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BACKGROUND Poor adherence to medication regimens is common, potentially contributing to the occurrence of

related disease.

OBJECTIVES The authors sought to assess the risk of fatal stroke associated with nonadherence to statin and/or

antihypertensive therapy.

METHODS We conducted a population-based study using electronic medical and prescription records from Finnish

national registers in 1995 to 2007. Of the 58,266 hypercholesterolemia patients age 30 þ years without pre-existing

stroke or cardiovascular disease, 532 patients died of stroke (cases), and 57,734 remained free of incident stroke (con-

trols) during the mean follow-up of 5.5 years. We captured year-by-year adherence to statin and antihypertensive

therapy in both study groups and estimated the excess risk of stroke death associated with nonadherence.

RESULTS In all hypercholesterolemia patients, the adjusted odds ratio for stroke death for nonadherent compared with

adherent statin users was 1.35 (95% con� dence interval [CI] 1.04 to 1.74) 4 years before and 2.04 (95% CI: 1.72 to 2.43)

at the year of stroke death or the end of the follow-up. In hypercholesterolemia patients with hypertension, relative to

those who adhered to statins and antihypertensive therapy, the odds ratio at the year of stroke death was 7.43 (95% CI:

5.22 to 10.59) for those nonadherent both to statin and antihypertensive therapy, 1.82 (95% CI: 1.43 to 2.33) for those

non-adherent to statin but adherent to antihypertensive therapy, and 1.30 (95% CI: 0.53 to 3.20) for those adherent to

statin, but nonadherent to antihypertensive, therapy.

CONCLUSIONS Individuals with hypercholesterolemia and hypertension who fail to take their prescribed

statin and antihypertensive medication experience a substantially increased risk of fatal stroke. The risk is lower

if the patient is adherent to either one of these therapies. (J Am Coll Cardiol 2016;67:1507 –15)
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A B B R E V I A T I O N S

A N D A C R O N Y M S

CI = con� dence interval

ICD-10 = International

Classi� cation of Diseases-10th

Revision

LDL = low-density lipoprotein

OR = odds ratio
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Responsible for 12% of all deaths

worldwide, stroke is the second lead-

ing cause of mortality after ischemic

heart disease (1). Despite a decline of 20% in

age-standardized stro ke mortality rates from

1990 to 2013, the number of stroke deaths

has increased by 40% (2). Moreover, stroke

accounted for a total of 66.4 million

disability-adjusted life years in people aged
60 years or older in 2010, and this burden of disease

is predicted to increase by 44% from 2004 to 2030 (3,4).
SEE PAGE 1516
High blood pressure and high cholesterol concen-

tration are key risk factors for stroke for which

effective pharmacological therapies are available.

Evidence from trials suggest that statin treatment

reduces stroke risk by between 15% and 25%, irre-

spective of the patient ’s baseline cardiovascular dis-

ease risk (5,6). For stroke prevention, the bene � ts of

antihypertensive medication are of similar magnitude

to those seen for statins, such that a 15% to 25%

decrease in 5-year stroke risk is apparent, irrespective

of baseline stroke risk (7). Stroke rates also appear to

decline in proportion to the reduction in cholesterol

and blood pressure (6,8) .

In clinical settings, a major obstacle for the full

bene� ts of lipid-lowering and antihypertensive treat-

ments is the nonadherence of patients to drug therapy

(9–11); that is, a failure to take their medications as

prescribed by their physician. At least 3 studies have

shown a signi � cantly increased risk of stroke in hy-

pertensive patients who do not adhere to their anti-

hypertensive treatment regimens relative to those

who are more compliant (9–11). Few studies have

examined the effects of nonadherence to statin use on

stroke risk, however, and we are aware of no studies

that have quanti � ed the extent to which nonadherence

to statin therapy is associated with stroke risk among

hypercholesterolemia patients with hypertension.

In the present study, we used records from

nationwide drug prescription, hospitalization, and

death registers to determine the risk of fatal stroke

associated with nonadherence to statin therapy

among hypercholesterolemia patients. In addition,

we examined the risk of fatal stroke associated with

nonadherence to statin th erapy, antihypertension

therapy, or both among hypercholesterolemia

patients with a hypertension diagnosis.

METHODS

STUDY DESIGN. We conducted a record-linkage

study using the Statistics Finland Labor Market
data, which cover all permanent residents in

Finland, and cause-speci � c death records from the

National Death Register during the period January 1,

1995, to December 31, 2007. Labor Market data are

collected on an annual basis from different admin-

istrative sources to provide labor force statistics. We

used the individually unique personal identi � cation

codes of Finnish residents to link these data to

medication records from the National Drug Reim-

bursement Register and the Drug Prescription Reg-

ister curated by the Social Insurance Institution of

Finland, along with information on principal causes

of hospitalizations between January 1, 1987, and

December 31, 2007, provided by the National Insti-

tute for Health and Welfare. Ethical permissions

for this project were provided by the ethics com-

mittee of Statistics Finland (linkage permission TK

53-1519-09).

In accordance with the data protection regula-

tions of living individuals in Finland, Statistics

Finland provided a representative 11% sample of the

national population and an oversample of in-

dividuals who died in the period between January 1,

1995, and December 31, 2007. Our data covered a

total 80% of all deaths in Finland during that

period. We used sampling w eights, constructed from

the sampling probabilities, to take account of the

sampling design. Thus, the results derived from the

analyses of this study are nationally representative.

We restricted the sample to persons > 30 years of

age because stroke events are rare in younger peo-

ple ( Figure 1).

ADHERENCE TO STATIN THERAPY. Information on

purchase of statins drugs was drawn from the Drug

Prescription Register. Since 1994, all prescription

reimbursed by the sickness insurance scheme have

been recorded in this register. Hypercholesterolemic

individuals requiring cont inuous statin therapy were

identi � ed from this register from January 1, 1995,

through December 31, 2007, coded as C10AA accord-

ing to the World Health Organization Anatomical

Therapeutic Chemical Classi � cation (12). The Social

Insurance Institution obtains these data from all

pharmacies in Finland as part of the national drug

reimbursement scheme. These records cover the

entire study population but exclude institutionalized

patients.

In our study, year-by-year adherence to statin

therapy was measured for the days covered by � lled

prescriptions (i.e., purchases) of statins. The rates of

� lled prescriptions are considered an accurate mea-

sure of medical adherence in a closed pharmacy

system, such as in Finland, especially when the re � lls



FIGURE 1 Flow Diagram for the Derivation of the Analytical Sample

Exclusions
Sample of 810,356 residents in Finland aged 30
or older in 1995-2007

665,338 individuals had no purchases
of statins in 1995-2007

145,018 individuals had purchases of statins in
1995-2007 and were de�ned as patients

38,519 patients were not living in
private households in 1995-2007

106,499 patients were living in private households
in 1995-2007

14,105 patients had an early history
of hospitalization due to AMI, angina
pectoris or stroke in 1987-1994

92,394 patients had no early history of
hospitalization due to AMI, angina pectoris or
stroke in 1987-1994

34,660 patients died or were
hospitalized in 1995-2007

34,128 patients died for other causes
than stroke or were hospitalized due
to stroke or cardiovascular events in
1995-2007

57,734 patients did not have stroke or
cardiovascular events in 1995-2007
and were included as controls  in the
analyses

532 patients died due to stroke in
1995-2007 without any history of
hospitalizations and were included as
cases in the analyses

AMI ¼ acute myocardial infarction.
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are measured at several points of time (13). In

Finland, all prescriptions are written by a physician,

and each purchase can cover a maximum use of 3

months.

For the analysis, annual adherence and non-

adherence were de � ned on the grounds of days

covered by the purchases of statins. A period of

365 days was de � ned as adherent for a patient if he

or she had 3 or more purchases (each covering the
use for 3 months) of statin drugs within that year,

and the time between the � rst and the last purchase

was 180 days or more. This period of 365 days was

de� ned as nonadherent if these requirements were

not met. This corresponds to an adherence level

of < 80%, a generally used de � nition of poor medi-

cation adherence (14). To examine dose –response

association, we used the adherence thresholds

of < 30% (poor adherence), 30% to 80% (intermediate



TABLE 1 Characteristics of Hypercholesterolemia Patients at the

Time of Stroke Death or the End of Follow-Up

Noncases
(n ¼ 57,734)

Fatal
(n ¼ 532)

Age, yrs 64.3 � 11.2 72.8� 9.7

Male 26,674 (46) 242 (45)

Education

Upper tertiary 3,272 (6) 10 (2)

Lower tertiary 9,764 (17) 43 (8)

Secondary 17,828 (31) 85 (16)

Basic 26,770 (47) 394 (74)

Diabetes 1,117 (2) 34 (6)

History of cancer 950 (2) 19 (4)

Follow-up, yrs 5.5 � 3.4 4.7 � 3.0

Medication*

Thrombus 6,379 (11) 173 (33)

Diabetes mellitus 10,843 (19) 147 (28)

Hypertension 39,403 (68) 453 (85)

Values are mean� SD or n (%). Comparisons between noncases and cases were
done with 2-sample Student t tests or chi-square tests, as appropriate. All p values
are 0.001 or < 0.001, except p ¼ 0.743 in comparison of sex between noncases
and stroke deaths. *Use of drugs against selected diseases during the follow-up.
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adherence), and > 80% (high adherence) de � ned by

yearly statin purchases of none to 1, 2, and 3 or more,

respectively. Individuals who had only 1 purchase

over the whole follow-up period from 1995 to 2007

were removed from the analyses because it may be

an indication that statins produced signi � cant side

effects.

ADHERENCE TO ANTIHYPERTENSIVE THERAPY. For

the analyses of hypercholesterolemia individuals

with hypertension, we also obtained data for antihy-

pertensive drugs, coded as C02 (antihypertensive

agents), C03 (diuretic agents), C07 (beta-blocking

agents), C08 (calcium channel blockers), or

C09 (agents acting on the renin –angiotensin system).

Measuring and de � ning adherence to antihyperten-

sive therapy were the same as those of statin therapy

described in the preceding text.

CASES AND CONTROLS. Hypercholesterolemia pa-

tients were divided into 2 groups: those who died

from a stroke (cases) and those who did not have

stroke or cardiovascular events between 1987 and

2007 (controls). The hospitalizations or deaths due to

stroke during the follow- up were indicated by an

underlying cause of hospitalization or death of a

cerebrovascular disease (International Classi � cation

of Diseases-10th Revis ion [ICD-10] codes I60 –I69). To

minimize the possibility of reverse causality, patients

who had a history of nonfatal stroke or cardiovascular

event (ICD-10 codes I00 –I99 except I10) before fatal

stroke were excluded from the analyses. The control

group consisted of hypercholesterolemia patients

who had no record of cardio vascular or stroke events

before, or during, the follow-up period in mortality

and hospitalization registers.

CLINICAL CHARACTERISTICS. Sociodemographic

factors extracted from the Statistics Finland Labor

Market data � le included sex, age, and educational

attainment. The 4 educational categories were based

on the highest educational quali � cation: basic edu-

cation, secondary education, lower tertiary educa-

tion, and higher tertiary education.

History of chronic diseases, such as diabetes

mellitus (ICD-10 codes E10 –E14) and cancer (ICD-10

codes C0–C97) between January 1, 1987, and

December 31, 1994 (i.e., before the assessment

period for adherence) were included as covariates in

the analyses. The use of drugs for the treatment of

thrombus and diabetes mellitus was identi � ed

from the Drug Reimbursement Register during the

follow-up from January 1, 1995, through December

31, 2007.

STATISTICAL ANALYSIS. We used binary and

multinomial logistic regression to examine the
year-by-year association between adherence to statin

therapy and fatal stroke. In addition, we performed

corresponding analyses between adherence to statin

and antihypertensive therapies and fatal stroke

among statin users diagnosed with hypertension.

Odds ratios (ORs) were adjusted for age, sex, educa-

tion, diabetes mellitus, an d history of cancer. Data

were analyzed using Stata statistical software,

version MP 13.1 (StataCorp, College Station, Texas).

RESULTS

CHARACTERISTICS OF THE PATIENTS. The charac-

teristics of the 58,266 hypercholesterolemia patients

at the time of stroke, death, or at the end of the

follow-up by case are reported in Table 1. Cases (i.e.,

those who died from stroke) were older and less

educated than controls. Moreover, the cases were

more often diagnosed with diabetes or cancer. Of the

stroke deaths as the � rst presentation of the disease,

36% (n ¼ 190) were ischemic, 32% (n ¼ 168) hemor-

rhagic, 16% (n ¼ 86) subarachnoid hemorrhage, and

16% (n ¼ 88) other types.

ANALYSIS OF STROKE RISK ASSOCIATED WITH

NONADHERENCE TO STATIN THERAPY. The propor-

tion of adherence to statins was 58% in men and 60%

in women. The corresponding proportion was 52%

for those age < 57 years, 60% for those age 57 to

65 years, 63% for those age 66 to 72 years, and 61%

for those age > 72 years (data not shown). Figure 2

shows results from the association between adher-

ence to statin therapy and fatal stroke assessed



FIGURE 2 Annual ORs (95% CIs) for Fatal Stroke According to Nonadherence Versus

Adherence to Statin Therapy Before Stroke Death or the End of Follow-Up
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CI ¼ con� dence interval.
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retrospectively from the stroke death. An elevated

risk of stroke death among individuals nonadherent

to statin therapy was apparent, and this increased in

magnitude in the year before the stroke death. Thus,

for nonadherent compared w ith adherent patients,

the multiply-adjusted ORs for stroke death were 2.04

(95% con � dence interval [CI]: 1.72 to 2.43), 1.61

(95% CI: 1.33 to 1.94), 1.37 (95% CI: 1.12 to 1.68),

1.35 (95% CI: 1.04 to 1.74), and 1.41 (95% CI: 1.10 to

1.81), at 0, 1, 2, 4, and 6 or 7 years before death from

stroke or the end of the follow-up, respectively. The

duration of the prescribed treatment differed

(p < 0.001) between cases (5.5 years) and controls

(4.2 years), a mean of 5.1 � 3.1 years at the end of

follow-up, but the proportion of adherence to statins

was 54% in both groups during the � rst 2 years of

treatment. An additional adjustment for treatment

duration had little effect on the estimates: ORs for

stroke death for nonadher ent relative to adherent

patients were 1.90 (95% CI: 1.57 to 2.29), 1.46 (95%

CI: 1.20 to 1.76), 1.22 (95% CI: 0.99 to 1.51), and 1.24

(95% CI: 0.98 to 1.57), at 0, 1, 2, and 3 years before

death from stroke or the end of the follow-up,

respectively. In analyses strati � ed by treatment

duration (below vs. above median use, cutoff 5.1

years), the corresponding ORs were 1.70 (95% CI: 1.37

to 2.10), 1.48 (95% CI: 1.15 to 1.89), 1.22 (95% CI: 0.92

to 1.64), and 1.24 (0.85 to 1.75) among individuals

below the median use, and 2.45 (95% CI: 1.84 to

3.27), 1.60 (95% CI: 1.20 to 2.14), 1.37 (95% CI: 1.02 to

1.84), and 1.39 (95% CI: 1.04 to 1.87) among those

above the median use.

ANALYSIS OF DOSE –RESPONSE ASSOCIATION.

Complementary models ( Online Table 1 ) show

year-by-year analysis of stroke risk using the 3-level

adherence de � nition of high, intermediate, and poor

adherence to statin therapy. In each year before the

fatal stroke event, the largest risk of stroke death was

observed among the patients with poor adherence. In

the year of the event, for example, the odds of stroke

death in this group was 2.23 (95% CI: 1.81 to 2.74)

times higher compared with that for individuals with

high adherence. The corresponding OR for the pa-

tients with intermediate adherence was 1.84 (95% CI:

1.35 to 2.51).

ANALYSIS OF STROKE RISK ASSOCIATED WITH NON-

ADHERENCE TO STATIN AND ANTIHYPERTENSIVE

THERAPY. The Central Illustration illustrates annual

relative risk ratios for f atal stroke according to

different categories of adherence before the � rst

presentation of stroke or the end of follow-up among

statin users diagnosed with hypertension. The refer-

ence group in every comparison is patients who are
adherent both to statin and antihypertensive therapy.

Among patients nonadherent to statin therapy, but

adherent to antihypertensive medication, the

covariate-adjusted ORs for stroke death were 1.82

(95% CI: 1.43 to 2.33), 1.76 (95% CI: 1.36 to 2.27), 1.24

(95% CI: 0.93 to 1.65), and 1.27 (95% CI: 0.93 to 1.74),

respectively, at 0, 1, 2, and 3 years before death from

stroke or the end of the follow-up.

The corresponding ORs for stroke death were 1.30

(95% CI: 0.53 to 3.20), 1.02 (95% CI: 0.44 to 2.33), 0.77

(95% CI: 0.33 to 1.76), and 0.56 (95% CI: 0.23 to 1.38),

respectively, at 0, 1, 2, and 3 years before death from

stroke or the end of the follow-up among patients

adherent to statin therapy, but nonadherent to anti-

hypertensive therapy. Finally, the corresponding

adjusted ORs for stroke death among patients non-

adherent both to statin and antihypertensive therapy

compared with adherent patients were 7.43 (95% CI:

5.22 to 10.59), 2.39 (95% CI: 1.44 to 3.95), 3.17 (95% CI:

2.04 to 4.93), and 2.34 (95% CI: 1.41 to 3.88).

ANALYSIS OF STROKE RISK AMONG STATIN USERS

WITHOUT HYPERTENSION. Year-by-year analysis of

the association between adherence to statin therapy

and fatal stroke among statin users who were not

diagnosed with hypertension is shown in Online

Figure 1. The adjusted ORs for stroke death were

2.00 (95% CI: 1.52 to 2.60), 1.50 (95% CI: 1.11 to 2.02),

1.35 (95% CI: 0.96 to 1.89), and 1.43 (95% CI: 0.98 to

2.09) at 0, 1, 2, and 3 years before death from stroke or

the end of the follow-up.

https://doi.org/10.1038/nprot.2013.092


CENTRAL ILLUSTRATION Poor Adherence to Statin and Antihype rtensive Therapy: Risk of Fatal Stroke

Herttua, K. et al. J Am Coll Cardiol. 2016;67(13):1507–15.

(Upper panel) Annual relative risk ratios for fatal stroke according to different categories of adherence to drug treatment before stroke death among statin users diagnosed

with hypertension. On the horizontal axis is years to stroke death or the end of follow-up in ( blue) patients adherent to statin and antihypertensive therapy (reference category

n ¼ 22,070); ( yellow ) patients nonadherent to statin therapy and adherent to antihypertensive therapy (n ¼ 13,494); (green) patients adherent to statin therapy and

nonadherent to antihypertensive therapy (n ¼ 754); and (orange) patients nonadherent to statin and antihypertensive therapy (n ¼ 1,884). Error bars indicate 95% con� dence

intervals. (Lower panel) Annual odds ratios for fatal stroke according to nonadherence (n ¼ 15,716,orange) versus adherence (reference category n¼ 21,688, blue) to statin

therapy before stroke death or the end of follow-up among statin users not diagnosed with hypertension. Error bars indicate 95% con� dence intervals.
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DISCUSSION

Our population-based, nationwide analysis shows

patients nonadherent to sta tin and antihypertensive

therapies had > 7-fold increased odds of fatal stroke

at the year of stroke death, whereas patients non-

adherent to statins, but adherent to antihypertensive

therapy, had a 1.8-fold increased risk, and those

adherent to statins, but nonadherent to antihyper-

tensive treatment, a 1.3-fold increased risk compared

with patients adherent to both treatments. In anal-

ysis of hypercholesterolemia with and without hy-

pertension, those who subsequently died from stroke

already had a lower adherence to statin therapy

7 years before death compared with patients who did

not experience stroke during the follow-up. As

opposed to adherent patients, nonadherence to

statin therapy was associated with a 2-fold increased

risk of fatal stroke in the last year of life. Our dose –

response analyses based on categories of high, in-

termediate, and low adherence to statin therapy

con � rmed that the near- and long-term risk of fatal

stroke was associated with a stepwise decline in

adherence.

COMPARISON WITH OTHER STUDIES. To the best of

our knowledge, this is the � rst study to estimate the

association of fatal stroke with nonadherence to

statin and antihypertensive therapy among statin

users diagnosed with hypertension. Our � ndings are

in agreement with previous analyses addressing

adherence to statin and antihypertensive treatments

separately that indicated lower adherence to these

therapies is associated with a higher risk of stroke or

other cardiovascular events (10,11,15). We have pre-

viously found that patients nonadherent to antihy-

pertensive medication had 5.7 (95% CI: 5.1 to 6.4)

times higher odds of stroke death when compared

with adherent patients in the last year of life (11).

Results from an Italian study reported that, when

compared with patients with poor adherence, pa-

tients with good or excellent adherence to antihy-

pertensive medication had a 30% to 50% lower risk

for a composite outcome of all-cause mortality, fatal

or nonfatal stroke, and fatal or nonfatal acute

myocardial infarction, although separate analyses for

the stroke outcomes indicat ed no statistically signif-

icant differences between the adherence groups (10).

With regard to statin treatment, analyses of admin-

istrative data over 3-year follow-up in Italy suggested

a 40% risk reduction in the composite outcome of

all-cause death, nonfatal stroke, and nonfatal acute

myocardial infarction in patients with intermediate to

high adherence, compared with low adherence to
statin therapy. Separate analyses for fatal stroke were

not performed in that study (15).

Our study has several strengths, such as the large-

scale, high-quality, population-based sample of per-

manent residents in Finland with an 80% oversample

of deaths and linkage to comprehensive drug and

hospitalization registration that allowed us to

conduct a year-by-year analysis of adherence in

relation to fatal stroke events. The nationwide closed

record system for both prescriptions and deaths

meant that there was virtually no dropout or sample

attrition during the follow-up. Information on

hospitalization was essential to ensure that the pa-

tients were free of stroke and cardiovascular disease

at baseline and thus were targets for primary, rather

than secondary, prevention. We assessed stroke risk

on the basis of records of fat al stroke, which is a valid

stroke outcome. For example, in a study of in-

hospital deaths coded for participants in the

Minnesota Heart Study (16), death certi � cates missed

a proportion of stroke deaths, but deaths that were

identi � ed as stroke deaths were virtually all correct

on the death certi � cates. The Finnish death register,

which we used, has been ranked high with respect to

reliability and accuracy in international comparisons

(17). Therefore, our � ndings are likely to be free of

bias due to coding error.

STUDY LIMITATIONS. First, although pharmacy re � ll

records are objective measures and are collected

routinely, they do not measure whether the partici-

pants actually took the medications. We might have

underestimated nonadherence if dispensed medica-

tions were not used. However, high concordance

between prescription claims and pill counts has been

demonstrated, suggesting that the rate with which

patients re � ll their medications with new purchases

usually is consistent with the rate they consume them

(18). Second, adherence to the statin or antihyper-

tensive therapy does no t necessarily mean that

elevated low-density lipoprotein (LDL) cholesterol or

blood pressure, or other risk factors affecting stroke

risk, have been brought under full control. It is

possible that adherent pa tients who have met treat-

ment targets have a lower stroke risk than those

adherent patients who did not meet these targets.

Conversely, nonadherent patients with poorly

controlled LDL cholesterol or blood pressure are

likely to have a higher stroke risk than nonadherent

counterparts with the more favorable cholesterol

levels. Thus, we expect that the relative risk of stroke

among those with high adherence and LDL choles-

terol, blood pressure, an d other risk factors under

control compared with those with low adherence and



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

According to data from a population-based cohort

linked to nation-wide electronic medical and

prescription records, patients nonadherent to statin

and antihypertensive therapies had signi� cantly

higher risk of fatal stroke than those who were

adherent to both therapies, suggesting that non-

adherence may be associated with substantial harms

in cardiovascular disease–free patients with prescribed

lipid-lowering and antihypertensive medication.

TRANSLATIONAL OUTLOOK: Future research

should be directed toward developing strategies to

improve medication adherence in patients with

dyslipidemia and high blood pressure.

Herttua et al. J A C C V O L . 6 7 , N O . 1 3 , 2 0 1 6

Poor Adherence to Statin and Antihypertensive Therapy and Risk of Fatal Stroke A P R I L 5 , 2 0 1 6 : 1 5 0 7– 1 5

1514
uncontrolled LDL cholesterol or blood pressure may

be greater than we observed for adherent versus

nonadherent patients without information on

cholesterol or blood pres sure control. Third, the

healthy user bias (that is, the correlation between

adherence and other behavio r-related risk factors)

may arti � cially in � ate associations between non-

adherence and disease outcomes in observational

studies on preventive medications, such as ours (19).

However, this is an unlikely explanation for the

accelerated decline in adherence that we observed

4 years before stroke death. Fourth, information on

some potential confounding factors, such as smoking

and dementia, was not available. Fifth, the stringent

exclusion criteria of our study population may have

affected the assessment of prevalence of adherence

to medication. Further research to determine the

generalizability of our � ndings is needed.

CONCLUSIONS

We have shown that a lower adherence to statin and

antihypertensive therapy is associated with a

considerably increased risk of stroke death 4 years

before the event among hypercholesterolemia pa-

tients diagnosed with hypertension. For all statin

users, irrespective of hypertension, we found a lower

adherence to statins 7 years before a fatal stroke. Our

study has important clini cal implications empha-

sizing the bene � ts of adherence to statin therapy for

hypercholesterolemia patients and the substantial

harms of nonadherence to statin and antihyperten-

sive therapy for hypercholesterolemia patients with
hypertension. Adherence appears to be a key factor in

minimizing serious complications, such as fatal

stroke events. Given the dif � culty to obtain ran-

domized trial evidence on the effect of adherence to

statin or antihypertensive therapy, observational

data, such as ours, represent the most valid source of

information on this topic.
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