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Abstract 
Background To examine patterns of lipid-lowering therapy (LLT) use, and persistence and adherence among patients 
with coronary heart disease and their associations with lipoprotein cholesterol (LDL-C) goal attainment. 

Methods Observational study among 26,768 patients who had suffered a myocardial infarction or had been revascu- 
larized in Stockholm during 2012 to 2018, and followed up through 2019. Outcomes included initiation of LLT, discontin- 
uation, re-initiation, adherence to treatment and LDL-C goal attainment according to the European dyslipidaemia guidelines 
from 2011 and 2016 (mainly LDL-C < 1.8 mmol/L). 

Results 82% of patients commenced or continued LLT within 90 days after discharge. Of those, 71% were dispensed an 
LLT prescription within 30 days (62% of them for high-intensity LLT). High-intensity LLT prescribing increased over time, from 

12% in 2012 to 78% in 2018. During a median follow-up of 3 (IQR 2-5) years 73% continued to fill prescriptions for a 

statin, 26.3% temporarily or permanently discontinued, and 0.5% changed to non-statin LLT. Only 1.3% discontinued statin 
treatment permanently. Throughout observation, about 80% of patients showed good statin adherence (proportion of days 
covered ≥80%). LDL-C target attainment was 52% the first year and < 50% during subsequent years. LDL-C goal attainment 
was highest among patients receiving high-intensity statin treatment and showing good treatment adherence. 

Conclusion In secondary prevention for patients with established coronary heart disease, the proportion of LDL-C target 
attainment was low throughout the time period of the study, despite increasing use of high-intensity LLT and good treatment 
persistence and adherence. (Am Heart J 2022;251:78–90.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lipid-lowering therapy (LLT) is a cornerstone in the
secondary prevention of atherosclerotic cardiovascu-
lar disease. Guidelines 1 , 2 recommend the use of high-
intensity LLT for patients with coronary heart disease
(CHD) if this is tolerated, with statins as first-line therapy.
Despite the unquestionable benefits of statin treatment 3

and the rare occurrence of serious side effects, 4 , 5 long-
term persistence and adherence to statin treatment are
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suboptimal in routine clinical practice worldwide, 6 and
low adherence is associated with a greater risk of death
and new cardiovascular events. 7 

Reports from the nationwide Swedish Web-system for
Enhancement and Development of Evidence-based care
in Heart disease Evaluated According to Recommended
Therapies (SWEDEHEART) register show a steady in-
crease in the use of statins at high-intensity dosages over
recent years in survivors of myocardial infarction (MI).
However, up to 50 % of patients do not attain low-density
lipoprotein cholesterol (LDL-C) targets during the first
weeks of therapy. 8–10 This is problematic because ef-
fective reductions of LDL-C by high-intensity LLT dur-
ing the first 6 to 8 weeks post- MI are highly predictive
of better outcomes. 9 A lack of effectiveness in attaining
lipid targets may be explained by poor adherence and/or
persistence, 8 , 11 aspects of LLT that are insufficiently
characterized. Previous attempts to evaluate persistence
and adherence to statin treatment have focused on the
first year of therapy 12 , 13 when patients are likely to be
well motivated to follow the prescription, but long-term
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 14, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.
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adherence is less explored. Approximately 30% of pa-
tients in secondary cardiovascular disease prevention
have been reported to stop LLT during the first year of
treatment, 14 but information on long-term discontinua-
tion rates could inform policy decisions on strategies to
ensure continued use of this lifesaving therapy. 

To address these issues, we investigated LLT use and
treatment changes among survivors of MI or follow-
ing coronary revascularization in the region of Stock-
holm, Sweden. We explored predictors of receiving high-
intensity LLT, and we quantified long-term treatment ad-
herence and persistence in relation to the attainment of
LDL-C goals. 

Materials and methods 

Study population 

We used data from the Stockholm CREAtinine Measure-
ments project, a health care utilization database of resi-
dents in Stockholm, Sweden, which captures the com-
plete health care use (including primary health care and
laboratory data) and is described in detail elsewhere. 15 

We included adult patients ( ≥18 years old) admitted for
a first or recurrent CHD event, including hospitalisation
for acute MI and/or coronary revascularisation (coro-
nar y arter y bypass graft surger y or percutaneous coro-
nary intervention) between January 2012 and Decem-
ber 2018. The date of the CHD event constituted our
index date. Defining algorithms can be found in Supple-
mentary methods. Exclusion cr iter ia included death, em-
igration or loss to follow-up within 30 days from hos-
pital discharge. Patients were followed until death, em-
igration or study end ( December 31, 2019), whichever
occurred first (Figure S1). The Regional Ethical Review
Board in Stockholm approved the study (EPN 2017/793-
31) and waived the need for informed consent, because
data made available to researchers was de-identified. 

Study exposure 

Our first study exposure is LLT use, which included
statins, proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors and ezetimibe. Because users of
PCSK9 inhibitors proved to be very few, subsequent anal-
yses for treatment persistence, adherence and LDL-C goal
attainment are based solely on statins or statin/ezetimibe
combinations. LLT use was ascertained through dispen-
sations at Swedish Pharmacies, which are registered in
the national Dispensed Drugs Register. 16 High-intensity
LLT is defined as regimens that lower LDL-C on average
by ≥50% (definitions in Supplementary material, Table
S1). 

Outcome measures 
Initiation of high-intensity LLT: We evaluated the pro-

portion of patients who received an LLT dispensation
(and the type of LLT) during the first 90 days and up to
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Healt
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1 year after the CHD event. For prevalent LLT users, we
quantified changes in the prescribed dose that occurred
(eg, switching from low- or moderate- to high-intensity
LLT). 

Treatment discontinuation, re-initiation, and adher-
ence. For this part of the analysis, we focused on statins
users only. Among patients who were dispensed statins
within 30 days from hospital discharge, we evaluated
treatment changes compared with any previous statin
treatment, defined as 90 days before index classifying
them as intensification or de-intensification. Treatment
discontinuation was defined as the first period of 90 days
or more without any statin coverage. The number of
days on a statin was calculated according to prescribed
dosage. If patients had a supply of the same statin avail-
able from a prior prescription (ie, stockpiling), we added
that to the supply of the following prescription. Patients
who switched to a different type of statin were classi-
fied as persisting on statin therapy. Re-initiation was de-
fined as the first occurrence of a statin dispensation be-
tween discontinuation and the end of the follow-up pe-
riod. Changes in statin intensity on re-initiation were de-
fined by comparing the intensity of the last statin filled
before the period of ≥90 days without statin coverage,
with the intensity of the statin filled on re-initiation. We
estimated adherence to statin treatment every 6 months
through the proportion of days covered (PDC), calcu-
lated by dividing the number of statin pills dispensed by
the number of days during the period. To calculate days
covered, we assumed an intake of 1 tablet/capsule per
day. The PDC was categorized into good ( ≥80%), moder-
ate (20-79%), and poor ( < 20%) adherence. 17 

LDL-C goal attainment and maintenance: We ex-
tracted all LDL-C measurements performed at all sources
of Stockholm care (primary, outpatient-specialist and
hospital care), which in most cases was assessed in-
directly, by the Friedewald equation. We evaluated
whether patients attained the LDL-C goals recommended
by European Society of Cardiology (ESC)/ European
Atherosclerosis Society (EAS) guidelines of 2011 

18 (LDL-
C < 1.8 mmol/L or ≥50% LDL-C reduction) or 2016 

19

(LDL-C < 1.8 mmol/L and ≥50% LDL-C reduction). We
evaluated goal attainment within distinct windows of
treatment, using the mean of all tests encountered within
the specific time window. 

Study covariates 
Patient data prior to and during the hospitalization

were used to define covariates, which included demo-
graphic factors, comorbidity, estimated glomerular filtra-
tion rate (eGFR) and ongoing medications (details and
definitions in Supplementary material, Table S2). 

Statistical analyses 
We used descriptive statistics to assess baseline charac-

teristics at the time of the qualifying CHD event. Contin-
h and Social Security de ClinicalKey.es por Elsevier en septiembre 14, 
ón. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.
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uous variables are summarized using means and standard
deviations or medians and interquartile ranges, while cat-
egor ical var iables are presented using absolute and rela-
tive frequencies. 

We first described time trends regarding the dispensa-
tion of LLT and the intensity of LLT dispensed across the
study per iod. Multivar iable logistic regression was per-
formed to identify independent predictors of receiving
high-intensity LLT (for details Supplementary Methods).
LLT management over time and calendar period was vi-
sualized through Sankey plots, separately for the periods
2012 to 2015 and 2016 to 2018, and absolute percentage
frequencies are presented. 

Kaplan-Meier curves were generated to reflect the
time until discontinuation (defined as ≥90 days – the
grace period, or admissible interval - without a dis-
pensation) and, when pertinent, re-initiation of statin.
Sensitivity analyses were performed using alternative
grace periods of 120 and 180 days to define treatment
discontinuation. 

For the analysis of persistence and adherence, only pa-
tients who survived ≥1 year were included. For analy-
ses evaluating LDL-C targets, patients were included if
there was ≥1 LDL-C measurement during the follow-up
and were classified as meeting a target if they achieved
it at any stage during the follow-up. The mean PDC
was calculated and categorized for each interval. Simi-
larly, we assessed the proportion of the patients at 12
months after discharge who attained LDL-C targets ac-
cording to the clinical guidelines that applied at the time
(2011 guidelines applied until August 2016 and there-
after 2016 guidelines). The combined continuous mea-
sure of treatment intensity and adherence was created
and plotted against the percent change in LDL-C to visu-
alize how the changes in adherence and treatment inten-
sity after 1-year of therapy were associated with LDL-C
goal attainment (for details Supplementary Methods and
Table S3). 

We assessed the long-term maintenance/attainment of
LDL-C goal every 6-months and up to 60 months of
follow-up. Multivariable generalized linear models for re-
peated measures were used to estimate the probability
that a patient had ≥80% of days covered with their med-
ication in each interval, ie, good adherence. Subgroup
analyses were performed for filling a high-intensity LLT
prescription over time and treatment adherence. These
subgroups include: Age categories (18-49; 50-64; 65-79;
≥80 years), Sex, and eGFR categories ( < 30, 30-59, and
≥60 mL/min/1.73 m 

2 ). Summary statistics, analyses, and
graphs were performed with R, version 4.1.2. Sankey bar
plots were created by using the SAS %SANKEY macro. 20 

Patient and public involvement 
Patients or the public were not involved in the design

or conduct or reporting or dissemination plans of our
research. 
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Results 

Baseline characteristics 
A total of 26,768 patients met the inclusion cr iter ia and

were included in our analysis (Figure S2). Their median
(IQR) age was 71 [62-79] years ( Table ), 69% were ≥65
years old, and 69% were men. The most frequent co-
morbidity was hypertension (71%), followed by diabetes
(28%), congestive heart failure (26%) and chronic kidney
disease (CKD) (26%, defined as eGFR < 60 mL/min/1.73
m 

2 ). Most of the patients (60%) had not been dispensed
LLT before the index CHD event. Regarding education,
28% of the patients had undergone compulsory school,
41% high-school and 29% university education. 

Initiation of lipid-lowering therapy 

Overall, 82% of patients commenced or continued LLT
within 90 days after discharge. Of those, 71% were dis-
pensed an LLT prescription within 30 days after dis-
charge and were included in our analysis. Of these, 62%
were dispensations of high-intensity LLT, mainly with
atorvastatin 40 or 80 mg (Table S4, left panel). Among
patients with at least 365 days of follow-up, 86% were
on statin therapy, and 60% filled a high-intensity LLT pre-
scription at any time within the post-discharge period
(Table S4, right panel). 

Among patients who had not been dispensed LLT be-
fore the index CHD, 42% filled a high-intensity statin
within 30 days (36% within 1 year). Prevalent users of
low- or moderate-intensity LLT, patients older than 80
years of age, women, those with a previous history of
CHD, and those with eGFR < 30 mL/min/1.73 m 

2 were
less likely to be dispensed high-intensity LLT (Table S5).
Patients with discharge LDL-C levels < 1.8 mmol/L and
those without recorded LDL-C measurements were less
likely to be dispensed high-intensity LLT. Results were
similar when these data were stratified by calendar years
(Table S6). 

The pattern of LLT use differed across calendar years as
there was a progressive increase in the proportion of pa-
tients who were dispensed high-intensity LLT, from 12%
in 2012 to 78% in 2018 ( Figure 1 A). This was pr imar ily
explained by greater use of atorvastatin ( Figure 1 B). Pat-
terns of LLT use over time also differed across categories
of kidney function, with the uptake of high-intensity LLT
being lower in patients with CKD (Figure S3). During the
fir st 3 year s of LLT therapy, a growing proportion of pa-
tients switched to high-intensity LLT, particularly during
2016 to 2018 ( Figure 2 A and B). 

Treatment discontinuation, re-initiation of statin 

treatment 
The majority (68%) of patients who initiated LLT with

statins had at least 1 year of follow-up (see Figure S2
for exclusion). These patients were followed for a me-
dian (IQR) of 3 (2-5) years. Overall, statin use was rather
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 14, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.
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Table. Characteristics of study patients at the discharge of their index CHD event 

N = 26,768 
Case qualifying event, n (%) 

Acute myocardial infarction 19,814 (74%) 
Stable coronary heart disease receiving revascularization ∗ 6,954 (26%) 

Age (in y), median [IQR] 71 [62-79] 
Age category (y), n (%) 

18-49 y 263 (1%) 
50-64 y 8,228 (31%) 
65-79 y 11,705(44%) 
≥80 y 6,572 (25%) 

Women, n (%) 8,286 (31%) 
eGFR (in mL/min/1.73 m 

2 ), mean [SD] ( n = 26,536) 73 [23] 
eGFR categories, n (%) 

≥60 mL/min/1.73 m 

2 19,564 (73%) 
30-59 mL/min/1.73 m 

2 5,558 (21%) 
< 30 mL/min/1.73 m 

2 1,414 (5%) 
Unknown 232 (1%) 

Smoking status 
Never smoked 5,943 (20%) 
Previous smoker > 1 mo 4,769 (18%) 
Current smoker 3,268 (12%) 
Unknown 12,788 (47%) 

BMI category (kg/m 

2 ), n (%) 
< 25 kg/m 

2 4,940 (18%) 
25-29 kg/m 

2 7,204 (27%) 
≥ 30 kg/m 

2 4,040 (15%) 
missing 10,584 (40%) 

Total cholesterol (in mmol/L), mean [SD] ( n = 22,972) 5.0 [2.0] 
LDL-cholesterol (in mmol/L), mean [SD] ( n = 22,111) 2.8 [1.1] 
HDL-cholesterol (in mmol/L), mean [SD] ( n = 22,383) 1.2 [0.4] 
Triglycerides (in mmol/L), mean [SD] ( n = 22,545) 1.6 [0.9] 
Type of myocardial infarction, n (%) 

STEMI 5,227 (20%) 
NSTEMI 11,230 (42%) 
No infarct 6,766 (25%) 
unknown 3,545 (13%) 

Comorbidities, n (%) 
Hypertension 18,945 (71%) 
Previous myocardial infarction 10,348 (39%) 
Diabetes mellitus 7,529 (28%) 
Congestive heart failure 6,996 (26%) 
Atrial fibrillation 5,178 (19%) 
Chronic respiratory disease 5,083 (19%) 
Stroke 2,526 (9%) 
Peripheral arterial disease 2,072 (8%) 
Transient ischemic attack 1,801 (7%) 
Cancer 1,064 (4%) 

Previous lipid-lowering therapy, n (%) 
no LLT 16,008 (60%) 
Prevalent LLT user; High-intensity 2,642 (10%) 
Prevalent LLT user; Moderate-intensity 7,411 (28%) 
Prevalent LLT user; Low-intensity 707 (3%) 

Highest attained education, n (%) 
Compulsory school 7,366 (28%) 
Secondary school 11,066 (41%) 
University 7,708 (29%) 
Missing 628 (2%) 

∗ patients undergoing CABG and PCI without register diagnosis of MI.HDL, high-density lipid; LLT, lipid- 
lowering treatment; LDL, low-density lipoprotein; NSTEMI, non st-elevation myocardial infarction; STEMI, 
ST-elevation myocardial infarction. 
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Figure 1 

Time trends showing the first LLT filled after CHD hospitalization by 
(A) intensity of LLT and (B) type of lipid-lowering drug. 
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constant, with most changes in dose occurring during
the first year of treatment (Figure S4). For example, af-
ter 6 months of statin therapy, 5% had de-intensified,
9% had intensified and 0.5% permanently discontinued
treatment; after 1-year of treatment, 19% had switched to
different intensity statin (8% de-intensification and 11%
intensification). The majority of patients persisted on
statin treatment: 0.5% changed to non-statin LLT (ezetim-
ibe monotherapy or PCSK9 inhibition), and only 1.3% of
patients permanently discontinued, conditional on being
alive. 

Overall, 25% of patients discontinued statin treatment
at some point, of whom 95% restarted therapy. The me-
dian number of months to treatment discontinuation was
25 (IQR 16-56) months, and the median time from dis-
continuation to re-initiation was 5 months (IQR 4-9) (Fig-
ures S5a and S5b). Using larger grace periods to define
treatment discontinuation provided rates consistent with
our main analysis (Figures S6). For patients who restarted
statin therapy, the majority (76%) did so with the same
statin intensity as before, 13% of patients with reduced
and 11% with increased statin intensity (Figure S7). 

Adherence to statin treatment 
Statin adherence was highest during the first follow-

up months and then decreased to approximately 80% at
5-years ( Figure 3 A). After multivariable adjustment, pa-
tients on high-intensity statin therapy were more likely to
be adherent to treatment than patients on low-moderate
intensity treatment (OR 1.07, 95%CI 1.05-1.09) (Table
S7). In addition, patients with ages 65 to 79, or ≥80
years, eGFR < 30, and eGFR 30-59 mL/min were more
likely to have high adherence, each compared with their
counterparts age 50 to 64 years and eGFR ≥60 mL/min,
respectively (Table S7 and Figure S8a–e). 

Attainment of LDL-C target attainment and 

maintenance 

Overall, 52% of patients attained LDL-C targets. The
proportion attaining the LDL-C goal was higher (56%)
for patients receiving high-intensity statin treatment and
showing good adherence ( Figure 4 A and Figure S9), fol-
lowed by patients with low-moderate intensity statin
treatment and good adherence (40%). Goal attainment
was lower in patients with moderate/poor treatment ad-
herence. 

Patients receiving high-intensity statins and having
good adherence showed, on average, the greatest re-
duction of LDL-C (mean 39% reduction; Figure 3 B). In
contrast, the LDL-C reduction among patients receiving
statins of the same intensity but with moderate/poor
treatment adherence was lower (24%). The average %
LDL-C reduction for patients receiving low-moderate in-
tensity and showing good adherence was 27% but went
down to 8% if adherence was moderate/poor. The major-
ity (59%) of patients close to LDL-C cholesterol targets
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 14, 
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Figure 2 

Sankey plots depicting the 3-year use of LLT after a CHD during 2 distinct periods, 2012-2015 (panel A), and 2016-2018 (panel B). 
Stacked bars show percentages of patients at each point in time, whereas connecting regions show the proportions that changed to a 
different category. ∗end of follow-up (emigrated/died /permanently discontinued LLT or end of data). disch disc,harge; LLT, lipid-lowering 
therapy. 
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Figure 3 

(A) Proportion of patients classified as having a good (PDC > 80%), moderate (PDC = 20–80%) and poor (PDC < 20%) adherence during up 
to 60 months after CHD; (B) Ellipse plots depicting percent change in LDL-C after 1-year of statin therapy stratified by adherence-treatment 
intensity groups. 
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Figure 4 

(A) LDL-C target attainment by adherence and statin treatment intensity at 12 months after CHD and (B) Long-term LDL-c target maintenance 
for up to 60 months of follow-up. 
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(LDL-C between 1.8-2.6 mmol/L) were those on high-
intensity statins with good treatment adherence (Figure
S10). 

Beyond the first 12 months of therapy, and despite
good adherence to treatment, < 50% of patients attained
LDL-C targets ( Figure 4 B). Among patients who had at-
tained the LDL-C goal at 12 months of follow-up, > 40%
with adequate adherence to treatment had not main-
tained targets (Figure S11a). In comparison, most pa-
tients who had not achieved the LDL-C goal at 12 months
of follow-up remained off-target (Figure S11b). 

Good treatment adherence, use of high-intensity
statins, and the presence of hypertension or diabetes
mellitus were associated with higher odds of achieving
and maintaining LDL-C targets ( Figure 5 A and B). By con-
trast, women, patients aged 50 to 64 years, prevalent
users of statin at the time of the qualifying CHD event,
and a history of revascularization had significantly lower
odds of achieving and maintaining LDL-C targets LDL-C
targets ( Figure 5 B). 

Discussion 

In this study of survivors of CHD in routine care, we
observed an increasing use of high-intensity LLT over
time, both as first-line therapy and through treatment in-
tensifications. Persistence and adherence to statin ther-
apy were generally high beyond the first year of use. Al-
though about a quarter of patients discontinued statin
therapy at some point, these were temporary inter r up-
tions and treatments were restarted in most cases. The
use of high-intensity statins and good treatment adher-
ence partly explained LDL-C goal attainment. However,
the achievement of LDL targets was only 52% the first
year of therapy and < 50% during subsequent years. 

The efficacy of high-intensity LLT in pivotal secondary
prevention trials, 21 the strengthening of the recommen-
dation in recent guidelines, 18 , 19 the patent expiry of
atorvastatin in November 2011, the safety alert on sim-
vastatin 80 mg because of potential muscle toxicity, 22

and a reportedly increasing adherence of prescribers to
evidence-based recommendations in the region of Stock-
holm 

23 may together explain the increasing use of high-
intensity LLT (mainly atorvastatin 40-80 mg) in these pa-
tients. Similar trends have been reported globally. 

A large proportion of patients in our study (40%) were
prevalent users at the time of their CHD event, and they
were more likely to continue with the same statin inten-
sity as before the event. 24 This may be simply attributed
to treatment iner tia. Fur ther, clinicians may be more ju-
dicious in providing intensive statin treatment to sicker
and older patients, given their higher prevalence of mul-
tiple comorbidities, potential risks for adverse drug ef-
fects, and drug interactions due to polypharmacy. Pa-
tients with advanced CKD were also less likely to re-
ceived high intensity LLT in our study, perhaps reflect-
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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ing therapeutic nihilism given a number of trials suggest-
ing lack of efficacy of statins in persons with advanced
CKD and dialysis, 25 , 26 or fear for acute kidney injury as
a rare but potentially life-threatening adverse effect. 27 , 28

Finally, women were less likely to receive high-intensity
LLT than men, possibly reflecting a greater sensitivity to
adverse effects and/or a biased perception that disease is
more severe (and hence requires more aggressive treat-
ment) in men. 29 

A novelty of our study is the evaluation of treatment
persistence and adherence in the long term, for which
there has been considerably less epidemiological data. In
a Finish study covering 1997 to 2007, 52% of patients
remained adherent to therapy during the first 6 years 30 ;
while in the US (2007-2013), 66% patients with recent
ACS were adherent after 15 months of treatment, 31 and
in Scotland (2009-2016) a 53% adherence rate was ob-
served up to 36 months after treatment initiation. 32 Com-
pared with those studies, our study shows considerably
higher adherence and persistence. Reasons behind this
better performance are unknown, but may in part be re-
lated to a Universal health care access policy with the
costs of medications almost subsidized in full. Further,
cardiac rehabilitation is greatly valued in Swedish post-
CHD care, through periodic assessments and reinforce-
ment of lifestyle advice, including importance of medi-
cation adherence, and personalized care. 33 The SWEDE-
HEART registry collects nationwide indicators of post-
CHD care, and shows that approximately 80% of all MI
cases in our country participate in the cardiac rehabilita-
tion program. 35 This attendance rate is higher than what
reported for other similar registers such as EUROASPIRE
IV, 34 which was 62%. 

A quarter of patients discontinued therapy at some
point, but re-initiation rates were high, above 90%. This
again contrasts with previous studies from other parts
of the world, where discontinuation rates vary between
15% and 75%, 14 and re-initiation ranges between 37%
and 89%. 36 We acknowledge that reasons for therapy dis-
continuation are unknown and may explain differences
across countries and studies; discontinuation could re-
late to patient disengagement, but also to issues of toler-
ability or adverse effects. 37 

Our main finding is that despite a good uptake of LLT
recommendations and levels of adherence, persistence,
and re-initiation rates that are high compared to other
health care systems, the attainment of LDL-C target goals
was low. Few studies have evaluated LDL-C goal attain-
ment in contemporary routine care. An analysis of a con-
venience sample of 1,071 patients with acute coronary
syndrome from 18 countries showed that only 37% had
reached an LDL-C level of < 1.8 mmol/L at 4 months af-
ter the event, although over 90% received statin ther-
apy 38 ; these findings were similar in analyses limited
to the 439 patients from European countries. 39 In a
report of 7,824 patients from 27 countries who were
ealth and Social Security de ClinicalKey.es por Elsevier en septiembre 14, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.
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Figure 5 

Odds ratio (and 95% confidence intervals) for (A) LDL-C target attainment after 12 months after coronary heart disease and (B) LDL-C goal 
maintenance beyond 12 months. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

interviewed 0.5 to 2 years after an elective coronary
artery bypass graft, elective percutaneous coronary in-
tervention, or an acute coronary syndrome, only 29% of
the patients had an LDL-C level of < 1.8 mmol/L when
34% received low- or moderate-intensity statins and 50%
received high-intensity statins. 34 More recently, Allahyari
et al 9 evaluated LDL-C goal attainment in the SWEDE-
HEART registry: the proportion of patients attaining the
2016 LDL-C target was only 31.6% 6 to 10 weeks af-
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Healt
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorizaci
ter the CHD event and 31.5% after 12 to 14 months.
By evaluating all LDL-C measurements performed in all
sources of health care in the region, we offer goal at-
tainment rates of high precision not subjected to at-
tendance to a programmed study visit and that expand
well beyond the first year of LLT. As such, we believe
this is the largest and most comprehensive evaluation
of LDL-C goal attainment in a complete routine care
setting. 
h and Social Security de ClinicalKey.es por Elsevier en septiembre 14, 
ón. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.
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Contrary to our expectations, the use of low-moderate
intensity statins and treatment non-adherence only par-
tially explained the low goal attainment. However, dose
escalation has a modest effect on the LDL lowering ef-
fect of statins as each doubling of the dose only reduces
LDL by approximately 5 percentage points (Table S3). A
recent trial demonstrated that educational sessions with
patients and regular motivational telephone interviews
compared to usual care, improved LLT adherence con-
siderably in post-ACS patients, without significantly im-
proving LDL-C goal attainment. 40 In a survey study, the
failure of physicians to titrate the dose of statins and
their ignorance of target LDL-C levels were factors con-
tributing to the low achievement of LDL-C targets. 41 Pa-
tients’ lifestyles, physical activity and dietary patterns
could have contributed to the low target achievement
level seen in our study. However, our results may also
denote a lack of statin effectiveness and, as suggested
by the recent 2019 ESC/EAS guidelines, 8 eligibility for
expanded LLT, including add-on therapy with ezetimibe
and use of PCSK9 inhibitors. The strongest predictor for
not attaining or maintaining LDL-C goals in our study was
prior statin use, and add-on ezetimibe therapy was not
often used. Whether these are sicker patients or those in
whom statins were not sufficiently effective merits fur-
ther study, as they may be candidates for add-on thera-
pies. Still, the cost-effectiveness of expensive therapy es-
calations remains unknown. 8 

We see as study strengths the inclusion of a more con-
temporary population, a longer follow-up, and the use of
complete patient data (primar y, secondar y and tertiary
health care) from an entire region, making it less suscep-
tible to biases arising from fragmentation of care. Our
findings apply to rhe Stockholm health care during a de-
fined time period, and may not necessarily extrapolate
to other countries or periods, or to non-universal health
care systems. However, by evaluating the complete CHD
population of Stockholm, our study offers greater gener-
alizability than convenience samples which are selected
by inclusion/exclusion cr iter ia in registr ies. Our study
also has limitations. Although evaluating pharmacy dis-
pensations provides greater certainty of medication use
than drug prescriptions, we cannot ensure that the pa-
tients took their pills. As in many observational stud-
ies, we can only speculate on why statins were discon-
tinued. Adverse effects may be an important reason for
stopping therapy, but more than 30 years of clinical in-
vestigation suggest that statins portend few serious ad-
verse effects 5 . Other reasons may be deprescribing due
to worsening of the patient ́s clinical profile, and true pa-
tient non-adherence. Goal attainment is based on LDL-C
measurements in connection with health care encoun-
ters, which may underestimate the true goal attainment
if healthy/adherent patients do not access health care.
However, given the complete capture of laboratory data
and health care for our region, this is the information
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
2022. Para uso personal exclusivamente. No se permiten otros usos sin autor
physicians have had access to when making treatment
decisions. LDL-C was assessed in 3 central routine labo-
ratories in the region that may have different analyzers,
but that participate in a national quality assurance pro-
gram which should result in good comparability. Most
measurements were indirectly estimated, as it is often the
situation in routine clinical practice. 

To conclude, despite a progressively increasing use of
high-intensity LLT, and high rates of medication adher-
ence and persistence, only about half of survivors of a
CHD event or intervention attained LDL-C target goals.
These findings reveal a clear gap between lipid guide-
lines and lipid management in routine clinical practice
and highlight the likely challenges to be faced in attain-
ing the even lower LDL-C goals introduced by the 2019
ESC/EAS guidelines. 
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