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AbsTrACT
Background: Previous studies have reported that 

statin use was associated with reductions in cardio-
vascular morbidity and mortality among patients with 
dyslipidemia, even without established cardiovascular 
disease. However, inadequate adherence may reduce 
statins’ protective effects. 

Objective: The aim of this work was to investigate 
whether an association exists between statin adherence 
when used as primary prevention and risk of subse-
quent ischemic heart disease (IHD).

Methods: People aged ≥18 years who were resi-
dents of Italy’s Lombardy region and were newly 
treated with statins in 2002 to 2003 were assessed as 
part of a retrospective analysis of data from a health-
services database. Patients who were hospitalized for 
IHD during this period were identified with hospital-
discharge information from a health-services data-
base; IHD-related hospitalizations were identified  
by International Classification of Diseases, Ninth 
Revision, Clinical Modification, codes for acute myo-
cardial infarction (410), acute and subacute forms of 
IHD (411), and/or codes concerning coronary revas-
cularization (36.0–36.9). Four groups of patients were 
excluded: those with ≥1 lipid-lowering drug within  
2 years before the index prescription (to limit the 
sample to treatment initiators); those who had been 
hospitalized for cardiovascular disease or had used 
medications for IHD or heart failure within 2 years 
before the index date (to limit the study to pri- 
mary prevention); those who did not have ≥1 year  
of follow-up; and those who received only 1 dis- 
pensation of a statin during the first year after the  

index prescription. Follow-up continued until hos- 
pitalization for IHD or any other cardiovascular  
cause, death from any cause, emigration, or the end of  
the study period (June 30, 2007). The proportion of  
days covered (PDC) by therapy with statins was  
the exposure variable; it served as a proxy for adher- 
ence. PDC (and therefore adherence) was categor- 
ized as very low (≤25%), low (26%–50%), interme- 
diate (51%–75%), or high (>75%) coverage. A pro- 
portional hazards model was fitted to estimate  
hazard ratio (HR) and 95% CIs for the association  
between time-dependent categories of PDC and  
time of IHD hospitalization, after correcting for  
covariates.

Results: A group of 90,832 patients was includ-
ed; during follow-up, 1480 patients experienced a 
hospitalization for IHD. After the Cox proportion- 
al hazards model was adjusted for age, sex, type of 
statin dispensed at index prescription, current use 
of other selected drugs (ie, antidiabetics, antihyper-
tensives, digitalis or organic nitrates, or other car-
diac medications), Charlson comorbidity index, 
and whether or not a given patient switched stat- 
ins, those with low, intermediate, or high statin 
coverage had HR (95% CI) values of 0.85 (0.72–
0.98), 0.82 (0.71–0.95), and 0.81 (0.71–0.94), re-
spectively, compared with patients with very low 
coverage.
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MeThods
setting

The data used for this study were retrieved from 
the health service database of Lombardy, a region of 
Italy that accounts for ~16% (9 million people) of the 
country’s population. In Italy, the National Health 
Service (NHS) provides universal coverage for many 
health care services, including drug treatment for hy-
perlipidemia. Since 1997, Lombardy has used an au-
tomated database system to collect detailed informa-
tion about the use of health services, including data 
regarding the following: residents who received health 
assistance from the NHS (representing most of the 
region’s residents); demographic and administrative 
data; all hospitalizations in the public and private 
hospitals of Lombardy; outpatient drug prescriptions 
that were reimbursable by the NHS and dispensed by 
a pharmacy in Lombardy. These data can be linked for 
each person using a unique identification code.

At the time of this study, formal approval of study 
protocol from an ethical committee or institutional re-
view board was not required in Italy. However, to pre-
serve patients’ privacy, the investigators decided to  
deidentify patient codes from the database by convert-
ing each one to an anonymous code; the table used for 
these conversions was ultimately destroyed to ensure 
that subjects could not later be identified. Full details 
about this procedure have been described previously.17

study Cohort and Follow-Up
The target population was all Lombardy residents 

aged ≥18 years who were beneficiaries of the NHS. 
According to the 2001 Italian census, this population 
comprised 7,606,219 individuals.18 Those who re-
ceived ≥1 statin prescription anytime from 2002 to 
2003 were identified, and the first prescription dispen-
sation was defined as the index prescription. To make 
the data as relevant as possible to the study objective, 
4 categories of patients were excluded: patients to 
whom ≥1 lipid-lowering drug (ie, statin, fibrate, resin, 
or niacin) was dispensed during the 2 years before the 
index prescription (to limit the included subjects to 
newly treated individuals); patients who had been 
hospitalized for cardiovascular disease, or to whom 
drugs used for IHD or heart failure (eg, digitalis, or-
ganic nitrates) had been prescribed during the 2 years 
before the index prescription (to focus the data on 
primary cardiovascular prevention); patients who did 
not reach ≥1 year of follow-up (to ensure a sufficiently 

Conclusions: In these Italian subjects without a 
history of cardiovascular disease, low, intermediate, 
and high levels of adherence to statin pharmaco-
therapy were associated with lower risk of nonfatal 
IHD compared with those who had very low (≤25%) 
adherence. However, these findings have several 
limitations, such as the use of database information 
(rather than medical records), the assumption that PDC 
accurately represented actual adherence, and con-
founding (ie, unmeasured factors related to PDC  
or to adherence may have influenced clinical out-
comes). (Clin Ther. 2010;32:300–310) © 2010 Excerpta 
Medica Inc.

Key words: database analysis, hyperlipidemia, is-
chemic heart disease, statin, adherence, cardiovascu-
lar disease, risk.

INTrodUCTIoN
Large randomized clinical trials have reported that 
statins reduced cardiovascular morbidity and mortal-
ity among patients with dyslipidemia,1–6 even when 
established cardiovascular disease was absent.7 How-
ever, because published reports suggest that the full 
therapeutic potential of lipid-lowering pharmaco- 
therapy may be achieved after 1 to 2 years of con- 
tinuous treatment,8 inadequate adherence to stat- 
in therapy (ie, not taking prescribed medication  
according to the designated schedule) may result  
in ineffective treatment.9–13 Therefore, the efficacy  
described in randomized clinical trials may not  
represent what is observed in usual community  
care.14,15

A question that remains is whether better adher-
ence to statin therapy might reduce the risk of devel-
oping ischemic heart disease (IHD) in a population 
with a relatively low risk of cardiovascular disease. 
The role of adherence in the onset of coronary artery 
disease was recently investigated in a case–control 
study that was part of a larger cohort of new users of 
statins.16 However, very high levels of medication ad-
herence characterized the investigated population, 
thereby limiting new understanding about the impact 
of adherence with lipid-lowering therapy on primary 
prevention of IHD in a real-life setting.

We conducted a large, population-based cohort 
study to assess whether an association exists between 
statin adherence in primary prevention and the risk of 
subsequent IHD in Italian subjects.
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(codes 36.0–36.9). The earliest hospitalization date 
for any of these causes was considered to be the time 
of outcome onset.

data Analysis
Cox proportional hazards regression was used to 

estimate the hazard ratio (HR) and 95% CIs for the 
association between exposure to statins and time of 
outcome onset. The predictor variables of interest 
were the factors constructed according to the catego-
ries of PDC, using the first category (ie, very low 
coverage) as reference. Because drug exposure may 
vary over time, assessment of its effect requires proper 
accounting for the cumulative and varying nature of 
the measure. This was done by fitting the Cox model 
to include time-dependent variables. With this ap-
proach, each patient’s adherence is recalculated from 
the start of follow-up to the time of each outcome. 
Thus, the HR associated with a category of PDC is 
derived using exposure information concurrent to the 
observed outcomes, rather than the cumulative expo-
sure profile over the full length of follow-up.23

The effect of adherence to statin treatment on IHD 
risk was measured by unadjusted, age- and sex-adjusted, 
and fully adjusted estimates of HRs. Full adjustment 
included age, sex, type of statin dispensed in the index 
prescription, and the current use of other drugs, such 
as medications commonly used for treatment of hy-
pertension, heart failure, coronary heart disease, or 
diabetes mellitus. In addition, the Charlson comorbid-
ity index score was calculated for each patient using 
diagnostic information from inpatient encounters in 
the 2 years leading up to and 1 year after the index 
date.24 The score was included as a covariate in the 
fully adjusted model. Finally, an indicator to assess 
whether switching among statins was experienced by 
each cohort member was included as a time-dependent 
factor in the fully adjusted model.

Tests for linear trend were based on the statistical 
significance of the regression coefficient of PDC ob-
tained by scoring the corresponding categories. To 
evaluate the joint effect of adherence on statin treat-
ment and covariates, interaction terms were included 
in the model; their significance was tested using the 
likelihood ratio test.25

To verify the robustness of our findings, 2 sensitivi- 
ty analyses were performed to assess the effect of  
alternative categorizations of adherence and of censor-
ing criteria on the IHD risk.

prolonged exposure to therapy with statins); and pa-
tients who, during the first year after the date of the 
index prescription, received only 1 dispensation of 
statin (to ensure that continuous drug treatment was 
indicated for included subjects).

Each member of the selected cohort accumulated 
person-years of follow-up from the date of the index 
prescription until the earliest of the following end 
dates: hospital admission for IHD (outcome onset)  
or any other cardiovascular cause; death from any 
cause; emigration; or end of follow-up (June 30, 2007). 
Because we had no information about drug prescrip-
tions for inpatients, the observation period was tem-
porarily censored at the date of hospital admission for 
a cause that differed from cardiovascular disease, and 
reestablished 10 days after hospital discharge.

Assessment of exposure to statins
Drug types, dosages, and number of canisters dis-

pensed to each subject during follow-up were retrieved 
from the outpatient drug prescription database and 
used to measure exposure to the drug of interest. The 
period covered by a prescription was calculated by the 
number of tablets in the dispensed canisters, assuming 
a treatment schedule of 1 tablet per day.19,20 For over-
lapping prescriptions, the individual was assumed to 
have refilled the first one early and completed it be-
fore starting the second.

Adherence to therapy with statins was assessed by 
the ratio between the cumulative number of days 
during which the medication was available and the 
whole number of days of follow-up (proportion of 
days covered [PDC]).21 This indicator was catego-
rized into 4 groups: very low coverage (≤25%); low 
coverage (26%–50%); intermediate coverage (51%–
75%); and high coverage (>75%). These PDC cate-
gories served as a proxy for adherence level.

Assessment of outcomes
The hospital discharge database was used to identify 

cohort members who experienced ≥1 hospitalization 
for IHD during the follow-up period. The World Health 
Organization Multinational Monitoring of Trends and 
Determinants in Cardiovascular Disease criteria for 
diagnosing IHD were followed.22 Codes included acute 
myocardial infarction (International Classification of 
Diseases, Ninth Revision, Clinical Modification, code 
410), acute and subacute forms of IHD (code 411), 
and/or codes concerning coronary revascularizations 
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Table I summarizes selected characteristics of the 
whole cohort and of the categories of varying levels of 
adherence to statin therapy. Mean age at entry was 
61.8 years, and 59.3% of patients (53,901/90,832) 
were women. Most patients were initially treated with 
simvastatin or atorvastatin and concomitantly received 
antihypertensive drug therapy. Overall, 59.5% of  
patients (54,081/90,832) had very low or low adher-
ence to statin therapy (ie, <50% of days of follow- 
up were covered by statins), and only 19.6% (17,833/ 
90,832) had high adherence (ie, >75% of days of  
follow-up were covered by statins). Compared with 
those who had high adherence, patients who had  
very low or low adherence were slightly younger,  
and had a better profile of cotreatments and comor-
bidities. The proportion of patients who started with 

The SAS statistical package (SAS Institute Inc., 
Cary, North Carolina), version 9.1, was used for the 
analyses. For all hypotheses, P < 0.05 (2 tailed) was 
considered to be significant. Statistical tests are re-
ported in the Results where appropriate (eg, test for 
linear trend).

resUlTs
The distribution of the exclusion criteria is shown in the 
figure. The 90,832 patients included in the study ac- 
cumulated 4,638,161 person-months of follow-up (a 
mean of 51 months per patient) and 2,040,480 person-
months of statin therapy (a mean of 44% of follow-up 
time was covered by statin therapy). The cohort gener-
ated 1480 IHD events, with an incidence rate of 38 cases 
per 10,000 person-years at risk.

576,512 Patients aged ≥18 years taking 
statins between January 1, 2002, and 
December 31, 2003

303,172 Patients with ≥1 lipid-lowering 
prescription in the 2 years preceding the 
index prescription

82,463 Patients with signs of 
cardiovascular disease in the 2 years 
preceding the index prescription

17,900 Patients with <1 year of follow-up

82,145 Patients with only 1 dispensation 
of statin in the first year after the index 
prescription

273,340 Incident users aged ≥18 years

Patients meeting 
exclusion criteria

172,977 Incident users aged ≥18 years 
free of cardiovascular disease at entry 
and with >1 year of follow-up

90,832 Incident users aged ≥18 years 
free of cardiovascular disease at entry 
with >2 years of follow-up and with 
≥2 dispensations of statin

190,877 Incident users aged ≥18 years 
free of cardiovascular disease at entry

Figure.  Flow chart of inclusion and exclusion criteria in a large, population-based prospective cohort study of 
residents of the Lombardy region of Italy to assess associations between adherence to statin therapy 
and risk of ischemic heart disease from 2002 to 2007.
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proportion of switchers ranged from a low of 2.3% 
(416/17,833) for high adherence to 3.1% (695/22,544) 
for low adherence.

Table II shows associations between adherence and 
IHD risk. Crude and partially adjusted estimates did 
not generally offer evidence that higher levels of ad-
herence were associated with better outcomes (trend 
test, P = NS), although the low adherence group had 
less risk than the very low adherence group (HR = 
0.86 [95% CI, 0.75–0.99] in the crude analysis; HR = 

simvastatin decreased along the categories of adher-
ence (from 38.3% [12,064/31,537] for very low ad-
herence to 29.4% [5249/17,833] for high adherence), 
whereas the opposite happened for patients who 
started with fluvastatin (from 9.6% [3027/31,537] 
among those with very low adherence to 19.8% 
[3524/17,833] among those with high adherence). 
Switching between statins was experienced by 6.3% 
of patients (1995/31,537) with very low adherence, 
compared with the other categories, among whom the 

Table I.  Selected characteristics of patients enrolled in a large, population-based prospective cohort study of 
residents of the Lombardy region of Italy to assess associations between adherence to statin therapy 
and risk of ischemic heart disease from 2002 to 2007. Values are shown as number (%) of patients, 
except where otherwise noted.

 Adherence Level*

 Very Low Low Intermediate High Total 
Characteristic (n = 31,537)  (n = 22,544)  (n = 18,918)  (n = 17,833)  (N = 90,832)

Age, mean (SD), y 60.6 (12.9) 62.4 (10.4) 62.6 (9.9) 62.3 (9.7) 61.8 (11.1)

Sex
  Female 18,823 (59.7) 14,128 (62.7) 11,095 (58.6) 9855 (55.3) 53,901 (59.3)
  Male 12,714 (40.3) 8416 (37.3) 7823 (41.4) 7978 (44.7) 36,931 (40.7)

First-line lipid-lowering  
drug therapy 
  Atorvastatin 11,226 (35.6) 7341 (32.6) 6294 (33.3) 6659 (37.3) 31,520 (34.7)
  Fluvastatin 3027 (9.6) 2652 (11.8) 2393 (12.6) 3524 (19.8) 11,596 (12.8)
  Pravastatin 5220 (16.6) 3905 (17.3) 3231 (17.1) 2401 (13.5) 14,757 (16.2)
  Simvastatin 12,064 (38.3) 8646 (38.4) 7000 (37.0) 5249 (29.4) 32,959 (36.3)

Switching among statins
  No 29,542 (93.7) 21,849 (96.9) 18,385 (97.2) 17,417 (97.7) 87,193 (96.0)
  Yes 1995 (6.3) 695 (3.1) 533 (2.8) 416 (2.3) 3639 (4.0)

Charlson comorbidity  
index score
  0 29,575 (93.8) 21,276 (94.4) 17,690 (93.5) 16,429 (92.1) 84,970 (93.5)
  1 760 (2.4) 524 (2.3) 512 (2.7) 575 (3.2) 2371 (2.6)
  ≥2 1202 (3.8) 744 (3.3) 716 (3.8) 829 (4.6) 3491 (3.8)

Use of other drugs
  Antidiabetics 4315 (13.7) 3875 (17.2) 4026 (21.3) 4518 (25.3) 16,734 (18.4)
  Antihypertensives 21,420 (67.9) 16,121 (71.5) 14,252 (75.3) 13,979 (78.4) 65,772 (72.4)
  Digitalis or organic nitrates 1814 (5.8) 1358 (6.0) 1264 (6.7) 1468 (8.2) 5904 (6.5)
  Other cardiac drugs 1230 (3.9) 903 (4.0) 862 (4.6) 867 (4.9) 3862 (4.3) 

* Adherence to therapy with statins was assessed by the ratio between the cumulative number of days during which the 
medication was available and the whole number of days of follow-up (proportion of days covered).21 This indicator was 
categorized into 4 coverage groups: very low (≤25%); low (26%–50%); intermediate (51%–75%); and high (>75%).
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(HR = 0.81 [0.71–0.94]). The trend test indicated a 
statistically significant effect in the fully adjusted 
analysis (P = 0.014).

Based on the fully adjusted model, the risk of IHD 
increased with age (HR = 1.03 [1.02–1.03] per 1-year 

0.86 [0.75–0.99] in the partially adjusted analysis). 
However, fully adjusted estimates indicated that, com-
pared with very low adherence, IHD risk was reduced 
among those with low (HR = 0.85 [0.72–0.98]), inter-
mediate (HR = 0.82 [0.71–0.95]), or high adherence 

Table II.  Associations between adherence to therapy and other patient characteristics with risk of ischemic 
heart disease in a large, population-based prospective cohort study of residents of the Lombardy 
region of Italy from 2002 to 2007. A total of 90,832 eligible participants were evaluated. Values are 
shown as hazard ratio (95% CI), unless otherwise noted.

 Hazards Model*

 Crude Partially Adjusted Fully Adjusted

Adherence level†

  Very low 1.00‡ 1.00‡ 1.00‡

  Low 0.86 (0.75–0.99) 0.86 (0.75–0.99) 0.85 (0.72–0.98)
  Intermediate 0.90 (0.79–1.04) 0.86 (0.75–1.00) 0.82 (0.71–0.95)
  High 0.97 (0.85–1.12) 0.91 (0.79–1.05) 0.81 (0.71–0.94)
  Trend test, P value <0.941 <0.321 0.014

Age, per 1-y increase  1.04 (1.03–1.04) 1.03 (1.02–1.03)

Male sex  3.12 (2.8–3.5) 2.92 (2.62–3.25)

First-line lipid-lowering drug therapy
  Atorvastatin   1.00‡

  Fluvastatin   0.95 (0.79–1.15)
  Pravastatin   1.15 (0.99–1.34)
  Simvastatin   1.03 (0.91–1.16)

Switching among statins
  No   1.00‡

  Yes   1.20 (0.95–1.53)

Charlson comorbidity index score
  0   1.00‡

  1   1.17 (0.90–1.52)
  ≥2   1.45 (1.18–1.78)

Use of other drugs
  Antidiabetics   1.69 (1.51–1.89)
  Antihypertensives   1.79 (1.54–2.09)
  Digitalis or organic nitrates   3.19 (2.81–3.62)
  Other cardiac drugs   0.78 (0.62–0.98) 

* Hazard ratios were obtained by fitting the Cox proportional hazards model. Estimates were unadjusted (crude), adjusted 
for sex and age at entry (partially adjusted), or adjusted for sex, age at entry, statin type for first-line therapy, switching 
among statins, categories of Charlson comorbidity index score, and concomitant use of other drugs (fully adjusted).

 †  Adherence to therapy with statins was assessed by the ratio between the cumulative number of days during which the 
medication was available and the whole number of days of follow-up (proportion of days covered).21 This indicator was 
categorized into 4 coverage groups: very low (≤25%); low (26%–50%); intermediate (51%–75%); and high (>75%).

 ‡ Reference comparator.
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previously published reports that initial therapy with 
a statin was frequently abandoned just a few months 
after treatment began.9–13,19,20,26,27 A recent meta-
analysis suggested that as many as 6 out of 10 patients 
may stop taking statins during the first 6 months of 
treatment.28

The reduction in nonfatal ischemic events observed 
in the current study is comparable with that report- 
ed in a recent observational investigation of primary 
cardiovascular prevention.16 In that study, compared 
with patients with <20% adherence, those with adher-
ence ≥80% had an 18% reduction in the risk of coro-
nary artery disease. Statin use has been associated 
with reductions in the incidence of recurrent acute 
myocardial infarction and death among patients who 
have had a myocardial infarction,1,3,29,30 as well as 
reduced mortality among patients with no previous 
indication of cardiovascular disease.29 Other trials 
have enrolled subjects with and without previous car-
diovascular diseases, but who were at high risk of  
future cardiovascular events, and yielded similar 
results.31,32 Small relative reductions in IHD risk have 
been found by summarizing the evidence from ran-
domized trials and cohort studies.8

Compared with patients who had very low adher-
ence (≤25%), IHD risk was significantly lower in 
those with low adherence (26%–50%); those with 
intermediate or high levels of adherence experienced 
only a modest additional reduction. This implies that, 
versus negligible adherence, far-from-perfect adher-
ence to a prescribed treatment regimen of statins may 
offer considerable advantages. We suspect, however, 
that this unexpected finding might be partially ex-
plained by confounding.

It is unclear whether the effect size observed across 
trials varied because of the characteristics of the trials, 
or because the statin agents had different effects. The 
Pravastatin or Atorvastatin Evaluation and Infection 
Therapy-Thrombolysis in Myocardial Infarction 22 
trial reported that, compared with patients treated 
with pravastatin, those who received atorvastatin had 
a 28% lower risk of death, myocardial infarction, or 
rehospitalization.33 In our population-based study, 
which was designed to represent regular clinical prac-
tices in Italy, the 4 statins considered in the analysis 
appeared to be associated with similar changes in car-
diac risk, based on the fully adjusted risk model com-
paring atorvastatin, fluvastatin, pravastatin, and sim-
vastatin as initial pharmacotherapy. Comparable 

increase), and was higher in men (HR = 2.92 [2.62–
3.25]) and among patients who were concomitantly 
treated with antidiabetic drugs (HR = 1.69 [1.51–
1.89]), antihypertensive drugs (HR = 1.79 [1.54–
2.09]), or drugs used for heart failure (ie, digitalis 
glycoside or organic nitrate) (HR = 3.19 [2.81–3.62]). 
Those with a Charlson comorbidity index score ≥2 
also had higher IHD risk, compared with those with a 
score of 0 (HR = 1.45 [1.18–1.78]), although there 
was no significant difference between those who had 
a score of 1 and those who had a score of 0. Finally, 
there was no evidence that the type of statin adminis-
tered as initial therapy, or the experience of switching 
among statins, was significantly associated with 
changes in IHD risk.

However, P values for our findings did not offer 
statistical evidence that the effect of adherence to stat- 
in therapy on the risk of IHD was modified by the 
concomitant use of drugs for diabetes mellitus or hy-
pertension, or of other cardiac medications. Similarly, 
using this criterion, Charlson comorbidity score ≥1 
was not associated with a statistically significant 
change in IHD risk.

These findings were supported by varying the ad-
herence categorization; that is, patients with PDC 
>90% had a 21% reduction in IHD risk with respect 
to those with PDC <20%. Moreover, with respect to 
patients with PDC <25%, those with PDC >75% had 
17% and 14% reductions in IHD risk when the ob-
servations were censored at the date of hospital ad-
mission for any cause and at the date of hospital ad-
mission for cardiovascular disease, respectively.

dIsCUssIoN
The results of this large, population-based observa-
tional cohort study suggest that adherence to therapy 
with statins is generally poor in daily clinical practice 
in Italy and indicates that nearly 1 in 5 ischemic non-
fatal events may be avoided by optimizing adherence 
to therapy with statins (ie, 0.19 HR reduction, as 
shown in Table II).

Our study indicated that the initial prescription 
was not followed by any other statin dispensation in 
47.5% of newly treated patients [82,145/172,977], 
who were therefore excluded from the investigated 
cohort. Furthermore, only 44% of the follow-up pe-
riod was covered by therapy with statins. Finally, 
59.5% of patients used statins for <50% of the  
follow-up period. These findings support the results of 
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misclassification, however, can be expected to occur 
independently of adherence status, so this source of 
uncertainty was likely to affect our estimates to favor 
the null hypothesis, rather than to favor evidence of 
an effect of adherence on IHD risk.40

Evaluation of statin adherence in the present study 
was based on pharmacy-dispensing information. This 
method, however, assumes that the proportion of days 
covered by a prescription corresponds to the propor-
tion of days of medication use. Small, insignificant 
differences between the assessed number of dispensed 
pills and the actual pill count were reported in a recent 
study investigating adherence to statin therapy over 
12 months.41 Furthermore, data on dispensing history 
have shown considerable consistency with other com-
pliance measures, drug serum levels, and clinical drug 
effects.42 Nevertheless, the use of medication dispens-
ing as a measure of adherence remains a main source 
of uncertainty in our estimates.

The means of assessing adherence as PDC used in 
this study may also serve as a limitation, but there  
was a rationale for establishing ranges of PDC values to 
categorize adherence, rather than including the PDC 
in the analyses as a continuous variable. Doing so 
would have assumed a linear relationship. Attempts to 
represent nonlinearity could be made by means of 
polynomial models (eg, quadratics), but this approach 
may be unfeasible when the study design includes 
the exposure variable as a time-dependent variable. 
Categorical methods are the most commonly used 
ways to analyze the relationship between adherence  
to pharmacotherapy and disease risk. To determine 
whether the category assignments we created might 
have influenced our findings, we performed a sensi-
tivity analysis. As noted, this analysis confirmed the 
robustness of our results.

The allocation of statin therapy was not random-
ized in our study; therefore, the results may be af-
fected by confounding. That is, the observed reduction 
in IHD risk associated with increased adherence to 
statin therapy might have been generated by patients’ 
clinical characteristics, such as the severity of hyper-
lipidemia, the rate of lipid control, the presence of 
comorbidities, and cardiovascular risk factors, as well 
as their correction by concomitant treatments. We at-
tempted to limit confounding by adjusting for several 
demographic, therapeutic, and clinical characteristics, 
but greater adherence to statins could still be a sur-
rogate for other, unmeasured characteristics.

findings have been reported for secondary prevention 
of myocardial infarction in elderly patients.34 How-
ever, we also observed that patients initially treated 
with pravastatin or simvastatin had lower adherence, 
suggesting the possibility that there may be a greater 
incidence of adverse events that influence adherence 
when an older agent is used.35

Because outcome data for the present study were 
drawn from the records of hospitalized patients, our 
findings refer only to nonfatal outcomes. However, 
there is no evidence that statin therapy has different 
effects on nonfatal versus fatal coronary event risk36; 
therefore, the selection of only nonfatal events should 
not substantially affect the validity of our estimates.

This study was unique in several respects. First, it 
was based on a uniformly organized health care sys-
tem that allowed a large-scale, population-based de-
sign. Second, basing determination of adherence to 
pharmacotherapy on a drug-prescription database al-
lowed the use of high-quality data. In fact, prescrip-
tion databases have been repeatedly checked and 
found to be accurate, likely because of their impor-
tance in the reimbursement of the pharmacies by the 
public health care system, and because the filing of an 
incorrect claim about drugs dispensed has legal conse-
quences.37 Third, patients were identified from the 
point of the initial dispensation of statins; the com-
plete sequence of subsequent lipid-lowering prescrip-
tion drug use was known. Fourth, we were able to 
identify patients whose prescription history did not 
reveal signs of previous cardiovascular disease, so our 
findings represent statin use as part of primary cardio-
vascular prevention. Fifth, patients followed for <1 year 
were excluded because the efficacy of statin agents in 
cardiovascular prevention may take some time before 
becoming apparent.16,38 Finally, sensitivity analyses 
indicated the robustness of our results by accounting 
for alternative categorizations of adherence and cen-
soring criteria.

Nevertheless, some sources of systematic uncer-
tainty, such as possible misclassification and con-
founding, should be considered in the interpretation 
of our findings.

Because of privacy regulations, medical records 
were not available for analysis. A previous study by 
our group found that hospitalization for IHD has a 
positive predictive value of 88% when IHD diagnoses 
from hospital discharge information and a local  
population-based registry were compared.39 Outcome 
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formation about cholesterol values before and after 
treatment is a limitation of our study.

CoNClUsIoNs
In these Italian subjects without a history of cardio-
vascular disease, low, intermediate, and high levels of 
adherence to statin pharmacotherapy were associated 
with lower risk of nonfatal IHD compared with those 
who had very low (≤25%) adherence. However, these 
findings have several limitations, such as the use of 
database information (rather than medical records), 
the assumption that PDC accurately represented ac-
tual adherence, and confounding (ie, unmeasured fac-
tors related to PDC or to adherence may have influ-
enced clinical outcomes).
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