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Abstract

Purpose: This study aimed to describe and compare refill adherence and persistence to lipid‐

lowering medicines in patients with type 2 diabetes by previous cardiovascular disease (CVD).

Methods: We followed 97 595 patients (58% men; 23% with previous CVD) who were

18 years of age or older when initiating lipid‐lowering medicines in 2007–2010 until first fill of

multi‐dose dispensed medicines, death, or 3 years. Using personal identity numbers, we linked

individuals' data from the Swedish Prescribed Drug Register, the Swedish National Diabetes

Register, the National Patient Register, the Cause of Death Register, and the Longitudinal

Integration Database for Health Insurance and Labour Market Studies. We assessed refill

adherence using the medication possession ratio (MPR) and the maximum gap method, and

measured persistence from initiation to discontinuation of treatment or until 3 years after initiation.

We analyzed differences in refill adherence and persistence by previous CVD in multiple regression

models, adjusted for socioeconomic status, concurrent medicines, and clinical characteristics.

Results: The mean age of the study population was 64 years, 80% were born in Sweden, and

56% filled prescriptions for diabetes medicines. MeanMPR was 71%, 39% were adherent accord-

ing to the maximum gap method, and mean persistence was 758 days. Patients with previous

CVD showed higher MPR (3%) and lower risk for discontinuing treatment (12%) compared with

patients without previous CVD (P < 0.0001).

Conclusions: Patients with previous CVD were more likely to be adherent to treatment and

had lower risk for discontinuation compared with patients without previous CVD.
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KEY POINTS

• The overall refill adherence during the study period was

71% measured with MPR among 97 595 patients with

type 2 diabetes included in the study; 39% had no gaps

exceeding 45 days.

• Average persistence was 758 days in the total

population.

• Patients with type 2 diabetes and previous CVD had a

higher refill adherence measured with MPR and were

less likely to have gaps in treatment compared with

patients with type 2 diabetes and no previous CVD.

• Patients with type 2 diabetes and previous CVD were

more persistent to treatment compared with patients

with type 2 diabetes and no previous CVD.
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1 | INTRODUCTION

Adults with diabetes have increased risk for cardiovascular disease

(CVD) and mortality compared with adults without diabetes.1-3 Such

risk often associates with comorbidities and lifestyle factors (eg,

hypertension, dyslipidemia, obesity, physical inactivity, and smoking),

particularly in patients with type 2 diabetes. Additionally, previous CVD

increases the risk for recurrent CVDevents.4 Therefore, therapeutic guide-

lines for diabetes care recommend antihypertensive and lipid‐lowering

medicines in addition to glucose‐lowering treatment.5

Adherence and persistent treatment are essential to obtaining a

treatment effect.6 Adherence is the extent to which a person follows

agreed recommendations from a prescriber. Persistence represents

the duration of time from initiation to discontinuation of treatment.7,8

Different methods of measuring adherence provide similar values.9,10

Compared with other adherence measures, register data yield reliable

estimates, particularly regarding pharmacy claims (ie, refill adherence).8,10

Currently, adherence and persistent treatment are far from optimal,

especially in chronic conditions,8 posing a risk for insufficient treatment

effect and increasing risk for morbidity and mortality.

Although refill adherence to lipid‐lowering medicines in the

general population varies between studies, it is often higher among

patients with diabetes and/or previous CVD.11-14 Few studies have

assessed persistence to lipid‐lowering medicines for longer than

2 years 11,15 or estimated refill adherence and persistence to lipid‐low-

ering medicines in patients with type 2 diabetes only. The present

study aimed to assess and compare refill adherence and persistence

to lipid‐lowering medication in monotherapy among patients with type

2 diabetes by previous CVD during an observation period of 3 years.
2 | METHODS

2.1 | Study population

In the Swedish Prescribed Drug Register (SPDR), we identified patients

aged ≥18 years and registered in the National Diabetes Register (NDR)

with type 2 diabetes, who initiated use of lipid‐lowering medicines

between 1 January 2007 and 31 December 2010 (the index period).

Our study distinguished between NDR‐registered patients with type

1 and type 2 diabetes by applying the epidemiological definition of

type 2 diabetes. Such individuals receive treatment with diet and/or

other glucose‐lowering medicines than insulin, or experience onset of

diabetes at age ≥40 years and receive insulin treatment and/or other

glucose‐lowering medicines.16-20

To identify incident users of lipid‐lowering medicines, we

established a washout period encompassing the 366 days preceding

the first day of filled prescription (the index date). Our study excluded

patients who (1) filled either extemporaneously prepared prescriptions

for lipid‐lowering medicines that lacked information about package

size, or bile acid sequestrants more frequently prescribed for

indications other than hyperlipidemia;21 or (2) used a combination of

different lipid‐lowering substances or different strengths of the same

substance (Figure 1). Combination therapy comprised prescriptions

for (1) more than 1 substance or multiple strengths of the same
substance filled on the same date, or (2) a previously filled

substance/strength that was filled again within 45 days after finishing

the previous supply of that substance/strength and filling another sub-

stance/strength during the gap. Multiple lipid‐lowering substances in

the same unit (eg, tablet) were considered monotherapy. We followed

all patients until the first fill date of multi‐dose dispensed medicines

(because these were automatically dispensed even if the patient never

redeemed the medicines), death or 3 years after the index date,

whichever occurred first.
2.2 | Data sources

Patients' unique Swedish personal identity number allowed us to link

information from the SPDR, the NDR, the National Patient Register,

and the Cause of Death Register (all administered by the Swedish

National Board of Health and Welfare) as well as the Longitudinal

Integration Database for Health Insurance and Labour Market Studies

(LISA) (managed by Statistics Sweden). The regional ethics review

board approved our study (No. 563‐12).

Filled prescriptions were collected from the SPDR, which individu-

alizes its data on all prescriptions filled since 1 July 2005,22 including

information about age, sex, type of medicine, package size, date of

dispensing, and free text dosage instructions from the prescriber. We

gathered clinical data from the NDR, which has maintained nation‐wide

records on diabetes care in Sweden since 1996.23Weobtained individual

data on socioeconomic status from the LISA database24 and received

data on CVD and cancer diagnoses fromThe National Patient Register.25

The Cause of Death Register provided data on date of death.26
2.3 | Estimation of days' supply and overall
observation period

We used SPDR data to estimate the number of days with medicines on

hand and the overall observation period. To determine the duration of

each prescription, we divided the number of filled units (eg, tablets) by

the interpreted daily dosage, based on the free text variable. We



FIGURE 1 Exclusion criteria for the study
population
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considered dosage instructions interpretable if they stated number of

doses per day (eg, 1 tablet/day). Our study excluded patients with

non‐interpretable dosage instructions such as variable (eg, 1–2 tablets)

or non‐existent dosage information (eg, as prescribed). Furthermore,

we developed an algorithm to interpret the free text variable and

validated it on a predefined random sample (5% of the dosage instruc-

tions), requiring at least 95% concordance. More than 98% of the

reviewed dosage instructions matched the daily dosage assigned by

the algorithm.

We added overlapping supply between 2 identical prescriptions to

the most recent prescription. If substance or strength differed

between 2 prescriptions, we canceled the prescription on the day

before patients started the new substance/strength and removed

any remaining supply.

2.4 | Refill adherence and persistence

We based our adherence estimates on the medication possession ratio

(MPR)9,10 and the maximum gap method.27-29 To calculate MPR, which

represents the proportion of days with medicines on hand during the

observation period, we divided the total days' supply by the total

number of observation days. In this study, MPR is a continuous

variable. To compare our results with studies that categorize MPR

exceeding 80% as adherent behavior, we divided MPR into quintiles.11
The maximum gap method identifies gaps between filled prescrip-

tions, allowing patients to be without medicines on hand for a

predefined time period without defining them as non‐adherent.11 We

defined a gap as ≥45 days between 2 prescriptions. Thus, patients with

no gaps were adherent. We based the cutoff for gap length on the

Swedish reimbursement system, which allows patients to fill a

maximum of 3‐month's supply per refill,30 the most common practice

for lipid‐lowering medicines. We also estimated the mean number of

gaps and mean number of days within gaps for non‐adherent patients.

We defined persistence as the duration between initiation and

discontinuation of treatment9,11 and discontinuation as a gap of

≥180 days between 2 filled prescriptions (representing 2 refills within

the reimbursement scheme). The discontinuation date was the last

day with medicines on hand before the first discontinuation gap. We

estimated persistence from the index date to the discontinuation date

or the end of the observation period, whichever occurred first. To

estimate the annual discontinuation rate, we divided the number of

patients who discontinued treatment during each year by the total

number of patients who were persistent at the start of each year.

2.5 | Sensitivity analyses

Using the maximum gap method, we estimated the stability of the

45‐day cutoff by assessing 2 alternative gap lengths (30 and 90 days).
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Furthermore, Censored patients did not have the same possibility to

fulfill the 180‐day discontinuation gap cutoff; thus, to estimate the

impact of immortal time bias, we assessed alternative lengths of the

discontinuation gap cutoff (90 and 135 days) in patients who were

censored during the observation period.
2.6 | Covariates

Potential confounders of refill adherence and discontinuation of

treatment included (1) socioeconomic status (age, sex, country of

birth, marital status, level of education, employment status,

profession, and individual disposable income); (2) concurrent

medicines (diabetes medicines, anticoagulants, and antihypertensive

medicines); and (3) clinical characteristics (diabetes duration, glycated

hemoglobin [HbA1c], blood‐lipid levels, blood pressure, estimated

glomerular filtration rate [eGFR], microalbuminuria,

macroalbuminuria, cancer diagnosis, body mass index [BMI], physical

activity, and smoking).

We collected socioeconomic covariates on the index

date ± 12 months. Country of birth included Sweden, other Nordic

countries, other EU27 countries,31 rest of Europe/the Soviet Union,

Africa, the Americas, or Asia/Oceania. Marital status encompassed

unmarried, married/registered partner, divorced, or widow/widower.

Level of education included compulsory school or lower, upper

secondary school, or post‐secondary. Categories for employment

status comprised unemployed, employed, or retired (≥65 years of

age and registered as unemployed). Individual disposable income is

shown as Swedish Krona (SEK) and categorized in quartiles. We

categorized profession as upper white collar, lower white collar, blue

collar, or other.

We collected patients' prescriptions for concurrent medicines for

18 months prior to the index date. Categories for diabetes medicines

included no diabetes medicines, insulin only, other glucose‐lowering

medicines only (including both oral and injectable glucose‐lowering

medicines), or a combination of insulin and other glucose‐lowering

medicines. Anticoagulants were categorized as no anticoagulants,

antiplatelets (excluding heparins), or other anticoagulants. Antihyper-

tensive medicines comprised no antihypertensive medicines, angioten-

sin‐converting‐enzyme (ACE) inhibitors/angiotensin‐II‐receptor

blockers (ARBs), beta blockers, calcium channel antagonists, diuretics,

or other antihypertensive medicines. Each patient might have filled

prescriptions for more than 1 anticoagulant and/or antihypertensive

medicine.

Data are often reported to NDR in retrospect; thus, data on blood‐

lipid levels were collected between 24 months before and 14 days

after the index date. Data on other clinical characteristics were

collected between 24 months before and 12 months after the index

date, choosing the value closest to index. We included cancer

diagnoses that occurred up to 5 years before the index date. HbA1c,

blood‐lipid levels, and blood pressure were categorized according to

recommended target values32 existing at the time of the study. BMI

and eGFR were categorized according to recommended references

values.33,34 We dichotomously categorized microalbuminuria,

macroalbuminuria, cancer diagnosis, and smoking (at least 1
cigarette/pipe per day or stopped smoking within 3 months). Physical

activity was defined as a 30‐minute walk or equivalent and categorized

as < once per week, 1–2 times/week, 3–5 times/week, or daily.

Previous CVD included any ischemic heart disease, atrial

fibrillation, heart failure, cerebrovascular disease, peripheral vascular

disease, coronary artery graft bypass, percutaneous coronary interven-

tion, and/or leg amputation occurring between 1997 and the index

date. For ICD‐10 and operation codes, see Supplementary Appendix 1.
2.7 | Statistical analyses

We analyzed differences in refill adherence and persistence according

to previous CVD (no previous CVD considered the reference) in 3

multivariable regression models based on the potential confounders'

character. The first model adjusted for socioeconomic status and the

second model adjusted for socioeconomic status and concurrent

medicines. The third (fully adjusted) model included socioeconomic

status, concurrent medicines, and clinical characteristics. The reference

categories are marked “ref” in Table 3.

We used multiple linear regression to analyze differences in MPR,

and Cox proportional hazard regression and Kaplan‐Meier to analyze

differences in discontinuation. Difference in gap occurrence were ana-

lyzed with logistic regression adjusted for all potential confounders in

the fully adjusted model.

Data management and statistical analyses were performed using

SAS Software Version 9.4 (SAS Institute, Cary NC).
3 | RESULTS

3.1 | Study population

Table 1 shows the characteristics of the study population (97 595

patients; 57.8% men). Of these, 22.7% had a history of CVD. The mean

age was nearly 64 years, and the average diabetes duration was

>5 years. Approximately 80% of patients were born in Sweden,

55.2% were married/registered partner, and 47.9% were employed.

Twenty percent filled insulin prescriptions, and 44.4% filled no

prescriptions for diabetes medicines. Around 30% filled prescriptions

for anticoagulants, and 59.7% filled prescriptions for antihypertensive

medicines. Mean HbA1c was 54.2 mmol/mol (7.1%), and average

LDL‐cholesterol was 3.5 mmol/L. Approximately 25% were physically

active less than once a week, 44.2% had a BMI ≥30, and 16.9% were

smokers.

In patients with previous CVD, 65.4% were men (mean

age = 70 years) compared with 55.6% in patients without previous

CVD (mean age = 62 years). Patients with previous CVD were retired

and had received a cancer diagnosis to greater extent, as well as were

more likely to use anticoagulants and antihypertensive medicines than

patients without previous CVD.
3.2 | Refill adherence

Mean MPR in the total study population was 70.9% (Table 2). 76.3%

for patients with previous CVD, and 69.3% for patients without

previous CVD. Adjusted for potential confounders, the difference in



TABLE 1 Baseline characteristics for the study population (n = 97 595)

Total population (n = 97 595) Previous CVD (n = 22 131) No previous CVD (n = 75 464)

Variables n % n % n %

Sex Men 56 396 57.8 14 465 65.4 41 931 55.6

Age 18‐40 2391 2.5 93 0.4 2298 3.1

(years) 41‐60 33 641 34.5 4143 18.7 29 498 39.1

61‐80 55 356 56.7 14 509 65.6 40 847 54.1

>80 6207 6.4 3386 15.3 2821 3.7

Mean (SD) 63.8 (11.3) 69.6 (10.4) 62.1 (11.0)

Median 64.0 ‐ 70.0 ‐ 63.0 ‐

Country of birth Sweden 77 857 79.8 18 039 81.5 59 818 79.3

Other Nordic country 5531 5.7 1432 6.5 4099 5.4

Other EU27 country 3235 3.3 814 3.7 2421 3.2

Rest of Europe/the Soviet Union 4013 4.1 871 3.9 3142 4.2

Africa 1205 1.2 147 0.7 1058 1.4

The Americas 884 0.9 138 0.6 746 1.0

Asia/Oceania 4855 5.0 687 3.1 4168 5.5

Marital status Unmarried 15 100 15.6 2577 11.8 12 523 16.7

Married/registered partner 53 539 55.2 11 533 53.0 42 006 55.9

Divorced 17 804 18.4 4151 19.1 13 653 18.2

Widow/widower 10 508 10.8 3508 16.1 7000 9.3

Level of
education

Compulsory school or lower 36 853 38.9 10 027 47.2 26 826 36.5

Upper secondary school 41 384 43.6 8314 39.1 33 070 44.9

Post‐secondary 16 617 17.5 2918 13.7 13 699 18.6

Employment
status

Employed 46 460 47.9 6932 31.8 39 528 52.6

Unemployed 13 731 14.2 2500 11.5 11 231 14.9

Retireda 36 760 37.9 12 337 56.7 24 423 32.5

Profession Upper white collar 23 242 31.4 4418 30.3 18 824 31.7

Lower white collar 7481 10.1 1408 9.6 6073 10.2

Blue collar 40 593 54.9 8027 55.0 32 566 54.9

Others 2651 3.6 749 5.1 1902 3.2

Individual 1st quartile 24 219 25.0 6190 28.4 18 029 24.0

disposable 2nd quartile 24 240 25.0 6960 32.0 17 280 23.0

income (SEK) 3rd quartile 24 237 25.0 4913 22.6 19 324 25.7

4th quartile 24 255 25.0 3706 17.0 20 549 27.3

Mean (SD) 190 080 (404 772) 173 978 (512 230) 194 742 (367 716)

Median 152 600 ‐ 137 500 ‐ 159 200 ‐

Diabetes
medicines

No diabetes medicines 43 322 44.4 10 392 47.0 32 930 43.6

Insulin only 9399 9.6 2662 12.0 6737 8.9

Other glucose‐lowering medicines only 34 990 35.9 6543 29.6 28 447 37.7

Insulin and other glucose‐lowering
medicines

9884 10.1 2534 11.5 7350 9.7

Anticoagulantsb No anticoagulants 67 501 69.2 9066 41.0 58 435 77.4

Antiplatelets (excl. heparins) 25 523 26.2 10 350 46.8 15 173 20.1

Other anticoagulants 5773 5.9 3577 16.2 2196 2.9

Antihypertensive No antihypertensive medicines 39 301 40.3 6699 30.3 32 602 43.2

medicinesb ACE inhibitor/ARBs 44 684 45.8 11 622 52.5 33 062 43.8

Beta blockers 3553 3.7 1265 5.7 2288 3.0

Calcium channel antagonists 20 552 21.1 5580 25.2 14 972 19.8

Diuretics 33 050 33.9 10 024 45.3 23 026 30.5

Other antihypertensive medicines 1577 1.6 589 2.7 988 1.3

(Continues)
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TABLE 1 (Continued)

Total population (n = 97 595) Previous CVD (n = 22 131) No previous CVD (n = 75 464)

Variables n % n % n %

Diabetes duration Mean (SD) 5.4 (7.1) 6.6 (8.1) 5.1 (6.7)

(years) Median 3.0 ‐ 4.0 ‐ 3.0 ‐

HbA1c <42 [<5] 9766 14.5 1932 13.9 7834 14.6

(mmol/mol [%]) 42‐52 [5‐6] 28 231 41.8 5699 40.9 22 532 42.0

>52 [>6] 29 562 43.8 6297 45.2 23 265 43.4

Mean (SD) 54.2 [7.1] (14.0 [3.4]) 54.3 [7.1] (13.4 [3.4]) 54.2 [7.1] (14.1 [3.4])

Median 51.0 [6.8] ‐ 51.0 [6.8] ‐ 51.0 [6.8] ‐

Total cholesterol <4.5 4772 11.1 1524 19.0 3248 9.3

(mmol/L) ≥4.5 38 288 88.9 6483 81.0 31 805 90.7

Mean (SD) 5.6 (1.0) 5.3 (1.1) 5.7 (1.0)

Median 5.6 ‐ 5.3 ‐ 5.6 ‐

LDL‐cholesterol <2.5 4882 12.8 1364 19.7 3518 11.2

(mmol/L) ≥2.5 33 359 87.2 5554 80.3 27 805 88.8

Mean (SD) 3.5 (0.9) 3.2 (0.9) 3.5 (0.9)

Median 3.4 ‐ 3.2 ‐ 3.5 ‐

HDL‐cholesterol <1.0 (men) or <1.3 (women) 13 376 33.9 2530 35.5 10 846 33.5

(mmol/L) ≥1.0 (men) or ≥1.3 (women) 26 097 66.1 4588 64.5 21 509 66.5

Mean (SD) Men/Women 1.2/1.4 (0.4)/(0.4) 1.2/1.3 (0.4)/(0.4) 1.2/1.4 (0.4)/(0.4)

Median Men/Women 1.1/1.3 ‐ 1.1/1.3 ‐ 1.1/1.3 ‐

Triglycerides <2.0 24 846 62.5 4536 63.1 20 310 62.4

(mmol/L) ≥2.0 14 907 37.5 2653 36.9 12 254 37.6

Mean (SD) 2.0 (1.3) 1.9 (1.2) 2.0 (1.3)

Median 1.7 ‐ 1.7 ‐ 1.7 ‐

eGFR <60 8838 13.8 3425 26.1 5413 10.6

(mL/min/1.73 m2) ≥60 55 164 86.2 9705 73.9 45 459 89.4

Mean (SD) 83.6 (23.8) 75.2 (24.7) 85.7 (23.0)

Median 82.3 ‐ 74.3 ‐ 84.1 ‐

BMI <18.5 161 0.3 44 0.3 117 0.2

(kg/m2) 18.5‐24.9 10 042 15.6 2308 17.8 7734 15.1

25.0‐29.9 25 649 39.9 5351 41.3 20 298 39.6

≥30.0 28 413 44.2 5269 40.6 23 144 45.1

Mean (SD) 30.0 (5.3) 29.5 (5.3) 30.1 (5.3)

Median 29.3 ‐ 28.8 ‐ 29.4 ‐

Systolic pressure <130 18 031 26.9 3906 28.3 14 125 26.6

(mmHg) ≥130 48 985 73.1 9915 71.7 39 070 73.5

Mean (SD) 138.0 (17.0) 137.9 (18.5) 138.0 (16.7)

Median 136.0 ‐ 138.0 ‐ 136.0 ‐

Diastolic pressure <80 29 062 43.4 7254 52.5 21 808 41.0

(mmHg) ≥80 37 954 56.6 6567 47.5 31 387 59.0

Mean (SD) 78.5 (9.9) 76.2 (10.3) 79.1 (9.7)

Median 80.0 ‐ 77.0 ‐ 80.0 ‐

Microalbuminuria Yes 8922 17.0 2312 23.1 6610 15.6

No 43 517 83.0 7679 76.9 35 838 84.4

Macroalbuminuria Yes 3822 6.7 1254 10.9 2568 5.6

No 53 462 93.3 10 270 89.1 43 192 94.4

Other diseases Cancer diagnosis 4095 4.2 1430 6.5 2665 3.5

Physical activityc < once per week 13 856 24.9 3842 33.9 10 014 22.6

1‐2 times/week 11 500 20.7 2237 19.8 9263 20.9

3‐5 times/week 12 696 22.8 2103 18.6 10 593 23.9

(Continues)
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TABLE 1 (Continued)

Total population (n = 97 595) Previous CVD (n = 22 131) No previous CVD (n = 75 464)

Variables n % n % n %

Daily 17 549 31.6 3139 27.7 14 410 32.5

Smokerd Yes 10 671 16.9 1794 13.9 8877 17.7

No 52 489 83.1 11 086 86.1 41 403 82.3

aIf aged ≥65 years and unemployed.
bEach patient may have filled prescriptions for more than 1 substance within this category.
c30‐min walk or equivalent.
dAt least 1 cigarette or pipe per day or stopped smoking within 3 months.

TABLE 2 Refill adherence and persistence to lipid‐lowering medicines in patients with type 2 diabetes by previous CVD

Total population (n = 97 595) Previous CVD (n = 22 131) No previous CVD (n = 75 464)

n % n % n %

MPR (%) 0‐20 11 810 12.1 2017 9.1 9793 13.0

21‐40 9775 10.0 1803 8.2 7972 10.6

41‐60 9111 9.3 1741 7.9 7370 9.8

61‐80 13 054 13.4 2495 11.3 10 559 14.0

81‐100 53 845 55.2 14 075 63.6 39 770 52.7

Mean (SD) 70.9 (31.1) 76.3 (29.5) 69.3 (31.4)

Median 84.7 ‐ 91.2 ‐ 82.1 ‐

Gaps ≥45 d Non‐adherent patientsa 59 656 61.1 11 419 51.6 48 237 63.9

Number of gaps

Mean (SD) 1.7 (0.9) 1.6 (0.9) 1.7 (0.9)

Median 1.0 ‐ 1.0 ‐ 1.0 ‐

Number of days within gaps

Mean (SD) 274.7 (285.5) 272.3 (281.9) 275.2 (286.3)

Median 140.0 ‐ 138.0 ‐ 140.0 ‐

Persistence One year 70 742 72.5 16 310 73.7 54 432 72.1

Two years 59 664 61.1 13 498 61.0 46 166 61.2

Three years 54 954 56.3 12 123 54.8 42 831 56.8

Mean (SD) days 758.0 (419.9) 761.4 (411.8) 757.0 (422.2)

Median days 1095 ‐ 1095 ‐ 1095 ‐

Discontinuationb Single prescription filled 7365 7.6 1869 8.5 5496 7.3

Within the first year 24344 25.0 4202 19.0 20142 26.7

During the second year 9422 13.3 1950 12.0 7472 13.7

During the third year 3221 5.4 655 4.9 2566 5.6

aStatistically significant difference between patients with and without previous CVD (P < 0.0001).
bAnnual discontinuation rate is based on number of persistent patients at the start of each year.
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MPR for previous CVD was 2.9%–6.3% (P < 0.0001) (Table 3),

suggesting greater refill adherence to lipid‐lowering treatment than

patients without previous CVD. Country of birth accounted for

largest difference in MPR. In the fully adjusted model, MPR for

patients born in another European country, Africa, or the Americas

was lower (3.3%–3.9%, 12.2%, 11.8% lower, respectively) than patients

born in Sweden (P < 0.0001). Moreover, MPR was higher (3.8%–4.4%)

in patients who filled prescriptions for other glucose‐lowering

medicines than patients who filled no prescriptions for diabetes medi-

cines (P < 0.0001). The maximum gap method revealed that 61.1% of

the total study population had at least 1 gap (mean number of days

within a gap = 275). Patients without previous CVD were categorized
as non‐adherent more frequently than patients with previous CVD

(P<0.0001).
3.3 | Persistence

In the total study population, 72.5% of patients were persistent for at

least 1 year and 56.3% were persistent for 3 years (Table 2). Mean

persistence was 758 days. Nearly 8% of all patients filled only 1

prescription for lipid‐lowering medicines. Among patients who

discontinued treatment, 25% did so within the first year. The

discontinuation rate decreased to 5% during the third year and was

on average higher among patients without previous CVD. In patients



T
A
B
LE

3
D
if
fe
re
nc

es
in

M
P
R
an

d
ha

za
rd

ra
ti
o
s
fo
r
di
sc
o
nt
in
ua

ti
o
n
o
f
tr
ea
tm

en
t
by

pr
ev

io
us

C
V
D

ad
ju
st
ed

fo
r
po

te
nt
ia
lc
o
nf
o
un

de
rs

M
o
de

l1
(n

=
7
3
8
1
6
)

M
o
de

l2
(n

=
7
3
8
1
6
)

M
o
d
el

3
(n

=
1
9
9
6
6
)

M
P
R

D
is
co

nt
in
ua

ti
o
n

M
P
R

D
is
co

nt
in
ua

ti
o
n

M
P
R

D
is
co

nt
in
ua

ti
o
n

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
ue

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
ue

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
ue

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
u
e

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
u
e

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
u
e

P
re
vi
o
us

C
V
D

N
o

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

Y
es

5
.9

(5
.3
,6

.5
)

<
0
.0
0
0
1

0
.7
6
(0
.7
4
,0

.7
9
)

<
0
.0
0
0
1

6
.3

(5
.8
,6

.9
)

<
0
.0
0
0
1

0
.7
5
(0
.7
2
,0

.7
8
)

<
0
.0
0
0
1

2
.9

(1
.6
,4

.2
)

<
0
.0
0
0
1

0
.9
1
(0
.8
5
,0

.9
8
)

0
.0
1
1
0

Se
x

W
o
m
en

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

M
en

0
.7

(0
.2
,1

.2
)

0
.0
0
4
3

0
.9
7
(0
.9
4
,0

.9
9
)

0
.0
0
9
6

1
.0

(0
.5
,1

.5
)

0
.0
0
0
1

0
.9
5
(0
.9
3
,0

.9
8
)

0
.0
0
0
5

1
.9

(0
.9
,2

.9
)

0
.0
0
0
2

0
.9
0
(0
.8
6
,0

.9
5
)

0
.0
0
0
1

A
ge

(c
o
nt
in
uo

us
)

Y
ea

rs
0
.3

(0
.2
,0

.3
)

<
0
.0
0
0
1

0
.9
9
(0
.9
9
,0

.9
9
)

<
0
.0
0
0
1

0
.2

(0
.2
,0

.3
)

<
0
.0
0
0
1

0
.9
9
(0
.9
9
,0

.9
9
)

<
0
.0
0
0
1

0
.1

(0
.1
,0

.2
)

<
0
.0
0
0
1

1
.0
0
(0
.9
9
,1

.0
0
)

0
.0
0
4
3

C
o
un

tr
y
o
f
bi
rt
h

Sw
ed

en
re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

O
th
er

N
o
rd
ic

co
un

tr
ie
s

−
3
.1

(−
4
.1
,−
2
.1
)

<
0
.0
0
0
1

1
.1
6
(1
.1
0
,1

.2
2
)

<
0
.0
0
0
1

−
3
.3

(−
4
.3
,−

2
.3
)

<
0
.0
0
0
1

1
.1
7
(1
.1
1
,1

.2
3
)

<
0
.0
0
0
1

−
3
.3

(−
5
.3
,−

1
.2
)

0
.0
0
1
7

1
.1
6
(1
.0
5
,1

.2
8
)

0
.0
0
4
2

O
th
er

E
U
2
7
co

un
tr
ie
s

−
5
.2

(−
6
.6
,−

3
.9
)

<
0
.0
0
0
1

1
.3
0
(1
.2
1
,1

.3
9
)

<
0
.0
0
0
1

−
5
.3

(−
6
.6
,−

3
.9
)

<
0
.0
0
0
1

1
.3
1
(1
.2
2
,1

.4
0
)

<
0
.0
0
0
1

−
3
.9

(−
6
.8
,−

1
.0
)

0
.0
0
8
9

1
.1
9
(1
.0
3
,1

.3
8
)

0
.0
1
5
8

R
es
t
o
f
E
ur
o
pe

/t
he

So
vi
et

un
io
n

−
5
.0

(−
6
.4
,−

3
.6
)

<
0
.0
0
0
1

1
.2
8
(1
.1
9
,1

.3
8
)

<
0
.0
0
0
1

−
5
.0

(−
6
.4
,−

3
.6
)

<
0
.0
0
0
1

1
.2
9
(1
.2
0
,1

.3
8
)

<
0
.0
0
0
1

−
3
.5

(−
6
.8
,−

0
.2
)

0
.0
3
5
4

1
.2
5
(1
.0
7
,1

.4
7
)

0
.0
0
5
0

A
fr
ic
a

−
1
2
.8

( −
1
5
.2
,−

1
0
.5
)

<
0
.0
0
0
1

1
.7
4
(1
.5
7
,1

.9
2
)

<
0
.0
0
0
1

−
1
2
.6

(−
1
4
.9
,−

1
0
.2
)

<
0
.0
0
0
1

1
.7
2
(1
.5
5
,1

.9
0
)

<
0
.0
0
0
1

−
1
2
.2

(−
1
7
.1
,−

7
.3
)

<
0
.0
0
0
1

1
.6
4
(1
.3
3
,2

.0
2
)

<
0
.0
0
0
1

T
he

A
m
er
ic
as

−
1
2
.3

(−
1
4
.7
,−

9
.9
)

<
0
.0
0
0
1

1
.7
1
(1
.5
4
,1

.9
0
)

<
0
.0
0
0
1

−
1
2
.0

(−
1
4
.4
,−

9
.6
)

<
0
.0
0
0
1

1
.6
8
(1
.5
1
,1

.8
7
)

<
0
.0
0
0
1

−
1
1
.8

(−
1
7
.3
,−

6
.4
)

<
0
.0
0
0
1

1
.8
1
(1
.4
4
,2

.2
7
)

<
0
.0
0
0
1

A
si
a/
O
ce
an

ia
−
2
.8

(−
4
.2
,−

1
.4
)

<
0
.0
0
0
1

1
.1
7
(1
.0
9
,1

.2
5
)

<
0
.0
0
0
1

−
2
.6

(−
4
.0
,−

1
.2
)

0
.0
0
0
2

1
.1
6
(1
.0
9
,1

.2
5
)

<
0
.0
0
0
1

−
1
.6

(−
4
.7
,1

.4
)

0
.2
9
1
0

1
.1
0
(0
.9
4
,1

.2
8
)

0
.2
3
3
6

M
ar
it
al

st
at
us

M
ar
ri
ed

/R
eg

is
te
re
d
pa

rt
ne

r
re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

U
nm

ar
ri
ed

−
1
.4

(−
2
.0
,−

0
.7
)

<
0
.0
0
0
1

1
.0
6
(1
.0
2
,1

.0
9
)

0
.0
0
2
2

−
1
.4

(−
2
.0
,0

.7
)

<
0
.0
0
0
1

1
.0
6
(1
.0
2
,1

.0
9
)

0
.0
0
2
4

−
1
.3

(−
2
.5
,0

.0
)

0
.0
5
1
9

1
.0
4
(0
.9
7
,1

.1
1
)

0
.2
9
1
1

D
iv
o
rc
ed

−
4
.2

(−
4
.8
,−

3
.6
)

<
0
.0
0
0
1

1
.2
2
(1
.1
8
,1

.2
6
)

<
0
.0
0
0
1

−
4
.1

(−
4
.7
,−

3
.5
)

<
0
.0
0
0
1

1
.2
1
(1
.1
8
,1

.2
5
)

<
0
.0
0
0
1

−
4
.0

(−
5
.2
,−

2
.8
)

<
0
.0
0
0
1

1
.2
0
(1
.1
3
,1

.2
7
)

<
0
.0
0
0
1

W
id
o
w
/W

id
o
w
er

−
2
.0

(−
2
.9
,−

1
.2
)

<
0
.0
0
0
1

1
.1
0
(1
.0
5
,1

.1
5
)

0
.0
0
0
1

−
2
.0

(−
2
.9
,−

1
.1
)

<
0
.0
0
0
1

1
.1
0
(1
.0
5
,1

.1
5
)

<
0
.0
0
0
1

−
2
.0

(−
3
.6
,0

.3
)

0
.0
1
9
8

1
.0
5
(0
.9
6
,1

.1
5
)

0
.2
6
4
5

Le
ve

lo
f
ed

uc
at
io
n

C
o
m
pu

ls
o
ry

sc
ho

o
l

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

Se
co

nd
ar
y
sc
ho

o
l

−
1
.3

(−
1
.8
,−

0
.8
)

<
0
.0
0
0
1

1
.0
6
(1
.0
3
,1

.0
9
)

<
0
.0
0
0
1

−
1
.3

(−
1
.8
,−

0
.8
)

<
0
.0
0
0
1

1
.0
6
(1
.0
3
,1

.0
9
)

<
0
.0
0
0
1

−
1
.3

(−
2
.3
,−

0
.3
)

0
.0
1
0
7

1
.0
6
(1
.0
0
,1

.1
1
)

0
.0
4
1
2

P
o
st
‐s
ec
o
nd

ar
y

−
2
.1

(−
2
.8
,−

1
.3
)

<
0
.0
0
0
1

1
.1
1
(1
.0
7
,1

.1
5
)

<
0
.0
0
0
1

−
1
.9

(−
2
.6
,−

1
.2
)

<
0
.0
0
0
1

1
.1
0
(1
.0
6
,1

.1
5
)

<
0
.0
0
0
1

−
2
.1

(−
3
.6
,−

0
.7
)

0
.0
0
4
5

1
.1
0
(1
.0
2
,1

.1
9
)

0
.0
1
4
4

E
m
pl
o
ym

en
t
st
at
us

U
ne

m
pl
o
ye

d
re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

E
m
pl
o
ye

d
−
1
.1

(−
1
.9
,−

0
.2
)

0
.0
1
8
0

1
.0
3
(0
.9
9
,1

.0
8
)

0
.1
6
7
4

−
1
.0

(−
1
.9
,−

0
.2
)

0
.0
2
0
0

1
.0
3
(0
.9
9
,1

.0
8
)

0
.1
8
1
3

−
0
.4

(−
2
.2
,1

.4
)

0
.6
4
8
5

1
.0
4
(0
.9
5
,1

.1
4
)

0
.3
6
7
4

R
et
ir
ed

a
−
2
.1

(−
3
.1
,−

1
.1
)

<
0
.0
0
0
1

1
.1
1
(1
.0
6
,1

.1
7
)

<
0
.0
0
0
1

−
1
.9

(−
2
.8
,−

0
.9
)

0
.0
0
0
2

1
.1
0
(1
.0
4
,1

.1
5
)

0
.0
0
0
4

−
0
.8

(−
2
.7
,1

.2
)

0
.4
4
0
7

1
.0
6
(0
.9
6
,1

.1
7
)

0
.2
5
4
0

P
ro
fe
ss
io
n

B
lu
e
co

lla
r

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

U
pp

er
w
hi
te

co
lla
r

−
0
.1

(−
0
.7
,0

.5
)

0
.7
1
4
7

1
.0
0
(0
.9
7
,1

.0
4
)

0
.9
2
1
9

−
0
.1

(−
0
.7
,0

.5
)

0
.7
7
8
7

1
.0
0
(0
.9
7
,1

.0
3
)

0
.9
7
6
1

−
0
.1

(−
1
.3
,1

.1
)

0
.8
6
7
1

1
.0
3
(0
.9
7
,1

.1
0
)

0
.3
1
6
0

Lo
w
er

w
hi
te

co
lla
r

−
0
.1

(−
0
.9
,0

.6
)

0
.7
2
2
3

1
.0
1
(0
.9
7
,1

.0
5
)

0
.7
3
8
0

−
0
.1

(−
0
.9
,0

.7
)

0
.8
0
4
0

1
.0
1
(0
.9
7
,1

.0
5
)

0
.7
7
8
2

0
.0

(−
1
.6
,1

.5
)

0
.9
4
8
9

1
.0
1
(0
.9
4
,1

.1
0
)

0
.7
5
4
7

O
th
er

−
0
.3

(−
1
.5
,1

.0
)

0
.6
7
2
1

1
.0
2
(0
.9
5
,1

.0
9
)

0
.6
4
9
1

−
0
.1

(−
1
.3
,1

.2
)

0
.9
2
5
7

1
.0
1
(0
.9
4
,1

.0
8
)

0
.8
6
5
0

0
.3

(−
2
.0
,2

.6
)

0
.7
9
4
8

0
.9
9
(0
.8
7
,1

.1
2
)

0
.8
7
7
7

In
di
vi
du

al
di
sp
o
sa
bl
e

in
co

m
e

1
st

qu
ar
ti
le

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

2
nd

qu
ar
ti
le

1
.3

(0
.6
,2

.0
)

0
.0
0
0
4

0
.9
2
(0
.8
9
,0

.9
6
)

<
0
.0
0
0
1

1
.3

(0
.6
,2

.1
)

0
.0
0
0
2

0
.9
2
(0
.8
9
,0

.9
6
)

<
0
.0
0
0
1

2
.3

(0
.9
,3

.7
)

0
.0
0
1
1

0
.8
6
(0
.8
0
,0

.9
3
)

<
0
.0
0
0
1

3
rd

qu
ar
ti
le

2
.5

(1
.8
,3

.3
)

<
0
.0
0
0
1

0
.8
7
(0
.8
4
,0

.9
1
)

<
0
.0
0
0
1

2
.5

(1
.7
,3

.2
)

<
0
.0
0
0
1

0
.8
8
(0
.8
4
,0

.9
1
)

<
0
.0
0
0
1

2
.2

(0
.8
,3

.7
)

0
.0
0
2
3

0
.8
7
(0
.8
1
,0

.9
3
)

0
.0
0
0
2

4
th

qu
ar
ti
le

3
.3

(2
.5
,4

.1
)

<
0
.0
0
0
1

0
.8
5
(0
.8
1
,0

.8
9
)

<
0
.0
0
0
1

3
.2

(2
.3
,4

.0
)

<
0
.0
0
0
1

0
.8
5
(0
.8
2
,0

.8
9
)

<
0
.0
0
0
1

3
.0

(1
.4
,4

.6
)

0
.0
0
0
2

0
.8
4
(0
.7
7
,0

.9
1
)

<
0
.0
0
0
1

D
ia
be

te
s
m
ed

ic
in
es

N
o
di
ab

et
es

m
ed

ic
in
es

‐
‐

‐
‐

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

In
su
lin

o
nl
y

‐
‐

‐
‐

−
5
.5

(−
6
.3
,−

4
.7
)

<
0
.0
0
0
1

1
.3
0
(1
.2
5
,1

.3
6
)

<
0
.0
0
0
1

1
.2

(−
0
.5
,2

.8
)

0
.1
6
7
4

0
.9
4
(0
.8
7
,1

.0
3
)

0
.1
7
8
2

O
th
er

gl
uc

o
se
‐l
o
w
er
in
g

m
ed

ic
in
es

o
nl
y

‐
‐

‐
‐

−
0
.7

(−
1
.2
,−

0
.2
)

0
.0
0
6
4

1
.0
5
(1
.0
2
,1

.0
8
)

0
.0
0
0
2

4
.4

(3
.3
,5

.5
)

<
0
.0
0
0
1

0
.8
4
(0
.7
9
,0

.8
9
)

<
0
.0
0
0
1

(C
o
n
ti
n
u
es
)

KARLSSON ET AL. 1227



T
A
B
LE

3
(C
o
nt
in
ue

d)

M
o
de

l1
(n

=
7
3
8
1
6
)

M
o
de

l2
(n

=
7
3
8
1
6
)

M
o
d
el

3
(n

=
1
9
9
6
6
)

M
P
R

D
is
co

nt
in
ua

ti
o
n

M
P
R

D
is
co

nt
in
ua

ti
o
n

M
P
R

D
is
co

nt
in
ua

ti
o
n

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
ue

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
ue

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
ue

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
u
e

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
u
e

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
u
e

In
su
lin

an
d
o
th
er

gl
uc

o
se
‐

lo
w
er
in
g
m
ed

ic
in
es

‐
‐

‐
‐

−
1
.4

(−
2
.1
,−

0
.6
)

0
.0
0
0
6

1
.0
9
(1
.0
5
,1

.1
4
)

<
0
.0
0
0
1

3
.8

(2
.3
,5

.4
)

<
0
.0
0
0
1

0
.8
5
(0
.7
8
,0

.9
2
)

<
0
.0
0
0
1

A
nt
ic
o
ag
ul
an

ts
N
o

‐
‐

‐
‐

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

Y
es

‐
‐

‐
‐

−
1
.6

(−
2
.2
,−

1
.1
)

<
0
.0
0
0
1

1
.0
8
(1
.0
5
,1

.1
1
)

<
0
.0
0
0
1

0
.2

(−
0
.8
,1

.3
)

0
.6
3
1
7

0
.9
7
(0
.9
2
,1

.0
2
)

0
.2
6
3
2

A
nt
ih
yp

er
te
ns
iv
e

m
ed

ic
in
es

N
o

‐
‐

‐
‐

re
f

re
f

re
f

re
f

re
f

re
f

re
f

re
f

Y
es

‐
‐

‐
‐

2
.9

(2
.4
,3

.3
)

<
0
.0
0
0
1

0
.8
8
(0
.8
6
,0

.9
1
)

<
0
.0
0
0
1

3
.4

(2
.5
,4

.4
)

<
0
.0
0
0
1

0
.8
8
(0
.8
4
,0

.9
2
)

<
0
.0
0
0
1

D
ia
be

te
s
du

ra
ti
o
n

Y
ea

rs
(c
o
nt
in
uo

us
)

‐
‐

‐
‐

‐
‐

‐
‐

−
0
.2

(−
0
.3
,−

0
.2
)

<
0
.0
0
0
1

1
.0
1
(1
.0
1
,1

.0
2
)

<
0
.0
0
0
1

T
o
ta
lc
ho

le
st
er
o
l

(m
m
o
l/
L)

≥
4
.5

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

<
4
.5

‐
‐

‐
‐

‐
‐

‐
‐

3
.0

(1
.1
,4

.9
)

0
.0
0
1
6

0
.8
8
(0
.7
9
,0

.9
7
)

0
.0
0
9
7

LD
L‐
ch

o
le
st
er
o
l

(m
m
o
l/
L)

≥
2
.5

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

<
2
.5

m
m
o
l/
L

‐
‐

‐
‐

‐
‐

‐
‐

−
0
.5

(−
2
.2
,1

.2
)

0
.5
5
6
8

1
.0
2
(0
.9
3
,1

.1
1
)

0
.7
1
9
8

H
D
L‐
ch

o
le
st
er
o
l

(m
m
o
l/
L)

≥
1
.0

(m
en

)/
≥
1
.3

(w
o
m
en

)
‐

‐
‐

‐
‐

‐
‐

‐
re
f

re
f

re
f

re
f

<
1
.0

(m
en

)/
<
1
.3

(w
o
m
en

)
‐

‐
‐

‐
‐

‐
‐

‐
1
.1

(0
.1
,2

.2
)

0
.0
2
9
3

0
.9
4
(0
.8
9
,0

.9
9
)

0
.0
2
9
9

T
ri
gl
yc
er
id
es

(m
m
o
l/
L)

≥
2
.0

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

<
2
.0

‐
‐

‐
‐

‐
‐

‐
‐

0
.7

(−
0
.3
,1

.7
)

0
.1
4
9
2

0
.9
6
(0
.9
1
,1

.0
1
)

0
.0
8
5
9

H
bA

1
c
(m

m
o
l/
m
o
l

[%
])

>
5
2
[6
]

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

<
4
2
[5
]

‐
‐

‐
‐

‐
‐

‐
‐

1
.7

(0
.3
,3

.2
)

0
.0
1
8
5

0
.9
3
(0
.8
6
,1

.0
0
)

0
.0
4
7
8

4
2
‐5
2
[5
‐6
]

‐
‐

‐
‐

‐
‐

‐
‐

1
.7

(0
.7
,2

.7
)

0
.0
0
0
7

0
.9
2
(0
.8
7
,0

.9
7
)

0
.0
0
1
0

eG
F
R
/m

L/
m
in
/1

.7
3
c

≥
6
0

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

<
6
0

‐
‐

‐
‐

‐
‐

‐
‐

−
0
.1

(−
1
.6
,1

.4
)

0
.8
8
6
6

1
.0
2
(0
.9
4
,1

.1
0
)

0
.7
0
4
5

B
M
I
(k
g/
m

2
)

≥
3
0

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

<
3
0

‐
‐

‐
‐

‐
‐

‐
‐

−
0
.2

(−
1
.1
,0

.8
)

0
.6
9
7
9

1
.0
0
(0
.9
5
,1

.0
5
)

0
.9
6
7
6

Sy
st
o
lic

bl
o
o
d
pr
es
su
re

(m
m
H
g)

≥
1
3
0

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

<
1
3
0

‐
‐

‐
‐

‐
‐

‐
‐

−
0
.4

(−
1
.4
,0

.7
)

0
.4
6
0
2

1
.0
3
(0
.9
7
,1

.0
8
)

0
.3
7
1
9

D
ia
st
o
lic

bl
o
o
d
pr
es
su
re

(m
m
H
g)

≥
8
0

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

<
8
0

‐
‐

‐
‐

‐
‐

‐
‐

1
.6

(0
.7
,2

.6
)

0
.0
0
0
7

0
.9
0
(0
.8
6
,0

.9
5
)

<
0
.0
0
0
1

M
ic
ro
al
bu

m
in
ur
ia

Y
es

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

N
o

‐
‐

‐
‐

‐
‐

‐
‐

0
.2

(−
1
.0
,1

.4
)

0
.7
5
4
3

0
.9
6
(0
.9
0
,1

.0
2
)

0
.2
2
1
7

M
ac
ro
al
bu

m
in
ur
ia

Y
es

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

N
o

‐
‐

‐
‐

‐
‐

‐
‐

−
1
.7

(−
4
.1
,0

.7
)

0
.1
6
3
4

1
.0
4
(0
.9
2
,1

.1
9
)

0
.5
1
7
2

C
an

ce
r
di
ag
no

si
s

Y
es

‐
‐

‐
‐

‐
‐

‐
‐

re
f

re
f

re
f

re
f

(C
o
n
ti
n
u
es
)

1228 KARLSSON ET AL.



T
A
B
LE

3
(C
o
nt
in
ue

d)

M
o
de

l1
(n

=
7
3
8
1
6
)

M
o
de

l2
(n

=
7
3
8
1
6
)

M
o
d
el

3
(n

=
1
9
9
6
6
)

M
P
R

D
is
co

nt
in
ua

ti
o
n

M
P
R

D
is
co

nt
in
ua

ti
o
n

M
P
R

D
is
co

nt
in
ua

ti
o
n

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
ue

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
ue

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
ue

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
u
e

E
st
im

at
e
(9
5
%

C
I)

P
‐v
al
u
e

H
az
ar
d
R
at
io

(9
5
%

C
I)

P
‐v
al
u
e

N
o

‐
‐

‐
‐

‐
‐

‐
‐

1
.7

(−
0
.4
,3

.9
)

0
.1
1
2
4

0
.9
0
(0
.8
0
,1

.0
0
)

0
.0
5
1
7

P
hy

si
ca
la

ct
iv
it
yb

<
o
nc

e
pe

r
w
ee

k
‐

‐
‐

‐
‐

‐
‐

‐
re
f

re
f

re
f

re
f

2
‐3

ti
m
es
/w

ee
k

‐
‐

‐
‐

‐
‐

‐
‐

0
.0

(−
1
.3
,1

.4
)

0
.9
4
3
6

1
.0
0
(0
.9
3
,1

.0
7
)

0
.9
8
3
8

4
‐5

ti
m
es

a
w
ee

k
‐

‐
‐

‐
‐

‐
‐

‐
1
.8

(0
.4
,3

.1
)

0
.0
0
8
7

0
.9
2
0
.8
6
,0

.9
8
)

0
.0
1
5
4

D
ai
ly

‐
‐

‐
‐

‐
‐

‐
‐

1
.1

(−
0
.2
,2

.3
)

0
.0
9
5
2

0
.9
6
(0
.9
0
,1

.0
2
)

0
.1
8
3
2

Sm
o
ke

r
Y
es

c
‐

‐
‐

‐
‐

‐
‐

‐
re
f

re
f

re
f

re
f

N
o

‐
‐

‐
‐

‐
‐

‐
‐

4
.3

(3
.0
,5

.5
)

<
0
.0
0
0
1

0
.8
2
(0
.7
8
,0

.8
8
)

<
0
.0
0
0
1

a I
f
ag
ed

≥
6
5
ye

ar
s
an

d
un

em
pl
o
ye

d.
b
3
0
‐m

in
w
al
k
o
r
eq

ui
va
le
nt
.

c A
t
le
as
t
1
ci
ga
re
tt
e/
pi
pe

pe
r
da

y
o
r
st
o
pp

ed
sm

o
ki
ng

w
it
hi
n
3
m
o
nt
hs
.

KARLSSON ET AL. 1229



1230 KARLSSON ET AL.
with previous CVD, censoring resulting from filled prescriptions for

multi‐dose dispensed medicines and death was 9.2% and 8.4%,

respectively, compared with 2.1% and 2.4%, respectively, in patients

without previous CVD.

Adjusted for potential confounders (Table 3), hazard ratios for

discontinuation by previous CVDwas 0.75–0.91 (P<0.0001), indicating

a lower risk for discontinuation compared with patients without

previous CVD. The fully adjusted model showed that patients born in

Africa and the Americas had a 60% and 80% increased risk for discon-

tinuation, respectively, compared with patients born in Sweden

(P < 0.0001). Risk for discontinuation was 20% lower in non‐smokers

and patients who used other glucose‐lowering medicines than insulin

compared with smokers and patients who did not fill any prescriptions

for diabetes medicines (the references) (P < 0.0001). Even when

considering potential confounders, Kaplan‐Meier persistence curves

showed greater treatment persistence among patients with previous

CVD compared with patients without previous CVD (Figure 2).
3.4 | Sensitivity analysis

When the gap length cutoff alternated between 30, 45, and 90 days,

the proportion of non‐adherent patients in the total population was

67.2%, 61.1%, and 49.7%, respectively. Independent of the cutoff,

the proportion of non‐adherent patients was 10% higher among

patients without previous CVD compared with patients with previous

CVD (P < 0.0001). When we set the discontinuation gap length cutoff

at 180 days for non‐censored patients and alternated between 90,

135, and 180 days for patients who were censored during the observa-

tion period, the proportion of patients in the total population who

discontinued treatment was 36.6%, 36.2%, and 35.8%, respectively.
FIGURE 2 Kaplan‐Meier persistence curves for persistence to lipid‐lowerin
adjusted for socioeconomic status; model 2 adjusted for socioeconomic sta
status, concurrent medicines, and clinical characteristics
Depending on alternated cutoff, the change in 1‐year and 2‐year per-

sistence was ≤0.4%. We observed no difference in 3‐year persistence.
4 | DISCUSSION

This nation‐wide register‐based study assessed refill adherence and

persistence to lipid‐lowering medicines in 97 595 patients with type

2 diabetes. To our knowledge, our study is the largest cohort for study-

ing adherence and persistence to lipid‐lowering medicines restricted to

patients with type 2 diabetes. Moreover, our results offer a unique

opportunity to consider clinical characteristics. Due to our 3‐year

observation period, differences in results compared with other studies

(with 1 or 2 years of observation) might be due to an association

between longer observation and increased risk for discontinuation.11

The mean 3‐year MPR for lipid‐lowering medicines reported here

was 71% among patients with type 2 diabetes; 55% had an MPR above

80%. This is consistent with previous studies that report 66%–87% in

mean 12‐month MPR to lipid‐lowering medicines (mean value = 74%)

among patients with diabetes and/or previous CVD; 51% of the

patients had an MPR measure >80%.11,13 Thus, patients in our study

showed greater adherence to lipid‐lowering treatment considering

the longer observation period. The maximum gap method showed that

approximately 40% of our patients were adherent compared with 65%

of statin users in the general population of Sweden during a 2‐year

observation period.35 This is possibly due to differences in study pop-

ulation and observation period, but also because patients who filled

only 1 statin prescription were excluded in the previous study, gener-

ating higher estimated refill adherence. Approximately 8% of our total

study population filled only 1 prescription for lipid‐lowering medicines.
g medicines in patients with type 2 diabetes by previous CVD. Model 1
tus and concurrent medicines; and model 3 adjusted for socioeconomic
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Almost 75% of our patients were persistent for least 1 year and

the discontinuation rate decreased over time. Our results concur with

a previous study in the general population of Finland, which reported

that 69% of its patients were persistent to statin treatment for at least

1 year using the 180‐day discontinuation gap cutoff.36 The majority of

Finnish patients discontinued treatment within the first year, and 44%

of the population remained persistent after 10 years of follow‐up.

Altogether, these findings suggest that the first year with lipid‐lower-

ing medicines is crucial for the continuation of treatment, providing

valuable information for health care providers to consider when

treating patients with moderate to high CVD risk.

Additionally, patients who filled prescriptions for other glucose‐

lowering and/or antihypertensive medicines had a higher refill adher-

ence and longer persistence to lipid‐lowering medicines. This is consis-

tent with an earlier study that showed higher adherence to statins with

increasing number of concurrent medicines (to a certain threshold).37

That finding is positive because the treatment approach for diabetes

may involve multiple medicines. Furthermore, patients born in Africa

or the Americas were significantly less adherent and more likely to dis-

continue treatment. Although these patients represent only 2% of the

total study population, the difference in adherence and persistence

compared with patients born in Sweden could be due to misunder-

standings and language difficulties between patient and health care

provider38,39 that will require early discussion between patient and

provider to facilitate adequate use of medicines, including sufficient

adherence to treatment.
4.1 | Strengths and limitations

The most important strengths of this study are its national coverage of

patients and its use of data from national registers. Such data provide a

great advantage for studying refill adherence instead of prescription

adherence that lacks information about whether prescriptions are

filled. However, we cannot assure that our patients actually ingested

the filled medicines. Another limitation is the reduction of patients

included in the fully adjusted model. NDR coverage of patients was

50%‐80% in 2007–2010, thus limiting the availability of data on clini-

cal characteristics because not all covariates were measured annually.

Nevertheless, our fully adjusted model included nearly 20 000

patients.

Altogether 9 out of 10 users of lipid‐lowering medicines with type

2 diabetes were included in the final study population after applying

the exclusion criteria. The study population was limited to patients

with type 2 diabetes who filled prescriptions for lipid‐lowering medi-

cines in monotherapy. Thus, patients using combination of lipid‐lower-

ing medication were excluded, corresponding to 3.7% of all new users

of lipid‐lowering medicines with type 2 diabetes. Combination of lipid‐

lowering substances is recommended only in patients with several risk

factors of CVD and who do not reach target valued for LDL‐choles-

terol with monotherapy. We also excluded patients with multi‐dose

dispensed medicines which may limit the generalizability of our find-

ings somewhat in the oldest part of the population as the majority of

multi‐dose dispensed medicines is issued to patients ≥65 years of

age. Thus, our study population might be younger and have less
comorbidity than the general population of type 2 diabetes patients

in Sweden.
5 | CONCLUSIONS

In this nation‐wide study of patients with type 2 diabetes, refill adher-

ence to lipid‐lowering medicines was 71%. Almost 75% of patients

were persistent for 1 year, and 56% were persistent 3 years. Patients

with previous CVD showed higher refill adherence and longer persis-

tence compared with patients without previous CVD. This information

is valuable and important for consideration by health care providers

who treat patients with type 2 diabetes and moderate to high risk

for CVD.

ETHICS STATEMENT

The regional Ethical Review Board at the University of Gothenburg

approved the study (#563–12).

ACKNOWLEDGEMENT

This study was funded by a grant from the Swedish Research Council

for Health, Working Life and Welfare (#2013‐0521). The authors

would like to thank Karen Williams for the linguistic revision.

CONFLICT OF INTEREST STATEMENT

Karolina Andersson Sundell is employed by AstraZeneca. However, the

views expressed in this study are her own and not those of

AstraZeneca. The remaining authors declare no conflict of interest.

ORCID

Sofia Axia Karlsson http://orcid.org/0000-0002-1896-9587

REFERENCES

1. Emerging Risk Factors Collaboration. Diabetes mellitus, fasting blood
glucose concentration, and risk of vascular disease: a collaborative
meta‐analysis of 102 prospective studies. Lancet. 2010;375:2215‐
2222. https://doi.org/10.1016/S0140‐6736(10)60484‐9

2. Lind M, Bounias I, Olsson M, Gudbjörnsdottir S, Svensson AM,
Rosengren A.. Glycaemic control and incidence of heart failure in 20
985 patients with type 1 diabetes: an observational study. Lancet.
2011;378:140‐146. https://doi.org/10.1016/S0140‐6736(11)60471‐6

3. Tancredi M, Rosengren A, Svensson AM, et al. Excess mortality among
persons with type 2 diabetes. New Engl. J. Med. 2015;373:1720‐1732.
https://doi.org/10.1056/NEJMoa1504347

4. Haffner SM, Lehto S, RönnemaaT, Pyörälä K, Laakso M. Mortality from
coronary heart disease in subjects with type 2 diabetes and in
nondiabetic subjects with and without prior myocardial infarction.
New Engl. J. Med. 1998;339:229‐234. https://doi.org/10.1056/
NEJM199807233390404

5. International Diabetes Federation Guideline Development Group.
Global guideline for Type 2 Diabetes. In: Diabetes Res Clin Pract.
2014:104(1):1‐52. http://dx.doi.org/10.1016/j.diabres.2012.10.001

6. De Vera MA, Bhole V, Burns LC, Lacaille D. Impact of statin adherence
on cardiovascular disease and mortality outcomes: a systematic review.
Br J Clin Pharmacol. 2014;78:684‐698. https://doi.org/10.1111/
bcp.12339

7. World Health Organization. Adherence of Long‐term Therapies, Evidence
for Action. Geneva: World Health Organization (WHO); 2003.

http://orcid.org/0000-0002-1896-9587
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S0140-6736(11)60471-6
https://doi.org/10.1056/NEJMoa1504347
https://doi.org/10.1056/NEJM199807233390404
https://doi.org/10.1056/NEJM199807233390404
http://dx.doi.org/10.1016/j.diabres.2012.10.001
https://doi.org/10.1111/bcp.12339
https://doi.org/10.1111/bcp.12339


1232 KARLSSON ET AL.
8. Osterberg L, Blaschke T. Adherence to medication. New Engl. J. Med.
2005;353:487‐497. https://doi.org/10.1056/NEJMra050100

9. Vrijens B, De Geest S, Hughes DA, et al. A new taxonomy for describing
and defining adherence to medications. Br. J. Clin. Pharmacol.
2012;73:691‐705. https://doi.org/10.1111/j.1365‐2125.2012.04167.x

10. Hess LM, Raebel MA, Conner DA, Malone DC. Measurement of adher-
ence in pharmacy administrative databases: a proposal for standard
definitions and preferred measures. Ann Pharmacother.
2006;40:1280‐1288. https://doi.org/10.1345/aph.1H018

11. Cramer JA, Benedict Á, Muszbek N, Keskinaslan A, Khan ZM. The sig-
nificance of compliance and persistence in the treatment of diabetes,
hypertension and dyslipidaemia: a review. Int. J. Clin. Pract.
2008;62:76‐87. https://doi.org/10.1111/j.1742‐1241.2007.01630.x

12. Helin‐Salmivaara A, Lavikainen P, Ruokoniemi P, Korhonen M,
Huupponen R. Persistence with statin therapy in diabetic and non‐dia-
betic persons: a nation‐wide register study in 1995‐2005 in Finland.
Diabetes Res. Clin. Pract. 2009;84:e9‐e11. https://doi.org/10.1016/j.
diabres.2008.12.015

13. Ruokoniemi P, Sund R, Arffman M, et al. Are statin trials in diabetes
representative of real‐world diabetes care: a population‐based study
on statin initiators in Finland. BMJ Open. 2014;4. https://doi.org/
10.1136/bmjopen‐2014‐005402

14. Chowdhury R, KhanH,Heydon E, et al. Adherence to cardiovascular ther-
apy: a meta‐analysis of prevalence and clinical consequences. Eur. Heart J.
2013;34:2940‐2948. https://doi.org/10.1093/eurheartj/eht295

15. Deshpande S, Quek RGW, Forbes CA, et al. A systematic review to
assess adherence and persistence with statins. Curr. Med. Res. Opin.
2017;33:769‐778. https://doi.org/10.1080/03007995.2017.1281109

16. Ekström N, Cederholm J, Zethelius B, et al. Aspirin treatment and risk of
first incident cardiovascular diseases in patients with type 2 diabetes:
an observational study from the Swedish National Diabetes Register.
BMJ Open. 2013;3. https://doi.org/10.1136/bmjopen‐2013‐002688

17. Ekström N, Miftaraj M, Svensson AM, et al. Glucose‐lowering treat-
ment and clinical results in 163 121 patients with type 2 diabetes: an
observational study from the Swedish national diabetes register. Diabe-
tes Obes. Metab. 2012;14:717‐726. https://doi.org/10.1111/j.1463‐
1326.2012.01591.x

18. Ekström N, Schiöler L, Svensson AM, et al. Effectiveness and safety of
metformin in 51 675 patients with type 2 diabetes and different levels
of renal function: a cohort study from the Swedish National Diabetes
Register. BMJ Open. 2012;2. https://doi.org/10.1136/bmjopen‐2012‐
001076

19. Ekström N, Svensson AM, Miftaraj M, et al. Cardiovascular safety of
glucose‐lowering agents as add‐on medication to metformin treatment
in type 2 diabetes: report from the Swedish National Diabetes Register.
Diabetes Obes. Metab. 2016;18:990‐998. https://doi.org/10.1111/
dom.12704

20. Eliasson B, Ekström N, Bruce Wirta S, Odén A, Fard MNP, Svensson
AM. Metabolic effects of basal or premixed insulin treatment in 5077
insulin‐naïve type 2 diabetes patients: registry‐based observational
study in clinical practice. Diabetes Ther. 2014;5:243‐254. https://doi.
org/10.1007/s13300‐014‐0068‐9

21. Scaldaferri F, Pizzoferrato M, Ponziani FR, Gasbarrini G, Gasbarrini A.
Use and indications of cholestyramine and bile acid sequestrants.
Intern. Emerg. Med. 2013;8:205‐210. https://doi.org/10.1007/
s11739‐011‐0653‐0

22. Wettermark B, Hammar N, Fored CM, et al. The new Swedish Pre-
scribed Drug Register Opportunities for pharmacoepidemiological
research and experience from the first six months. Pharmacoepidemiol.
Drug Saf. 2007;16:726‐735. https://doi.org/10.1002/pds.1294

23. Eliasson B, Gudbjörnsdottir S. Diabetes care—improvement through
measurement. Diabetes Res. Clin. Pract. 2014;106:S291‐S294. https://
doi.org/10.1016/S0168‐8227(14)70732‐6

24. Statistics Sweden. Longitudinal integration database for health insur-
ance and labour market studies (LISA by Swedish acronym). http://
www.scb.se/lisa‐en (accessed 1 April 2016).
25. National Board of Health and Welfare. The National Patient Register.
http://www.socialstyrelsen.se/register/halsodataregister/
patientregistret/inenglish (accessed 1 April 2016).

26. National Board of Health and Welfare. Cause of death. http://www.
socialstyrelsen.se/statistics/statisticaldatabase/help/causeofdeath
(accessed 1 April 2016).

27. Andrade SE, Kahler KH, Frech F, Chan KA. Methods for evaluation of
medication adherence and persistence using automated databases.
Pharmacoepidemiol. Drug Saf. 2006;15:565‐574. https://doi.org/
10.1002/pds.1230

28. Vink NM, Klungel OH, Stolk RP, Denig P. Comparison of various mea-
sures for assessing medication refill adherence using prescription
data. Pharmacoepidemiol. Drug Saf. 2009;18:159‐165. https://doi.org/
10.1002/pds.1698

29. Van Wijk BL, Klungel OH, Heerdink ER, de Boer A. Refill persistence
with chronic medication assessed from a pharmacy database was influ-
enced by method of calculation. Journal of clinical epidemiology.
2006;59:11‐17. https://doi.org/10.1016/j.jclinepi.2005.05.005

30. Ordinance (2002:687) on Pharmaceutical Benefits, etc. In: SFS; 2002.
In 2002.

31. European statistics. Glossary: EU enlargements. http://ec.europa.eu/
eurostat/statistics‐explained/index.php/Glossary:EU_enlargements
(accessed 22 May 2016).

32. National Board of Health and Welfare. Nationella riktlinjer för
diabetesvården 2010 – Stöd för styrning och ledning 2010.

33. World Health Organization. Body mass index—BMI. http://www.euro.
who.int/en/health‐topics/disease‐prevention/nutrition/a‐healthy‐life-
style/body‐mass‐index‐bmi (accessed 2016‐03‐25).

34. National Kidney Foundation. Glomerular filtration rate (GFR). https://
www.kidney.org/atoz/content/gfr (accessed 21 May 2016).

35. Lesén E, SandströmTZ, Carlsten A, Jönsson AK, Mårdby AC, Andersson
Sundell K. A comparison of two methods for estimating refill adherence
to statins in Sweden: the RARE project. Pharmacoepidemiol. Drug Saf.
2011;20:1073‐1079. https://doi.org/10.1002/pds.2204

36. Helin‐Salmivaara A, Lavikainen P, Korhonen MJ, et al. Long‐term per-
sistence with statin therapy: a nationwide register study in Finland.
Clin. Ther. 2008;30:2228‐2240. https://doi.org/10.1016/j.
clinthera.2008.12.003

37. Grant RW, O'Leary KM, Weilburg JB, Singer DE, Meigs JB. Impact of
concurrent medication use on statin adherence and refill persistence.
Arch. Intern. Med. 2004;164:2343‐2348. https://doi.org/10.1001/
archinte.164.21.2343

38. Ratanawongsa N, Karter AJ, Parker MM, et al. Communication and
medication refill adherence the diabetes study of Northern California.
JAMA Intern. Med. 2013;173:210‐218. https://doi.org/10.1001/
jamainternmed.2013.1216

39. Traylor AH, Schmittdiel JA, Uratsu CS, Mangione CM, Subramanian U.
Adherence to cardiovascular disease medications: does patient‐pro-
vider race/ethnicity and language concordance matter? J. Gen. Intern.
Med. 2010;25:1172‐1177. https://doi.org/10.1007/s11606‐010‐
1424‐8

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the

supporting information tab for this article.

How to cite this article: Karlsson SA, Hero C, Eliasson B, et al.

Refill adherence and persistence to lipid‐lowering medicines in

patients with type 2 diabetes: A nation‐wide register‐based

study. Pharmacoepidemiol Drug Saf. 2017;26:1220–1232.

https://doi.org/10.1002/pds.4281

https://doi.org/10.1056/NEJMra050100
https://doi.org/10.1111/j.1365-2125.2012.04167.x
https://doi.org/10.1345/aph.1H018
https://doi.org/10.1111/j.1742-1241.2007.01630.x
https://doi.org/10.1016/j.diabres.2008.12.015
https://doi.org/10.1016/j.diabres.2008.12.015
https://doi.org/10.1136/bmjopen-2014-005402
https://doi.org/10.1136/bmjopen-2014-005402
https://doi.org/10.1093/eurheartj/eht295
https://doi.org/10.1080/03007995.2017.1281109
https://doi.org/10.1136/bmjopen-2013-002688
https://doi.org/10.1111/j.1463-1326.2012.01591.x
https://doi.org/10.1111/j.1463-1326.2012.01591.x
https://doi.org/10.1136/bmjopen-2012-001076
https://doi.org/10.1136/bmjopen-2012-001076
https://doi.org/10.1111/dom.12704
https://doi.org/10.1111/dom.12704
https://doi.org/10.1007/s13300-014-0068-9
https://doi.org/10.1007/s13300-014-0068-9
https://doi.org/10.1007/s11739-011-0653-0
https://doi.org/10.1007/s11739-011-0653-0
https://doi.org/10.1002/pds.1294
https://doi.org/10.1016/S0168-8227(14)70732-6
https://doi.org/10.1016/S0168-8227(14)70732-6
http://www.scb.se/lisa-en
http://www.scb.se/lisa-en
http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish
http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish
http://www.socialstyrelsen.se/statistics/statisticaldatabase/help/causeofdeath
http://www.socialstyrelsen.se/statistics/statisticaldatabase/help/causeofdeath
https://doi.org/10.1002/pds.1230
https://doi.org/10.1002/pds.1230
https://doi.org/10.1002/pds.1698
https://doi.org/10.1002/pds.1698
https://doi.org/10.1016/j.jclinepi.2005.05.005
http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:EU_enlargements
http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:EU_enlargements
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.kidney.org/atoz/content/gfr
https://www.kidney.org/atoz/content/gfr
https://doi.org/10.1002/pds.2204
https://doi.org/10.1016/j.clinthera.2008.12.003
https://doi.org/10.1016/j.clinthera.2008.12.003
https://doi.org/10.1001/archinte.164.21.2343
https://doi.org/10.1001/archinte.164.21.2343
https://doi.org/10.1001/jamainternmed.2013.1216
https://doi.org/10.1001/jamainternmed.2013.1216
https://doi.org/10.1007/s11606-010-1424-8
https://doi.org/10.1007/s11606-010-1424-8
https://doi.org/10.1002/pds.4281

