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AbstrACt
Objectives To analyse the association between refill 
adherence to lipid-lowering medications, and the risk of 
cardiovascular disease (CVD) and mortality in patients with 
type 2 diabetes mellitus.
Design Cohort study.
setting National population-based cohort of Swedish 
patients with type 2 diabetes mellitus.
Participants 86 568 patients aged ≥18 years, registered 
with type 2 diabetes mellitus in the Swedish National 
Diabetes Register, who filled at least one prescription for 
lipid-lowering medication use during 2007–2010, 87% for 
primary prevention.
Exposure and outcome measures Refill adherence 
of implementation was assessed using the medication 
possession ratio (MPR), representing the proportion of days 
with medications on hand during an 18-month exposure 
period. MPR was categorised by five levels (≤20%, 
21%–40%, 41%–60%, 61%–80% and >80%). Patients 
without medications on hand for ≥180 days were defined 
as non-persistent. Risk of CVD (myocardial infarction, 
ischaemic heart disease, stroke and unstable angina) and 
mortality by level of MPR and persistence was analysed 
after the exposure period using Cox proportional hazards 
regression and Kaplan-Meier, adjusted for demographics, 
socioeconomic status, concurrent medications and clinical 
characteristics.
results The hazard ratios for CVD ranged 1.33–2.36 in 
primary prevention patients and 1.19–1.58 in secondary 
prevention patients, for those with MPR ≤80% (p<0.0001). 
The mortality risk was similar regardless of MPR level. The 
CVD risk was 74% higher in primary prevention patients 
and 33% higher in secondary prevention patients, for 
those who were non-persistent (p<0.0001). The mortality 
risk was 6% higher in primary prevention patients and 
18% higher in secondary prevention patients, for non-
persistent patients (p<0.0001).
Conclusions Higher refill adherence to lipid-lowering 
medications was associated with lower risk of CVD in 
primary and secondary prevention patients with type 2 
diabetes mellitus.

IntrODuCtIOn
Cardiovascular disease (CVD) is the major 
cause of death in patients with type 2 diabetes 
mellitus.1 2 A recent Swedish study showed 
that the mortality rate from CVD decreased 
among patients with type 2 diabetes mellitus 
in 1998–2014; however, the reduction was 
not as great as among patients without type 
2 diabetes mellitus. The risk of CVD for 
people with diabetes mellitus is multifactorial 
and related to hyperglycaemia, comorbid-
ities (hypertension, dyslipidaemia, obesity, 
and so on) and lifestyle factors (eg, physical 
inactivity, diet, smoking, and so on). For 
these reasons, the recommended diabetes 
treatment includes glucose-lowering medi-
cations combined with antihypertensive and 
lipid-lowering medications, as well as lifestyle 
changes.3 4 Treatment with lipid-lowering 
medications has been shown to reduce the 
risk of CVD in patients with type 2 diabetes 
mellitus.5–7 

Adherence is crucial to establishing 
the long-term effects of medications.5–7 

strengths and limitations of this study

 ► The association between refill adherence to lip-
id-lowering medications, and the risk of cardio-
vascular disease (CVD) and mortality was assessed 
for 86 568 Swedish patients with type 2 diabetes 
mellitus.

 ► We assessed the risk of CVD and mortality by five 
different levels of implementation to lipid-lowering 
medications.

 ► Only patients who survived the exposure period of 
18 months were eligible for inclusion in the analysis, 
meaning we might have excluded the most fragile 
patients.
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Adherence, that is, the extent to which patients take 
medications as prescribed, includes initiation, implemen-
tation and discontinuation of medication use.8 Initiation 
indicates when the first dose is taken and discontinuation 
defines the last dose. Implementation is often measured 
as a percentage and represents the extent to which 
patients’ actual dosing corresponds to the recommended 
regimen.9 10 Persistence represents the length of time from 
initiation to discontinuation of treatment and reflects 
continuity.8 11 Using dispensing data for lipid-lowering 
medications, previous studies have reported implementa-
tion as varying between 66% and 87%11–14 in patients with 
diabetes mellitus and/or previous CVD; high implemen-
tation (>80%) to statins was associated with lower risk of 
CVD5 6 and mortality.15

The studies dichotomously categorised implementa-
tion when analysing association with the risk of CVD and 
mortality. Thus, they do not provide any information 
about the risk of CVD and mortality by level of imple-
mentation. From a clinical perspective and to motivate 
patients, it is important to know whether there is any signif-
icant benefit of complete adherence and whether taking 
medications every other day offers any advantages. For 
that reason, this study analysed the association between 
different levels of implementation and persistence to 
monotherapy of lipid-lowering medications and the risk 
of CVD and mortality in Swedish patients with type 2 
diabetes mellitus. Furthermore, we assessed the results for 
patients receiving lipid-lowering medications as primary 
and secondary prevention.

MEthODs
Data sources
This is a nationwide study that linked individual data 
from five national registers using national personal iden-
tity numbers: (1) the Swedish Prescribed Drug Register 
(SPDR) contains information about all medications 
dispensed at pharmacies since 1 July 2005.16 The data 
include information about the patient and the prescriber 
as well as the dispensed medications (date, medication 
type, package size, dosage instructions, and so on); (2) 
patient data are continuously reported to the National 
Diabetes Register (NDR) by physicians and nurses at 
hospitals and primary care clinics by means of electronic 
charts or entered online in the NDR. All patients give 
their informed consent for inclusion in the register. 
The register provides information on risk factors and 
potential complications of diabetes mellitus17; (3) the 
National Patient Register contains information about 
admissions for inpatient and outpatient care18; (4) the 
Cause of Death Register contains information about the 
cause of death since the 1960s; and (5) the Longitudinal 
Integration Database for Health Insurance and Labour 
Market Studies (LISA) provides individual information 
about socioeconomic characteristics on an annual basis.19 
The SPDR, the NDR, the National Patient Register and 
the Cause of Death Register are all administered by the 

Swedish National Board of Health and Welfare, and 
the LISA database is managed by Statistics Sweden. The 
national personal identity number is assigned at the time 
of birth or immigration, making data linkage virtually 
complete.

study population and period
This study included new Swedish users of lipid-lowering 
medications (Anatomical Therapeutic Chemical (ATC): 
C10) with type 2 diabetes mellitus. Patients aged 18 years 
or older entered with type 2 diabetes mellitus in the NDR 
who filled at least one prescription for lipid-lowering 
medications between 1 January 2007 and 31 December 
2010 (index period) were identified in the SPDR. Patients 
with type 2 diabetes mellitus were defined as those treated 
with diet only and/or glucose-lowering medications other 
than insulin, or onset of diabetes aged 40 years or older 
and treated with insulin and/or other glucose-lowering 
medications.20 21 New users were defined as patients with 
no filled prescriptions for lipid-lowering medications for 
1 year prior to the first one during the index period (index 
date). The study period was broken down into two inter-
vals (exposure and outcome) to avoid confounding refill 
adherence with the outcomes (CV events and mortality).

During the exposure period, when refill adher-
ence was assessed, all patients were followed for 18 
months as of the index date. Patients who experienced 
a CV event, migrated or died during the period were 
excluded. Furthermore, patients were excluded if they 
filled prescriptions for: (1) multidose dispensed medi-
cations (ie, doses dispensed in series of single sachets) 
that were automatically dispensed without having been 
collected; (2) extemporaneous preparations that lacked 
information on package size; (3) bile acid sequestrants 
that are generally prescribed for indications other than 
hyperlipidaemia; or (4) combination therapy of multiple 
substances and/or strengths since they fall outside the 
scope of this study. Combination therapy was defined as 
having filled prescriptions for (1) multiple lipid-lowering 
substances or multiple strengths of the same substance 
on the same date, or (2) another substance/strength for 
45 or fewer days between two fills of the same substance/
strength. Preparations containing a fixed dose combina-
tion of lipid-lowering medications in the same tablet were 
regarded as monotherapy.

During the outcome period, each patient was followed 
from the first day after the exposure period until migra-
tion, CV event, death or 31 December 2013, whichever 
occurred first.

Exposure: refill adherence
For each patient, refill adherence was estimated during 
an 18-month exposure period with data from the SPDR. 
The length of the exposure period was defined to ensure 
stable adherence estimates when under the Swedish Phar-
maceutical Benefit Scheme.22 All patients were assumed 
to initiate lipid-lowering medications on the index date. 
Implementation was measured from initiation to the last 
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day of the exposure period using the medication posses-
sion ratio (MPR), which represents the proportion of days 
with medications on hand during the exposure period. A 
detailed description of the assessment of MPR has been 
described elsewhere.23 The supply of each prescription 
was estimated by dividing the number of tablets filled by 
the daily dosage. Overlapping supplies of filled prescrip-
tions for the same substance and strength were added 
to the duration of the subsequent prescription. If the 
overlapping supplies contained different substances 
or strengths, they were deleted. Supplies past the final 
observation date were deleted as well. MPR was broken 
down into five categories (≤20%, 21%–40%, 41%–60%, 
61%–80% and >80%) and MPR >80% was considered the 
reference for the statistical analyses. Patients were defined 
as non-persistent if they discontinued lipid-lowering treat-
ment during the exposure period. Discontinuation was 
defined as a gap of at least 180 days between two filled 
prescriptions for lipid-lowering medications.

Outcome: CVD and mortality
The primary outcomes were risk of CVD and mortality 
identified from the National Patient Register and the 
Cause of Death Register using International Statistical 
Classification of Diseases and Related Health Problems 
(ICD) codes. CVD was defined as hospitalisation for 
unstable angina pectoris, myocardial infarction (including 
percutaneous coronary intervention and coronary artery 
bypass grafting), ischaemic heart disease or stroke (for 

ICD-10 and surgical procedure codes, see table 1). Death 
caused or preceded by CVD within 28 days was defined as 
CV mortality. Risk of unstable angina pectoris, myocardial 
infarction, ischaemic heart disease and stroke, as well as 
all-cause and CV mortality, was studied separately.

baseline covariates
Covariates measured at baseline included demographic 
and socioeconomic status (sex, age, country of birth, 
marital status, education level, employment status, 
profession and individual income), morbidities (cancer 
diagnosis prior to the index date and filled prescriptions 
for diabetes medications (ATC: A10), anticoagulants 
(ATC: B01) and/or antihypertensives (ATC: C02, C03, 
C04, C05, C07, C08, C09)) and clinical characteristics 
(diabetes duration, glycated haemoglobin (HbA1c), 
estimated glomerular filtration rate, body mass index 
(BMI), blood lipid levels, blood pressure, microalbumin-
uria, macroalbuminuria, physical activity and smoking). 
Patients with a history of CVD prior to the index date 
were defined as having used lipid-lowering medications 
for secondary prevention; all other patients were defined 
as receiving primary prevention. The selected baseline 
covariates have previously been shown to be important 
factors when analysing adherence as well as risk of CVD 
and mortality.20 23 24

Socioeconomic characteristics were collected from 
the LISA database for 12 months before or after the 
individual’s index date. Filled prescriptions for diabetes 
medications, anticoagulants and antihypertensives were 
collected from the SPDR for 18 months prior to the 
index date. Using ICD codes, cancer diagnoses (ICD-10: 
C00–97) for 5 years prior to the index date were collected 
from the National Patient Register. Data are often 
reported to NDR retrospectively, thus blood lipid levels 
were collected for 24 months before and 14 days after the 
index date. All other clinical variables were collected from 
the NDR for 24 months before and 12 months after the 
index date. To analyse whether the blood lipids changed 
after commencement of lipid-lowering medications, and 
whether the potential change differed between MPR 
levels, follow-up levels were collected at least 30 days after 
the index date until the final day of the exposure period. 
Differences in blood lipid levels between baseline and 
follow-up were analysed for patients with values during 
both periods (ie, before multiple imputations).

A total of 20.0% of baseline data were missing; 3.0% of 
socioeconomic variables and 36.5% of clinical character-
istics. There were no missing data among variables about 
morbidities. Multiple imputations by chained equations 
were used to replace missing data among baseline vari-
ables.25 Ten imputed data sets were generated by means 
of 10 iterations per imputation.

sensitivity analyses
To estimate the impact of multiple imputations, complete 
case analysis was performed for original data and descrip-
tively compared with the results of the imputed data.

Table 1 Cardiovascular disease and mortality defined by 
ICD-10 and surgical procedure codes

Complication ICD-10
Surgical 
procedure codes

Unstable angina 
pectoris

I20

Myocardial 
infarction (including 
percutaneous 
coronary 
intervention and 
coronary artery 
bypass grafting)

I21 FNA00, FNA10, 
FNA20, FNA96, 
FNB00, FNB20, 
FNB96, FNC10, 
FNC20, FNC30, 
FNC40, FNC50, 
FNC60, FNC96, 
FND10, FND20, 
FND96, FNE00, 
FNE10, FNE20, 
FNE96, FNF00, 
FNF10, FNF20, 
FNF30, FNF96, 
FNG00, FNG02, 
FNG05, FNG06, 
FNG10, FNG30, 
FNG96

Ischaemic heart 
disease

I22, I23, I24, I25

Stroke I61, I63, I64, I67.9

ICD-10, International Statistical Classification of Diseases and 
Related Health Problems 10th Revision.
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statistical analyses
The risk of any CVD, unstable angina pectoris, myocar-
dial infarction, stroke, ischaemic heart disease or all-cause 
and CV mortality was analysed separately by level of MPR, 
as well as by persistence, using Cox proportional hazards 
regression adjusted for all baseline covariates. Survival 
estimates for the 10 imputed data sets were assessed by 
adjusting for all baseline covariates using Cox propor-
tional hazards regression. Kaplan-Meier survival curves 
for any CVD and all-cause mortality by MPR level were 
generated by pooling the survival estimates.

The difference in blood lipids between baseline and 
follow-up was analysed by level of MPR using a paired 
t-test. All hypothesis tests were evaluated using a 5% 
significance level.

Multiple imputations were performed in R, V.3.3.2,26 
using the Multivariate Imputation by Chained Equations 
package.27 All other data management and statistical 
analyses were performed using SAS software V.9.4 (SAS 
Institute).

rEsults
study population
A total of 105 841 new users of lipid-lowering medica-
tions were identified, 86 568 of whom were included in 
the final study population (figure 1). A total of 86.5% 
of them received lipid-lowering medications for primary 
prevention (n=74 909). Nearly 80% of the final study 
population had been born in Sweden, and more than half 
were married or living with a partner (table 2). Approxi-
mately half of the population had filled prescriptions for 
diabetes medications. BMI averaged approximately 30. 
Among primary prevention patients (55.4% men), the 
mean age was almost 62 years and average diabetes dura-
tion was almost 5 years. Secondary prevention patients 
(65.8% men) averaged 69 years of age and diabetes dura-
tion of nearly 6 years. The mean HbA1c was 53.6 mmol/
mol (7.1%) among primary prevention patients and 
52.7 mmol/mol (7.0%) among secondary prevention 
patients. A total of 21% of primary prevention patients 
and 24% of secondary prevention patients engaged in 
physical activity less than once a week. Among primary 
prevention patients, 25% filled prescriptions for anticoag-
ulants and 59% for antihypertensives. Among secondary 
prevention patients 57% filled prescriptions for anticoag-
ulants and 67% for antihypertensives.

refill adherence and risk of CVD and mortality
Higher MPR level was associated with increasing age, retire-
ment, prescribing of antihypertensives and non-smoking 
in primary prevention patients (online supplementary 
appendix 1). Among secondary prevention patients lower 
MPR level was associated with increasing unemployment 
(online supplementary appendix 2). In both patient 
groups, lower MPR was associated with being born outside 
of Europe. Otherwise, the baseline characteristics were 
similar between the MPR levels in both patient groups.

Six per cent (n=4350) of primary prevention patients 
and 5% (n=545) of secondary prevention patients filled 
only one prescription for lipid-lowering medications. The 
mean MPR was 77.4% (SD=26.6) among primary preven-
tion patients and 82.7% (SD=24.7) among secondary 
prevention patients. A total of 78% of primary preven-
tion patients and 83% of secondary prevention patients 
were persistent for 18 months. A total of 6.7% (n=5009) 
of primary prevention patients and 32.4% (n=3783) of 
secondary prevention patients experienced a CV event 
during the outcome period. A total of 5% of primary 
prevention patients and 13% of secondary preven-
tion patients died during the outcome period. Among 
primary prevention patients, the mean follow-up time was 
3.5 years for unstable angina pectoris, myocardial infarc-
tion and ischaemic heart disease and 3.6 years for stroke 
and mortality. Among secondary prevention patients, the 
mean follow-up time was 3.4 years for unstable angina 
pectoris, 3.1 years for ischaemic heart disease, 3.5 years 
for myocardial infarction and stroke and 3.6 years for 
mortality.

According to the adjusted model, both primary and 
secondary prevention patients with MPR ≤80% had a 

Figure 1 Exclusion criteria for the study population. CV, 
cardiovascular; NDR, National Diabetes Register. 
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Table 2 Baseline characteristics for the study population

All
n=86 568

Primary prevention
n=74 909

Secondary prevention
n=11 659

n % n % n %

Sex

                Male 49 146 56.8 41 470 55.4 7676 65.8

Age (years)

                18–40 2262 2.6 2205 2.9 57 0.5

                41–60 31 823 36.8 29 372 39.2 2451 21.0

                61–80 48 446 56.0 40 741 54.4 7705 66.1

                >80 4037 4.7 2591 3.5 1446 12.4

                Mean (SD) 62.9 (11.0) 62.0 (10.9) 68.5 (10.2)

                Median (IQR) 63.0 (15.0) 63.0 (15.0) 69.0 (14.0)

Country of birth

                Sweden 69 022 79.7 59 619 79.6 9403 80.7

                Other Nordic country 4748 5.5 3977 5.3 771 6.6

                Other EU27 country 2382 2.8 2009 2.7 373 3.2

                Rest of Europe 3328 3.8 2869 3.8 459 3.9

                Africa 1139 1.3 1048 1.4 91 0.8

                The Americas/Oceania 813 0.9 733 1.0 80 0.7

                Asia 1231 1.4 1133 1.5 98 0.8

                Middle East country 3905 4.5 3521 4.7 384 3.3

Marital status

                Unmarried 13 773 15.9 12 393 16.5 1380 11.8

                Married/registered partner 48 538 56.1 42 153 56.3 6385 54.8

                Divorced 15 745 18.2 13 500 18.0 2245 19.3

                Widow/widower 8512 9.8 6863 9.2 1649 14.1

Education level

                Compulsory school or lower 32 364 37.4 27 089 36.2 5275 45.2

                Upper secondary school 38 641 44.6 33 894 45.3 4747 40.7

                Postsecondary 15 563 18.0 13 926 18.6 1637 14.0

Employment status

                Unemployed 12 457 14.4 11 037 14.7 1420 12.2

                Employed 43 796 50.6 39 730 53.0 4066 34.9

                Retired* 30 315 35.0 24 142 32.2 6173 53.0

Profession

                Upper white collar 25 449 29.4 22 272 29.7 3177 27.3

                Lower white collar 7077 8.2 6264 8.4 813 7.0

                Blue collar 51 719 59.7 44 446 59.3 7273 62.4

                Others 2323 2.7 1927 2.6 396 3.4

Individual income (TSEK†)

                Mean (SD) 192 (285) 195 (297) 173 (187)

                Median (IQR) 157 (109) 160 (112) 139 (81)

Diabetes medications

                No diabetes medications 38 852 44.9 32 951 44.0 5901 50.6

                Insulin only 7137 8.2 6054 8.1 1083 9.3

Continued
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All
n=86 568

Primary prevention
n=74 909

Secondary prevention
n=11 659

n % n % n %

                Other glucose-lowering 
medications only

31 548 36.4 28 184 37.6 3364 28.9

        Insulin and other glucose-
lowering medications

9031 10.4 7720 10.3 1311 11.2

Anticoagulants

        Yes 25 357 29.3 18 699 25.0 6658 57.1

Antihypertensives

        Yes 51 800 59.8 43 978 58.7 7822 67.1

Cancer diagnosis

        Yes 4328 5.0 3514 4.7 814 7.0

Diabetes duration (years)

        Mean (SD) 5.0 (6.5) 4.8 (6.3) 5.8 (7.6)

        Median (IQR) 2.7 (7.0) 2.4 (7.0) 3.0 (9.0)

HbA1c (mmol/mol [%])

        <5 [<42] 7098 8.2 6298 8.4 800 6.9

        5–6 [42–52] 42 839 49.5 36 567 48.8 6272 53.8

        >6 [>52] 36 631 42.3 32 044 42.8 4587 39.3

        Mean (SD) 53.5 [7.0] (12.2 [3.3]) 53.6 [7.1] (12.4 [3.3]) 52.7 [7.0] (10.7 [3.1])

        Median (IQR) 50.9 [6.8] (11.8 [3.2]) 51.0 [6.8] (12.0 [3.2]) 50.0 [6.7] (10.2 [3.1])

eGFR (mL/min/1.73 m2)

        <60 7339 8.5 5713 7.6 1626 14.0

        ≥60 79 229 91.5 69 196 92.4 10 033 86.1

        Mean (SD) 84.9 (20.1) 85.8 (20.1) 79.1 (19.2)

        Median (IQR) 84.1 (22.8) 84.9 (22.7) 79.1 (22.2)

BMI (kg/m2)

        ≤24.9 8862 10.1 7663 10.1 1199 10.3

        25.0–29.9 37 674 43.5 31 786 42.4 5888 50.5

        ≥30.0 40 032 46.2 35 460 47.3 4572 39.2

        Mean (SD) 30.1 (4.6) 30.2 (4.6) 29.4 (4.0)

        Median (IQR) 29.7 (5.0) 29.7 (5.1) 29.1 (4.4)

LDL cholesterol (mmol/L)

        <2.5 4386 5.1 3630 4.9 756 6.5

        ≥2.5 82 182 94.9 71 279 95.2 10 903 93.5

        Mean (SD) 3.5 (0.6) 3.6 (0.6) 3.4 (0.6)

        Median (IQR) 3.5 (0.6) 3.6 (0.6) 3.5 (0.6)

HDL cholesterol (mmol/L)

        <1.0 (men)/1.3 (women) 21 213 24.5 19 060 25.4 2154 18.5

        ≥1.0 (men)/1.3 (women) 65 355 75.5 55 849 74.6 9505 81.5

        Mean (SD) (men/women) 1.2/1.4 0.3/0.3 1.2/1.4 (0.3/0.3) 1.2/1.4 (0.2/0.3)

        Median (IQR) (men/women) 1.2/1.4 (0.2/0.3) 1.2/1.4 (0.2/0.3) 1.2/1.4 (0.2/0.3)

Triglycerides (mmol/L)

        <2.0 51 754 59.8 44 225 59.0 7529 64.6

        ≥2.0 34 814 40.2 30 684 41.0 4130 35.4

        Mean (SD) 2.0 (0.9) 2.0 (1.0) 1.9 (0.7)

Table 2 Continued 

Continued
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greater risk of unstable angina pectoris, myocardial 
infarction, ischaemic heart disease and stroke than 
patients with MPR >80%, and the risk gradually increased 
with lower adherence (table 3). Compared with patients 
with MPR >80%, the risk of any CVD was double among 
primary prevention patients with MPR ≤40% and between 
33% and 52% in primary prevention patients with 
MPR of 41%–80% (p<0.0001). The same comparison 
for secondary prevention patients showed a 19%–58% 
increased risk of any CVD between the MPR levels 
(p<0.0001). Compared with patients with MPR >80%, the 
risk of CV mortality was 18%–26% among primary preven-
tion patients (except for MPR 41%–60%, which showed 
no statistically significant difference) and 19%–48% in 
secondary prevention patients (p<0.0001).

Furthermore, 18-month persistence was associated with 
a lower risk of CVD and mortality among both primary and 
secondary prevention patients (table 4). Among non-per-
sistent patients, the risk of any CVD and CV mortality was 
64% and 15% higher, respectively, for primary prevention 

patients, and 33% and 29% higher, respectively, for 
secondary prevention patients (p<0.0001) compared with 
persistent patients.

Considering all baseline covariates, the Kaplan-Meier 
survival curves showed higher survival of any CVD and 
higher MPR levels in both primary and secondary preven-
tion patients (figure 2). For all-cause mortality, the survival 
curves showed similar rates between the MPR levels.

Change in blood lipid levels
Approximately 30% of primary prevention patients 
and 20% of secondary prevention patients had regis-
tered blood lipid values at baseline and follow-up. Mean 
low-density lipoprotein (LDL) cholesterol at baseline 
was 3.5–3.6 mmol/L for primary prevention patients and 
3.2–3.4 mmol/L for secondary prevention patients. All in 
all, LDL cholesterol was significantly lower at follow-up 
than baseline, with exception of secondary prevention 
patients with MPR of 21%–40%, for whom no change was 
observed (p<0.05). Average LDL cholesterol gradually 

All
n=86 568

Primary prevention
n=74 909

Secondary prevention
n=11 659

n % n % n %

        Median (IQR) 1.8 (0.8) 1.8 (0.8) 1.8 (0.7)

Systolic pressure (mm Hg)

        <130 21 068 24.3 18 657 24.9 2411 20.7

        ≥130 65 500 75.7 56 252 75.1 9248 79.3

        Mean (SD) 137.4 (14.5) 137.3 (14.5) 138.6 (14.7)

        Median (IQR) 136.0 (15.0) 135.9 (15.0) 138.0 (15.0)

Diastolic pressure (mm Hg)

        <80 44 944 51.9 37 974 50.7 6970 59.8

        ≥80 41 624 48.1 36 935 49.3 4689 40.2

        Mean (SD) 78.7 (8.2) 78.9 (8.3) 77.4 (8.0)

        Median (IQR) 79.6 (6.6) 79.6 (6.8) 78.4 (5.0)

Microalbuminuria

        Yes 8354 9.7 7097 9.5 1257 10.8

Macroalbuminuria

        Yes 3096 3.6 2543 3.4 553 4.7

Physical activity‡

        <Once per week 18 754 21.7 15 921 21.3 2833 24.3

        1–2 times/week 16 384 18.9 14 223 19.0 2161 18.5

        3–5 times/week 19 435 22.5 17 043 22.8 2392 20.5

        Daily 31 995 37.0 27 722 37.0 4373 36.7

Smoking§

        Yes 10 708 12.4 9592 12.8 1116 9.6

*If aged ≥65 years and unemployed.
†One TSEK is equal to approximately US$119.
‡30 min walk or equivalent.
§At least one cigarette or pipe per day or stopped smoking within 3 months.
BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin (A1c); HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; TSEK, thousands of Swedish krona.
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decreased with higher levels of MPR among both primary 
and secondary prevention patients. Little or no statisti-
cally significant change was found in high-density lipo-
protein cholesterol and triglycerides. Changes in blood 
lipid levels between baseline and follow-up by level of 
refill adherence during implementation of lipid-lowering 
medications are presented in table 5.

sensitivity analyses
Adjusted for all baseline covariates in original data, 22.8% 
of primary prevention patients (n=17 058) and 13.6% of 
secondary prevention patients (n=1591) were included 
in complete case analyses. The risk of CVD was similar 
between original and imputed data; patients with MPR 
≤80% faced a higher risk than those with MPR >80%, 
and the risk increased with lower adherence. Moreover, 
18-month persistence to lipid-lowering medications was 
associated with a lower risk of CVD in both prevention 
groups. However, the CIs were wider in complete case anal-
yses. There was no statistically significant difference in the 
risk of mortality by MPR level or persistence in complete 
case analyses. HRs for complete cases are presented by 
level of refill adherence during implementation in online 
supplementary appendix 3 and by persistence in online 
supplementary appendix 4.

DIsCussIOn
This nationwide study involving 86 568 patients with 
type 2 diabetes mellitus showed a higher risk of unstable 
angina pectoris, myocardial infarction, stroke and isch-
aemic heart disease, as well as all-cause and CV mortality, 
with lower levels of refill adherence during implementa-
tion of lipid-lowering medications in both primary and 
secondary prevention patients. Furthermore, non-per-
sistence to treatment was associated with a higher risk 
of CVD and mortality as well. To our knowledge, this is 
the largest cohort study of the association between risk 
of CVD and mortality by level of refill adherence during 
implementation and persistence to lipid-lowering medi-
cations among patients with type 2 diabetes mellitus.

The present study found that patients with MPR of 80% 
or less had an increased risk of CVD and CV mortality. 
These results are consistent with previous studies showing 
that patients with diabetes mellitus with adherence 
during implementation below 80% had an increased 
risk of major coronary events,5 ischaemic stroke6 and 
mortality,15 compared with patients with an implemen-
tation of at least 80%. However, the studies provide no 
information about whether the risk differs between 
patients with a level of adherence during implementation 

Figure 2 Survival probability by medication possession ratio (MPR) level adjusted for potential confounders. Survival 
probability ranging from 85% to 100% for any cardiovascular event (A) and all-cause mortality (B) in primary prevention patients 
as well as for all-cause mortality (D) in secondary prevention patients. Survival probability ranging from 50% to 100% for any 
cardiovascular event (C) in secondary prevention patients.

 on M
ay 18, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020309 on 30 M

arch 2018. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2017-020309
https://dx.doi.org/10.1136/bmjopen-2017-020309
http://bmjopen.bmj.com/


12 Karlsson SA, et al. BMJ Open 2018;8:e020309. doi:10.1136/bmjopen-2017-020309

Open Access 

Ta
b

le
 5

 
C

ha
ng

e 
in

 b
lo

od
 li

p
id

 le
ve

ls
 b

et
w

ee
n 

b
as

el
in

e 
an

d
 fo

llo
w

-u
p

 b
y 

le
ve

l o
f r

efi
ll 

ad
he

re
nc

e 
d

ur
in

g 
im

p
le

m
en

ta
tio

n 
of

 li
p

id
-l

ow
er

in
g 

m
ed

ic
at

io
ns

 d
ur

in
g 

18
 m

on
th

s

M
P

R
 (%

) 

LD
L 

ch
o

le
st

er
o

l
H

D
L 

ch
o

le
st

er
o

l
Tr

ig
ly

ce
ri

d
es

B
as

el
in

e 
<

2.
5  

m
m

o
l/

L
n 

(%
)

Fo
llo

w
-u

p
 

<
2.

5  
m

m
o

l/
L

n 
(%

)
B

as
el

in
e 

m
ea

n 
(S

D
)

Fo
llo

w
-u

p
 

m
ea

n 
(S

D
)

B
as

el
in

e 
<

1.
0 

(m
en

)/
<

1.
3 

(w
o

m
en

) 
m

m
o

l/
L

n 
(%

)

Fo
llo

w
-u

p
 

<
1.

0 
(m

en
)/

 
<

1.
3 

(w
o

m
en

) 
m

m
o

l/
L

n 
(%

)
B

as
el

in
e 

m
ea

n 
(S

D
)

Fo
llo

w
-u

p
 

m
ea

n 
(S

D
)

B
as

el
in

e 
<

2.
0  

m
m

o
l/

L
n 

(%
)

Fo
llo

w
-u

p
 

<
2.

0  
m

m
o

l/
L 

n 
(%

)
B

as
el

in
e 

m
ea

n 
(S

D
)

Fo
llo

w
-u

p
 

m
ea

n 
(S

D
)

P
rim

ar
y 

p
re

ve
nt

io
n

≤2
0

10
6 

(9
.1

)
14

0 
(1

2.
0)

3.
6 

(0
.9

)
3.

5 
(0

.9
)*

**
44

3 
(3

5.
9)

45
3 

(3
6.

7)
1.

2/
1.

4 
(0

.4
/0

.4
)

1.
2/

1.
4 

(0
.4

/0
.4

)*
*

75
3 

(6
0.

7)
76

9 
(6

2.
0)

2.
0 

(1
.2

)
2.

0 
(1

.3
)

21
–4

0
14

3 
(8

.9
)

28
4 

(1
7.

7)
3.

6 
(0

.9
)

3.
4 

(0
.9

)*
**

57
7 

(3
4.

3)
58

8 
(3

5.
0)

1.
2/

1.
4 

(0
.4

/0
.4

)
1.

2/
1.

4 
(0

.4
/0

.4
)

10
19

 (6
0.

1)
10

71
 (6

3.
2)

2.
1 

(1
.3

)
2.

0 
(1

.5
)

41
–6

0
20

5 
(9

.6
)

59
3 

(2
7.

8)
3.

6 
(0

.9
)

3.
2 

(1
.0

)*
**

74
9 

(3
3.

4)
75

2 
(3

3.
5)

1.
2/

1.
4 

(0
.4

/0
.4

)
1.

2/
1.

4 
(0

.3
/0

.4
)

14
37

 (6
4.

1)
14

93
 (6

6.
6)

2.
0 

(1
.4

)
1.

9 
(1

.2
)*

**

61
–8

0
32

4 
(1

0.
5)

12
49

 (4
0.

6)
3.

5 
(0

.9
)

2.
9 

(1
.0

)*
**

10
98

 (3
4.

3)
10

74
 (3

3.
6)

1.
2/

1.
4 

(0
.4

/0
.4

)
1.

2/
1.

4 
(0

.3
/0

.4
)

19
93

 (6
1.

3)
22

11
 (6

8.
0)

2.
0 

(1
.4

)
1.

8 
(1

.1
)*

**

>
80

17
11

 (1
1.

7)
79

61
 (5

4.
5)

3.
5 

(0
.9

)
2.

6 
(0

.9
)*

**
50

36
 (3

3.
4)

49
75

 (3
3.

0)
1.

2/
1.

4 
(0

.4
/0

.4
)

1.
2/

1.
4 

(0
.3

/0
.4

)
96

64
 (6

3.
5)

11
 0

85
 (7

2.
9)

1.
9 

(1
.2

)
1.

7 
(1

.0
)*

**

S
ec

on
d

ar
y 

p
re

ve
nt

io
n

≤2
0

15
 (1

2.
9)

21
 (1

8.
1)

3.
5 

(0
.9

)
3.

3 
(0

.9
)*

40
 (3

2.
5)

46
 (3

7.
4)

1.
2/

1.
4 

(0
.3

/0
.5

)
1.

1/
1.

3 
(0

.3
/0

.4
)*

70
 (5

7.
4)

64
 (5

2.
5)

2.
1 

(1
.2

)
2.

1 
(1

.1
)

21
–4

0
29

 (2
1.

2)
32

 (2
3.

4)
3.

3 
(0

.9
)

3.
3 

(1
.1

)
42

 (2
9.

0)
41

 (2
8.

3)
1.

2/
1.

4 
(0

.4
/0

.4
)

1.
2/

1.
4 

(0
.4

/0
.4

)
94

 (6
3.

1)
91

 (6
1.

1)
2.

0 
(1

.3
)

2.
0 

(1
.5

)

41
–6

0
34

 (1
6.

3)
71

 (3
4.

0)
3.

3 
(0

.9
)

3.
0 

(1
.0

)*
**

78
 (3

6.
8)

87
 (4

1.
0)

1.
2/

1.
4 

(0
.4

/0
.5

)
1.

2/
1.

4 
(0

.3
/0

.5
)

12
7 

(5
8.

8)
13

7 
(6

3.
4)

2.
0 

(1
.3

)
1.

9 
(1

.0
)

61
–8

0
66

 (2
2.

5)
13

4 
(4

5.
6)

3.
2 

(0
.9

)
2.

7 
(1

.0
)*

**
10

2 
(3

3.
3)

11
0 

(3
6.

0)
1.

2/
1.

3 
(0

.3
/0

.4
)

1.
2/

1.
4 

(0
.3

/0
.3

)
19

7 
(6

3.
1)

21
2 

(6
8.

0)
1.

9 
(1

.0
)

1.
9 

(1
.2

)

>
80

32
1 

(2
0.

1)
10

27
 (6

4.
2)

3.
2 

(0
.9

)
2.

3 
(0

.9
)*

**
57

0 
(3

4.
6)

59
0 

(3
5.

8)
1.

2/
1.

3 
(0

.4
/0

.4
)

1.
2/

1.
4 

(0
.3

/0
.4

)
10

88
 (6

4.
8)

12
51

 (7
4.

5)
1.

9 
(1

.0
)

1.
7 

(0
.9

)*
**

S
ig

ni
fic

an
ce

 le
ve

l f
or

 c
ha

ng
e 

b
et

w
ee

n 
b

as
el

in
e 

an
d

 fo
llo

w
-u

p
: *

P
<

0.
05

; *
*P

<
0.

01
; *

**
P

<
0.

00
1.

 
H

D
L,

 h
ig

h-
d

en
si

ty
 li

p
op

ro
te

in
; L

D
L,

 lo
w

-d
en

si
ty

 li
p

op
ro

te
in

; M
P

R
, m

ed
ic

at
io

n 
p

os
se

ss
io

n 
ra

tio
.

 on M
ay 18, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020309 on 30 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


13Karlsson SA, et al. BMJ Open 2018;8:e020309. doi:10.1136/bmjopen-2017-020309

Open Access

below 80%. The present study demonstrates that the risk 
of all CVD outcomes gradually increases with lower levels 
of refill adherence during implementation. This finding 
emphasises the benefits of maximising adherence. The 
results suggest that reduced adherence still seems bene-
ficial compared with non-adherence. Nevertheless, the 
benefit is significantly less than among patients with high 
adherence to lipid-lowering medications.

There is always a reason for poor adherence and 
healthcare professionals should take it into consideration 
as possible cause of failed therapy. First and foremost, 
attention needs to be directed towards patients who fail 
to initiate therapy. Second, premature discontinuation 
needs to be prevented. In the present study, about 5% 
of the study population filled only one prescription for 
lipid-lowering medications, and overall between 16% and 
22% was considered non-persistent. Statins (the most 
frequently prescribed class of lipid-lowering medications) 
have been hypothesised to pose an unwarranted risk of 
adverse effects, particularly muscle pain or weakness.28 
However, several studies have shown that these claims are 
exaggerated and that the risk of adverse effects of statins 
is often due to dose or when used in combination with 
other medications. A recent study showed no significant 
difference between the reported rate of adverse effects 
due to statin therapy and placebo when use was double 
blinded.29 Only when patients and their doctors were 
aware that statins were being used was a higher rate of 
muscle-related adverse effects observed. Negative media 
coverage can be linked to a reduction in statin prescrip-
tion, as well as discontinuation by patients.28 The result 
is insufficient treatment of patients at risk of developing 
CVD, which increases the risk of serious morbidity and 
boosts public health costs. Doctors and patients should 
certainly be aware that statins can have adverse effects. 
However, dose adjustments or changing medications can 
eliminate many of them, as opposed to myocardial infarc-
tion or stroke, the consequences of which may be irre-
versible. Informing patients with type 2 diabetes about 
the benefits and disadvantages of statins, and discussing 
available treatment options have been shown to improve 
patients’ risk perception of CVD and increase their 
involvement in clinical decisions.30 31

The CVD risk reduction in patients with type 2 diabetes 
mellitus is not only associated with adherence to lipid-low-
ering medications; high adherence to glucose-lowering 
medications32 and/or antihypertensives33 is also associ-
ated with lower risk of CVD. However, our results indicate 
that lipid-lowering medications play a major role in the 
treatment of patients with type 2 diabetes mellitus. The 
question of whether moderate risk reduction of several 
risk factors is more effective in reducing the overall CVD 
risk than a major reduction of one risk factor remains to 
be further studied.

strengths
The greatest strengths of this study are the large popula-
tion, national scope and ability to analyse the association 

between risk of CVD and mortality at five different levels 
of refill adherence during implementation. Furthermore, 
we assessed refill adherence over a period of 18 months, 
a rather long time from an international perspective. 
Previous studies of refill adherence had recommended 
that the length of a study period correspond to at least six 
filled prescriptions.34 The Swedish Pharmaceutical Benefit 
Scheme permits no more than a 3-month supply to be 
dispensed at a time following consumption of two-thirds 
of the previous fill.22 That is the most common amount 
for lipid-lowering medications. The exposure period was 
set to 18 months, as recommended by previous studies of 
statins for the general Swedish population.35

limitations
In order to ensure a chronological sequence between 
exposure and outcomes, we estimated adherence in a 
different period than when CVD and mortality might 
occur. After the exposure period, each patient was 
followed and assessed for outcomes during a period of at 
least 18 months. A potential drawback of this strategy is 
that only patients who survived the exposure period were 
eligible for inclusion in the analysis. In other words, we 
may have introduced a selection bias that excluded highly 
fragile patients.

The study population was limited to patients with type 
2 diabetes mellitus who filled prescriptions for lipid-low-
ering medications as monotherapy. Thus, we were not 
able to assess the extent of primary non-adherence, 
that is, patients who did not fill the initial prescription. 
Furthermore, patients on lipid-lowering combination 
therapy (2.7% of all new users) were not included. Only 
patients with several risk factors for CVD who do not reach 
the target values for LDL cholesterol with monotherapy 
are recommended for combination therapy. We also 
excluded patients with multidose dispensed medications, 
typically for those aged 65 years and older. As a result, our 
study population might be younger and have less comor-
bidity than the general cohort of Swedish patients with 
type 2 diabetes mellitus who commence lipid-lowering 
medication use.

Another limitation of the study stems from missing data 
on the baseline covariates adjusted for in the statistical 
analyses. However, sensitivity analyses between imputed 
data and the complete case analyses from original data 
showed similar results. Thus, the impact on our final 
conclusions appears to be limited.

COnClusIOns
This study shows that higher levels of refill adherence are 
associated with lower risk of CVD in patients with type 2 
diabetes mellitus, who commence lipid-lowering medica-
tions for primary or secondary prevention. New knowl-
edge has thus been acquired concerning the gradual 
difference in risk reduction by level of adherence, thereby 
reinforcing previous evidence of the advantages of high 
adherence to lipid-lowering medications for prevention 

 on M
ay 18, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020309 on 30 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


14 Karlsson SA, et al. BMJ Open 2018;8:e020309. doi:10.1136/bmjopen-2017-020309

Open Access 

of CVD. Healthcare professional can use the information 
to better motivate patients with diabetes mellitus to follow 
their recommended treatment.
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