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Aims Experiencing an acute myocardial infarction (AMI) is a life-threatening event and use of statins can reduce the prob-
ability of recurrence and improve long-term survival. However, the effectiveness of statins in the real-world setting
may be lower than the reported efficacy in randomized clinical trials. Therefore, we aimed to investigate whether
low statin treatment adherence during the year following an AMI episode is associated with increased 2nd-year
mortality.

...................................................................................................................................................................................................
Methods
and results

We analysed all 54 872 AMI patients aged >_45 years, admitted to Swedish hospitals between 2010 and 2012, and
who survive at least 1 year after the AMI episode. We defined low adherence as a medication possession ratio
<50% or non-use of statins. Applying inverse probability of treatment weighting (IPTW), we investigated the associ-
ation between low adherence and all-cause, cardiovascular disease (CVD), and non-CVD mortality during the 2nd
year. Overall, 20% of the patients had low adherence during the 1st year and 8% died during the 2nd year. In the
IPTW analysis, low adherence was associated with an increased risk of all-cause [absolute risk difference (ARD) =
0.048, number needed to harm (NNH) = 21, relative risk (RR) = 1.71], CVD (ARD = 0.035, NNH = 29, RR = 1.62),
and non-CVD mortality (ARD = 0.013, NNH = 77, RR = 2.17).

...................................................................................................................................................................................................
Conclusion In the real-world setting, low statin adherence during the 1st year after an AMI episode is associated with increased

mortality during the 2nd year. Our results reaffirm the importance of achieving a high adherence to statin treat-
ment after suffering from an AMI.
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Introduction

The efficacy of statins in secondary cardiovascular disease (CVD)
prevention has been widely demonstrated in randomized clinical
trials (RCTs).1,2 According to both the Swedish national guidelines3

and the European Society of Cardiology (ESC) recommendations,4

all patients suffering from acute myocardial infarction (AMI) should
be prescribed statins regardless of their cholesterol level if these
drugs are tolerated.

It is known that today the proportion of patients using statins the
year after an AMI episode is high but not satisfactory.3 However,
there is less information on the degree of adherence to the treatment
and to what extent low adherence is associated with increased later
mortality in the real-world setting. In recent observational studies5–7

on patients with atherosclerotic CVD or AMI,8–10 low adherence
to statins was associated with increased risk of mortality. However,
previous studies have not included primary non-adherence in
the low-adherence group, which is relevant when investigating the
effectiveness of statins.

Suffering from an AMI is a life-threatening event for the patient and
the preventive efficacy of statin has been proved in RCTs.1,2

However, their effectiveness in the real-world setting might be lower
than the reported. Therefore, we aimed to answer the question: Is
low adherence to statin treatment during the year following an AMI
episode associated with increased 2nd-year mortality risk? To do so,
we analysed 54 872 AMI patients admitted to Swedish hospitals be-
tween 2010 and 2012 and survived at least 1 year after the AMI
episode.

Methods

Study population
We obtained information about pharmacy dispensing from the Swedish
Prescribed Drug Register (SPDR),11 which records information on all
drug dispensations made at Swedish pharmacies, excluding those from
hospitals or nursing home storerooms. For each dispensation, there is
information on the date of dispensation, the Anatomical Therapeutic
Chemical (ATC) code, the prescribed amount of the dispensed medica-
tion, and the number of defined daily doses (DDDs). The DDD is a
World Health Organization-defined statistical measure of drug consump-
tion. It represents the assumed average maintenance dose required by an
adult when the drug is used for its main indication.12,13

Using the Swedish unique personal identification number,14 the SPDR
was linked to the Swedish Patient Register,15 which records all inpatient
stays and outpatient visits from hospitals in Sweden as well as to the
Cause of Death Register.16 All diagnoses were coded according to the
International Classification of Diseases and Causes of Death, 10th Edition
(ICD-10). The National Board of Health and Welfare administers both
the SPDR and the Patient Register. Thereafter, the research database was
merged with the Longitudinal Integration Database for Health Insurance
and Labour Market Studies (LISA) register,17 which is administrated by
Statistics Sweden and combines information from several other registers
recording data on demographic and socioeconomic factors as well as on
living conditions.

Both the data safety committees of the Swedish authorities and
the ethics committee at Lund University (Reference No. 2014/856)
approved the construction of the database. To ensure the anonymity of
the subjects, the Swedish authorities transformed the official personal

identification number into an arbitrary personal code before delivering
the research databases to us.

The initial inclusion criteria for the study consisted of patients aged
45 years or older with an AMI (defined as discharge diagnosis code I21)
and admitted to Swedish hospitals between 2010 and 2012. This yielded
an initial study population of 67 936 patients. We excluded all patients
who died during the first 365 days following discharge from hospital
(N = 12 584), those residing in Sweden for <5 years prior to the index
AMI hospitalization (N = 434), those who emigrated from Sweden during
the 1st year after discharge from the index AMI hospitalization (N = 20),
and those who emigrated during the follow-up period (N = 26). The final
sample consisted of 54 872 AMI patients. In these patients, we observed
their dispensation of statins during the first 365 days, to give a long
enough period for dispensation and evaluation of adherence,18 as well as
their mortality between the 366th and the 730th days after discharge
from the hospital.

Assessment of variables
Outcome variable

The outcome variables measured were all-cause mortality, CVD mortal-
ity (ICD: 10 codes I00–I99) as underlying or contributing causes of death,
and mortality for causes other than CVD (non-CVD).

Adherence to statin treatment

The statins (ATC codes) prescribed in Sweden during the study period
were, Simvastatin (C10AA01), Pravastatin (C10AA03), Fluvastatin
(C10AA04), Atorvastatin (C10AA05), Rosuvastatin (C10AA07), and
Pitavastatin (C10AA08), and Simvastatin in combination with Ezetimib
(C10BA02).

As a measure of statin adherence, we computed a medication posses-
sion or medication coverage ratio (MPR) expressing the percentage of
days during the year following the AMI episode covered by dispensed sta-
tins.19 First, we calculated the number of DDDs of statins during the 1st
year following discharge from hospital. Thereafter, we divided the num-
ber of DDDs by 365. We categorize low statin adherence as a coverage
ratio <50%,5 which is a more strict cut-off value for low adherence.
Acute myocardial infarction patients without any statin dispensation
during the 1st year following the AMI episode (i.e. potentially primary
non-adherence) were included in the low-adherence group. For the rest
of the article, the term ‘adherence’ refers to the above definition.

Demographical and socioeconomic variables

We classified the age of the patients into nine categories using 5-year
intervals (45–49, 50–54, and so on) except the last category that included
patients 85 years or older. We dichotomized sex as man or woman
according to the register.

In order to obtain a stable measure of socioeconomic position, we
combined information on household disposable income from three occa-
sions 2010, 2005, and 2000. Thereafter, using tertile values, we divided
the study population into high, medium, and low income.

We classified all patients into living alone or cohabiting (i.e. married,
registered partnership, unregistered partnership with a common child, or
living in a household with at least one other adult).

Statistical methods
Propensity score of low statin treatment adherence and

inverse probability of treatment weighting

Demographic, socioeconomic, and clinical characteristics may differ
between those with high and low adherence to statin treatment. If so, sys-
tematic differences between those with low and high adherence may

142 K. Khalaf et al.
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.
preclude a direct comparison of outcomes between these two groups.20

Therefore, to account for possible confounding due to these differences,
we computed a propensity score (PS) for low statin treatment
adherence.21

In a first step, based on a previous publication investigating the utiliza-
tion and adherence of statins in the Swedish population,22 we identified a
number of previous diagnoses and medications (see Table 1) within a
period of 5 years prior to the admission date for the index AMI diagnosis.
Then, using a logistic regression, we calculated the predicted probability,
or, PS of low adherence to statin treatment based on the variables indi-
cated in Table 1. Finally, for every patient, we calculated an inverse prob-
ability of treatment weighting (IPTW) for low adherence to statin
treatment as IPTW = 1/PS for patients with low statin adherence and
IPTW = 1/(1-PS) for those with high adherence to statins. Thereafter, we
used the IPTW to estimate the average treatment effect of low statin ad-
herence on mortality.

We compared the distribution of the PS between the low- and high-
adherence groups (Figure 1). We then identified the common support re-
gion or the intersection of both density distributions and, thereafter, we
excluded five individuals outside this common support region by using
the maxima–minima method.23

We compared the balance of baseline covariates between the two
groups by calculating the standardized mean difference (SMD).24,25 We
did so with and without weighting by IPTW. If the IPTW were effective
for balancing the exposure groups, the SMD should be close to zero. As a
rule of thumb, the SMD should be lower than 0.1.24

Low statin treatment coverage and mortality risk

The follow-up was short, the mortality registration coverage was com-
plete, and we excluded the few patients who emigrated from Sweden
during the follow-up period. Therefore, to investigate the association be-
tween low statin adherence and all-cause, CVD, and non-CVD mortality,
we directly estimated absolute risk difference (ARD), the relative risk
(RR), and the number needed to harm (NNH) as the inverse of the ARD.
The NHH indicates how many persons on average need to be exposed
to low statin adherence to cause harm (i.e. death) in one person who
would not otherwise have been harmed. We used the inbuilt Stata
command teffects ipw to obtain a robust variance estimation and 95%
confidence intervals when performing the IPTW-adjusted analysis.26,27

Additionally, we conducted a sensitivity analysis applying a double
robust approach (IPTW with regression adjustment).26,28

Results

Overall, 20.2% (11 081/54 872) of the patients had low adherence
during the 1st year after the AMI episode, and 8% (4629/54 872) of
the patients who survived the 1st year died during the 2nd year. The
crude mortality rate in the high- and low-adherence groups was 5.3%
(2309/43 791) and 20.9% (2320/11 081), respectively.

Table 1 shows the means and proportions of the covariates in the
low- and high-adherence groups, as well as the SMD before and after
IPTW weighting. The large SMDs indicated that before the weighting,
there was a considerable imbalance between the two groups. Only
diabetes presented a similar prevalence in both groups. However,
after the IPTW weighting, we obtained a rather satisfactory balance
with very small SMD values (Figure 1 shows that the density distribu-
tions of PS become almost fully overlapped after IPTW weighting).
However, the SMD for previous use of statins was 0.14 after IPTW
adjustment, which is larger than the 0.1 absolute value considered as

a potentially unacceptable level of imbalance.24 As a sensitivity
analysis, and because of this finding, we repeated the analysis after
stratification by previous statin use and re-estimated the PS model
and the risk differences in the two groups separately.

Table 2 informs that low adherence was clearly associated with
all-cause, CVD, and non-CVD mortality. The unadjusted risk differ-
ence for all-cause mortality (ARD= 0.156, 95% CI: 0.149–0.165)
was reduced three-fold but remained after IPTW adjustment
(ARD = 0.048, 95% CI: 0.041–0.055) with a (RR= 1.71, 95% CI: 1.59–
1.83) and a (NNH = 21). The results were similar concerning CVD
and non-CVD mortality. However, the risk difference for CVD
mortality was larger than the risk difference for non-CVD mortality.
The association between low statin adherence and all-cause mortality
similarly remained in the sensitivity analysis using the double robust
approach.

We also found similar results after stratification by previous use of
statins. Low statin adherence was associated with higher ARD and
RR of mortality in both those with [ARD = 0.043 (95% CI: 0.32–
0.054), NNH = 23.42 (18.56–31.73), RR= 1.51 (1.37–1.65)] and
those without previous statin use [ARD = 0.055 (0.046–0.064), NNH
= 18.15 (15.69–21.52), RR= 1.99 (1.78–2.22)]. However, the risk dif-
ference for mortality was higher in those without previous statin use.

Discussion

This nation-wide observational study indicates that the preventive ef-
fectiveness of statin treatment is in concordance with the efficacy
showed in RCT. Low adherence with statin treatment during the 1st
year following an AMI episode is associated with increased 2nd-year
mortality risk in the real-world setting. Compared with RCTs, obser-
vational studies are less suitable to investigate treatment effects and
making valid causal inference. However, the investigation of adher-
ence to medication can hardly be done using an RCT.29 Therefore,
our study provides added evidence on the effectiveness of statins.
Our results are in line with previous publications.5,8,9,30–32 However,
our study focuses on patients with overt AMI and addresses a specific
and relevant clinical question. Our results support the clinician’s
advice and may motivate the patient to start and maintain a good
adherence with the statin treatment.

Overall, adherence to statins after AMI was suboptimal during the
study period, with as much as 20% of the study population having an
MPR <50%, and only 69% of the patients having an MPR above 80%,
which is a widely used cut-off point for good adherence.33 The rates
of low adherence were higher in our study compared with other
studies,5,8 as we included patients with primary non-adherence who
did not fill any statin prescription after the AMI episode in the low-ad-
herence group. Rodriguez et al.5 report a 6% rate of low adherers,
but these investigators only included patients who filled at least one
statin prescription. Similar inclusion criteria have been used in other
studies investigating medication adherence and mortality following
AMI, where patients have to fill at least one prescription.8–10 When
we excluded patients without statins during the 1st year after AMI in
a sensitivity analysis, the prevalence of low adherence (i.e. 7.2%) was
in line with previous studies. However, we think our definition of
low adherence is more suitable from a clinical perspective, because
prescription of statins at discharge from hospital and life-long

Low adherence to statin treatment and mortality 143
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Table 1 Standardized mean differences in baseline variables

Unadjusted IPTW adjusted

Adherence SMD Adherence SMD

Low High Low High

Demographic and socioeconomic characteristics

Age (years)

45–49 1.3 4 -0.17 3.3 3.4 -0.01

50–54 2.2 6.7 -0.22 5.9 5.8 0.01

55–59 2.8 9.5 -0.28 8.2 8.2 0.00

60–64 4.9 14 -0.31 12.2 12.2 0.00

65–69 6.2 16.3 -0.32 14.0 14.3 -0.01

70–74 7.6 15.2 -0.24 13.9 13.8 0.00

75–79 10.9 14.1 -0.10 14.0 13.6 0.01

80–84 19.6 12.4 0.20 13.9 13.9 0.00

>_85 44.4 7.9 0.91 14.7 14.9 -0.01

Women 56.6 32.5 0.50 37.7 37.2 0.01

Income

Low 39.6 25.3 0.31 29.2 28.1 0.03

Middle 38.9 36.9 0.04 37.5 37.3 0.00

High 21.5 37.8 -0.36 33.3 34.6 -0.03

Living alone 63.9 42.2 0.45 47.0 46.4 0.01

Diabetes, cardiovascular, and urinary system diseases (ICD-10 code)

Diabetes (E10–E13) 17.5 15.6 0.05 18.0 16.2 0.05

Transient cerebral ischaemic (G45 and G46) 4.1 2.5 0.09 3.1 2.8 0.02

Cerebrovascular diseases (I60–I69) 12.7 7.3 0.18 9.1 8.4 0.02

Hypertensive diseases (I10–I15) 44.8 32.6 0.25 37.3 35.2 0.04

Previous myocardial infarction (I21) 11.5 8.3 0.11 10.9 9.0 0.06

Ischemic heart diseases (I20–I25) 34.5 27.4 0.16 32 28.9 0.07

Other forms of heart disease (I30–I52) 36 18.2 0.41 22.3 21.8 0.01

Arteriosclerosis/aorta aneurysm (I70–I71) 6.2 4.7 0.07 6.4 5.1 0.06

Peripheral arterial disease (I73.9) 2.5 2.3 0.01 2.8 2.4 0.02

Arterial embolism (I74) 0.6 0.4 0.03 0.6 0.5 0.02

Vascular disorders of the intestine (K55) 0.4 0.2 0.03 0.3 0.2 0.00

Glomerular diseases (N00–N08) 0.9 0.7 0.02 0.7 0.7 -0.01

Renal tubulo-interstitial diseases (N10–N16) 2.8 1.4 0.09 1.8 1.8 0.00

Acute kidney failure and CKD (N17–N19) 6.9 3.3 0.16 4.2 4.0 0.01

Mental diseases (ICD-10 code)

Related to psychoactive drug use (F10–F19) 3.2 3.3 0.00 3.7 3.3 0.02

Schizophrenia and related disorders (F20–F29) 0.9 0.5 0.05 0.5 0.6 -0.01

Mood disorders (F30–F39) 4.7 3.1 0.09 3.4 3.4 0.00

Neurotic and related disorders (F40–F48) 3.8 2.9 0.05 3.3 3.1 0.01

Other diseases (ICD-10 code)

Cancer (C1–C97) 16.1 11.4 0.14 12.8 12.5 0.01

Respiratory diseases (J) 26.6 15.9 0.27 18.8 18.2 0.02

Cardiovascular medication (ATC code)

Previous statins (C010AA 01. 03. 04. 05. 07 and C10BA02) 34.5 47.8 -0.27 52.7 46.0 0.14

Diabetes medication (A10) 18.7 19.1 -0.01 20.8 19.2 0.04

Platelet aggregation inhibitors (B01AC04. 05. 07. 30) 17.5 16 0.04 19.6 16.5 0.08

Cardiac therapy (C01) 46.2 33.3 0.27 38.6 35.8 0.06

Antihypertensives (C02) 2.4 2.2 0.01 2.4 2.2 0.01

Low and high ceiling diuretics (C03A–C) 59.1 35.5 0.49 40.4 40.1 0.01

Peripheral vasodilators (C04) 0.2 0.1 0.03 0.1 0.1 0.00

Vasoprotectives (C05) 10.1 7.1 0.11 8.1 7.7 0.01

Continued
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maintenance of statin treatment subsequent is recommended for all
AMI patients younger than 80 years, when statins are tolerated and in
absence of severe side effects that are associated with statins. This
process indicator is fundamental for the evaluation of the quality of
AMI care in Sweden with a target level of 90% according to the latest

guidelines.3,34 We did not have information on side effects35 but in
any case, patients who were unable to use statins because of justified
medical reasons were not exposed to the potential protective effect
of statin. From a clinical perspective, eventual side effects need to be
evaluated in relation to the benefits of statins in this patient group, so
relatively mild or presumed side effects should not prevent statin
treatment.

When performing a sensitivity analysis excluding patients without
any statin during the 1st year (primary non-adherers) after AMI epi-
sode, the association between low adherence and mortality during
the 2nd year remained but was smaller (ARD = 0.023, NNH = 43.98,
RR = 1.40) compared with the primary analysis. The sensitivity ana-
lysis suggests that any use of statins is associated with decreased mor-
tality risk. However, the risk difference decreases as adherence
increases.

When constructing the PS model, we aimed to cover the five
dimensions of medication adherence according to the World Health
Organization, i.e. socioeconomic factors, condition-related factors,
patient-related factors, therapy-related factors, and healthcare sys-
tem factors.36 Among predictors of adherence, we found that female
sex and living alone were associated with low adherence to statins.
This is in line with the studies by both Rasmussen et al.8 and
Rodriguez et al.,5 who found female sex being associated with lower
adherence. Affordability of statin therapy should not affect adher-
ence, as most of the prescribed medications are reimbursed with an
annual Swedish co-payment ceiling of SEK 1800 (�EUR 180) by 2011
and the relatively low cost of statins. Despite this, we observed an in-
come gradient with increased odds of low adherence as income
decreases.

Adherence to statin treatment could be related to other behav-
iours and medical conditions (e.g. disease severity) that might con-
found the association between low statin adherence and mortality.37

However, other studies have investigated this question more thor-
oughly and concluded that the association is dependent on the
pharmacological effect.5,8,30 To control for confounding, we used
IPTW and stratified the analysis for previous use of statins in a sensi-
tivity analysis. However, since our study is observational, part of the
observed effect of statin adherence on mortality after AMI might be

.................................................. ..................................................

............................. .............................

....................................................................................................................................................................................................................

Table 1 Continued

Unadjusted IPTW adjusted

Adherence SMD Adherence SMD

Low High Low High

Beta blocking agents (C07) 60.3 48.9 0.23 53.9 51.3 0.05

Calcium channel blockers (C08) 38.2 32.3 0.12 36 33.7 0.05

Agents on the renin-angiotensin system (C09) 55.4 49.3 0.12 53.3 50.7 0.05

Psychotropics and analgesics (ATC code)

Psychoanaleptics (N06) 31.2 19.6 0.27 21.5 21.9 -0.01

Neuroleptics (N05) 55.3 34.4 0.43 38.7 38.5 0.01

Analgesics (N02) 69.4 52.8 0.35 55.7 56.0 -0.01

Mean values/proportions and standardized mean differences (SMD) between patients with low vs. high adherence to statin treatment in relation to the baseline variables used
to obtain the propensity score (PS) for low adherence to statin treatment. The results are presented unadjusted and adjusted by inverse probability of treatment weighting
(IPTW). Values are percentages if not otherwise indicated. SMD are expressed as standard deviation units.

Figure 1 Density distribution of the estimated propensity score
(PS) for low statin adherence during the 1st year after acute myo-
cardial infarction in patient with low (dashed line) and high (solid
line) adherence, after (top figure) and before (bottom figure) adjust-
ment for inverse probability of treatment weighting.

Low adherence to statin treatment and mortality 145
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.
due to the healthy-adherer effect.38 Furthermore, we cannot exclude
the existence of confounding by indication (i.e. patients with a higher
mortality risk may be more adherent just because they have a higher
risk). If this is true, our results may underestimate the protective
effects of statins.

A further limitation of this study is the lack of detailed clinical
information including data on AMI types, laboratory parameters, and
information on adverse effects of statin therapy that may act as con-
founders. Another limitation is that we rely on dispensation coverage
as a proxy for actual adherence. However, we do not think that this
issue affects our results to a fundamental extent.

While we excluded patients residing in Sweden <5 years because
of missing register information, we believe that our result is generaliz-
able to this patient group. Moreover, when excluding patients
younger than 45 years, we lose patients with familial hypercholester-
olaemia; however, this group has a different physiopathology and a
higher cardiac risk even when treated with lipid-lowering drugs.39,40

Our study found that low adherence to statin treatment the year
following an AMI episode is associated with increased later mortality
risk in the real-world setting. Our findings support the importance of
using and achieving a high adherence to statin treatment after suffer-
ing from an AMI.
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