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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Statin therapy is recommended in diabetes

to lower the risk of coronary events.
However, large randomized trials of statins
performed specifically among diabetic
patients have produced conflicting results.
No long-term follow-up studies are available
on the incidence of major coronary events
and adherence to statin therapy in real-life
patients with diabetes.

WHAT THIS STUDY ADDS
• The study results demonstrate that good

adherence to statins is associated with a
reduced risk of major coronary events in
patients with diabetes, irrespective of the
presence of coronary heart disease at statin
initiation. This study provides further
justification for maintenance statin therapy
in diabetes.

AIMS
To evaluate whether good statin adherence is associated with a reduced
incidence of major coronary events (MCEs) among diabetic patients with and
without coronary heart disease (CHD).

METHODS
Using data derived by linkage of nationwide health databases in Finland, we
conducted a nested case–control analysis of 3513 cases with an MCE, a
composite of acute myocardial infarction and/or coronary revascularization, and
20 090 matched controls identified from a cohort of 60 677 statin initiators with
diabetes. Cases and controls were matched according to gender, time of cohort
entry and duration of follow-up and further classified to two risk groups
according to the presence of CHD at statin initiation. The incidence of MCEs was
compared between patients with good statin adherence (the proportion of days
covered �80%) and patients with poor statin adherence (<80%). Odds ratios
(OR) for MCEs were estimated by conditional logistic regression adjusting for
several covariables.

RESULTS
Good statin adherence was associated with a reduced incidence of MCEs in
those with prior CHD [OR 0.84 (95% CI 0.74–0.95)] and in those without it [OR
0.86 (95% CI 0.78–0.95)]. The association persisted among those followed up for
5 years or longer [OR 0.77 (95% CI 0.58–1.02) and OR 0.79 (95% CI 0.66–0.94)
respectively]. In sensitivity analyses, a reduced MCE incidence was observed also
in those without any documented cardiovascular disease (CVD) at statin
initiation [OR 0.87 (95% CI 0.78–0.96) overall and OR 0.80 (95% CI 0.66–0.97) for
those followed up 5 years or longer].

CONCLUSIONS
In patients with diabetes, good adherence to statins predicts reduced incidence
of MCEs irrespective of the presence of CHD at statin initiation.
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Introduction

Cardiovascular disease (CVD) is the major cause of morbid-
ity and mortality in patients with diabetes.Thus, it is impor-
tant to modify the multiple risk factors of CVD, including
dyslipidaemia [1]. The most common pattern of dyslipi-
daemia in type 2 diabetes is the elevation of triglycerides
combined with decreased high-density lipoprotein (HDL)
cholesterol. As the absolute low-density lipoprotein (LDL)
cholesterol concentration is usually not different from con-
centrations in non-diabetic persons type 2 diabetic
patients tend to have higher levels of small, dense LDL
possibly related to the high atherogenicity in diabetes [2].
Statins primarily reduce LDL cholesterol and to a lesser
extent they also reduce triglycerides and elevate the HDL
cholesterol concentration [3]. In general, the role of statins
in the prevention of cardiac events is well established in
patients with dyslipidaemia [4–8], especially in patients
with coronary heart disease (CHD).

The risk of myocardial infarction in diabetic patients
without prior CHD is similar to the risk in non-diabetic
patients with CHD [9, 10].The most recent European guide-
line recommended that statin therapy should be initiated
in all patients with diabetes and overt CVD, and in the
absence of CVD, it should be considered for all type 1
patients aged over 40 years and for all adult patients
with type 2 diabetes whose total cholesterol is greater
than 3.5 mmol L-1 [11].These recommendations are mainly
based on subgroup analyses (and meta-analyses [12, 13])
of randomized controlled trials (RCTs) [4, 6, 8]. Few studies
have been performed specifically in diabetic patients [14,
15].Large RCTs in diabetic patients have produced conflict-
ing results. In the CARDS study, atorvastatin prevented car-
diovascular end points in patients with no history of CVD
[14] whereas in the ASPEN study, no preventive effect of
atorvastatin was noted irrespective of whether the
patients had previous CHD [15].

Because of the selection and meticulous follow-up of
the subjects, RCTs have limited external validity. In real life,
suboptimal adherence to statin treatment has been noted
in many patient groups [16–19], including patients with
diabetes [20], which questions the effectiveness of statins.
We performed a nationwide, register-based study to inves-
tigate whether good adherence to statins would be associ-
ated with a risk reduction of major coronary events (MCEs)
in patients with diabetes. We predicted that prior CHD
would act as a strong confounder and potentially an effect
modifier. Therefore, we analysed separately those patients
with and without documented CHD at statin initiation.

Methods

Data sources
We used data from administrative health databases gener-
ated through the universal healthcare and drug reim-

bursement systems covering all 5.3 million residents of
Finland. We identified prescription records with the
National Prescription Register, run since 1994 and
managed by the Social Insurance Institution (SII) [21]. This
Register contains records of prescription drug purchases
reimbursed to residents in non-institutional settings. For
each purchase, the data included the dispensing date, the
Anatomical Therapeutic Chemical classification code [22],
the strength and the quantity dispensed. Patients staying
in a public nursing home or hospital without interruption
for over 90 days are not eligible for drug reimbursement
and their purchases are not registered. We identified
these patients from the SII register. For identifying patients
entitled to higher rates of reimbursement because of
certain severe, chronic conditions, such as CHD, diabetes,
pulmonary disorders, rheumatoid arthritis and organ
transplantations, we used the SII Special Reimbursement
Register introduced in 1964.To be eligible for special reim-
bursement, a patient’s condition must meet explicit pre-
defined criteria and a written certificate is required from
the treating physician. Finally, we identified MCEs and
other covariables from the Hospital Discharge Register
that included individual clinical and administrative data on
primary and secondary discharge diagnoses and surgical
procedures, and the admission and discharge dates. The
register covers all Finnish hospitals. The ninth revision of
the International Classification of Diseases (ICD-9) was in
use between 1986 and 1995 and the 10th revision (ICD-10)
since 1 January 1996. Procedure codes follow the Finnish
classification of diagnostic, therapeutic and surgical proce-
dures. The validity of the Finnish Hospital Discharge Regis-
ter for hard CHD events has been reported earlier [23].
The above databases were linked anonymously using
encrypted personal identifiers.

Study design
We conducted a nested case–control analysis of the rela-
tionship between statin adherence and incidence of MCEs
within a cohort of community-dwelling patients with dia-
betes initiating statin therapy between 1995 and 2007 in
Finland.We chose a nested case–control design in order to
increase efficiency of the study and to enhance equal
assessment of adherence, operationalized as the propor-
tion of days covered (PDC), for those cohort members
experiencing an MCE and those not experiencing it.

Cohort definition
The population considered eligible for the study cohort
comprised diabetic patients (type 1 or 2) aged 45 to 75
years, as identified in the Special Reimbursement Register
prior to statin initiation, who were dispensed their first
statin prescription between 1 January 1995 and 31 Decem-
ber 2007 (Figure 1). The first statin dispensation refers to
having no statins dispensed during the preceding 365
days. We defined the date of the first dispensing of any
statin as the cohort entry date. Patients with a history of
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organ transplantation according to the Special Reimburse-
ment Register before cohort entry were excluded because
of the complexity of their pharmacotherapy and increased
tendency for hospitalizations. We followed up cohort
members until they experienced an MCE or were censored
because of liver disease (discharge diagnosis of ICD-10
K70-77 or ICD-9 070X, 0706D, 0988B, 1305A, 570X-573X),
organ transplantation, long-term institutionalization, 76th
birthday,death or 31 December 2007,whichever came first.

Case ascertainment

Cases were defined as those who experienced a composite
of MCEs, including hospitalization for an acute myocardial
infarction (a primary or secondary discharge diagnosis of
ICD-10 I21, I22, or ICD-9 410.x) and/or for coronary revas-
cularization (procedure codes for coronary artery bypass
grafting, angioplasty or stenting). We defined the date
of the first MCE as the index date. As the Prescription

60942 diabetic patients aged 45–75 years initiating statin therapy in 1995–2007

60677 included in the cohort

6466 with an MCE during follow-up

55 excluded

MCE occurred while
hospitalized for >30
days

2703 excluded
216 hospitalized for >10% of
follow-up
2487 with follow-up <9
months

27139 excluded
504 hospitalized >10% of
follow-up
2128 without the matching
case at the index date
24507 with a follow-up <9
months

265 excluded

organ transplantation
prior to the statin
initiation

6411 case patients 64110  controls* matched with case patients
according to gender, time of cohort entry and
length of follow-up

3708 case patients

Stratified according to coronary heart disease (CHD) status at the cohort entry

36971 controls*

195 excluded
cases without a control

16881 excluded
controls* without a case

2013 case patients in the group without CHD↑
1500 case patients in the group with CHD‡

MCE, major coronary event; myocardial infarction or/and coronary revascularization
procedure.
*A control = a contribution of a person-time period. Controls were selected
with replacement.  A person could serve as a control for many cases, and any control
could later become a case if he/she had developed an MCE.
↑No documented coronary heart disease prior to the statin initiation.
‡Coronary heart disease documented prior to the statin initiation.

15886 controls* in the group without CHD↑
4204 controls* in the group with CHD‡

Figure 1
Study flow chart
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Register does not capture drugs used in hospitals, we
excluded cases with an MCE occurring during a hospital
stay that lasted over 30 days in order to reduce the poten-
tial for immeasurable time bias [24].

Controls
Using incidence density sampling, we randomly selected
10 controls for each MCE case. We matched controls to
cases for gender and, to control for secular trends, for time
of cohort entry (�60 days). We selected controls from the
risk set for each case consisting of cohort members who
had not experienced an MCE by the date that resulted in
the same duration of follow-up as for the case and
assigned the above date as the index date for the controls.
We selected controls with replacement; a patient could
serve as a control for many cases and any control could
later become a case if he/she had developed an MCE.

To reduce exposure misclassification [24], we excluded
cases and controls who had been hospitalized for more
than 10% of their follow-up time (Figure 1). In a pilot study,
we observed that monthly MCE rates, especially those of
revascularization procedures, were high during the first
months of statin therapy, then declined steeply and
stabilized at around 9 months [25].We interpreted this as a
sign for protopathic bias [26] and excluded all cases and
controls with a follow-up of less than 9 months from the
analysis.

We classified cases and controls into two risk groups
according to the presence of CHD at statin initiation.Those
patients who had a hospital discharge diagnosis of myo-
cardial infarction, angina or a coronary revascularization
procedure performed during a 7-year period prior to the
cohort entry as well as those having ever been eligible to
special reimbursement for CHD (since 1986) were assigned
to the group with prior CHD. We categorized cases and
controls who did not meet any of these criteria into the
group without prior CHD.

Assessment of adherence to statins
We identified reimbursed statin purchases from the Pre-
scription Register and assessed statin adherence, defined
as PDC [27, 28], for the follow-up period from the cohort
entry to the index date. Assuming a dosage of one tablet
per day, we calculated the PDC with a statin by dividing the
number of days on which the patient had a statin available
by the number of days of follow-up multiplied by 100.
During the last 90 days of the follow-up, we took into
account the number of tablets covering the time from the
dispensing date to the index date. The period for calculat-
ing PDC was the same for each matched set because of
matching for the length of follow-up. Using a conventional
cut-off value of 80% [18, 29, 30], we defined adherence a
priori as a two-category variable: good (PDC � 80%) and
poor adherence (PDC < 80%). We analysed statins as a
group, and switching between various statins was consid-
ered as continuation of therapy. To further characterize

exposure to statins, we calculated the equivalent dose of
the initiating statin as a simvastatin equivalent as pre-
sented by Law et al. [31].

Statistical analysis
We characterized cases and controls using descriptive sta-
tistics. We weighted the descriptive statistics for controls
by the inverse of the number of controls per case in order
to account for the variable number of controls in each
matched set. This corresponded to standardizing the
number of controls to one per case. We used conditional
logistic regression to estimate age-adjusted odds ratios
(OR) and multivariable-adjusted odds ratios (AOR) with
their 95% confidence intervals (CI) separately for the two
risk groups.

For the group without prior CHD, the multivariable
logistic regression model included age and duration of
diabetes (continuous variables) at index date, type of
antidiabetic medication [oral only (biguanides, sulfony-
lureas, rosiglitazone, pioglitazone, guar gum, repaglinide
and/or nateglinide), insulin only, both oral therapy and
insulin, or no pharmacotherapy] and other medications
[fibrates, warfarin, hormone replacement therapy, antihy-
pertensive medication (diuretics, b-adrenoceptor blockers,
calcium channel blockers, ACE inhibitors or angiotensin
receptor blockers) and the number of different cardiovas-
cular drugs (antithrombotic therapy, digoxin/antiarrhyth-
mic drugs/nitrates, miscellaneous antihypertensive drugs,
diuretics, pentoxifylline, b-adrenoceptor blockers, calcium
channel blockers and ACE inhibitors/angiotensin receptor
blockers)] during the 365 days prior to cohort entry and
comorbidities during the 7 years prior to cohort entry.
These comorbidities were cerebrovascular disease or
peripheral atherosclerosis, congestive heart failure and
microangiopathic complications (retinopathy, neuropathy,
nephropathy or dialysis) indicated by the applicable ICD
codes in the Hospital Discharge Register and moderate to
severe hypertension and rheumatoid arthritis identified
with the Special Reimbursement Register. The final model
for the group with prior CHD included the above variables.
In this model, however, we included duration of CHD (<2
years or �2 years) and treated age (5-year grouping) and
duration of diabetes (<10 years or �10 years) as categori-
cal variables. Additionally, we considered the presence of
familial hypercholesterolaemia and pulmonary disorders
(asthma or chronic obstructive pulmonary disease)
according to the Special Reimbursement Register, use of
thiazolidinediones, clopidogrel, spironolactone and anti-
depressants, and socioeconomic status (nine-category
variable based on employment and occupation) as poten-
tial confounders in both risk groups.They did not affect the
ORs for the main exposure (change <2%) when added to
the final models and were thus excluded.

Within the two risk groups, we examined the associa-
tion between statin adherence and incidence of an MCE
separately for those aged less than 65 years and those 65

Statin adherence and major coronary events in diabetes

Br J Clin Pharmacol / 71:5 / 769



years and older, men and women, and those with <3 years,
3–<5 years and 5 years or more of follow-up. We tested
whether the ORs for the last two periods were statistically
significantly different from the OR for the time window <3
years according to Altman & Bland [32], without adjust-
ment for multiple comparisons.We analysed the modifying
effects of gender and age (<65 years or �65 years) in the
same way. We tested statistical significance of the modify-
ing effect of the risk status (with prior CHD vs. without prior
CHD) by including a product term between the risk status
and statin adherence in the model, using the data from
both risk groups.

For evaluating dose–response relationships, we
defined adherence as a three-category variable (PDC <
40%, 40–79% or �80%) and further as a continuous vari-
able for calculating P-values for trend. We used SAS soft-
ware (version 9.1; SAS Institute, Inc., Cary, NC, USA) for
statistical analyses.

Ethical considerations
The SII, the National Data Protection Agency and the
National Institute for Health and Welfare, Helsinki, Finland
approved our study protocol. There was no legal require-
ment for ethics committee approval because we used only
unidentifiable patient data and did not contact the
patients.

Results

Of the 60 677 diabetic patients included in the cohort, an
MCE occurred in 6466 patients from whom 3708 qualified
as cases (Figure 1). Of these cases, 2031 were classified into
the group without prior CHD and compared with 15 886
matched controls (median eight controls per case, inter-
quartile range seven to nine).The corresponding figures in
the group with prior CHD were 1500 cases and 4204 con-
trols (median three controls, interquartile range two to
four) respectively. Half of the cases experienced a myocar-
dial infarction: 49.4 % in those without prior CHD and
51.7% in those with CHD.

Patients experiencing an MCE tended to be older, and
had more comorbidities and a longer duration of diabetes
than controls (Table 1). Statin adherence was good (PDC �
80%) for over 50% of patients. The maximum duration of
follow-up since statin initiation was 12.6 years in those
without prior CHD and 12.2 years in those with CHD. In
order to establish if the patients with good statin adher-
ence differed from those with poor adherence with
respect to risk factors for an MCE, we examined the distri-
butions of these factors in the controls. There was no dif-
ference in the mean duration of diabetes between the two
adherence groups but advanced age, female gender, pres-
ence of hypertension, and use of hormone replacement
therapy and several cardiovascular drugs were associated
with good adherence (Table 2).

Compared with patients with poor statin adherence,
those with good adherence had a reduced incidence of
MCEs in both those without [AOR for the composite end
point 0.86 (95% CI 0.78–0.95] and those with prior CHD [OR
0.84 (95% CI 0.74–0.95), P = 0.24 for interaction; Table 3].
The AORs for myocardial infarction were 0.82 (95% CI 0.71–
0.94) and 0.67 (95% CI 0.56–0.81) respectively.

The beneficial effect of good statin adherence persisted
beyond 5 years of follow-up, although the risk reduction
was not statistically significant among those with CHD at
statin initiation.In the group without prior CHD,the AOR for
MCEs among those followed up for 5 years or more was 0.79
(95% CI 0.66–0.94) and 0.77 (95% CI 0.58–1.02) in the group
with prior CHD (Table 3). Age did not modify the associa-
tion in those without prior CHD; AOR was 0.84 (95% CI
0.73–0.98) in those aged less than 65 years and 0.91 (95% CI
0.78–1.05) in those 65 years and older. In those with prior
CHD, however, good adherence was associated with a
lower risk for MCEs only in patients aged 65 years and
older [AOR 0.78 (95% CI 0.64–0.94)] but not in the younger
patients [AOR 0.98 (95% CI 0.75–1.28), P = 0.18 for inter-
action]. Finally, the favourable effect of good statin adher-
ence tended to be weaker among men than women in
both risk groups.

When comparing with PDC < 40%, we observed a
reduced MCE incidence both for PDC 40–79% [AOR 0.85
(95% CI 0.74–0.97)] and PDC � 80% [AOR 0.78 (95% CI
0.69–0.88)] in the group without prior CHD. The respective
AORs were 0.90 (95% CI 0.74–1.07) and 0.82 (95% CI 0.70–
0.97) in the group with prior CHD. Per each additional 10%
unit increase in PDC, the incidence of MCEs reduced by 3%
in both risk groups (AOR 0.97 per 10% units, P < 0.001 and
P = 0.02 for trend respectively).

Discussion

The main finding of our study is that in real life, the inci-
dence of MCEs is significantly lower in diabetic patients
with good adherence to statin therapy (�80%) when com-
pared with those patients with poor adherence. Further-
more, we showed that the relative risk reduction is of a
similar magnitude (~15-20%) in patients with and without
CHD. In addition, the reduction in MCE incidence was still
evident when we further restricted the study population
to those with no documented CVD, defined as no docu-
mented CHD, cerebrovascular disease nor peripheral ath-
erosclerosis, at statin initiation [AOR 0.87 (95% CI 0.78–
0.96) overall and AOR 0.80 (95% CI 0.66–0.97) in those
followed up for 5 years or longer, data not shown].

Instead of comparing the incidence of MCEs between
users and non-users of statins, we restricted our study popu-
lation to statin users with different levels of statin adherence.
We predicted that the risk of MCEs would be different in
those patients with both diabetes and an indication for
statins compared with those with diabetes only. Poor
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adherence means lower cumulative statin exposure over
time, leading to less effective or even sub-therapeutic drug
use, whereas good adherence increases the likelihood of
optimal treatment, resembling the situation in RCTs [33–35].
In RCTs, statin adherence above 80% is considered optimal
but in real life adherence to statins may be lower [16–20, 36].
Older age,presence of CHD and comorbidities are associated
with optimal statin persistence or adherence [16–18, 20, 36]
and were therefore controlled for in our analysis.

Studies on statin effectiveness have demonstrated
that optimal adherence may reduce coronary artery
disease risk by 18–19% [30, 37] and mortality by approxi-
mately 50% [38, 39] when compared with less optimal
adherence. Separate analyses for diabetic populations
had follow-up times limited to 2 years, and they assessed
all-cause mortality [40, 41] or the risk of all-cause hospi-
talizations [42], with results favouring adherent statin use.
We were able to demonstrate a beneficial effect of statin

Table 1
Characteristics of cases and their matched controls

Characteristic

Patients without prior CHD Patients with prior CHD
Cases
(n = 2013)

Controls*
(n = 15886)

Cases
(n = 1500)

Controls*
(n = 4204)

Age, mean (SD; years) 64.4 (7.1) 62.0 (2.5) 65.8 (6.9) 65.1 (3.9)

45–54, n (%) 215 (10.7) 2606 (16.6) 136 (9.1) 381 (8.1)

55–64, n (%) 723 (35.9) 6970 (44.0) 429 (28.6) 1441 (33.7)

65–75, n (%) 1075 (53.4) 6310 (39.4) 935 (62.3) 2382 (58.2)
Men, n (%) 1302 (64.7) 9998 (64.7) 1034 (68.9) 3088 (68.9)

Duration of follow-up, mean (SD; years) 3.7 (2.4) 3.7 (0.9) 3.2 (2.3) 3.2 (1.4)
Duration of diabetes, mean (SD; years) 13.5 (9.7) 11.5 (3.1) 12.9 (9.1) 11.7 (5.2)

Duration of CHD, mean (SD; years) NA NA 8.4 (5.1) 8.1 (2.9)
Statin equivalent at cohort entry, median (interquartile range)† 0.5 (0.25–1.0) 0.5 (0.25–1.0) 0.25 (0.25–0.50) 0.25 (0.25–0.50)

Statin adherence, mean (SD; %) 68.2 (31.8) 69.8 (11.0) 71.2 (30.9) 72.5 (18.2)
Statin adherence, n (%)

1–19 255 (12.7) 1716 (11.0) 166 (11.0) 421 (9.7)
20–39 208 (10.3) 1527 (9.7) 127 (8.5) 341 (8.0)
40–59 234 (11.6) 1988 (12.6) 175 (11.7) 542 (12.9)
60–79 304 (15.1) 2342 (14.7) 222 (14.8) 559 (13.0)
�80 1012 (50.3) 8313 (52.1) 810 (54.0) 2341 (56.4)

Medical characteristics at cohort entry, n (%)

Cerebrovascular disease or peripheral atherosclerosis 245 (12.2) 1027 (6.8) 213 (14.2) 491 (10.9)

Congestive heart failure 129 (6.4) 570 (3.7) 292 (19.5) 766 (17.6)

Microangiopathic complications (retinopathy, neuropathy, nephropathy or dialysis) 166 (8.3) 790 (5.2) 142 (9.5) 278 (6.4)

Moderate to severe hypertension 1149 (57.1) 8406 (53.1) 791 (52.7) 2110 (51.4)

Rheumatoid arthritis 67 (3.3) 344 (2.1) 46 (3.1) 101 (2.4)

Pulmonary disorders (asthma or COPD) 136 (6.8) 918 (5.6) 91 (6.1) 252 (6.4)
Antidiabetic medication, n (%)‡

Only oral blood glucose-lowering drugs§ 956 (47.9) 8715 (54.6) 700 (46.7) 2195 (52.1)
Only insulin 464 (23.1) 3255 (20.7) 350 (23.3) 788 (18.4)
Both oral and insulin 551 (27.4) 3613 (22.7) 410 (27.3) 1100 (26.8)
No antidiabetic drug therapy 33 (1.6) 303 (1.9) 40 (2.7) 121 (2.7)

Concomitant medications, n (%)‡

Fibrates 71 (3.5) 639 (4.3) 71 (4.7) 237 (5.1)

Thiazolidinediones 16 (0.8) 186 (1.1) 5 (0.3) 8 (0.4)

Warfarin 112 (5.6) 637 (4.1) 167 (11.1) 548 (12.6)

Clopidogrel 7 (0.4) 9 (0.1) 46 (3.1) 62 (2.3)

Spironolactone 23 (1.1) 135 (0.8) 21 (1.4) 52 (1.5)

Antidepressives 157 (7.8) 1423 (8.8) 134 (8.9) 346 (9.0)

HRT (% according to the female population in the risk group) 137 (19.3) 1342 (22.7) 82 (17.6) 225 (20.6)

Antihypertensive medication 1466 (72.8) 10557 (66.3) 1443 (96.2) 3986 (95.3)
Number of cardiovascular drugs‡

0–1 943 (46.9) 9136 (57.6) 132 (8.8) 532 (13.0)
2 473 (23.5) 3642 (22.8) 313 (20.9) 974 (23.3)
3 357 (17.7) 1902 (12.1) 429 (28.6) 1132 (27.0)
4 175 (8.7) 892 (5.7) 399 (26.6) 923 (22.0)
5 55 (2.7) 234 (1.5) 183 (12.2) 516 (12.1)
6–8 10 (0.5) 53 (0.3) 44 (2.9) 127 (2.7)

CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; HRT, hormone replacement therapy. *Descriptive statistics for controls weighted by the inverse of the
number of controls in the matched set. †Statin equivalent in simvastatin dose: simvastatin 20 mg = lovastatin 20 mg = pravastatin 80 mg = fluvastatin 80 mg = atorvastatin 5 mg
= rosuvastatin <5 mg. ‡Dispensed in the 365 days prior to cohort entry. §Including biguanides, sulfonylureas, thiazolidinediones, guar gum, repaglinide and nateglinide.
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therapy on coronary morbidity, a more specific target of
statin therapy.

We may have introduced a healthy-adherer bias when
using the adherence level as an exposure [43]. Patients
with good adherence to statins may have different health-
seeking behaviour and lifestyle, making them less suscep-
tible to MCEs. In US register-based studies, patients with
better adherence to statins were more likely to use screen-
ing services [44] and were less prone to accidents than
patients with lower adherence [45]. In order to assess the
relationship between adherence and the lifestyle indica-
tors not available in our data, we used data from a nation-
wide cross-sectional health examination survey carried out
in Finland in 2000–2001 [46]. Of the 8028 persons in the

survey, we identified 854 statin users, including individuals
both with and without diabetes. Individuals with good
statin adherence reported less current smoking than those
with poor adherence (11% vs. 15%), had less frequently a
BMI > 25 kg m-2 (63% vs. 71%) and had less frequently
blood pressure �140/90 mmHg (47% vs. 57%).The propor-
tion of women who had participated in screening mam-
mography was 55% vs. 51% respectively. Leisure-time
physical activity was less common among those with good
in comparison with those with poor adherence (49% vs.
65%). Thus, we cannot rule out lifestyle as a factor contrib-
uting to our findings.

A sensitivity analysis with the rule-out approach [47]
was performed to evaluate how strong an association

Table 2
Characteristics of controls according to adherence level

Characteristic

Patients without prior CHD Patients with prior CHD
Poor adherence
(<80%; n = 7573)

Good adherence
(�80%; n = 8313)

Poor adherence
(<80%; n = 1863)

Good adherence
(�80%; n = 2341)

Age, mean (SD; years) 61.6 (2.5) 62.3 (2.5) 64.6 (4.0) 65.4 (3.8)
45–54, n (%) 1364 (18.3) 1242 (15.1) 203 (10.1) 178 (6.6)

55–64, n (%) 3335 (44.2) 3645 (43.8) 636 (33.3) 805 (34.0)
65–75, n (%) 2874 (37.5) 3436 (41.1) 1024 (56.7) 1358 (59.4)

Men, n (%) 4862 (66.1) 5136 (63.4) 1417 (71.0) 1671 (67.3)
Duration of follow-up, mean (SD; years) 3.8 (0.9) 3.6 (0.9) 3.2 (1.4) 3.2 (1.4)

Duration of diabetes, mean (SD; years) 11.4 (3.1) 11.5 (3.2) 11.8 (5.2) 11.6 (5.2)
Duration of CHD, mean (SD; years) NA NA 8.2 (2.7) 8.0 (2.9)

Statin equivalent at cohort entry, median (interquartile range)* 0.5 (0.25–1.0) 0.5 (0.25–1.0) 0.25 (0.25–0.5) 0.25 (0.25–0.5)
Medical characteristics at cohort entry, n (%)

Cerebrovascular disease or peripheral atherosclerosis 422 (5.9) 605 (7.6) 203 (9.8) 288 (11.7)
Congestive heart failure 271 (3.6) 299 (3.7) 323 (17.6) 443 (17.7)
Microangiopathic complications (retinopathy, neuropathy,
nephropathy or dialysis)

375 (5.2) 415 (5.2) 118 (6.2) 160 (6.5)

Moderate to severe hypertension 3825 (50.5) 4581 (55.5) 892 (48.7) 1218 (53.5)
Rheumatoid arthritis 161 (2.1) 183 (2.2) 41 (2.1) 60 (2.6)
Pulmonary disorders (asthma or COPD) 441 (5.7) 477 (5.6) 119 (7.0) 133 (6.0)

Antidiabetic medication, n (%)†

Only oral blood glucose-lowering drugs‡ 4095 (53.9) 4620 (55.3) 972 (52.3) 1223 (52.0)

Only insulin 1614 (21.6) 1641 (20.0) 383 (20.3) 405 (17.0)

Both oral and insulin 1722 (22.7) 1891 (22.8) 451 (24.7) 649 (28.4)

No antidiabetic drug therapy 142 (1.9) 161 (2.0) 57 (2.7) 64 (2.6)
Concomitant medications, n (%)†

Fibrates 246 (3.6) 393 (5.0) 92 (4.7) 145 (5.4)
Thiazolidinediones 79 (0.9) 107 (1.2) 3 (0.3) 5 (0.5)
Warfarin 272 (3.7) 365 (4.4) 225 (11.9) 323 (13.2)
Clopidogrel 4 (0.1) 5 (0.1) 12 (1.0) 50 (3.4)
Spironolactone 54 (0.7) 81 (0.9) 22 (1.5) 30 (1.5)
Antidepressives 674 (8.7) 749 (8.8) 139 (8.4) 207 (9.5)
HRT (% according to the female population in the adherence group) 549 (20.3) 793 (24.8) 88 (21.0) 137 (20.3)
Antihypertensive medication 4777 (62.7) 5780 (69.7) 1748 (94.9) 2238 (95.7)

Number of cardiovascular drugs†

0–1 4604 (60.8) 4559 (54.6) 274 (15.0) 258 (11.4)

2 1680 (21.9) 1962 (23.5) 494 (25.9) 480 (21.2)

3 798 (10.6) 1104 (13.4) 482 (26.0) 650 (27.7)

4 389 (5.3) 503 (6.2) 370 (20.0) 553 (23.6)

5 85 (1.2) 149 (1.8) 196 (10.6) 320 (13.2)

6–8 17 (0.2) 36 (0.4) 47 (2.5) 80 (2.8)

CHD, coronary heart disease, COPD, chronic obstructive pulmonary disease, HRT, hormone replacement therapy. All descriptive statistics weighted by the inverse of the number of
controls in the matched set. *Statin equivalent in simvastatin dose: simvastatin 20 mg = lovastatin 20 mg = pravastatin 80 mg = fluvastatin 80 mg = atorvastatin 5 mg = rosuvastatin
<5 mg. †Dispensed in the 365 days prior to cohort entry. ‡Including biguanides, sulfonylureas, thiazolidinediones, guar gum, repaglinide and nateglinide.
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between an unmeasured confounder and adherence, and
the confounder and outcome (MCE) would be required to
explain the decreased incidence of MCEs in good adher-
ence groups solely by this unmeasured confounder. The
analysis suggested that if the OR between an unmeasured
confounder and adherence is <1.5, then ORs of 4 or greater
between the confounder and incidence of an MCE would
be required for the ORs observed in this study to be
explained completely by confounding (data not shown).
We considered smoking as the most important risk factor
for an MCE [48] for which we could not control. As the
reported increase in CVD risk associated with smoking is
two to threefold [48] and the prevalence of smoking in
persons with good and poor adherence to statins was of
similar magnitude in the health examination survey cited
above, it seems unlikely that inclusion of smoking in the
analysis would have changed our conclusions.

In our main analyses, we wanted to avoid controlling
for intermediate variables on the causal pathway between
adherence to statins and an MCE (i.e. overadjustment bias,
[49]) and therefore considered use of other medications
prior to statin initiation only. Re-analyses adjusting for the
use of other medications and the number of cardiovascu-
lar drugs within 365 days prior to the index date did not
change our conclusions, although the estimated risk
reductions with good adherence were somewhat greater
than in the original analyses: 20% (vs. 14%) in the group
without prior CHD and 21% (vs. 16%) in the group with
CHD (data not shown).

There are a few other unmeasured confounders. We
had no information on aspirin use because this drug is sold

over-the-counter. However, the efficacy of aspirin in the
prevention of vascular disease among patients with diabe-
tes has recently been questioned [50, 51].We were not able
to identify the type of diabetes in our data, while the
majority of the cases and controls seem to have type 2
diabetes based on the low number of patients on insulin
only (Table 1). Finally, lack of data on glycaemic control
may have distorted our results [52, 53].

Some misclassification in measures of exposure, cova-
riates and outcomes may affect our results because of the
reliance on administrative data. Because of excluding
patients hospitalized for more than 10% of the follow-up
and cases with their MCE recorded when hospitalized for
more than 30 days, underestimation of adherence seems
unlikely. Physicians prefer simple drug regimes and split-
ting of statin tablets seems rare [54]. Statins are available
on tablet strengths covering a wide dosage range, making
a one tablet per day dosage regimen possible. We there-
fore consider this regimen as a valid basis for calculation of
adherence.On the other hand,dispensed prescribing is not
a guarantee for actual drug use. Also, overlapping prescrip-
tions [55] may overestimate adherence, especially in a
short-term follow-up. We excluded the first 9 months of
follow-up that decreases this problem. Instead of using a
time-varying exposure measure [56], we calculated the
mean PDC over the follow-up, assuming a stable drug-
purchasing pattern. We evaluated the validity of this
assumption among patients who had entered the cohort
in 1997 and had been followed up for more than 1 year. In
the group without prior CHD, the adherence level (<80% or
�80%) remained the same for every year of the follow-up

Table 3
Odds ratios of major coronary events for good vs. poor statin adherence according to risk status

Sample

Patients without prior CHD Patients with prior CHD
Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)
Unadjusted* P-value Adjusted† P-value Unadjusted* P-value Adjusted‡ P-value

Total 0.90 (0.82,0.99) 0.02 0.86 (0.78,0.95) 0.002 0.87 (0.77,0.99) 0.03 0.84 (0.74,0.95) 0.01
Follow-up time (years) 0.47§;0.19¶ 0.06§; 0.21¶

<3 0.96 (0.84,1.10) 0.57 0.91 (0.79,1.05) 0.21 0.99 (0.84,1.16) 0.90 0.95 (0.80,1.12) 0.53
3–5 0.87 (0.72,1.05) 0.15 0.84 (0.69,1.02) 0.07 0.67 (0.50,0.88) 0.004 0.69 (0.51,0.91) 0.01
�5 0.82 (0.69,0.98) 0.03 0.79 (0.66,0.94) 0.01 0.81 (0.62,1.06) 0.12 0.77 (0.58,1.02) 0.07

Age (years) 0.48** 0.18**

<65 0.88 (0.76,1.02) 0.08 0.84 (0.73,0.98) 0.02 0.99 (0.77,1.27) 0.92 0.98 (0.76,1.28) 0.88

�65 0.93 (0.81,1.07) 0.31 0.91 (0.78,1.05) 0.19 0.82 (0.68,0.98) 0.03 0.79 (0.65,0.95) 0.01
Gender 0.27†† 0.49††

Women 0.84 (0.71,0.98) 0.02 0.80 (0.68,0.94) 0.01 0.81 (0.64,1.02) 0.07 0.79 (0.62,1.00) 0.046
Men 0.93 (0.83,1.05) 0.25 0.89 (0.79,1.01) 0.06 0.90 (0.78,1.04) 0.16 0.87 (0.75,1.01) 0.07

CHD, coronary heart disease. *Adjusted for gender, time of cohort entry and length of follow-up (by study design), and age at index date. †Adjusted for gender, time of cohort
entry and length of follow-up (by study design), age and the duration of diabetes at index date, medical characteristics (i.e. cerebrovascular disease or peripheral atherosclerosis,
congestive heart failure, microangiopathic complications, moderate to severe hypertension and rheumatoid arthritis), type of antidiabetic medication and concomitant medications
(i.e. fibrates, warfarin, hormone replacement therapy, antihypertensive medication and the number of cardiovascular drugs) at cohort entry. ‡Adjusted for gender, time of cohort
entry and length of follow-up (by study design), age, the duration of diabetes (<10 years or �10 years) and the duration of CHD (<2 years or �2 years) at index date, medical
characteristics (i.e. cerebrovascular disease or peripheral atherosclerosis, congestive heart failure, microangiopathic complications, moderate to severe hypertension and rheumatoid
arthritis), type of antidiabetic medication and concomitant medications (i.e. fibrates, warfarin, hormone replacement therapy, antihypertensive medication and the number of
cardiovascular drugs) at cohort entry. §P-value for interaction when comparing the odds ratios for the follow-up times 3–5 years and <3 years. ¶P-value for interaction when
comparing the odds ratios for the follow-up times �5 years and <3 years. **P-value for interaction when comparing the odds ratios between age groups. ††P-value for interaction
when comparing the odds ratios between genders.
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for 59% of the cases (n = 206) and for 58% of the controls (n
= 1484).The respective proportions in the group with CHD
were 69% (n = 177) and 71% (n = 551).

In summary, our findings on the association between
good adherence to statins and reduced risk of MCEs based
on nearly all community-dwelling subjects with diabetes
in Finland provide further justification for maintenance
statin therapy in diabetes.
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