics. 
She is employed at Oslo Economics 
where she primarily works with health 
economic analyses, using registry data 
from national health registries. Her 
fields of interest include cardiovascular 
diseases, neuromuscular diseases, and 
cancer.   

Data availability
No new data were generated in support of the article.

Supplementary data
Supplementary data can be accessed through the online publication. 
The supplementary data include a description of patient characteristics 
(see Supplementary material online, Table S1 and S2), number of pa
tients and doses by lipid lowering drugs and year (2010–2019) (see 
Supplementary material online, Table S3), subgroup analyses of patients 
receiving diabetes drugs and patients 61 years or younger (see 
Supplementary material online, Figure S1), and sensitivity analyses of dif
ferent methods to estimate mean PDC (see Supplementary material 
online, Table S4).

Access to study protocol, data application, approvals, programming 
code, etc. can be requested by contacting one of the listed authors on 
this publication. Access to raw data must be obtained from the 
Norwegian Prescription Database.

Supplementary material
Supplementary material is available at European Heart Journal Open 
online.

Acknowledgements
Data from the Norwegian Prescription Database have been used in this 
publication. The interpretation and reporting of these data are the sole 
responsibility of the authors, and no endorsement by the register is in
tended nor should be inferred.

Funding
The study was financed by Novartis Norway.

Conflict of interest: I.E. is employed at Oslo Economics AS. Oslo 
Economics has performed projects financed by Novartis and several other 
public and private organizations. J.M. has received lecture fees outside the 
submitted work from Sanofi, Amgen, Novartis, and Bayer. C.B. is employed 
at Oslo Economics AS. Oslo Economics has performed projects financed by 
Novartis and several other public and private organizations. S.H. has no con
flicts to declare. Ødegaard is a PhD-student at the University of Oslo and an 
employee at Novartis Norway AS. H.S. is affiliated with Oslo Economics AS 
and has received honorarium from Novartis and several other public and 
private organizations. I.S.V. is affiliated with Oslo Economics AS and has re
ceived honorarium from Novartis and several other public and private 
organizations.

References
1. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, Benetos A, Biffi A, 

Boavida JM, Capodanno D, Cosyns B, Crawford C, Davos CH, Desormais I, Di 
Angelantonio E, Franco OH, Halvorsen S, Hobbs FDR, Hollander M, Jankowska EA, 
Michal M, Sacco S, Sattar N, Tokgozoglu L, Tonstad S, Tsioufis KP, van Dis I, van 
Gelder IC, Wanner C, Williams B; ESC Scientific Document Group. 2021 ESC guide
lines on cardiovascular disease prevention in clinical practice: developed by the task 
force for cardiovascular disease prevention in clinical practice with representatives of 
the European society of cardiology and 12 medical societies with the special contribu
tion of the European association of preventive cardiology (EAPC). Eur Heart J 2021;42: 
3227–3337.

2. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman MJ, De 
Backer GG, Delgado V, Ference BA, Graham IM, Halliday A, Landmesser U, Mihaylova B, 
Pedersen TR, Riccardi G, Richter DJ, Sabatine MS, Taskinen MR, Tokgozoglu L, Wiklund 
O; ESC Scientific Document Group. 2019 ESC/EAS guidelines for the management of 
dyslipidaemias: lipid modification to reduce cardiovascular risk: the task force for the 
management of dyslipidaemias of the European society of cardiology (ESC) and 
European atherosclerosis society (EAS). Eur Heart J 2019;41:111–188.

3. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, Kirby A, Sourjina T, 
Peto R, Collins R, Simes R; Cholesterol Treatment Trialists’ (CTT) Collaborators. 
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: 
1267–1278.

4. Bohula EA, Giugliano RP, Cannon CP, Zhou J, Murphy SA, White JA, Tershakovec AM, 
Blazing MA, Braunwald E. Achievement of dual low-density lipoprotein cholesterol and 
high-sensitivity C-reactive protein targets more frequent with the addition of ezetimibe 
to simvastatin and associated with better outcomes in IMPROVE-IT. Circulation 2015; 
132:1224–1233.

5. Giugliano RP, Pedersen TR, Park JG, De Ferrari GM, Gaciong ZA, Ceska R, Toth K, 
Gouni-Berthold I, Lopez-Miranda J, Schiele F, Mach F, Ott BR, Kanevsky E, Pineda AL, 
Somaratne R, Wasserman SM, Keech AC, Sever PS, Sabatine MS; FOURIER 
Investigators. Clinical efficacy and safety of achieving very low LDL-cholesterol concen
trations with the PCSK9 inhibitor evolocumab: a prespecified secondary analysis of the 
FOURIER trial. Lancet 2017;390:1962–1971.

6. Jortveit J, Halvorsen S, Kaldal A, Pripp AH, Govatsmark RES, Langørgen J. Unsatisfactory 
risk factor control and high rate of new cardiovascular events in patients with myocar
dial infarction and prior coronary artery disease. BMC Cardiovasc Disord 2019;19:71.

7. Mensah GA, Wei GS, Sorlie PD, Fine LJ, Rosenberg Y, Kaufmann PG, Mussolino ME, Hsu 
LL, Addou E, Engelgau MM, Gordon D. Decline in cardiovascular mortality: possible 
causes and implications. Circ Res 2017;120:366–380.

8. Reiner Ž, De Backer G, Fras Z, Kotseva K, Tokgözoglu L, Wood D, De Bacquer D; 
EUROASPIRE Investigators. Lipid lowering drug therapy in patients with coronary heart 
disease from 24 European countries–findings from the EUROASPIRE IV survey. 
Atherosclerosis 2016;246:243–250.

9. Munkhaugen J, Sverre E, Otterstad JE, Peersen K, Gjertsen E, Perk J, Gullestad L, Moum 
T, Dammen T, Husebye E. Medical and psychosocial factors and unfavourable low- 
density lipoprotein cholesterol control in coronary patients. Eur J Prev Cardiol 2017; 
24:981–989.

10. De Vera MA, Bhole V, Burns LC, Lacaille D. Impact of statin adherence on cardiovascu
lar disease and mortality outcomes: a systematic review. Br J Clin Pharmacol 2014;78: 
684–698.

11. O’Connor PJ. Improving medication adherence: challenges for physicians, payers, and 
policy makers. Arch Intern Med 2006;166:1802–1804.

12. Ho PM, Bryson CL, Rumsfeld JS. Medication adherence: its importance in cardiovascular 
outcomes. Circulation 2009;119:3028–3035.

13. Francisco O, Løyland HI, Bugge C, Kristiansen IS, Støvring H. Persistence of statin treat
ment—the impact of analytic method when estimating drug survival. Norsk Epidemiologi 
2021;29:107–115.

14. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med 2005;353:487–497.
15. Khalaf K, Johnell K, Austin P, Tyden P, Midlöv P, Perez-Vincente R, Merlo J. Low adher

ence to statin treatment during the first year after an acute myocardial infarction is as
sociated with increased second year mortality risk- an inverse probability of treatment 
weighted study on 54,872 patients. Eur Heart J Cardiovasc Pharmacother 2020;7: 
141–147.

16. Rodriguez F, Maron DJ, Knowles JW, Virani SS, Lin S, Heidenreich PA. Association of 
statin adherence with mortality in patients with atherosclerotic cardiovascular disease. 
JAMA Cardiol 2019;4:206–213.

17. Cholesterol Treatment Trialists’ Collaboration. Efficacy and safety of statin therapy in 
older people: a meta-analysis of individual participant data from 28 randomised con
trolled trials. Lancet 2019;393:407–415.

18. Bødkergaard K, Selmer RM, Hallas J, Kjerpeseth LJ, Pottegård A, Skovlund E, Støvring H. 
Using the waiting time distribution with random index dates to estimate prescription 
durations in the presence of seasonal stockpiling. Pharmacoepidemiol Drug Saf 2020; 
29:1072–1078.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac070#supplementary-data


Gaps and discontinuation in statin treatment                                                                                                                                                       9

19. Støvring H, Pottegård A, Hallas J. Refining estimates of prescription durations by using 
observed covariates in pharmacoepidemiological databases: an application of the re
verse waiting time distribution. Pharmacoepidemiol Drug Saf 2017;26:900–908.

20. [dataset]* Statistics Norway. 07459: Population, by sex and one-year age groups (M) 
1986–2021. In: Dataset; 2021.

21. Arnet I, Kooij MJ, Messerli M, Hersberger KE, Heerdink ER, Bouvy M. Proposal of stand
ardization to assess adherence with medication records: methodology matters. Ann 
Pharmacother 2016;50:360–368.

22. Peterson AM, Nau DP, Cramer JA, Benner J, Gwadry-Sridhar F, Nichol M. A checklist 
for medication compliance and persistence studies using retrospective databases. 
Value Health 2007;10:3–12.

23. Raebel MA, Schmittdiel J, Karter AJ, Konieczny JL, Steiner JF. Standardizing terminology 
and definitions of medication adherence and persistence in research employing elec
tronic databases. Med Care 2013;51:S11–S21.

24. LaRosa JC, Grundy SM, Waters DD, Shear C, Barter P, Fruchart JC, Gotto AM, Greten 
H, Kastelein JJP, Shepherd J, Wenger NK; Treating to New Targets (TNT) Investigators. 
Intensive lipid lowering with atorvastatin in patients with stable coronary disease. N Engl 
J Med 2005;352:1425–1435.

25. Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott AD, Murphy SA, Kuder JF, 
Wang H, Liu T, Wasserman SM, Sever PS, Pedersen TR; FOURIER Steering Committee 
and Investigators. Evolocumab and clinical outcomes in patients with cardiovascular dis
ease. N Engl J Med 2017;376:1713–1722.

26. Schwartz GG, Steg PG, Szarek M, Bhatt DL, Bittner VA, Diaz R, Edelberg JM, Goodman 
SG, Hanotin C, Harrington RA, Jukema JW, Lecorps G, Mahaffey KW, Moryusef A, 
Pordy R, Quintero K, Roe MT, Sasiela WJ, Tamby JF, Tricoci P, White HD, Zeiher 
AM; ODYSSEY OUTCOMES Committees and Investigators. Alirocumab and cardio
vascular outcomes after acute coronary syndrome. N Engl J Med 2018;379:2097–2107.

27. Banach M, Penson PE, Vrablik M, Bunc M, Dyrbus K, Fedacko J, Gaita D, Gierlotka M, 
Jarai Z, Magda SL, Margetic E, Margoczy R, Durak-Nalbantic A, Ostadal P, Pella D, 
Trbusic M, Udroiu CA, Vlachopoulos C, Vulic D, Fras Z, Dudek D, Reiner Ž; ASC 
EuroPath Central & South European Countries Project. Optimal use of lipid-lowering 
therapy after acute coronary syndromes: a position paper endorsed by the international 
lipid expert panel (ILEP). Pharmacol Res 2021;166:105499.

28. Pedersen E, Primicerio R, Halvorsen KH, Eggen AE, Garcia BH, Schirmer H, Waaseth M. 
Medication adherence among persons with coronary heart disease and associations 
with blood pressure and low-density-lipoprotein-cholesterol. Eur J Clin Pharmacol 
2022;78:857–867.

29. Pedersen E, Garcia BH, Halvorsen KH, Eggen AE, Schirmer H, Waaseth M. Adherence 
to prescription guidelines and achievement of treatment goals among persons with cor
onary heart disease in tromsø 7. BMC Cardiovasc Disord 2021;21;44.

30. Ray KK, Molemans B, Schoonen WM, Giovas P, Bray S, Kiru G, Murphy J, Banach M, De 
Servi S, Gaita D, Gouni-Berthold I, Hovingh GK, Jozwiak JJ, Jukema JW, Kiss RG, 
Kownator S, Iversen HK, Maher V, Masana L, Parkhomenko A, Peeters A, Clifford P, 
Raslova K, Siostrzonek P, Romeo S, Tousoulis D, Vlachopoulos C, Vrablik M, 
Catapano AL, Poulter NR; the DA VINCI study. EU-Wide Cross-Sectional 

observational study of lipid-modifying therapy use in secondary and primary care: the 
DA VINCI study. Eur J Prev Cardiol 2021;28:1279–1289.

31. Sverre E, Peersen K, Weedon-Fekjær H, Perk J, Gjertsen E, Husebye E, Gullestad L, 
Dammen T, Otterstad JE, Munkhaugen J. Preventable clinical and psychosocial factors 
predicted two out of three recurrent cardiovascular events in a coronary population. 
BMC Cardiovasc Disord 2020;20:61.

32. Pittman DG, Chen W, Bowlin SJ, Foody JM. Adherence to statins, subsequent health
care costs, and cardiovascular hospitalizations. Am J Cardiol 2011;107:1662–1666.

33. Oslo Economics. Cardiovascular diseases related to high cholesterol: Challenges for 
public health, burden of disease and potential for improved prevention (Original title: 
Hjerte- og karsykdom relatert til høyt kolesterol: Folkehelseutfordring, sykdomsbyrde 
og potensial for styrket forebygging). In; 2022.

34. Salami JA, Warraich H, Valero-Elizondo J, Spatz ES, Desai NR, Rana JS, Virani SS, 
Blankstein R, Khera A, Blaha MJ, Blumenthal RS, Lloyd-Jones D, Nasir K. National trends 
in statin use and expenditures in the US adult population from 2002 to 2013: insights 
from the medical expenditure panel survey. JAMA Cardiol 2017;2:56–65.

35. Rosenson RS, Kent ST, Brown TM, Farkouh ME, Levitan EB, Yun H, Sharma P, Safford 
MM, Kilgore M, Muntner P, Bittner V. Underutilization of high-intensity statin therapy 
after hospitalization for coronary heart disease. J Am Coll Cardiol 2015;65:270–277.

36. Lin I, Sung J, Sanchez RJ, Mallya UG, Friedman M, Panaccio M, Koren A, Neumann P, 
Menzin J. Patterns of statin use in a real-world population of patients at high cardiovas
cular risk. J Manag Care Spec Pharm 2016;22:685–698.

37. Talic S, Marquina C, Ofori-Asenso R, Petrova M, Liew D, Owen AJ, Lybrand S, Thomson 
D, Ilomaki J, Zomer E, Ademi Z. Switching, persistence and adherence to statin therapy: 
a retrospective cohort study using the Australian national pharmacy data. Cardiovasc 
Drugs Ther 2021;36:867–877.

38. van Driel ML, Morledge MD, Ulep R, Shaffer JP, Davies P, Deichmann R. Interventions to 
improve adherence to lipid-lowering medication. Cochrane Database Syst Rev 2016;12: 
Cd004371.

39. Bytyçi I, Penson PE, Mikhailidis DP, Wong ND, Hernandez AV, Sahebkar A, Thompson 
PD, Mazidi M, Rysz J, Pella D, Reiner Ž, Toth PP, Banach M. Prevalence of statin intoler
ance: a meta-analysis. Eur Heart J 2022;43:3213–3223.

40. Ganga HV, Slim HB, Thompson PD. A systematic review of statin-induced muscle pro
blems in clinical trials. Am Heart J 2014;168:6–15.

41. Kristiansen O, Vethe NT, Peersen K, Fagerland MW, Sverre E, Jensen EP, Lindberg M, 
Gjertsen E, Gullestad L, Perk J, Dammen T, Bergan S, Husebye E, Otterstad JE, 
Munkhaugen J. Effect of atorvastatin on muscle symptoms in coronary heart disease pa
tients with self-perceived statin muscle side effects: a randomized, double-blinded cross
over trial. Eur Heart J Cardiovasc Pharmacother 2021;7:507–516.

42. Banach M, Stulc T, Dent R, Toth PP. Statin non-adherence and residual cardiovascular 
risk: there is need for substantial improvement. Int J Cardiol 2016;225:184–196.

43. Chapman RH, Kowal SL, Cherry SB, Ferrufino CP, Roberts CS, Chen L. The modeled 
lifetime cost-effectiveness of published adherence-improving interventions for antihy
pertensive and lipid-lowering medications. Value Health 2010;13:685–694.


	Gaps and discontinuation of statin treatment in Norway: potential for optimizing management of lipid lowering drugs
	Introduction
	Methods
	Data
	Sample selection
	Analyses of treatment practice
	Analyses of treatment adherence
	Statistical software
	Ethical approval
	Data availability

	Results
	Choice of lipid lowering drug and prescribed doses
	Adherence and treatment gaps
	Subgroup analyses
	Sensitivity analysis of proportions of days covered

	Discussion
	Main findings
	Strengths and weaknesses
	Discussion of own findings
	Findings in other studies
	Clinical and policy implications

	Conclusion
	Author biography
	Data availability

	Supplementary data
	Supplementary material
	Acknowledgements
	Funding
	References




