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ABSTRACT
Objectives To examine associations between statin 
adherence and lipid target achievement in myocardial 
infarction (MI) survivors, and their associations with 
mortality and recurrent MIs.
Design Retrospective cohort study using linked 
clinical records within the National Health Service 
Greater Glasgow and Clyde (NHS GGC) Data Safe 
Haven.
Setting Routine clinical practice in the NHS GGC area 
between January 2009 and July 2017.
Participants Patients ≥18 years who experienced 
a non- fatal MI hospital admission (ICD10: I21, I22) 
between January 2009 and July 2014 (n=11 031), 
followed up from the date of MI admission until July 
2017 or death, whichever occurred first.
Primary and secondary outcome measures Statin 
adherence was estimated using encashed prescriptions 
and lipid results from routine biochemistry data. Primary 
lipid and statin adherence targets were LDL ≤1.8 
mmol/L and adherence ≥50%, and were related to all- 
cause death, deaths due to cardiovascular disease (CVD) 
(ICD10: I00–I99 as the underlying cause), and recurrent 
MI in unadjusted models and models adjusting for age, 
sex, socioeconomic deprivation and year of MI.
Results Over 4.5 years follow- up, 76% achieved 
LDL ≤1.8 mmol/L, and 84.5% had average 
adherence ≥50%. Patients with adherence <50% had 
an increased risk of not meeting LDL ≤1.8 mmol/L, 
in adjusted models (OR 2.03, 95% CI 1.78 to 2.31, 
p<0.0001). In univariable models, not meeting LDL ≤1.8 
mmol/L was associated with increased risks of all- cause 
mortality (HR 1.27, 95% CI 1.16 to 1.39, p<0.0001) and 
CVD mortality (HR 1.29, 95% CI 1.11 to 1.51, p=0.0013). 
Adherence <50% was associated with increased risks 
of all- cause mortality (HR 1.58, 95% CI 1.44 to 1.74, 
p<0.0001) and CVD mortality (HR 1.60, 95% CI 1.36 
to 1.88, p<0.0001). Adjustment for confounders did 
not abrogate these associations. Neither exposure was 
associated with recurrent MIs.
Conclusions Non- achievement of lipid and adherence 
targets are associated with increased risks of all- 
cause and CVD mortality. Further work is required to 
optimise their use to improve outcomes in clinical 
practice.

INTRODUCTION
Those with established cardiovascular disease 
(CVD) (ie, secondary prevention) are univer-
sally identified and targeted in risk manage-
ment strategies due to their markedly higher 
rates of further cardiovascular events and 
overall mortality.1 2 A cornerstone of these 
strategies is lipid- lowering medications, where 
statins are the first- line therapy.

Adherence to these medications and 
attaining lipid targets are key components 
of a patient review to address their cardiovas-
cular risk in Scotland and the rest of the UK.3 4 
Indeed, achievement of target lipid levels (set 
by clinical guidelines) has been associated 
with a reduced likelihood of further events 
and mortality.1 5 The association between 
adherence and the risk of cardiovascular 
events has also been shown in primary and 
secondary prevention in observational data, 
although adherence was measured using 
prescriptions issued rather than by drugs 
dispensed.6 7

Strengths and limitations of this study

 ► Data were derived from routine clinical practice 
records within a large health board in the West of 
Scotland, with average duration of follow- up of 4.5 
years.

 ► The use of encashed prescriptions in estimating ad-
herence may be stronger evidence of medicines use 
over issued prescriptions.

 ► In mortality analysis, time- window bias could have 
arisen as patients with events had reduced oppor-
tunities to achieve lipid targets or improve average 
statin adherence.

 ► Suitable baseline lipid results were substantially 
missing within secondary prevention populations 
(~70%), limiting the utility of percentage change 
targets in this analysis.
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There is evidence to suggest adherence is higher in 
secondary prevention than primary prevention,8 and 
analyses have found reasonable adherence in secondary 
prevention cohorts; between 68% and 75% had statin 
adherence ≥80% in the year following an event.9 10 
However, this was not translated into target lipid levels, 
where fewer than half of the patients achieved these in the 
same period.10 Despite this, many of the risk factors asso-
ciated with CVD have also been shown to be associated 
with adherence and achievement of target lipid levels. 
For example, men,11 12 and, in primary prevention, those 
with a diagnosis of diabetes and hypertension12 are more 
likely to be adherent. In secondary prevention, however, 
insulin use has been associated with non- adherence,13 
although in a separate secondary prevention cohort, 
those with a diabetes diagnosis were more likely to meet 
lipid targets.10 Therefore, there superficially appears to 
be differences between lipid- lowering medication adher-
ence and lipid target achievement. This leads to uncer-
tainties in clinical guidelines and in clinical practice as to 
whether adherence or lipid targets are more useful surro-
gates of risk reduction.14

This analysis, using routinely collected data available 
for a secondary prevention population representative of 
a UK health board region, therefore, seeks to compare 
and contrast statin adherence and lipid target achieve-
ment, and compare their associations with mortality and 
recurrent myocardial infarctions (MIs). This analysis 
also investigates which is more strongly associated with 
outcomes, and therefore relevant for clinical decision 
making.

METHODS
Data
The data used for this analysis were a subset of an extract 
of all individuals in National Health Service (NHS) 
Greater Glasgow and Clyde (GGC), a UK NHS region in 
the West of Scotland, who had a lipid profile result or 
a prescription for a statin, ezetimibe or PCSK9 inhib-
itor before 29 December 2017. Data extracted included 
demographics, laboratory results, dispensed prescrip-
tions, hospital admissions, death certificates and diabetes 
diagnoses.

To maximise completeness, patients were followed up 
between 1 January 2009 and 31 July 2017 (inclusive). 
We excluded patients who resided outside the region, 
as these individuals are likely to have travelled into the 
region for only some aspects of their care, and there-
fore, a complete representation of their health status 
was unlikely. Patients who were <18 years, died before 1 
January 2009, had multiple death certificates or received 
apparent posthumous lipid tests or prescriptions for lipid- 
lowering medications more than 6 months posthumously 
were also excluded. Figure 1 provides an overview of the 
cohort derivation.

Patient and public involvement
Neither patients nor the public were involved in the 
design, conduct, reporting or dissemination of this 
research.

Post MI population
MIs were identified in linked hospital admission records 
(International Classification of Diseases, Tenth Revi-
sion (ICD- 10): I21, I22 in any diagnosis field) to identify 
patients who experienced an MI between 1 January 2009 
and 31 July 2014. These patients were followed up from 
their first non- fatal MI admission until 31 July 2017 or 
death, whichever occurred first. Patients who only expe-
rienced fatal MIs (death occurred during admission or 
within 30 days of discharge), whose statin adherence 
was >200%, or were missing a socioeconomic depriva-
tion index were removed. Year- long time windows were 
constructed for each patient, starting from their baseline 
admission date.

Statin adherence
Statin prescription dispensing records were used to esti-
mate patients’ adherence. Dispensed dates were used as 
this was the first date that the patient could have posses-
sion of the medication.

Prescription end dates were calculated as the dispensed 
date plus the day- coverage dispensed, and quantities were 
adjusted to reflect dose availability where overlaps across 
time windows or death occurred. The Medication Posses-
sion Ratio (MPR)15 was calculated as (number of doses 
dispensed in time window/length of time window)*100 
for each full- year time window, and mean- averaged. 
Average adherence was considered continuously and 
dichotomously, using cut- offs at 50%16 and 80%.15 17 Given 
that alternate day dosing is often implemented instances 
of poor tolerance of medication,16 the 50% threshold was 
considered the primary exposure of interest.

Lipid targets
Lipid profiles were collected as part of routine clinical 
practice in NHS Biochemistry laboratories. A lipid profile 
result consisted of five components: total cholesterol, 
total cholesterol:high density lipoprotein cholesterol 
(HDL), HDL, low density lipoprotein cholesterol (LDL) 
and triglycerides. If a patient had multiple tests within a 
time window, the mean value of the tests was calculated. 
Non- HDL cholesterol was calculated as total cholesterol 
minus HDL.

The primary lipid exposure of interest was the 2016 
European Society of Cardiology (ESC) target for LDL 
cholesterol ≤1.8 mmol/L,18 and the 2014 National Insti-
tute for Health and Care Excellence target for a ≥40% 
reduction in non- HDL cholesterol3 was a secondary lipid 
exposure of interest. The latter, though not formally 
recommended as a target, is also referred to within 
current Scottish guidelines, where achievement is consid-
ered indicative of adequate adherence to statin therapy.4 
To assess the attainment of the non- HDL target, a pre- MI 
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statin- naïve baseline was required and was identified as 
the last lipid profile test a patient had before their base-
line admission that was more than 6 months (182 days) 
after the end date of any previous statin prescription. The 
need for a baseline result limited the coverage of this 
exposure to 30%.

Outcomes
Underlying cause and date of death were obtained from 
linked death certificates and hospital discharge notices, 
with CVD deaths defined as ICD10: I00–I99. Patients 
missing a cause of death were assumed to have a non- 
CVD underlying cause of death. All MI events from 
linked hospital admission records (Scottish Morbidity 

Record (SMR01)) and death certificates before the end 
of follow- up were included as a separate outcome (ICD- 
10: I21, I22).

Other covariates
Date of birth and sex was extracted from clinical records. 
For socioeconomic deprivation, the Scottish Index of 
Multiple Deprivation (SIMD) was obtained from the 
patients’ residential postcode at baseline. Due to the 
higher number of the most deprived zones in this region 
than in Scotland in general,19 NHS GGC- specific SIMD 
quintiles were derived to effectively assess the impact of 
deprivation within the post MI population of NHS GGC. 
The patient’s age at MI was calculated using their date 

Figure 1 Derivation of the postmyocardial infarction (MI) population. GGC, Greater Glasgow and Clyde; NHS, National Health 
Service; SIMD, Scottish Index of Multiple Deprivation.
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of birth and date of baseline MI. Prior MIs were defined 
as MI admissions occurring in the 10 years before their 
baseline. The date of diagnosis and the type of diabetes 
was obtained from routine electronic diabetes records. 
The date of diagnosis was taken as the patient’s first valid 
(ie, after the patient’s date of birth) date of entry in the 
diabetes register. Patients were considered to have had a 
diagnosis of diabetes at the time of their MI if this date was 
before their baseline MI admission. The type of diabetes 
was extracted, and if multiple types were listed during a 
patient’s history, the most common diagnosis was taken.

Statistical analysis
All analyses were performed using R V.3.5.0,20 and the 
‘forestplot’,21 ‘survival’22 and ‘survminer’23 packages. 
Continuous variables were summarised using mean and 
SD and categorical variables with the number of observa-
tions (N) and percentages. As a patient’s average adher-
ence was calculated using complete years of follow- up, 
only patients who survived ≥1 year were included in 
analyses including adherence. For analyses including 
lipid targets, patients were included if they reported ≥1 
test result during the follow- up and were classified as 
meeting a target if they achieved it at any stage during 
the follow- up.

Due to the potential for multiple recurrent MIs to 
occur in an individual, and the relatively short 1- year time 
windows modelled, logistic regression was used to model 
the associations between average adherence and the 

achievement of lipid targets, and the association between 
adherence and lipid targets, with recurrent MIs. For 
mortality, Cox regression was conducted, and the propor-
tional hazards assumption was checked by visual inspec-
tion of the partial Schoenfeld residuals. For all outcomes, 
unadjusted and adjusted (for age at MI, sex, deprivation 
quintile and year of MI) models were generated, using 
available case analysis for each exposure. Where adher-
ence was considered dichotomously, and for the lipid 
targets, achievement of the threshold or target was the 
reference. A sensitivity analysis for adherence was also 
conducted by including events that occurred in the first 
year of follow- up. For all analyses, a p<0.05 was consid-
ered statistically significant.

RESULTS
Baseline demographics
Of the 11 031 patients, 10 009 (90.7%) had an average 
adherence calculable, 3329 (30.2%) had ≥1 percentage 
change in non- HDL cholesterol result, and 9440 (85.6%) 
had ≥1 LDL cholesterol result. Over an average 4.5 
years follow- up, the mean- average statin adherence was 
79.6%, and 84.5% of patients achieved ≥50% average 
statin adherence and 68.9% had ≥80%. Three- quarters of 
patients had LDL ≤1.8 mmol/L and half achieved ≥40% 
reduction in non- HDL at least once during the follow- up.

Table 1 Demographics by average statin adherence (50% and 80%) and achievement of lipid targets

Target Average adherence ≥50% Average adherence ≥80% ≥40% reduction non- HDL* LDL ≤1.8 mmol/L

Met
8461 (84.5%)

Not met
1548 (15.5%)

Met
6894 (68.9%)

Not met
3115 (31.1%)

Met
1709 (51.3%)

Not met
1620 (48.7%)

Met
7171 (76.0%)

Not met
2269 (24.0%)

Gender

  Male 5337 (63.1%) 829 (53.6%) 4368 (63.4%) 1798 (57.7%) 1102 (64.5%) 911 (56.2%) 4566 (63.7%) 1342 (59.1%)

  Female 3124 (36.9%) 719 (46.4%) 2526 (36.6%) 1317 (42.3%) 607 (35.5%) 709 (43.8%) 2605 (36.3%) 927 (40.9%)

Age at MI (years)

  Mean (SD) 65.3 (13.2) 68.1 (15.9) 65.4 (13.0) 66.4 (15.2) 63.6 (12.6) 67.0 (13.5) 65.4 (13.2) 65.5 (13.9)

SIMD 2012 quintile (NHS GGC)

  1 (most) 2058 (24.3%) 347 (22.4%) 1652 (24.0%) 753 (24.2%) 398 (23.3%) 381 (23.5%) 1824 (25.4%) 412 (18.2%)

  2 1979 (23.4%) 318 (20.5%) 1625 (23.6%) 672 (21.6%) 389 (22.8%) 363 (22.4%) 1620 (22.6%) 551 (24.3%)

  3 1750 (20.7%) 338 (21.8%) 1389 (20.1%) 699 (22.4%) 349 (20.4%) 349 (21.5%) 1438 (20.1%) 535 (23.6%)

  4 1395 (16.5%) 289 (18.7%) 1153 (16.7%) 531 (17.0%) 284 (16.6%) 283 (17.5%) 1140 (15.9%) 454 (20.0%)

  5 (least) 1279 (15.1%) 256 (16.5%) 1075 (15.6%) 460 (14.8%) 289 (16.9%) 244 (15.1%) 1149 (16.0%) 317 (14.0%)

Diabetes at MI 1535 (18.1%) 258 (16.7%) 1249 (18.1%) 544 (17.5%) 285 (16.7%) 369 (22.8%) 1436 (20.0%) 312 (13.8%)

  Type 1 80 (0.9%) 26 (1.7%) 63 (0.9%) 43 (1.4%) 12 (0.7%) 29 (1.8%) 73 (1.0%) 32 (1.4%)

  Type 2 1455 (17.2%) 232 (15.0%) 1186 (17.2%) 501 (16.1%) 273 (16.0%) 340 (21.0%) 1363 (19.0%) 280 (12.3%)

Prior MI 529 (6.3%) 85 (5.5%) 425 (6.2%) 189 (6.1%) 34 (2.0%) 98 (6.0%) 471 (6.6%) 114 (5.0%)

  1 412 (4.9%) 68 (4.4%) 330 (4.8%) 150 (4.8%) 28 (1.6%) 79 (4.9%) 359 (5.0%) 94 (4.1%)

  >1 117 (1.4%) 17 (1.1%) 95 (1.4%) 39 (1.3%) 6 (0.4%) 19 (1.2%) 112 (1.6%) 20 (0.9%)

Numbers are N (%) unless otherwise specified. Percentages are calculated within columns, except for the header where percentages are calculated from total with 
information. For adherence, patients were only included if ≥1 complete year of follow- up was available. For lipid targets, patients were included if a necessary test 
result was available.
*Refers to the percentage reduction in non- HDL cholesterol from the pre- MI baseline.
MI, myocardial infarction; NHS GGC, National Health Service Greater Glasgow and Clyde; SIMD, Scottish Index of Multiple Deprivation.
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Table 1 shows demographics by lipid target achieve-
ment and average adherence. Males were more likely 
to be adherent and achieve lipid targets. Patients who 
achieved ≥40% reduction in non- HDL and patients who 
were adherent (at either threshold) were younger on 
average. Those residing in more deprived areas were more 
likely to have adherence ≥50%, but this was less evident 
for ≥80%, and those in the most and least deprived areas 
were more likely to meet the LDL target. Patients with a 
diagnosis of diabetes were more likely to achieve LDL ≤1.8 
mmol/L but were less likely to meet the non- HDL target. 
However, patients diagnosed with type 2 diabetes were 
more likely to be adherent, particularly ≥50%, while 
patients diagnosed with type 1 diabetes were less likely. 
Finally, patients with prior MIs were slightly more likely 
to achieve LDL ≤1.8 mmol/L and have adherence ≥50%, 
but the inverse was true for the non- HDL target.

Adherence and lipid targets
Adherence was associated with lipid target achievement 
(online supplemental tables S1 and S2). Those with 
adherence <50% had an increased risk of not meeting 
LDL ≤1.8 mmol/L in unadjusted (OR 1.99, 95% CI 1.75 
to 2.26, p<0.0001) and adjusted models (OR 2.03, 95% CI 
1.78 to 2.31, p<0.0001), and had an adjusted OR of not 
meeting the non- HDL target of 4.5 (95% CI 3.62 to 5.54, 
p<0.0001). Similar patterns were observed for adher-
ence <80%. A 10% decrease in adherence was associated 
with a 20% increase in odds of not meeting the non- 
HDL target, and a 10% increase in odds of not achieving 
LDL ≤1.8 mmol/L, with both increases unaltered 
following adjustment. In a sensitivity analysis including 
incomplete years of follow- up, ORs were slightly lower 
but retained statistical significance (online supplemental 
tables S3 and S4).

Associations with all-cause and cardiovascular mortality
All adherence and lipid target exposures were associated 
with all- cause and CVD mortality. For all- cause mortality 
in unadjusted models, non- achievement of LDL ≤1.8 
mmol/L and the non- HDL target was associated with 1.3 
times and 2.2 times greater risks, respectively (figure 2A, 
online supplemental table S5). Following adjustment, this 
risk remained similar for LDL ≤1.8 mmol/L but attenu-
ated to 1.8 times higher for the non- HDL target. The HRs 
were nearly identical for CVD mortality, although fewer 
events resulted in wider CIs (figure 2B, online supple-
mental table S5).

For average adherence, similar effect sizes were 
reported for both all- cause and CVD mortality (figure 2, 
online supplemental tables S6 and S7). In unadjusted 
analyses, adherence <50% was associated with a hazard 
of all- cause mortality 1.6 times, and adherence <80% with 
a hazard 1.5 times, that of those above each threshold. A 
10% decrease in adherence was associated with 7% and 
6% increases in the risk of all- cause and CVD mortality, 
respectively, which reduced to 3% in adjusted analyses. 
For the 50% and 80% thresholds, adjustment attenuated 

the HRs to 1.2 and 1.4, respectively. In a sensitivity analysis 
including incomplete years of follow- up in the average 
adherence calculation, the unadjusted HRs were slightly 
larger, increasing to two times higher risk for all- cause 
mortality, and 1.8 times higher for CVD mortality (online 
supplemental figure s1, tables S8 and S9). When adjusted, 
this attenuated to HRs of 1.5 for <50% and 1.7 for <80% 
adherence for all- cause mortality, and 1.4 and 1.5 for CVD 
mortality for <50% and <80% adherence, respectively.

Associations with recurrent MI
In both unadjusted and adjusted models, there were 
no associations between the achievement of LDL ≤1.8 
mmol/L, or statin adherence, and recurrent MIs during 
follow- up (figure 3, online supplemental tables S10 and 
S11). Nevertheless, there was an association with the 
non- HDL target; non- achievement was associated with 
21% higher odds of recurrent MI in unadjusted analyses. 
For all models, adjustment had minimal impact on the 
ORs. In a sensitivity analysis (online supplemental figure 
S2 and table S12), where average adherence included 
incomplete years, these associations remained consistent.

DISCUSSION
In this Scottish secondary prevention population, 76% 
achieved LDL ≤1.8 mmol/L, 51% achieved ≥40% reduc-
tion in non- HDL, and 85% and 69% had an average statin 
adherence ≥50% and ≥80%, respectively. Lower average 
statin adherence, and failure to achieve guideline- 
recommended lipid targets, were strongly associated 
with higher risks of all- cause and CVD mortality and 
were significantly associated with each other. In adjusted 
models, those with adherence <50% were 24% more likely 
to die, and those not achieving LDL ≤1.8 mmol/L were 
32% more likely to die, with similar patterns observed 
when cardiovascular causes were considered.

This study advances the literature by the simultaneous 
comparison of both adherence and lipid targets as surro-
gates of statin effectiveness, showing these measure-
ments have similar associations with outcomes. However, 
guidelines do not currently recommend the use of 
adherence data in estimating the clinical effectiveness 
of statins in patients. Our data support the notion that 
a patient’s statin adherence, estimated using MPR, may 
be a useful risk surrogate. Additionally, in this analysis, 
a 50% threshold appears to have approximately similar 
associations with outcomes as the, conventionally used, 
80% threshold. Given that alternate- day statin dosing is a 
common approach in routine clinical practice where daily 
statins are not tolerated,16 the 50% threshold, therefore, 
seems pragmatic in this instance. Furthermore, these data 
also suggest that where adherence data are readily avail-
able, annual lipid tests may not be necessary for CVD risk 
assessment in secondary prevention, potentially reducing 
costs and workload for health services. However, this 
hypothesis requires further research.
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Lowering LDL has consistently demonstrated signifi-
cant reductions in mortality within those with established 
disease.1 Consistent with this, we report associations 
of LDL and non- HDL targets with all- cause and CVD 
specific mortality outcomes. However, while the LDL ≤1.8 
mmol/L target used was the one that was recommended 
by the ESC at the time of data collection, this has since 

been revised in the latest version to ≤1.4 mmol/L in 
secondary prevention and ≤1.0 mmol/L after multiple 
cardiovascular events.24 This may limit the applicability 
of these results in future cohorts, although LDL ≤1.8 
mmol/L still remains a commonly used target in many 
other guidelines.14 Furthermore, the stronger associa-
tions with the non- HDL target than the associations with 

Figure 2 HRs of (A) all- cause and (B) CVD mortality by average statin adherence and achievement of plasma lipid targets. 
Ratios presented for unadjusted (solid line and square) and adjusted (dashed line and circle) analyses (adjusted for age, sex, 
year of MI and SIMD quintile). CVD death defined by ICD10 I00–I99 as the underlying cause. Average adherence calculated 
as the patient’s mean- average annual medication possession ratio of complete years of follow- up. Non- HDL target: ≥40% 
reduction from a pre- MI baseline, LDL target: ≤1.8 mmol/L. Patients classified as meeting a plasma lipid target if they achieved 
the target in any year of their follow- up, and not meeting a target otherwise. Cts, continuous; CVD, cardiovascular disease; MI, 
myocardial infarction; SIMD, Scottish Index of Multiple Deprivation.
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the LDL target are likely to have arisen due to the nature 
of the targets, for example, percentage change versus 
absolute value, rather than the lipid profile components 
themselves. For example, associations between absolute 
values of non- HDL and LDL with a composite endpoint 
of cardiovascular events are approximately equivalent.25 
Nevertheless, percentage change targets within secondary 
prevention could prove problematic, with many patients 
unlikely to suitable baselines for the calculation to be 
performed. This was evident here where percentage 
change could only be calculated for 30% of the cohort.

The consistent associations we report between adher-
ence and mortality are also broadly similar to findings 
observed in other cohorts.1 7 In high- risk patients in a UK 
primary care cohort, adherence <80% was associated with 
a 50% greater hazard of all cardiovascular events following 
adjustment for demographic factors and comorbidities.7 
Our data suggest that a 50% adherence threshold had a 
similar association in unadjusted models, although this 
was attenuated after adjustment. Furthermore, this was 
also lower than associations observed in a meta- analysis of 
12 studies (n=~1 m) who found that patients (in primary 
and secondary prevention) with poor adherence (<80%) 
had an 82% greater risk of all- cause mortality. However, 
although the definition for adherent was harmonised 
to the 80% threshold to facilitate the meta- analysis, the 
methods used for determining whether a patient was 

adherent differed between the included studies, and 
adjustment for confounders was not consistent.26

In this study, there was no association between average 
statin adherence nor the achievement of lipid targets with 
recurrent MIs. This second observation is consistent with 
other observational cohorts where post MI LDL demon-
strated poor predictive performance for recurrent athero-
sclerotic cardiovascular disease events.27 28 However, statin 
non- adherence has previously demonstrated a stronger, 
and intensity- dependent, association with further events 
in a cohort study in Finland between 2004 and 2016 
(n=28 625).28 One explanation for this could be that in 
our analysis, average statin adherence and lipid target 
achievement was determined from information collected 
before and after recurrent MIs, whereas Lassenius et al 
used only data for the intervening time.28 Furthermore, 
as many patients in our analysis experienced MIs early 
in follow- up, these exposures are more likely to reflect 
patient behaviour following multiple MIs, rather than 
the intervening time. For example, patients may initially 
increase their adherence or treatment intensity or only 
achieve lipid targets, after further MIs.10 28 However, one 
analysis found only 5% more patients achieved LDL ≤1.8 
mmol/L and 7% increased their treatment intensity after 
their second event.10

The associations between statin adherence and lipid 
target achievement also expand on associations with 

Figure 3 Odds of MIs during follow- up by average statin adherence and achievement of plasma lipid targets (from NICE and 
ESC recommendations). Ratios presented for unadjusted (solid line and square) and adjusted (dashed line and circle) analyses 
(adjusted for age, sex, year of MI and SIMD quintile). CVD death defined by ICD10 I00–I99 as the underlying cause. Models 
fitted using available case analysis. Average adherence calculated as the patient’s mean- average annual medication possession 
ratio of complete years of follow- up. Non- HDL target: ≥40% reduction from a pre- MI baseline, LDL target: ≤1.8 mmol/L. Patients 
classified as meeting a plasma lipid target if they achieved the target in any year of their follow- up, and not meeting a target 
otherwise. Cts, continuous; CVD, cardiovascular disease; ESC, European Society of Cardiology; MI, myocardial infarction; 
NICE, National Institute for Health and Care Excellence; SIMD, Scottish Index of Multiple Deprivation.
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mortality, with similar associations reported in other obser-
vational cohorts using electronic prescribing records. 
For example, in Georgia, USA (n=~1000), those with 
adherence <50%, as measured using proportion of days 
covered (PDC) from dispensing data, were at 88% greater 
risk of not achieving a 30% reduction in LDL.11 Similarly, 
in Greece, another study of patients with established CVD 
found that those with adherence <80%, as measured with 
PDC and following adjustment, were 91% more likely to 
achieve an LDL ≤1.8 mmol/L after 1 year than those with 
poor adherence. However, despite this, not all patients 
who were considered to have good adherence achieved 
the targeted LDL value from the guidelines.29 This was 
also observed in an analysis of UK primary care data 
using prescribing data, following a cardiovascular event, 
approximately 70% of patients achieved ≥80% statin 
adherence (as measured by PDC) in the first year, despite 
a higher percentage failing to have LDL ≤1.8 mmol/L.10 
Therefore, while adherence appears to be associated 
with cholesterol levels, it is not the only contributing 
factor. Likewise, this pattern is observed in this cohort, 
which calculated MPR, a similar and widely used method, 
on dispensing data. Nevertheless, a temporal relation-
ship between statin adherence and lipid target achieve-
ment cannot be established in these analyses. Both were 
captured simultaneously during follow- up and, therefore, 
while an association between the two can be observed, it 
is difficult to discern, at the population level, its direction.

Strengths and limitations
This is a contemporary, large dataset from a real- world 
population. The generalisability of these findings, partic-
ularly to the UK population, is therefore good. In this 
analysis, we confirm and expand on previous research 
by illustrating that lipid levels and statin adherence are 
important predictors of death and increase the dura-
tion of follow- up beyond the initial few years following 
statin initiation. This facilitated the estimation of longer- 
term average statin adherence and more time for target 
lipid levels to be achieved. Furthermore, the adherence 
measure used is arguably stronger evidence of medica-
tion use due to prescriptions being encashed,30 rather 
than prescribed. However, as with all indirect measures of 
adherence, possession of the medication is not sufficient 
to ensure patient compliance, and consequently patient 
adherence may have been overestimated.

In models using average adherence, only those who 
survived ≥1 year of follow- up were included, reducing the 
potential for reverse causality. Indeed, in sensitivity anal-
yses, effect sizes were larger for mortality and smaller for 
lipid target achievement where incomplete time windows 
were included. However, in all mortality models, time- 
window bias could have arisen due to differing lengths of 
follow- up.31 Specifically, patients who died had reduced 
opportunities to achieve lipid targets and change their 
adherence behaviour. The construction of the cohort 
also meant that patients were assumed to be alive in the 
absence of a death record, and by allowing for at least 3 

years of follow- up to be available (except in the instances 
of death), this could have resulted in a higher propor-
tion of patients who had moved out of the region. Such 
patients may be more likely to have higher degrees of 
frailty or severity of illnesses, and this could have resulted 
in biases in both the frequency of patient outcomes and 
their behaviour.

Finally, adjustment for age, sex, deprivation and year 
of MI, did not substantially alter the effect sizes or their 
significance. However, this adjustment was not compre-
hensive, and was limited by the variables contained within 
the data extract. Indeed, many comorbidities and life-
style factors which might influence both the exposures 
and the outcomes in these analyses were not routinely 
captured. Therefore, other confounders are likely to 
remain, although the primary aim of this study was to 
contrast the associations of lipid targets and adherence 
with outcomes, rather than make causal inferences. For 
example, adherence in secondary prevention is higher in 
those with a greater number of comorbidities,10 11 which 
may also increase the risk of further events. In this cohort, 
those experiencing further events were more likely to 
have a diagnosis of diabetes or had a prior MI; both of 
which have been associated with higher adherence.10 12 
Consequently, given the observational nature of these 
data, no causal conclusions are drawn.

CONCLUSIONS
A significant proportion of the post MI population 
achieves lipid targets and high average statin adher-
ence, and both have similar strengths of association 
with reduced mortality. These associations, and those 
observed between lipid target achievement and adher-
ence, are consistent with the evidence base for statins. We 
also broadly validate the existing Scottish SIGN non- HDL 
guidance as clinically relevant, however, low coverage for 
percentage change variables in secondary prevention 
limits its practical use in these settings.

Contributors JLo and PW conceived and designed the study, and acquired the 
data. RB conducted statistical analyses and drafted the manuscript. PW checked 
and validated statistical analyses. JLe and SW contributed to the analytical design 
and interpretation of the data. JLe, SW, JLo and PW critically revised the manuscript 
for important intellectual content. RB, JLe, SW, JLo and PW all gave final approval 
for publication. PW is guarantor and agrees to be accountable for all aspects of 
work ensuring integrity and accuracy.

Funding RB is funded as part of the Medical Research Council Doctoral Training 
Programme in Precision Medicine (MR/N013166/1).

Disclaimer The Medical Research Council has had no role in any aspect of this 
work.

Competing interests RB, JLe, SW and JLo declare no conflict. PW has received 
grant support from Roche Diagnostics, AstraZeneca, Novartis and Boehringer 
Ingelheim.

Patient consent for publication Not applicable.

Ethics approval This study used fully anonymised health record data accessed 
via a trusted research environment and was therefore exempt from ethical review. 
Permission was given by NHS GGC Safe Haven local Privacy Advisory Committee 
(membership includes the ethics committee chair) (project GSH/17/CA/012 PMCVD).

Provenance and peer review Not commissioned; externally peer reviewed.

copyright.
 on O

ctober 27, 2021 at U
niversity of G

lasgow
. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054893 on 27 S

eptem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


9Brown R, et al. BMJ Open 2021;11:e054893. doi:10.1136/bmjopen-2021-054893

Open access

Data availability statement Data may be obtained from a third party and are not 
publicly available.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iDs
Rosemary Brown http:// orcid. org/ 0000- 0002- 1719- 2761
Jim Lewsey http:// orcid. org/ 0000- 0002- 3811- 8165
Jennifer Logue http:// orcid. org/ 0000- 0001- 9549- 2738

REFERENCES
 1 Cholesterol Treatment Trialists’ (CTT) Collaboration, Baigent C, 

Blackwell L, et al. Efficacy and safety of more intensive lowering of 
LDL cholesterol: a meta- analysis of data from 170,000 participants in 
26 randomised trials. Lancet 2010;376:1670–81.

 2 World Health Organization. Cardiovascular diseases (CVDs): fact 
sheet, 2017. Available: https://www. who. int/ en/ news- room/ fact- 
sheets/ detail/ cardiovascular- diseases-( cvds) [Accessed 3 Oct 2019].

 3 NICE. Cardiovascular disease: risk assessment and reduction, 
including lipid modification (CG181) 2014.

 4 SIGN. SIGN 149: risk estimation and the prevention of cardiovascular 
disease, 2017. Available: http://www. sign. ac. uk/ assets/ sign149. pdf

 5 Mihaylova B, Emberson J, et al, Cholesterol Treatment Trialists' (CTT) 
Collaborators. The effects of lowering LDL cholesterol with statin 
therapy in people at low risk of vascular disease: meta- analysis of 
individual data from 27 randomised trials. Lancet 2012;380:581–90.

 6 Herrett E, Gallagher AM, Bhaskaran K, et al. Data resource 
profile: clinical practice research Datalink (CPRD). Int J Epidemiol 
2015;44:827–36.

 7 Khunti K, Danese MD, Kutikova L, et al. Association of a combined 
measure of adherence and treatment intensity with cardiovascular 
outcomes in patients with atherosclerosis or other cardiovascular 
risk factors treated with statins and/or ezetimibe. JAMA Netw Open 
2018;1:e185554.

 8 Naderi SH, Bestwick JP, Wald DS. Adherence to drugs that prevent 
cardiovascular disease: meta- analysis on 376,162 patients. Am J 
Med 2012;125:882–7.

 9 Nordstrom BL, Collins JM, Donaldson R. Treatment patterns and lipid 
levels among patients with high- risk atherosclerotic CVD in the UK. 
Br J Cardiol 2015;22:147–54.

 10 Danese MD, Gleeson M, Kutikova L, et al. Management of lipid- 
lowering therapy in patients with cardiovascular events in the UK: a 
retrospective cohort study. BMJ Open 2017;7:e013851.

 11 Vupputuri S, Joski PJ, Kilpatrick R, et al. LDL cholesterol response 
and statin adherence among high- risk patients initiating treatment. 
Am J Manag Care 2016;22:e106–15.

 12 Hope HF, Binkley GM, Fenton S, et al. Systematic review of 
the predictors of statin adherence for the primary prevention of 
cardiovascular disease. PLoS One 2019;14:e0201196.

 13 Chen S- T, Huang S- T, Shau W- Y, et al. Long- Term statin adherence 
in patients after hospital discharge for new onset of atherosclerotic 
cardiovascular disease: a population- based study of real world 
prescriptions in Taiwan. BMC Cardiovasc Disord 2019;19:62.

 14 Brown RE, Welsh P, Logue J. Systematic review of clinical guidelines 
for lipid lowering in the secondary prevention of cardiovascular 
disease events. Open Heart 2020;7:e001396.

 15 Raebel MA, Schmittdiel J, Karter AJ, et al. Standardizing 
terminology and definitions of medication adherence and 
persistence in research employing electronic databases. Med Care 
2013;51:S11–21.

 16 Jordanov MS, Statins AAHYassine H, ed. Lipid management: from 
basics to clinic. Springer International Publishing, 2015: 123–47.

 17 Karve S, Cleves MA, Helm M, et al. Good and poor adherence: 
optimal cut- point for adherence measures using administrative 
claims data. Curr Med Res Opin 2009;25:2303–10.

 18 Piepoli MF, Hoes AW, Agewall S. European guidelines on 
cardiovascular disease prevention in clinical practice. Eur Heart J 
2016;2016:2315–81.

 19 NHS Greater Glasgow and Clyde. NHS GGC director of public health 
report 2015- 2017; chapter 5, 2015. Available: https://www. nhsggc. 
org. uk/ media/ 234515/ nhsggc_ ph_ dphreport2015_ health_ related_ 
behaviours. pdf

 20 R Core Team. R: a language and environment for statistical 
computing, 2018. Available: http://www. r- project. org/

 21 Gordon M, Lumley T. forestplot: Advanced Forest Plot Using ‘grid’ 
Graphics in R, 2020. Available: https:// cran. r- project. org/ web/ 
packages/ forestplot/ index. html [Accessed 15 Jan 2021].

 22 Therneau TM. A package for survival analysis in R, 2020. Available: 
https:// cran. r- project. org/ package= survival

 23 Kassambara A, Kosinski M, Biecek P. Drawing Survival Curves 
using ‘ggplot2’, 2020. Available: https:// cran. r- project. org/ package= 
survminer

 24 Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines 
for the management of dyslipidaemias: lipid modification to reduce 
cardiovascular risk. Eur Heart J 2020;41:111–88.

 25 Welsh C, Celis- Morales CA, Brown R, et al. Comparison of 
conventional lipoprotein tests and apolipoproteins in the prediction of 
cardiovascular disease. Circulation 2019;140:542–52.

 26 Chowdhury R, Khan H, Heydon E, et al. Adherence to cardiovascular 
therapy: a meta- analysis of prevalence and clinical consequences. 
Eur Heart J 2013;34:2940–8.

 27 Ohm J, Hjemdahl P, Skoglund PH, et al. Lipid levels achieved 
after a first myocardial infarction and the prediction of recurrent 
atherosclerotic cardiovascular disease. Int J Cardiol 2019;296:1–7.

 28 Lassenius MI, Toppila I, Bergius S, et al. Cardiovascular event 
rates increase after each recurrence and associate with poor statin 
adherence. Eur J Prev Cardiol 2020:884–92.

 29 Zafeiropoulos S, Farmakis I, Kartas A, et al. Reinforcing adherence to 
lipid- lowering therapy after an acute coronary syndrome: a pragmatic 
randomized controlled trial. Atherosclerosis 2021;323:37–43.

 30 Information Services Division. Prescribing Information System Fields 
Document. Prescr. Inf. Syst. Fields (1993 - Present, 2010. Available: 
https://www. isdscotland. org/ Health- Topics/ Prescribing- and- 
Medicines/ Prescribing- Datamarts/ docs/ PIS_ fields_ for_ researchers_ 
v5_ eDRIS  Guidance. pdf [Accessed 3 May 2018].

 31 Di Martino M, Kirchmayer U, Agabiti N, et al. The impact of time- 
window bias on the assessment of the long- term effect of medication 
adherence: the case of secondary prevention after myocardial 
infarction. BMJ Open 2015;5:e007866.

copyright.
 on O

ctober 27, 2021 at U
niversity of G

lasgow
. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054893 on 27 S

eptem
ber 2021. D

ow
nloaded from

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-1719-2761
http://orcid.org/0000-0002-3811-8165
http://orcid.org/0000-0001-9549-2738
http://dx.doi.org/10.1016/S0140-6736(10)61350-5
https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
http://www.sign.ac.uk/assets/sign149.pdf
http://dx.doi.org/10.1016/S0140-6736(12)60367-5
http://dx.doi.org/10.1093/ije/dyv098
http://dx.doi.org/10.1001/jamanetworkopen.2018.5554
http://dx.doi.org/10.1016/j.amjmed.2011.12.013
http://dx.doi.org/10.1016/j.amjmed.2011.12.013
http://dx.doi.org/10.5837/bjc.2015.034
http://dx.doi.org/10.1136/bmjopen-2016-013851
http://www.ncbi.nlm.nih.gov/pubmed/26978237
http://dx.doi.org/10.1371/journal.pone.0201196
http://dx.doi.org/10.1186/s12872-019-1032-4
http://dx.doi.org/10.1136/openhrt-2020-001396
http://dx.doi.org/10.1097/MLR.0b013e31829b1d2a
http://dx.doi.org/10.1185/03007990903126833
https://www.nhsggc.org.uk/media/234515/nhsggc_ph_dphreport2015_health_related_behaviours.pdf
https://www.nhsggc.org.uk/media/234515/nhsggc_ph_dphreport2015_health_related_behaviours.pdf
https://www.nhsggc.org.uk/media/234515/nhsggc_ph_dphreport2015_health_related_behaviours.pdf
http://www.r-project.org/
https://cran.r-project.org/web/packages/forestplot/index.html
https://cran.r-project.org/web/packages/forestplot/index.html
https://cran.r-project.org/package=survival
https://cran.r-project.org/package=survminer
https://cran.r-project.org/package=survminer
http://dx.doi.org/10.1093/eurheartj/ehz455
http://dx.doi.org/10.1161/CIRCULATIONAHA.119.041149
http://dx.doi.org/10.1093/eurheartj/eht295
http://dx.doi.org/10.1016/j.ijcard.2019.07.001
http://dx.doi.org/10.1177/2047487320904334
http://dx.doi.org/10.1016/j.atherosclerosis.2021.03.013
https://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Prescribing-Datamarts/docs/PIS_fields_for_researchers_v5_eDRIS%20Guidance.pdf
https://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Prescribing-Datamarts/docs/PIS_fields_for_researchers_v5_eDRIS%20Guidance.pdf
https://www.isdscotland.org/Health-Topics/Prescribing-and-Medicines/Prescribing-Datamarts/docs/PIS_fields_for_researchers_v5_eDRIS%20Guidance.pdf
http://dx.doi.org/10.1136/bmjopen-2015-007866
http://bmjopen.bmj.com/

	Associations of statin adherence and lipid targets with adverse outcomes in myocardial infarction survivors: a retrospective cohort study
	Abstract
	Introduction
	Methods
	Data
	Patient and public involvement
	Post MI population
	Statin adherence
	Lipid targets
	Outcomes
	Other covariates
	Statistical analysis

	Results
	Baseline demographics
	Adherence and lipid targets
	Associations with all-cause and cardiovascular mortality
	Associations with recurrent MI

	Discussion
	Strengths and limitations

	Conclusions
	References


