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Key messages

What is already known about this subject?
►► Despite the solid clinical evidence and strong 
recommendations for the long-term use of 
statins in secondary prevention of ASCVD, 
adherence and persistence are still issues that 
impact the treatment effect in real-world clinical 
practice.

What does this study add?
►► As most of the studies for statin adherence 
were done in western countries, this study add 
information on Asian population.

How might this impact on clinical practice?
►► Good adherence and persistence to statin 
therapy are significantly associated with lower 
risk of secondary ASCVD rehospitalisation and 
in-hospital death; optimising patient adherence 
and persistence behavior will improve treatment 
outcomes.

Abstract
Background  Evidence and treatment guidelines 
support the use of statins in patients with established 
atherosclerotic cardiovascular disease (ASCVD) for 
secondary prevention of subsequent cardiovascular (CV) 
event. However, treatment adherence and persistence are 
still a concern.
Methods  We constructed a retrospective population-
based cohort of patients, who initiated statin treatment 
within 90 days after discharge from hospital for ASCVD 
using the claims database of Taiwan National Health 
Insurance. Proportion of days covered (PDC) was used to 
measure statin adherence, and PDC ≥80% was defined 
as good adherence. The study outcomes were subsequent 
rehospitalisation or in-hospital death due to composite 
ASCVD, myocardial infarction or ischaemic stroke. 
Their associations with statin prescription adherence or 
persistence were analysed using time-dependent Cox 
proportional hazards model.
Results  The study cohort included 185 252 
postdischarge statin initiators. There were 50 015 
subsequent ASCVD rehospitalisations including 2858 
in-hospital death during 7 years of study period. Good 
adherence was significantly associated with lower risk 
of ASCVD rehospitalisation (adjusted HR (aHR) 0.90; 
95% CI 0.87 to 0.92) and significantly lower risk of 
in-hospital death (aHR 0.59; 95% CI 0.53 to 0.65). 
Compared with constant use of statin, patients in the 
three less persistent states (recent stop, non-persistence 
and intermittent use) were associated with higher risk of 
subsequent ASCVD rehospitalisation, aHRs were 1.16, 
1.13 and 1.26, respectively (all p<0.05). The increased 
risks were consistent with specific outcome of acute 
myocardial infarction and ischaemic stroke. Also, patients 
in the recent stop period had significantly higher risk for 
fatal CV event.
Conclusions  Good adherence and persistence to statin 
therapy are significantly associated with lower risk of 
secondary ASCVD rehospitalisation and in-hospital death.

Introduction
Atherosclerotic cardiovascular disease (ASCVD) 
comprises several disorders that are of atheroscle-
rotic origin,1 which leads to significant health and 
economic burdens.2 Among modifiable risk factors, 
hyperlipidaemia is one of the foremost risk factors 
for ASCVD.3 4 Landmark randomised controlled 
clinical trials (RCT) have established that patients 
on high-intensity statins have a lower incidence of 
secondary ASCVD.5–7 A systematic review of RCTs 
further confirmed the efficacy of statin therapy 
in preventing ASCVD.8 In recent years, several 
international lipid treatment guidelines9 10 have 

consistently recommended intensive statin therapy 
for patients with ASCVD to prevent subsequent 
cardiovascular (CV) events.

Despite the solid clinical evidence and strong 
recommendations for the long-term use of statins 
in secondary prevention of ASCVD, adherence and 
persistence are still issues that impact the treatment 
effect in real-world clinical practice. Poor adherence 
or non-persistence to statins increases the risk for 
CV events and mortality in patients with ASCVD 
history.11 12 A systematic review of 28 real-world 
studies published in 2014 showed that non-adher-
ence and non-persistence to statin treatment signifi-
cantly increased the relative risk of secondary CV 
events and mortality ranging from 1.22 to 5.26.13 
However, most of the studies reviewed were 
conducted in western countries. The information 
of statin treatment adherence and persistence in 
patients with ASCVD for secondary prevention of 
CV disease is limited in Asian population. Thus, the 
aim of this study was to assess the effect of statin 
treatment adherence and persistence on the preven-
tion of subsequent CV events in patients discharged 
from hospital for a new-onset ASCVD in a real-
world setting in Taiwan.

Methods
Study design
We constructed a retrospective population-based 
cohort using the claims database of National Health 
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Figure 1  Study design schematic. ASCVD, atherosclerotic cardiovascular disease; PDC, proportion of days covered.

Insurance (NHI) in Taiwan.14 Figure 1 shows the study design 
schematic and definitions of statin adherence and persistence 
measurements.

Data source and study cohort
The Taiwan NHI programme was implemented on 1 March 
1995. This is a compulsory universal programme. In 2014, over 
99% of all the 23 million population in Taiwan were enrolled. 
The programme provides coverage including ambulatory care, 
emergency visits, hospitalisation, surgical procedures, labora-
tory tests, diagnostic examinations, dental services, traditional 
Chinese medicines and prescription medicines. The reimburse-
ment claims data are captured through an electronic system and 
updated on a daily basis. This database provides a great resource 
for population-based research and has been widely used for 
various clinical and epidemiological studies.

The date of the first statin prescription within 90 days of 
patients discharged from hospital for new-onset ASCVD was 
defined as the index date. We identified cases with index dates 
between 1 January 2006 and 31 December 2012 from the 
NHI claims database. All data in the 1-year period prior to 
the ASCVD hospitalisation were examined to confirm it was a 
new-onset episode. ASCVD events were identified by hospital 
discharge diagnosis and in-hospital revascularisation procedure 
performed. The discharge diagnosis was coded based on Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM). We included acute myocardial infarction 
(AMI) (ICD-9-CM code ​410.​xx), coronary heart disease (CHD) 
(ICD-9-CM code 414.01) and ischaemic stroke (ICD-9-CM 
codes ​433.​xx and ​434.​xx). From among the NHI procedure 
codes, we included percutaneous transluminal coronary angio-
plasty (PTCA) and coronary artery bypass graft (CABG). The 
validity of the records in NHI claims by using these diagnosis 
and procedure codes has been studied and published, the results 
of which have shown high positive predictive values (PPV): 
0.96–1.00 for ischaemic stroke, 0.88 for AMI, 0.83 for CHD, 
0.92 for CABG and 0.98 for PTCA. More details were described 
in the Outcome Variables section.15 16

To comply with personal confidentiality regulations, patient 
identity data were encrypted and analysed anonymously. All 
results were reported in aggregated manner and no individual 
data shall be revealed.

Baseline and covariate variables
Patients’ data 1 year prior to and during the hospitalisation were 
used as baseline variables for multivariate analysis. The baseline 
variables included age at admission, gender, discharge diagnosis, 
history of hyperlipidaemia before hospitalisation, Charlson 
Comorbidity Index, medication history, lipid testing before and 
during hospitalisation, accreditation level of healthcare organi-
sation, index statin prescribing physicians’ specialty and dosage 
of statin. In addition to the baseline variables, a time-varying 
covariate of whether lipid examination ever performed 1 month 
before statin prescription change was also included as an indi-
cator to adjust for potential healthy adherer effect.17

Treatment adherence and persistence variables
We calculated separate measurements for statin adherence and 
persistence. All statin prescription records were retrieved from 
the index date, when the first statin was prescribed within 
90 days of hospital discharge to one of the following: (1) the 
last record available of each patient, (2) subsequent ASCVD 
event that led to hospitalisation, or (3) end of database (on 31 
December 2012), whichever occurred the earliest. The changing 
on adherence and persistence to statin therapy were captured 
along follow-up. We measured statin adherence using propor-
tion of days covered (PDC)18 every 180 days. PDC was the 
number of days covered by statin prescription divided by the 
number of calendar days in each 180-day period (or number of 
days in the last period), which was a proportion ranged from 0 
to 1. A period with PDC ≥0.8 was defined as good adherence, 
while PDC <0.8 as suboptimal adherence. The level at 0.8 or 
greater was selected as it was found to be the most consistently 
associated with clinical benefits in a previous review.19 Adher-
ence was analysed as a binary variable and allowed for variation 
across multiple exclusive periods along follow-up of one patient.

Statin persistence was classified into four states based on 
the daily status of a patient with or without statin prescription 
covered along follow-up.20 All patients included in the cohort 
commenced as ‘constant use’ as statin initiated. A patient entered 
the ‘non-persistence’ state on the day when the patient failed to 
refill statin prescription that reached the 90th day after the end 
of the latest prescription. Within the 90-day window without 
statin prescription covered, the period was defined as ‘recent 
stop’. If a statin prescription was refilled before the 90-day gap 
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Figure 2  Selection diagram of study cohort. ASCVD, atherosclerotic cardiovascular disease.

was reached, the patient returned to ‘constant use’ from ‘recent 
stop’. During the ‘non-persistence’ state, if statin prescription 
resumed, the patient was moved into ‘intermittent use’ state 
and stayed for the rest of the follow-up. Figure 1 illustrates the 
diagram of persistence and adherence measurements.

Outcome variables
We ascertained two groups of outcomes, including subsequent 
rehospitalisation and in-hospital death due to CV events. 
For each group, three types of diagnosis were identified: (1) 
ASCVD composite event, (2) AMI diagnosis, and (3) ischaemic 
stroke diagnosis. The composite ASCVD event included one 
of the following: AMI (ICD-9-CM code ​410.​xx); ischaemic 
stroke (ICD-9-CM codes ​433.​xx and ​434.​xx); or stable CHD 
(ICD-9-CM code 414.01) with revascularisation (PTCA or 
CABG NHI procedure code) but without AMI diagnosis. 
According to the published validation studies of this coding, the 
PPV for ischaemic stroke was from 0.96 to 1.00, for AMI 0.88, 
for revascularisation procedure of CABG 0.92 and for PTCA 
0.98.15 16 The in-hospital death with AMI or stroke was vali-
dated as well with PPV of 0.79.21

Statistical analysis
We used Cox proportional hazards model to analyse the asso-
ciation of statin prescription adherence and persistence on the 
study outcomes in respective model. Patients’ data started at the 
index postdischarge statin prescription. Statin treatment adher-
ence and persistence states were analysed as a time-dependent 
variable. We included baseline variables as time-fixed covariates 
and lipid test within 1 month prior to a statin prescription change 
as time-varying covariate to adjust for potential confounding on 
effect estimates. We presented adjusted HR (aHR) with associ-
ated 95% CI for each outcome. Two-sided p value <0.05 was 
considered statistically significant. We used Statistical Analysis 
System V.9.3 (SAS Institute) to carry out the analysis.

Results
Figure 2 shows the patient selection flow for the study cohort. 
Within 90 days of hospital discharge for a new ASCVD, there 
were 185 252 cases initiated statin treatment, and were followed 
for a total of 412 752 patient-years, with a mean of 2.2 years, 
ranging from 1 to 7 years. Suboptimal adherence (PDC <0.8) 

accounted for 47% of the total follow-up duration. Distribution 
of follow-up duration by persistence states was: 50% in constant 
use, 13% in recent stop, 26% in non-persistence and 11% in 
intermittent use (table 2).

Baseline characteristics of patients and healthcare organisa-
tions were shown in table  1 and online supplementary file 1. 
At index statin prescription, patients’ mean age was 65.4 years, 
and 66% were male. During the 1 year prior to index hospi-
talisation, 44% had hyperlipidaemia, 65% had received lipid 
testing and 47% had ever prescribed statins. The most frequent 
comorbidity was hypertension (68%), followed by ischaemic 
heart disease (47%) and diabetes (41%). The mean Charlson 
comorbidity score was 1.79. The top three concomitant medi-
cations were antiplatelet drugs (65%), calcium channel blockers 
(57%) and β blockers (50%). The most common ASCVD diag-
nosis at hospital discharge was ischaemic stroke (40%), followed 
by CHD with revascularisation (37%), and AMI with or without 
revascularisation (18% and 5%, respectively). During hospital-
isation, 82% of the patients had received statin treatment and 
88% underwent lipid testing. After discharge, most of the statins 
were initially prescribed in medical centres (51%), followed by 
regional hospitals (31%) and district hospitals (9%). Most statins 
were prescribed by CV specialists (52% CV medicine plus 4% 
CV surgery), followed by neurologists (29%) (table 1).

In terms of outcome, a total of 50 015 subsequent ASCVD 
rehospitalisations were found: among them 7986 were AMI 
and 15 179 were ischaemic stroke. In-hospital death occurred in 
2858 events, out of which 1273 and 1072 fatal events were due 
to AMI and ischaemic stroke, respectively (table  2). Table  3A 
summarises the results of association between statin adherence 
and risk of subsequent ASCVD. Good adherence to treatment 
(PDC ≥0.8) was associated with statistically significant lower 
risk of subsequent hospitalisation. The aHRs (95% CI) were 
0.90 (0.87 to 0.92) for composite ASCVD outcome, 0.86 (0.81 
to 0.92) for AMI and 0.82 (0.78 to 0.86) for ischaemic stroke. 
Good adherence also associated with significantly lower risk of 
in-hospital death. The aHRs (95% CI) were 0.59 (0.53 to 0.65) 
for fatal ASCVD, 0.57 (0.49 to 0.66) for in-hospital death with 
AMI and 0.61 (0.52 to 0.73) for ischaemic stroke.

Table  3B summarises the results of statin persistence on 
subsequent ASCVD outcomes. Compared with constant use of 
statins, the other three lower persistence states (recent stop, 
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Table 1  Patient and treatment characteristics at baseline and 
initiation of statin treatment

Variable n* Proportion (%)

Total 185 252 100

Age (mean±SD), years 65.4±12

Male 122 881 66

1 year prior to the ASCVD onset

 � Prior use of statins 87 191 47

 � Prior lipid examination 119 874 65

Comorbidity

 � Charlson Comorbidity Index score 
(mean±SD)

1.79±1.8

 � Hyperlipidaemia 81 655 44

 � Hypertension 126 530 68

 � Ischaemic heart disease 87 031 47

 � Diabetes 76 390 41

 � COPD 18 112 10

Prior use of other medications

 � Antiplatelet 119 947 65

 � CCB 104 848 57

 � β blockers 92 994 50

 � ARB 72 550 39

 � OAD 68 073 37

Baseline ASCVD hospitalisation

 � Type of ASCVD diagnosis

  �  Ischaemic stroke 74 753 40

  �  Stable CHD receiving 
revascularisation

67 779 37

  �  AMI with PTCA/CABG 33 021 18

  �  AMI without PTCA/CABG 9699 5

  �  In-hospital statin use 151 020 82

  �  In-hospital lipid examination 163 329 88

Index date statin prescription

 � Healthcare institute accreditation level

  �  Medical centre 95 326 51

  �  Regional hospital 58 111 31

  �  District hospital 17 129 9

  �  Other hospital 10 440 6

  �  Clinic 4246 2

 � Physician specialty

  �  Cardiovascular medicine 96 018 52

  �  Cardiovascular surgery 7540 4

  �  Neurology 53 050 29

  �  Metabolism and endocrinology 7899 4

  �  Internal medicine 13 798 7

  �  Family medicine 2971 2

  �  Others 3976 2

*Except for the variables ‘age’ and ‘Charlson Comorbidity Index score’.
AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; ASCVD, 
atherosclerotic cardiovascular disease; CABG, coronary artery bypass graft; CCB, calcium 
channel blocker; CHD, coronary heart disease; COPD, chronic obstructive pulmonary 
disorder; OAD, oral antidiabetic drug; PTCA, percutaneous transluminal coronary 
angioplasty.

Table 2  Study follow-up and outcomes

Follow-up Patient-years

Total 412 752 100%

By treatment persistence state

 � Constant use period 208 225 50%

 � Recent stop period 54 051 13%

 � Non-persistence period 106 961 26%

 � Intermittent use period 43 516 11%

By prescription adherence

 � PDC ≥0.8 (good adherence) 218 412 53%

 � PDC <0.8 (suboptimal adherence) 194 340 47%

Outcomes Events (n)

Rehospitalisation

 � All ASCVD hospitalisation 50 015

 � AMI hospitalisation 7986

 � Ischaemic stroke hospitalisation 15 179

In-hospital death

 � Any ASCVD in-hospital death 2858

 � AMI in-hospital death 1273

 � Ischaemic stroke in-hospital death 1072

AMI, acute myocardial infarction; ASCVD, atherosclerotic cardiovascular disease; PDC, 
proportion of days covered.

non-persistence and intermittent use) were all associated with 
significantly higher risk of subsequent ASCVD rehospitalisa-
tion. The aHR for ASCVD composite outcome ranged from 
1.13 to 1.26; for AMI from 1.21 to 1.60; and for ischaemic 
stroke from 1.26 to 1.47 (all p<0.05). For in-hospital death, the 
patient in the state of recent stop with statin treatment (failed 
to refill prescription for less than 90 days) was associated with 
significantly higher fatal risk compared with that of patients in 

the constant use state (p<0.05). The aHRs (90% CI) were 1.42 
(1.28 to 1.59), 1.47 (1.25 to 1.71) and 1.54 (1.29 to 1.84) for 
fatal ASCVD, fatal AMI and fatal ischaemic stroke, respectively. 
The associations of non-persistence and intermittent use states 
with fatal events were not statically significant.

Discussion
Statin therapy is important for secondary prevention of both 
non-fatal and fatal subsequent ASCVD events. The evidence 
has shown that the effect of statins persists if they are taken for 
long term.22 The use of high-intensity statins is recommended 
by several international treatment guidelines published in recent 
years.1 9 10 In this long-term follow-up of ASCVD discharge 
cohort, we found good adherence (PDC ≥0.8) with statin 
treatment was associated with a 10% lower risk of subsequent 
ASCVD rehospitalisation. The strength of association was even 
stronger, specifically with AMI and ischaemic stroke (14% and 
18% lower risk, respectively); the strongest association was with 
in-hospital death (40% lower risk). With respect to persistence, 
compared with the ‘constant use’ period, all the three lower 
persistence states (recent stop, non-persistence and intermit-
tent use) were also associated with significantly higher risk of 
rehospitalisation outcomes across the composite ASCVD event 
as well as with AMI and ischaemic stroke events. These findings 
in the real-world practice for the effectiveness of use of statin 
for secondary prevention of ASCVD were consistent with the 
efficacy results of RCTs for statins compared with placebo on 
secondary prevention of CV events with the effect size of rela-
tive risk reduction in the range of 21%–30%.9 Effectiveness of 
statin treatment on secondary prevention of ASCVD should be 
as expected if the medications were well taken.

In the analysis of statin persistence, we found that patients in 
‘recent stop’ period were associated with significantly increased 
risk of both fatal and non-fatal events. Recent stop was defined as 
‘failed to refill statin within 90 days of end of last prescription,’ 
this observation characterised the early emergence of recurrent 
ASCVD facing treatment discontinuation. It may relate to the 
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Table 3A  Effect of statin prescription adherence on time to subsequent ASCVD events

Rehospitalisation 
outcomes

All ASCVD AMI Ischaemic stroke

aHR* (95% CI) aHR* (95% CI) aHR* (95% CI)

Adherence

 � Suboptimal (PDC <0.8) Ref Ref Ref

 � Adherent (PDC ≥0.8) 0.90 (0.87 to 0.92)† 0.86 (0.81 to 0.92)† 0.82 (0.78 to 0.86)†

In-hospital fatal 
outcomes

Fatal ASCVD Fatal AMI Fatal ischaemic stroke

aHR* (95% CI) aHR* (95% CI) aHR* (95% CI)

Adherence  �   �   �   �   �   �

 � Suboptimal (PDC <0.8) Ref Ref Ref

 � Adherent (PDC ≥0.8) 0.59 (0.53 to 0.65)† 0.57 (0.49 to 0.66)† 0.61 (0.52 to 0.73)†

Table 3B  Effect of statin prescription persistence on time to subsequent ASCVD events

Rehospitalisation 
outcomes

All ASCVD AMI Ischaemic stroke

aHR* (95% CI) aHR* (95% CI) aHR* (95% CI)

Persistence

 � Constant use period Ref Ref Ref

 � Recent stop period 1.16 (1.13 to 1.19)† 1.51 (1.42 to 1.62)† 1.38 (1.32 to 1.45)†

 � Non-persistence period 1.13 (1.10 to 1.16)† 1.60 (1.49 to 1.71)† 1.47 (1.40 to 1.54)†

 � Intermittent use period 1.26 (1.21 to 1.31)† 1.21 (1.09 to 1.35)† 1.26 (1.17 to 1.35)†

In-hospital fatal outcomes

Fatal ASCVD Fatal AMI Fatal ischaemic stroke

aHR* (95% CI) aHR* (95% CI) aHR* (95% CI)

Persistence  �   �   �   �   �   �

 � Constant use period Ref Ref Ref

 � Recent stop period 1.42 (1.28 to 1.59)† 1.47 (1.25 to 1.71)† 1.54 (1.29 to 1.84)†

 � Non-persistence period 0.91 (0.82 to 1.01) 0.86 (0.73 to 1.01) 1.10 (0.92 to 1.30)

 � Intermittent use period 1.17 (0.98 to 1.39) 1.16 (0.88 to 1.52) 1.04 (0.77 to 1.39)

*Using Cox proportional hazards model and adjusted for age, sex, types of baseline ASCVD diagnosis, history of hyperlipidaemia 1 year before hospitalisation, Charlson Comorbidity Index 
1 year before hospitalisation, medications 1 year before the enrolment date (antiplatelet, statin), number of lipid examination 1 year before and during hospitalisation, level of healthcare 
organisation, physician specialty of index statin, dosage of index statin and time-varying covariate of lipid examination 1 month before statin dose change.
†P<0.05.
aHR, adjusted HR; AMI, acute myocardial infarction; ASCVD, atherosclerotic cardiovascular disease; PDC, proportion of days covered.

theory of low-density lipoprotein (LDL) variability suggested by 
Bangalore et al,23 who found that patients with LDL fluctuation 
were subjected to higher risk of coronary and other CV events in 
a post hoc analysis of the Treat to New Targets trial. The discon-
tinuation of statin treatment that defined the ‘recent stop’ period 
would likely be associated with LDL level rebounded in majority 
of patients.24 Our observation was in consistent with the review 
of 13 studies of statin non-adherence or discontinuation on CV 
outcomes,25 which found that patients with highly variable statin 
adherence were at particular risk for secondary ASCVD events. 
Moreover, within 1 month following the discontinuation of 
statin, the CV risk in diabetes and rheumatoid arthritis popula-
tions was significantly increased.25 This phenomenon may also 
be complementary with the findings of early reduction of CV 
risk within few weeks of statin initiation in RCTs of patients 
with post-AMI or those who underwent revascularisation proce-
dures.6 7 26 27 To summarise, the result of ‘recent stop’ revealed 
the importance of the short-term acute effect of failure to main-
tain optimal treatment in patients with established ASCVD and 
emphasised the importance of sustained statin treatment. We 
noted that the ‘non-persistence’ and ‘intermittent use’ states 
had little effect on the fatal ASCVD outcomes, which suggested 
that once a patient survived the ‘recent stop’ period, the risk of 
fatal ASCVD outcomes diminished and became similar to that 
of the constant use state. It is worthy for further studies on this 
phenomenon in the future.

Several issues in the analysis of treatment effect in real world 
were considered in the design of this study. Reduction or changing 
of treatment compliance over time is common in real-world prac-
tice, especially for the long-term prevention of recurrent disease. 
In order to assess the treatment pattern more accurately, we used 
time-dependent Cox model to analyse adherence and persistence 
as time-varying variables. This method captured real-life drug 
use patterns allowed for variation in adherence and persistence 
over the 7 years of study follow-up. This is in contrast to other 
studies that used time-fixed measurement by pooling prescrip-
tions across the whole follow-up period28 or taking a single time 
point observation29 that may subject to higher measurement error 
and result in biased estimate of effect. Furthermore, we analysed 
adherence and persistence in separate models to account for the 
two different constructs.20 PDC is commonly used to analyse 
treatment adherence and more consistently defined in previous 
studies; thus the result supported the existing published litera-
ture.13 19 20 However, to calculate PDC, data need to be pooled 
across a period of time, the fluctuation within the calculation 
period will be smoothed out and the effect related to the change 
in prescription could not be captured. This drawback was recov-
ered in our analysis of persistence and found recent stop associ-
ated with increased recurrent CV risk.

We used the new user design with all the subjects included 
in the analysis-initiated statin within the same 90 days’ period 
of hospital discharge to minimise the potential selection by 
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treatment indication. To control for potential confounders, we 
included extended variables covering factors of all the five dimen-
sions related to medication adherence, described by the WHO.30 
We included the age and sex for ‘patient factors’; diagnosis of 
index ASCVD event, comorbidities and use of other medications 
for ‘condition factors’; prior use of statin, history of lipid exam-
ination for ‘therapy factors’; healthcare institute accreditation 
level and physician specialty for ‘healthcare system factors’; and 
geographic location and year of index prescription for ‘socio-
economic factors’. Most previous studies were not able to be 
as comprehensive with covering all the dimensions for adher-
ence.13 In addition to the five dimensions of baseline factors, we 
included lipid testing prior to changing of statin prescription as 
another time-dependent variable to adjust for potential healthy 
adherer effect17 in the consideration of regular lipid testing, a 
potential indicator of better healthy-seeker behaviour.

Financial burden has been recognised as an important factor 
of statin adherence.31 One additional advantage of this study is 
that the claims data are taken from the NHI, which provides 
comprehensive coverage of medical services, including all the 
statins approved in Taiwan. This has minimised the potential 
impact of copayment affordability to adherence in this study. 
Also, the universal coverage of the NHI minimised the bias 
due to selection of patients or lost to follow-up due to change 
between health plans. The method used to define the study 
population and identify outcomes has been validated with high 
PPV in the NHI claims database.15 16

There were also limitations in this study. First, this study was 
based on the prescription records. We could not evaluate to 
what extent the prescribed medication was actually consumed 
by patients; thus, there could be potential exposure measure 
error, which may bias the estimates towards the null and result 
in conservative effect. Second, laboratory examination result of 
serum lipid level was not available in the database, which is an 
important parameter for the prescription of statins and predictor 
for CV outcomes. But this information might be important to 
the initiation of statin treatment; in the patients with estab-
lished ASCVD and initiated treatment, their treatment should 
be maintained. Third, we could not capture lifestyle variables 
and socioeconomic factors, which may introduce confounding 
on the effect measurement. These could be factors that warrant 
further study to enhance treatment compliance and improve 
patient outcomes. Finally, we were not able to collect data on 
statin intolerance and side effects, although statins are generally 
well tolerated, the impact to the study result might be limited.

Conclusions
Good statin prescription adherence and persistence are associ-
ated with significant reduction in risk for ASCVD rehospitalisa-
tion in the context of secondary prevention. There is a need for 
further investigation into the factors associated with improving 
statin adherence and persistence and in developing effective 
strategies. As suggested by the WHO, medication adherence 
and persistence are related to multidimensional factors. To treat 
lipid disorders and reduce CV risk, we need to rely on more 
than the pharmaceutical effect. Most clinical guidelines recom-
mend that the management of lipid disorders must incorporate 
lifestyle modifications and patient compliance behaviour. Our 
study suggests that optimising patient adherence and persistence 
behaviours is a core driver to improving patient outcomes.
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