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Abstract

Objectives To determine the trend and associated factors of statin discontinuation
during the first year after discharge in patients who survived from ACS in China
between 2007 and 2010.

Settings 75 hospitals in China.

Participants This study enrolled 10,337 ACS patients from 75 hospitals in China who
were hospitalized in 2007-2010 and discharged with statin treatment.

Primary outcome measures The primary outcome was the discontinuation of statin
use which was defined as incidence of stopping statin within one year after discharge.
Results: The statin discontinuation rate decreased from 29.5% in 2007-2008 to 17.8%
in 2010. Multivariable Logistic regression model showed that the decreasing trend was
significant (OR for patients in 2010 versus those in 2007-2008 = 0.60; 95%Cl: 0.51-0.70;
p<0.001). Patients not having cholesterol measured (OR=1.29, 95%Cl: 1.10-1.50) and
patients on either high (1.27; 1.13-1.43) or low dose of statin (1.22; 1.07-1.40),
compared with those with moderate dose, were more likely to discontinue the use of
statin. In addition, patients with clinical pathway intervention (OR=0.83; 95%Cl: 0.74-
0.94), medical insurance (0.75; 0.67-0.85), history of hypertension (0.83; 0.75-0.92),
high LDL-c (0.70; 0.57-0.87), prior statin use (0.73; 0.63-0.84), use of atorvastatin (0.78;
0.70-0.88) and receiving PCl or CABG during hospitalization (0.47; 0.43-0.53) were
more unlikely to discontinue statin use.

Conclusion: The trend in discontinuation to statin use in one year after discharge in
ACS survivors in China significantly reduced from 2007 to 2010. Implementing clinical
pathway, enhancing medical insurance coverage, better attention to cholesterol
management, using statin in moderate dosage may help improve the adherence to

statin use as secondary preventative measure.

Key words: Acute coronary syndrome, Discontinuation to Statin Use, Trend,

Associated Factors
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Strengths and limitations of this study
This study investigated the trend and associated factors of statin discontinuation using
data from Clinical Pathways for Acute Coronary Syndromes in China Study-2 (CPACS-

2), a large well-design clinical trial in 75 hospitals of China.

The long-time span of the CPACS-2 (2007-2010) allowed a thorough examination of

the temporal trend of the statin discontinuation.

The large sample size ensures the robustness of the study.

Patients who were lost to follow-up or died might be more likely to discontinue statin

and this may lead to underestimation of the rate of discontinuation and attenuated

its associations with the related factors.
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INTRODUCTION

Statins therapy has been recommended as a core long-term secondary preventive
treatment for patients with acute coronary syndrome (ACS) by several guidelines (1-
4). Despite to these strong evidences from basic and clinical studies (5-7) and
recommendation by the guidelines, about 10%-30% of patients with ACS discontinued
their statin treatment usually within four years with highest attrition in the first year
(8-10). Moreover, discontinuation to statin therapy increases the risk of major adverse
cardiovascular events (MACE) in patients with ACS after discharge (11, 12). To date,
few data exist on the magnitude of discontinuation and factors that influence statin

persistence up to one year in ACS patients in China.

Many evidences approved that higher doses statin could lower LDL, and reduce risk of
subsequent CV events more (13) and was recommended by the guidelines in western
countries (3). As a consequence, and because of the additional benefit shown with
more intensive statin therapy (13), there has been a trend toward using higher doses
of statin. However, higher doses statin increased the risk of adverse events, such as
hepatotoxicity(14), which might decrease the adherence to the statin therapy. Thus,
it is important to determine an optimal dose which balance the beneficial and adverse

effect, and not likely to be discontinued by patients.

In this study, we analyzed data from the Clinical Pathways for Acute Coronary
Syndromes in China Study-2 (CPACS-2) to understand the trend from 2007 to 2010
among Chinese patients with ACS in discontinuation to statin use in the first year after
discharge and to explore the relationship of statin dose, type, and other factors

associated with the discontinuation.

METHODS

Study design

The Clinical Pathways for Acute Coronary Syndromes— Phase 2 (CPACS-2) study
design, methodology and main results have been previously reported in detail (15-18).
In brief, the CPACS-2 study was an implementation trial with a cluster-randomized

design to evaluate the effectiveness of implementing clinical pathways for ACS
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management in hospitals in China. The main finding of CPACS-2 has been published
previously elsewhere(15). The present study used data from CPACS-2 to assess the
relationship of statin dose, type, clinical pathway intervention and other factors with

discontinuation to statin after discharged from hospital.

Patients

CPACS-2 recruited ACS patients admitted to 75 hospitals (50 teaching hospitals and 25
non-teaching hospitals) in the cities throughout China from 2007 to 2010 (26). Among
15,138 patients recruited in CPACS-2, a total of 10,337 individuals who received statin
in hospital and at discharge and were followed-up till one year after discharge were

included in the present study (see Figure 1).

Ethical approval

The CPACS-2 study was approved by the ethics committee of Fuwai Hospital and
Human Research Ethics Committees of University of Sydney in Australia(number: 09-
2007/10276) (15-18). The procedures of the study were in accordance with the
Helsinki Declaration of 1975, as revised in 2000. Informed consent was obtained from
all participants. Confidentiality of subjects were ensured by anonymizing participants’

names, initials or hospital numbers.

Data collection

A trained clinical staff (independent to the treating physicians) in each hospital
reviewed medical records and administered a structured questionnaire to collect
demographic and clinical data of consenting eligible patients, including statin use,
history of disease, clinical characteristics, and prior and in-hospital treatments. All

surviving patients were followed up at 6 and 12 months after the hospital discharge.

Data on statin use at 6 and 12 months after discharge were collected by the trained
medical staff using a standardized questionnaire. The reasons for not taking statin
were collected at each interview. For our analysis, the dosage of different statins was

converted to the equivalent dosage of atorvastatin (19) (Additional file S1: Table S1).
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Exposures

Exposures included age, sex, year of enrolment, education, employment, medical
insurance, smoking status, subtype of ACS, co-existing cardiovascular diseases or risk,
in-hospital major adverse cardiovascular events (MACE), in-hospital PCI/CABG, LDL-c
level at the index admission, prior statin use, dose & type of statin at discharge, co-

treatments at discharge.

Education level was classified into 2 categories: lower than high school and high school
and above. Prior statin use was defined as any statin use in most days one month

before the development of ACS.

Clinical pathway intervention

The intervention included three major generic clinical pathways (risk stratification,
management of STEMI, and management of non-ST-segment—elevation myocardial
infarction/unstable angina pectoris) that were developed in conjunction with the
Chinese Society of Cardiology based on the relevant American Heart Association and
American College of Cardiology guidelines (1, 2). The first 50 patients in each hospital
were recruited for exploring the routine treatments on ACS and were not intervened
by clinical pathway. Subsequent patients were under clinical pathway intervention

(18).

Main Outcome
The discontinuation to statin use in one year after discharge was the primary outcome,
which was defined as not in use of statin at either 6 or 12 months follow ups after

discharge.

Statistical methods

SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analyses. Univariate
and multivariable logistic regression models were used to analyze the association of
the discontinuation of statin with potential explanatory factors. Our primary analyses
included participants who completed both 6 and 12 months follow ups. Since the

number of patients in 2007 was small, these patients were grouped into those
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recruited in 2008 in our main analyses. Two-sided P value of <0.05 was considered

statistically significant.

RESULTS

Baseline characteristics

A total of 10,337 patients (men=70.3%) with ACS (mean age (SD) 63.2+11.6 years)
were included in the study. Compared with those excluded, those included were more
likely to be younger, employed, had medical insurance, diagnosed as mild subtype of
ACS (unstable angina), have had history of dyslipidemia and hypertension, be co-
treated by aspirin or B-blocker, but less likely to have history of heart failure and stroke,
experience MACE in hospital, be prescribed higher dose of statin at discharge (>=20
mg atorvastatin or equivalence), take atorvastatin, and be co-treated clopidogrel at

discharge (all p<0.05) (Table 1).

Trend of discontinuation to statin use from 2007 to 2010

Among our study participants, 25.5% discontinued to statin in one year after discharge.
The rate decreased from 29.5% in 2007-2008 to 17.8% in 2010. The multiple logistic
regression model confirmed that the deceasing trend in study years was significant

after adjustment for co-variables (Table 3).

Factors associated with discontinuation to statin use

In univariate analyses, discontinuation rate was significantly lower in patients who
received clinical pathway intervention than those who did not receive, patients with
medical insurance than those without, patients with than without history of
dyslipidemia, diabetes, and hypertension, prior statin use, higher LDL-c, those who
required intervention procedures such as PCI/CABG during hospitalization, those who
were given either moderate or high dose than in patients given low dose of statin, in
those who were given atorvastatin than those who were given other statins, and lower
in patients with than without co-treatments of clopidogrel and B-blocker at discharge.
On the other hand, discontinuation rate was significantly higher in women, older
patients, patients with lower education level, patients with relatively milder form of

ACS subtype (unstable angina), patients whose LDL-c was not measured during
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hospitalisation (all p<0.05) (Table 2).

Multiple logistic regression models, which included age, sex, and all factors with
statistical significance in univariate analyses, found that the trend of discontinuation
was significantly decreased over the study duration. In addition, patients with clinical
pathway intervention, medical insurance, history of hypertension, LDL-c>=160mg/dlI,
prior statin use, taking atorvastatin, and receiving PCl or CABG during hospitalization
were more unlikely to discontinue statin use, while those on either higher or lower
dose of statin (versus moderate dose), and those whose LDL-c was not measured
during the hospital admission were more likely to discontinue the use of statin (Table

3).

Reason of discontinuation to statin
Among 1063 patients who stopped statin use in one year after discharge, 12.7% were
due to intolerance to statin, 38.3% due to expensive cost, 31.4% due to rejection by

patients, and 17.6% due to other reasons (Figure 2).

DISCUSSION

Using data from a large, prospective cohort of ACS patients in China, we found that (1)
the discontinuation of statin use in one year after discharge decreased significantly
from 29.5% in 2007-08 to 17.8% in 2010; (2) implementing the clinical pathways for
ACS management, enhancing medical insurance coverage, measuring cholesterol, and
using statin in moderate dosage should help to reduce the likelihood of the
discontinuation to statin use; and (3) nearly a third of patients rejected to continue
the use of statin, which indicated that patient education on ACS secondary prevention

treatments should be emphasized.

It is interesting that medium dosage of statin (versus low or high dosage) at discharge
significantly decreased likelihood of discontinuation, which is independent of other
observed predictors of statin discontinuation. Use of high-dose statin in patients with

ACS in acute phase was recommended by the guidelines endorsed by the American
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Heart Association and American College of Cardiology (AHA/ACC) (3). However, the
most recent Chinese guidelines (published in 2016 and 2019) recommend statin
therapy in all patients with ACS, but do not provide specific guidance about the
intensity of such therapy (20-22). These Chinese guidelines are congruent with
observations that Chinese patients, as compared with Caucasian patients, have lower
LDL-C levels, and are more likely to experience adverse reactions to statins, especially
with high dose statins (23, 24). In consideration of increasing the treatment effects
and decrease the risk of adverse effect, medium dose statin or statins in combination
with other lipid-regulating drugs (such as ezetimibe, Yang xin shi tablet, etc.) might be
preferred in Chinese patients (24, 25). Our findings further support this approach as
high or low dose statin compared to moderate dose are more likely to be associated
with statin discontinuation in Chinese patients with ACS during the first year. For
maintenance of statin therapy, guidelines should perhaps consider recommending

moderate dose of statin in Chinese patients with ACS.

Atorvastatin use (versus other statins) significantly decreased likelihood of
discontinuation, which is independent of other confounders. This finding indicates
that Chinese are more likely to adherent to atorvastatin and is helpful to explain the
most frequently used statin type transition from simvastatin (60.2% in 2001) to
atorvastatin (52.9% in 2011) (26). We do not know why Chinese are better adherent
to atorvastatin. We hypothesize that the good adherence to atorvastatin might be due
to the better tolerability, and its efficacy and safety. However, two studies with small
sample in Chinese showed that no significant differences of MACE and declined renal
function between atorvastatin and other statins (27, 28). On the other hand, an large
observational study in the United States found 10 or 20 mg of atorvastatin use had
lower CV event rates particularly in the first year of use than 20 or 40 mg of simvastatin
(29) while another large observational study in the United Kingdom found that the risk
of hepatotoxicity (small numbers of events observed) was increased in the first six
months of atorvastatin compared to simvastatin treatment (14). These findings
suggest that further large-scale studies are needed to explore the differences of
efficacy and safety between atorvastatin and other statins using equivalent dosage

especially in Chinese patients.
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Prior statin usage significantly decreased likelihood of discontinuation in our cohort.
Statin use as a primary preventive treatment before ACS among high risk individuals
is recommended by several guidelines (4, 19, 22). Our finding indicates that those
adherent to primary prevention are likely to adhere to secondary preventive
treatment. Logically, prior statin usage indicates that patients have good tolerance to
statin, have the ability to pay, pay more attention to their own health, and have more
knowledge on the importance of statin in both primary and secondary prevention of
ACS, which may help decrease discontinuation of statin after discharge. Moreover, the
patients with prior statin were more likely to have higher education level, have history
of dyslipidemia (30% versus 11%), diabetes, heart failure, hypertension, and take place
MACE in hospital, which were observed to decrease the likelihood of discontinuation
to statin in the present study. These results indicate that health education should be

promoted among patients who did not use statins before hospital.

We found that not measuring LDL-c during the index admission increased the
likelihood of discontinuation and higher LDL-c reduced the likelihood of
discontinuation. This finding indicates the cholesterol management is very important
for improve adherence to statin therapy. Cholesterol management is recommended
by all guidelines on ACS (4, 22). However, in the present study, about 8.8% of patients
did not get their LDL-c measured in hospital. Thus, giving attention to the cholesterol
measurement during hospital admission with ACS and management may help to

further to improve adherence to statin.

As expected, we found that ACS patients who received PCI/CABG treatment during
the hospitalization were less likely to discontinue statin use. Similar pattern was also
observed in other studies (8, 30). The explanations may include that all major clinical
guidelines emphasize the long term use of statin after PCI/CABG for prevention from
restenosis (1, 31) and the patients who received PCI/CABG as a major event in life may
consider themselves at higher risk and hence more adherent to the physicians’ advices
(risk marker effect). Probably for the same reason, patients with history of diseases

including dyslipidemia, diabetes, and hypertension were more unlikely to discontinue
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the statin use. The association remained significant only for hypertension probably
due to the co-linearity among these factors. These findings indicate that those patients
without PCI/CABG and history of hypertension would potentially benefit from the

health education.

We also found that medical insurance significantly decreased the rate of
discontinuation after adjusting for potential confounders. This finding is consistent
with that in CPACS-1(32). Thus, encouraging patients to take up the medical insurance
could increase the capacity of payment and improve the adherence to statin and the

outcomes of patients with ACS, resulting decrease in the disease burden.

Our analyses of the reasons for the discontinuation found that the most common
reason was the cost of statin therapy, which further confirmed our findings on the
association of the discontinuation with lack of medical insurance. As the second
common reason, rejection by patients accounted for in nearly a third of our study
patients. Although we did not have information on why these patients decided to stop
statins, further exploratory analyses revealed that whilst they appeared to have higher
capacity for payment (having higher education, more likely to have PCI/CABG in
hospital and take clopidogrel at discharge), but would appear to have lower
knowledge on statins benefit on secondary prevention (less likely to be intervened by
clinical pathway), as compared with those discontinuation due to expense (data not
shown). Thus, we hypothesize that rejection to statin might be due to lower level of
knowledge of benefit associated with statin use rather than expense. 31.4% of
discontinuation were due to rejection by patients, which indicates that it is important
to improve knowledge of ACS patients through effective strategies including clinical

pathway intervention.

Many strategies have been proposed that attempt to further reduce discontinuation
and improve statin therapeutic effectiveness, including patient education on
improving ACS and statin literacy, co-payment reduction, and behavior-modification
interventions (33-35). In the present study, we confirmed that the clinical pathway

intervention can reduce the risk of discontinuation of statin therapy which might be
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attributed to the fact that the clinical pathways might have improved the knowledge
about the role of statins in management of ACS among physicians and thus leading to
a change in their clinical practice. According to the pathways, patients diagnosed as
ACS without contraindications would be administered to statins immediately as a
long-term medical therapy regardless of LDL-c level. Due to the large evidence-
practice gap, we recommend this ACS clinical pathway to be adopted nationally in

China and perhaps in other countries with similar circumstances as in China.

It is indeed reassuring and pleasing that discontinuation decreased significantly from
29.5% in 2007-2008 to 17.8% in 2010, given the increasing CVD burden in China.
Moreover, the trend of the discontinuation with study year was still significant even
after adjustment for the potential confounders. While these results may relate to
other confounders which are not controlled for, it is highly plausible that the
publication, widespread promulgation, and endorsement of the Chinese Guidelines on
Prevention and Treatment of Dyslipidemia in Adults in 2007-2008 (19, 36-43) might
be the one of the factors which likely to have impact on the reduction in
discontinuation of statin. This could occur through improving the knowledge level of
statin use as secondary prevention of ACS among physicians and among patients who
had experienced ACS. Notably, although the withdrawal rate of statins has been
greatly reduced, a considerable proportion of patients have stopped taking statins,
and the evidence practice gap still exists especially in those without intervention or
medical insurance. Thus, more efforts are needed to further improve the adherence

to statin.

Limitations

Some limitations are worth highlighting. Firstly, patients who were lost to follow-up
or died might be more likely to discontinue statin and this may lead to
underestimation of the rate of discontinuation and attenuated its associations with
the related factors. Secondly, our study follow-up period was limited to one vyear,
factors that are associated with the longer-term discontinuation should be explored

in the future.
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Conclusions

In summary, approaches such as implementing clinical guidelines and pathways,
encouraging to take up medical insurance, giving attention to cholesterol
measurement, and using statin in moderate dosage in Chinese may help to improve
the persistence of statin therapy in patients discharged after an acute coronary
syndrome in China. Such measures should have major implication to the clinical and
public health practices and ultimately will bring about the benefit of patients with

reduced CVD burden.
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1
2
3 Tables
4
5
g Table 1. Characteristics of patients with ACS included and excluded in the study
8 Included (n=10337) Excluded (n=3175)
9 Characteristics n % n % P values
10 Year of enrolment
11 2007 383 3.7 177 5.6 0.000
12 2008 3309 32.0 1025 32.3
2009 4982 48.2 1385 43.6
13 2010 1663 16.1 588 18.5
14 Subtype of ACS
15 STEMI* 3918 37.9 1501 473 0.000
16 NSTEMI* 1394 13.5 509 16.0
17 UA* 5025 48.6 1165 36.7
18 Clinical pathway intervention 7908 76.5 2399 75.6 0.275
19 Sex (Female) 3074 29.7 957 30.1 0.664
20 Age>=65 4934 47.7 1721 54.2 0.000
21 Education>=high school 3786 36.6 1123 35.4 0.198
22 Unemployed 5033 48.7 1747 55.0 0.000
23 With medical insurance 8678 83.9 2543 80.1 0.000
Current smoker 3192 30.9 1012 31.9 0.290
24 History of disease
25 Dyslipidemia 1359 13.1 356 11.2 0.004
26 Diabetes 2086 20.2 640 20.2 0.978
27 Hypertension 7184 69.5 2107 66.4 0.001
28 Heart Failure 562 5.4 218 6.9 0.003
29 Stroke 944 9.1 357 11.2 0.000
30 In-hospital MACE 191 1.8 304 9.6 0.000
31 In-hospital PCI/CABG 5113 49.5 1559 49.1 0.722
32 LDL-c level in hospital
33 Not measuring 909 8.8 360 11.3 0.000
<70mg/dI 1469 14.2 456 14.4
34 70-99mg/dI 3208 31.0 923 29.1
35 100-129mg/dl 2880 27.9 845 26.6
36 130-159mg/dl 1293 125 405 12.8
37 >=160mg/d| 578 5.6 186 5.9
38 Prior statin use 1467 14.2 434 13.7 0.459
39 Dose of statin at discharge
40 1-9 mg/d 1904 18.4 755 23.8 0.000
41 10-19 mg/d 3196 30.9 637 20.1
42 >=20 mg/d 5237 50.7 1783 56.1
43 Type of statin at discharge
44 Atorvastatin 5785 56.0 1953 61.5 0.000
Simvastatin 2690 26.0 612 19.3
45 Rosuvastatin 502 4.9 71 2.2
46 Pravastatin 502 4.9 188 5.9
47 Fluvastatin 578 5.6 190 6.0
48 Other statin 280 2.7 161 5.1
49 Co-treatments at discharge
50 Aspirin 10030 97.0 3053 96.2 0.014
51 Clopidogrel 8404 81.3 2736 86.2 0.000
52 B-blocker 8155 78.9 2372 74.7 0.000
53 ACEI/ARB* 8096 78.3 2482 78.2 0.860
54 * STEMI was ST-segment elevation myocardial infarction; NSTEMI was Non-ST-segment elevation
55 myocardial infarction; UA was unstable angina; ACElI was Angiotensin converting enzyme
56 inhibitor; ARB was Angiotensin Receptor Blocker
57
58
59
60
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Table 2. Univariate analysis of factors in association with the discontinuation to statin use in one

year after discharge with Logistic regression models (n=10337)

Page 22 of 28

Factors Group N n Discontinuation % OR ( 95%Cl )
Year of enrolment 2007-2008* 3692 1088 29.5 1
2009 4982 1250 25.1 0.80(0.73-0.88)
2010 1663 296 17.8 0.52(0.45-0.60)
Subtype of ACS STEMI 3918 928 23.7 1
NSTEMI 1394 348 25.0 1.07(0.93-1.24)
up 5025 1358 27.0 1.19(1.08-1.31)
Clinical pathway intervention No 2429 754 31.0 1
Yes 7908 1880 23.8 0.69(0.63-0.77)
Sex Male 7263 1761 24.3 1
Female 3074 873 28.4 1.24(1.13-1.36)
Age group 18-64 years 5403 1320 24.4 1
265 years 4934 1314 26.3 1.12(1.03-1.23)
Education >high school 3786 853 22.5 1
<high school 6551 1781 27.2 1.28(1.17-1.41)
Employment No 5033 1282 25.5 1
Yes 5304 1352 25.5 1.00(0.92-1.09)
Medical insurance No 1659 514 31.0 1
Yes 8678 2120 24.4 0.72(0.64-0.81)
Current smoker No 7145 1838 25.7 1
Yes 3192 796 24.9 0.96(0.87-1.06)
History of disease
Dyslipidemia No 8978 2327 25.9 1
Yes 1359 307 22.6 0.83(0.73-0.96)
Diabetes No 8251 2155 26.1 1
Yes 2086 479 23.0 0.84(0.75-0.94)
Hypertension No 3153 874 27.7 1
Yes 7184 1760  24.5 0.85(0.77-0.93)
Heart Failure No 9775 2487 25.4 1
Yes 562 147 26.2 1.04(0.86-1.26)
Stroke No 9393 2396 25.5 1
Yes 944 238 25.2 0.98(0.84-1.15)
In-hospital MACE No 10146 2590 25.5 1
Yes 191 44 23.0 0.87(0.62-1.23)
In-hospital PCI/CABG No 5224 1719 329 1
Yes 5113 915 17.9 0.44(0.41-0.49)
LDL-c level in hospital Not measuring 909 268 29.5 1.63(1.27-2.09)
<70mg/dl 1469 362 24.6 1.28(1.01-1.61)
70-99mg/dl 3208 871 27.2 1.45(1.17-1.80)
100-129mg/dI 2880 688 239 1.22(0.98-1.52)
130-159mg/dI 1293 327 25.3 1.32(1.04-1.67)
>=160mg/dl| 578 118 20.4 1
Prior statin use No 8870 2329 26.3 1
Yes 1467 305 20.8 0.74(0.64-0.84)
Dose of statin at discharge 1-9 mg/d 1904 623 32.7 1.50(1.32-1.70)
10-19 mg/d 3196 784 24.5 1
>=20 mg/d 5237 1227 234 0.94(0.85-1.04)
Type of statin at discharge Other statins 4552 1345 29.6 1
Atorvastatin 5785 1289 22.3 0.68(0.63-0.75)
Co-treatments at discharge
Aspirin No 307 91 29.6 1
Yes 10030 2543 25.4 0.81(0.63-1.03)
Clopidogrel No 1933 664 34.4 1
Yes 8404 1970 234 0.59(0.53-0.65)
B-blocker No 2182 615 28.2 1
Yes 8155 2019 24.8 0.84(0.75-0.93)
ACEI/ARB No 2241 581 25.9 1
Yes 8096 2053 25.4 0.97(0.87-1.08)

For peer review only - http://bmjopenjmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 23 of 28 BMJ Open

1

2

3 Table 3. Odds Ratios of discontinuation to stain within one year in the Full Final Multivariable
4

5 Logistic Regression Model in Analyzed patients of CPACS-2 (n=10337)
? Factors OR(95%Cl)

8 Year of enrolment

9 2007-2008 1.0

10

1 2009 0.91(0.82-1.02)
12 2010 0.60(0.51-0.70)
13 Subtype of ACS

14

15 STEMI 1.0

16 NSTEMI 1.03(0.89-1.20)
1; UA 1.10(0.99-1.22)
19 Clinical pathway intervention (Yes/No) 0.83(0.74-0.94)
20 Sex (Female/Male) 1.09(0.99-1.21)
21

22 Age (265 years/<65 years) 1.01(0.92-1.12)
23 Education (<high school/=zhigh school) 1.05(0.95-1.15)
;g Medical insurance (Yes/No) 0.75(0.67-0.85)
26 History of disease

27 Dyslipidemia(Yes/No) 0.97(0.84-1.12)
;2 Diabetes(Yes/No) 0.90(0.80-1.01)
30 Hypertension(Yes/No) 0.83(0.75-0.92)
31 In-hospital PCI/CABG(Yes/No) 0.47(0.43-0.53)
32 . .

33 LDL-c level in hospital

34 <160mg/dI 1

22 >=160mg/d| 0.70(0.57-0.87)
37 Not measuring 1.29(1.10-1.50)
38 Prior statin use (Yes/No) 0.73(0.63-0.84)
23 Statin type at discharge(Atorvastatin/Others) 0.78(0.70-0.88)
41 Statin dose at discharge

42 1-9 mg/d 1.22(1.07-1.40)
43 10-19 mg/d 1

44 me

45 >=20 mg/d 1.27(1.13-1.43)
46 Co-treatments at discharge

47

48 Clopidogrel (Yes/No) 0.94(0.83-1.06)
49 B-blocker (Yes/No) 0.93(0.84-1.04)
50

51

52

53

54

55

56

57

58

59

60
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Figure legends

Figure 1. Flow chart of study participants in CPACS-2

Figure 2. The reasons of discontinuation to statin use in one year after discharge

CPACS-2 (n=1063)
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15138 hospitalized patients with ACS
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10 Patients used statins in hospital, n=14198

12 v

14 Patients with statin at discharge, n=13512

Loss to follow-up at 6 months
17 — (n=2300), Death (n=18)

21 Patients followed-up at 6 months (n=11194)

24 Loss to follow-up at 12 months
25 ’ (n=846), Death (n=11)

28 Patients followed up at 12 months (n=10337)
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Table S1: Comparative Dose Efficacy of Statins on lipids

Statin(mg) Change of lipids (%)

oNOYTULT D WN =

AtorvastatinSimvastatinLovastatin Pravastatin Fluvastatin TC LDL-C HDL-C TG

12 - 10 20 20 40 22 27 4~8 -(10~15)
15 10 20 40 40 80 27 34 4~8 -(10~20)
20 40 80 32 -41 4~8 -(15~25)
20 40 80 -37 -48 4~8 -(20~30)

23 80 42 -55 4~8 -(25~35)

26 Source: Editor Committee of Chinese Guidelines on Prevention and Treatment of
Dyslipidemia in Adults. Chinese Guidelines on Prevention and Treatment of

31 Dyslipidemia in Adults in 2007." Chin J Cardiol 35, no. 5 (2007): 390-419.
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Abstract

Objectives To determine the associated factors of discontinuation to statin use in one
year after discharge in patients who survived from acute coronary syndrome (ACS) in
China.

Settings 75 hospitals across China.

Design A cohort follow up study

Participants The study included 10,337 ACS patients hospitalized in 2007-2010 and
discharged with statins from 75 hospitals in China in the CPACS-2 study.

Primary outcome measures The primary outcome was the discontinuation of statin
use defined as stopping statin use within one year after discharge.

Results: With multivariable logistic regression model, patients not having cholesterol
measured (adjusted OR=1.29, 95%Cl: 1.10-1.50) and patients with either higher (1.27;
1.13-1.43) or lower dose of statin (1.22; 1.07-1.40), compared with those with
standard dose, were more likely to discontinue the use of statin. In addition, patients
on the CPACS-2 intervention (adjusted OR=0.83; 95%Cl: 0.74-0.94), patients with
medical insurance (0.75; 0.67-0.85), history of hypertension (0.83; 0.75-0.92), high
LDL-c (0.70; 0.57-0.87) at the baseline, with prior statin use (0.73; 0.63-0.84), and with
use of atorvastatin (0.78; 0.70-0.88) and receiving PCl or CABG during hospitalization
(0.47; 0.43-0.53) were less likely to discontinue statin use. The one-year statin
discontinuation rate decreased from 29.5% in 2007-2008 to 17.8% in 2010 (adjusted
OR =0.60; 95%Cl: 0.51 to 0.70).

Conclusion: Implementing clinical pathway, enhancing medical insurance coverage,
strengthening health education in both physicians and patients, using statin in
standard dosage may help improve the adherence to statin use after discharge in

Chinese patients with ACS.

Key words: Acute coronary syndrome, Discontinuation to Statin Use, Trend,

Associated Factors
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Strengths and limitations of this study

With a large cohort with more than 10000 patients with ACS from 75 hospitals across
different areas of China, novel factors associated with the risk of discontinuation of
statin use after discharge were identified including two negative associates: clinical
pathway intervention and higher baseline LDL-c level, and two positive associates: low

dose use and not having cholesterol measured.

Data used in the present study was from CPACS-2, which was a well designed and

performed under strict quality control.

There were about 21% study participants lost to follow-up, which might lead to over-

or under-estimation of the associations of the discontinuation with associated factors.
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INTRODUCTION

Statins therapy has been recommended as a core long-term secondary preventive
treatment for patients with acute coronary syndrome (ACS) by several guidelines (1-
5). Despite to these strong evidences from basic and clinical studies (6-8) and
recommendation by the guidelines, about 10%-30% of patients with ACS discontinued
their statin treatment usually within four years with highest attrition in the first year
in Sweden, and USA(9-12). Moreover, discontinuation to statin therapy increases the
risk of major adverse cardiovascular events (MACE) in patients with ACS after

discharge in UK and other countries (13, 14).

A series of study in European or American showed that sex, intervention (nurse-led
annual follow-up and medical titration by telephone, weekly pharmacist-led
telephone contact for 12 weeks, a physician education protocol to implement statin
in all patients admitted for CABG ), generic versus branded drugs, insurance and
prescription cost assistance were the main factors influencing the adherence to statin
therapy among patients discharged with ACS(9, 15-19). However, to date, few data

exist on the factors that influence statin persistence use in ACS patients in China.

In this study, we analyzed data from the Clinical Pathways for Acute Coronary
Syndromes in China Study-2 (CPACS-2) to understand the trend from 2007 to 2010
among Chinese patients with ACS in discontinuation to statin use in the first year after
discharge and to explore the factors that drove the trend and/or were associated with

the discontinuation.

METHODS

Study design

The present study analyzed the one-year follow up data of patients with ACS who were
discharged with statin from 75 hospitals across China in the Clinical Pathways for Acute
Coronary Syndromes— Phase 2 (CPACS-2) study. The design, methodology and main
results of CPACS-2 study have been previously reported in detail (20-23). In brief, the
CPACS-2 study was an implementation trial with a cluster-randomized design to

evaluate the effectiveness of implementing clinical pathways for ACS management in
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75 hospitals in China from 2007 to 2010 (20).

Patients

CPACS-2 recruited consecutive ACS patients admitted to the participating hospitals
and followed up the survived patients till one year after discharge. Among all 15,138
patients recruited in CPACS-2, these 1626 patients discharged without statins, 413
patients died during the follow up and 2,762 lost to follow up were excluded from
analyses dataset. The remaining 10,337 patients who were discharge with statin and
have complete follow up data were included in the present study for analysis (see

Figure 1).

Ethical approval

The CPACS-2 study was approved by the ethics committee of Fuwai Hospital and
Human Research Ethics Committees of University of Sydney in Australia (number: 09-
2007/10276) (20-23). Informed consent was obtained from all participants.
Confidentiality of subjects were ensured by anonymizing participants’ names, initials

or hospital numbers.

Data collection

A trained clinical staff (independent to the treating physicians) in each hospital
reviewed medical records and administered a structured questionnaire to collect
demographic and clinical data including statin use, history of disease, clinical
characteristics, and prior and in-hospital treatments. All surviving patients were
followed up at 6 and 12 months after the hospital discharge through interviews by
either telephone calls (88%) or face-to-face clinic visit (12%). The standardized
guestionnaire for collecting data on statin followed up was shown in Table S1 in

additional file S1.

For our analysis, the dosage of different statins was converted to the equivalent

dosage of atorvastatin (24) (Additional file S1: Table S2 (24)).

Data analyses
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Exposures included for analysis

Exposures included the CPACS-2 intervention, year of enrolment, age, sex, education,
employment, medical insurance, smoking status, subtype of ACS, co-existing
cardiovascular diseases or risk, in-hospital major adverse cardiovascular events
(MACE), in-hospital PCI/CABG, LDL-c level at enrolment, prior statin use, dose & type

of statin at discharge, co-treatments at discharge.

Education level was classified into 2 categories: lower than high school and high school
and above. Prior statin use was defined as any statin use in most days one month

before the development of ACS.

According to the guideline in China(25), we divided into 3 groups: lower (<10 mg
atorvastatin or equivalence) (18.4%), standard dose(10-19 mg atorvastatin) (30.9%),

and high dose of statin (>=20 mg atorvastatin or equivalence) (50.7%) .

The CPACS-2 intervention included three major generic clinical pathways (risk
stratification, management of STEMI, and management of non—-ST-segment—elevation
myocardial infarction/unstable angina pectoris) that were developed in conjunction
with the Chinese Society of Cardiology based on the relevant American Heart
Association and American College of Cardiology guidelines (1, 2). For more details

please refer to the previous publications(20, 23).

Main outcome for analysis

The discontinuation to statin use in one year after discharge was the primary outcome,
which was defined as not in current use of statin at the timepoints of either 6 or 12

months follow ups after discharge.

Statistical methods

SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analyses. Univariate
and multivariable logistic regression models were used to analyze the association of
the discontinuation of statin with potential explanatory factors. Our primary analyses

included only participants who completed both 6 and 12 months follow ups. Since the
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number of patients in 2007 was small, these patients were grouped into those
recruited in 2008 in our main analyses. Two-sided P value of <0.05 was considered

statistically significant.

RESULTS

Baseline characteristics

Among all 15,138 patients recruited in CPACS-2, 13512 were prescribed to use statin
at discharge. Among them, 433 died and 2742 (21% of survived) were lost to follow
up. Finally, 10337 with complete data on statin therapy and related factors were
analyzed (Figure 1). The baseline characteristics were shown in Table 1. Briefly, a total
of 10,337 patients (men=70.3%) with ACS (mean age (SD) 63.2+11.6 years) were
included in the study for analysis. Among them, 383 (3.7%), 3309(32.0%), 4982 (48.2%),
and 1663 (16.1%) were enrolled in each year from 2007 to 2010 respectively. 7908
(76.5%) patients were enrolled after the hospitals had implemented the clinical

pathway intervention (Table 1).

Trend of discontinuation to statin use from 2007 to 2010

Among our study participants, 25.5% (n=2634) discontinued to statin in one year after
discharge. The rate decreased from 29.5% in 2007-2008 to 17.8% in 2010 (Table 2).
The multiple logistic regression model confirmed that the deceasing trend in study
years was significant after adjustment for co-variables including the CPACS-2

intervention (Table 3).

Factors associated with discontinuation to statin use

In univariate analyses, discontinuation rate was significantly lower in patients who
received CPACS-2 intervention than those who did not receive, patients with medical
insurance than those without, patients with than without history of dyslipidemia,
diabetes, and hypertension, prior statin use, higher LDL-c, those who required
intervention procedures such as PCI/CABG during hospitalization, those who were
given either standard or high dose than in patients given low dose of statin, in those
who were given atorvastatin than those who were given other statins, and lower in

patients with than without co-treatments of clopidogrel and B-blocker at discharge.
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On the other hand, discontinuation rate was significantly higher in women, older
patients, patients with lower education level, patients with relatively milder form of
ACS subtype (unstable angina), patients whose LDL-c was not measured during

hospitalisation (all p<0.05) (Table 2).

Multiple logistic regression models confirmed that the trend of discontinuation with
year of enrollment was significant and the patients with CPACS-2 intervention were
less likely to discontinue use of statins. In addition, patients with medical insurance,
history of hypertension, higher LDL-c level, prior statin use, taking atorvastatin, and
receiving PCl or CABG during hospitalization were less likely to discontinue statin use,
while those on either higher or lower dose of statin (versus standard dose), and those
whose LDL-c was not measured during the hospital admission were more likely to
discontinue the use of statin (Table 3). Other associated factors that were significant
in univariate analysis became no longer significant, these including age, sex, history of
dyslipidemia and diabetes, and co-treatments of clopidogrel and B-blocker at

discharge.

DISCUSSION

Using data from a large, prospective cohort of ACS patients in China, we found that a
number of factors were independently associated with the discontinuation of statin
use in one year after discharge. Our findings bear important clinical significances,
demonstrating that the discontinuation of statin use has multiple causes and the

solutions should also be multiple.

First, our findings demonstrated that the implementing the CPACS-2 intervention was
associated with a lower risk of the discontinuation of statin use, which was
independent to the time trend and other covariates. It indicates that the clinical
pathways for ACS management, although implemented within hospital, has effect in
reducing the discontinuation of statin use after discharge. This finding is newly
reported but expected. Our previous study on the basis of the CPACS-2 randomized

comparison data showed that the intervention had significantly increased the use of
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evidence-based secondary prevention medications at discharge(20, 21). We
recommend this ACS clinical pathway to be adopted nationally in China and perhaps

in other countries with similar circumstances as in China.

Second, like findings from other studies on medication adherence (26), we found that
patients with medical insurance coverage were associated with a lower likelihood to
discontinue the use of statin after discharge, indicating that enhancing the coverage
of medical insurance should help to reduce the number of patients to discontinue the
use of statin. In China, medical insurance has not yet covered all population and
certainly not for all services. Therefore, having medical insurance may play an

important factor which was associated with the adherence to statin use in our study.

Third, as expected, we found that ACS patients who received PCI/CABG treatment
during the hospitalization were less likely to discontinue statin use. Similar pattern
was also observed in other studies (9, 27). The explanations may include that all major
clinical guidelines emphasize the long-term use of statin after PCI/CABG for prevention
from restenosis (1, 28). In addition, the patients who received PCI/CABG are mainly
suffering from AMI that is more severe than UP. Thus, patients with PCI/CABG may be
encouraged by both doctors and themselves to be more adherent to the physicians’
advices (risk marker effect). Probably for the same reason, patients with higher LDL-c
level (=160 mg/dL), history of dyslipidemia, diabetes, and hypertension were less
likely to discontinue the statin use. The association remained significant only for

higher LDL-c and hypertension probably due to the co-linearity among these factors.

Fourth, it is interesting that both low and high dosages, compared with standard
dosage, of statin at discharge were more likely to discontinue, which is independent
of other observed predictors of statin discontinuation. Use of high-dose statin are
more likely to experience adverse reactions to statins (29, 30). Thus, side effects, such
as muscle complaints due to myopathy(31), and rhabdomyolysis (32, 33), might
decrease the adherence to the statin therapy. The drivers of discontinuation for
people taking a low dose may be differ from those for people taking a high dose. First,

patients receiving a low dose might had a less severe disease or fewer lipid-associated
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risk factors that could easily returned to normal in a relatively shorter period after
discharge and thus perceived lower risk of subsequent events. Second, the low dose
use of statin in Chinese patients might be a reflection that a higher risk of adverse
effects of statin among Asians compared to Western populations. Studies found that
the incidence of adverse reactions in Chinese patients was significantly higher than
that in European patients (29). The increase rate of consecutive alanine transaminase
(> 3 times the upper limit of normal value) is 10 times higher than that of European
patients when moderate dose of statin was used (29). However, whether Chinese
patients should be given a lower dose of statin remains controversial and requires
more strong and solid evidences. Third, in Chinese culture many people believe
chemical drugs have side effects so that they would stop using medications as soon as
they think the disease has gone and their health is recovered. All these factors alone
or in combination could lead to the low dose prescription and the early

discontinuation in these patients.

Atorvastatin use (versus other statins) significantly decreased likelihood of
discontinuation, which is independent of other confounders. This finding indicates
that Chinese are more likely to adherent to atorvastatin and is helpful to explain the
most frequently used statin type transition from simvastatin (60.2% in 2001) to
atorvastatin (52.9% in 2011) (34). We do not know why Chinese are better adherent
to atorvastatin. We hypothesize that the good adherence to atorvastatin might be due
to the better tolerability, and its efficacy and safety. However, two studies with small
sample in Chinese showed that no significant differences of MACE and declined renal
function between atorvastatin and other statins (35, 36). On the other hand, a large
observational study in the United States found 10 or 20 mg of atorvastatin use had
lower CV event rates particularly in the first year of use than 20 or 40 mg of simvastatin
(37) while another large observational study in the United Kingdom found that the risk
of hepatotoxicity (small numbers of events observed) was increased in the first six
months of atorvastatin compared to simvastatin treatment (38). It might also a
reflection of the strong marketing activities that led to a better confidence in the brand
among both doctors and patients, but we have no evidence to support this hypothesis.

These findings suggest that further large-scale studies are needed to explore the
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differences of efficacy and safety between atorvastatin and other statins using

equivalent dosage especially in Chinese patients.

Prior statin usage significantly decreased likelihood of discontinuation in our cohort.
This finding was consistent with two previous studies(39, 40). Logically, prior statin
usage indicates that patients have good tolerance to statin, have the ability to pay,
pay more attention to their own health, and have more knowledge on the importance
of statin in both primary and secondary prevention of ACS, which may help decrease
discontinuation of statin after discharge. Moreover, the patients with prior statin were
more likely to have higher education level, have history of dyslipidemia (30% versus
11%), diabetes, heart failure, hypertension, and take place MACE in hospital, which
were observed to decrease the likelihood of discontinuation to statin in the present

study.

Fifth, we found that not measuring LDL-c during the index admission increased the
likelihood of discontinuation and higher LDL-c reduced the likelihood of
discontinuation. This finding indicates the cholesterol management is very important
for improve adherence to statin therapy. Cholesterol management is recommended
by all guidelines on ACS (4, 41). However, in the present study, about 8.8% of patients
did not get their LDL-c measured in hospital. Thus, giving attention to the cholesterol
measurement during hospital admission with ACS and management may help to

further to improve adherence to statin.

Many strategies have been proposed that attempt to further reduce discontinuation
and improve statin therapeutic effectiveness, including patient education on
improving ACS and statin literacy, co-payment reduction, and behavior-modification
interventions (42-44). In the present study, we confirmed that the clinical pathway
intervention can reduce the risk of discontinuation of statin therapy. We also
confirmed that enhancing health insurance would reduce the risk of discontinuation
of statin use. Besides, we found that some important patient characteristics such as
low dose of statin use, not having lipids measured during hospitalization, prior not use

of statin, etc. were common in Chinese patients but associated with an additional and
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independent higher risk of discontinuation of statin use. It indicates that the education
on knowledge of statin and cardiovascular secondary prevention should be further
strengthen in both physicians and patients in China. Our results also suggest that high
quality studies that could generate data for appropriate dose of statin in Chinese

patients would help to reduce the statin discontinuation. It is indeed reassuring and

pleasing that discontinuation decreased significantly from 29.5% in 2007-2008 to 17.8%

in 2010, given the increasing CVD burden in China. The clinical pathway intervention
could partly explain the decreasing discontinuation proportions over time. However,
the trend of the discontinuation with study year was still significant even after
adjustment for the intervention and other potential confounders. While these results
may relate to other confounders which are not controlled for, it is highly plausible that
the publication, widespread promulgation, and endorsement of the first Chinese
Guidelines on Prevention and Treatment of Dyslipidemia in Adults in 2007-2008 (25,
45-52) might be the most important influential factor that were likely to have impact
on the reduction in discontinuation of statin. This could occur through improving the
knowledge level of statin use as secondary prevention of ACS among physicians and
among patients who had experienced ACS. Notably, although the withdrawal rate of
statins has been greatly reduced, a considerable proportion of patients have stopped
taking statins, and the evidence practice gap still exists especially in those without
intervention or medical insurance. In one more recent publication in China, the 1-year
discontinuation to statin therapy was still about 19.3% to 23.8% in real-world patients
(53). Thus, our findings are still valuable for improving the statin adherence in China

currently, and more efforts are needed to further improve the adherence to statin.

Limitations

Some limitations are worth highlighting. Firstly, patients who were lost to follow-up
were significantly different in some characteristics (years of enrolment, subtypes of
ACS, ages, occupations, medical insurance, baseline LDL-c, comorbidities, in-hospital
MACE, in-hospital PCI/CABG, doses and types of statin, co-treatments of other
medications, etc.) might lead to over- or under-estimation of the associations with the
related factors (Table S3 in file S1). Secondly, our study follow-up period was limited

to one year, factors that are associated with the longer-term discontinuation should
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be explored in the future. Thirdly, the data about statin use were prospectively
collected through interviews. The possible reporting bias made by the patients should
therefore be small and if any, this misclassification would have underestimated the
association. Thus, for the associations with statistical significance the true associations

should be even stronger than what we observed.

Conclusions

In summary, approaches such as implementing clinical guidelines and pathways,
enhancing medical insurance coverage, strengthening health education in physicians
and patients, and using statin in standard dosage in Chinese may help to improve the
persistence of statin therapy in patients discharged after an acute coronary syndrome
in China. Such measures should have major implication to the clinical and public health
practices and ultimately will bring about the benefit of patients with reduced CVD

burden.
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Table 1. Characteristics of patients with ACS in these patients followed-up (n=10337)

BMJ Open

Characteristics

n

%

Year of enrolment
2007
2008
2009
2010
Subtype of ACS
STEMI*
NSTEMI*
UA*
Clinical pathway intervention
Sex (Female)
Age>=65
Education>=high schoo
Unemployed
With medical insurance
Current smoker
History of disease
Dyslipidemia
Diabetes
Hypertension
Heart Failure
Stroke
In-hospital MACE
In-hospital PCI/CABG
LDL-c level in hospital
Not measuring
<160mg/dI
>=160mg/dI
Prior statin use
Dose of statin at discharge
1-9 mg/d
10-19 mg/d
>=20 mg/d
Type of statin at discharge
Atorvastatin
Simvastatin
Rosuvastatin
Pravastatin
Fluvastatin
Other statin
Co-treatments at discharge
Aspirin
Clopidogrel
B-blocker
ACEI/ARB*

383

3309
4982
1663

3918
1394
5025
7908
3074
4934
3786
5033
8678
3192

1359
2086
7184
562
944
191
5113

909
8850
578
1467

1904
3196
5237

5785
2690
502
502
578
280

10030
8404
8155
8096

3.7

320
48.2
16.1

37.9
13.5
48.6
76.5
29.7
47.7
36.6
48.7
83.9
30.9

13.1
20.2
69.5
5.4
9.1
1.8
49.5

8.8
85.6
5.6
14.2

18.4
30.9
50.7

56.0
26.0
4.9
4.9
5.6
2.7

97.0
81.3
78.9
78.3

* STEMI was ST-segment elevation myocardial infarction; NSTEMI was Non-ST-segment elevation
myocardial infarction; UA was unstable angina; ACEl was Angiotensin converting enzyme
inhibitor; ARB was Angiotensin Receptor Blocker
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Table 2. Univariate analysis of factors in association with the discontinuation to statin use in one

year after discharge with Logistic regression models (n=10337)

Page 22 of 34

Discontinuation

Factors Group N n % OR ( 95%Cl )
Year of enrolment 2007-2008* 3692 1088 29.5 1
2009 4982 1250 25.1 0.80(0.73-0.88)
2010 1663 296 17.8 0.52(0.45-0.60)
Subtype of ACS STEMI 3918 928 23.7 1
NSTEMI 1394 348 25.0 1.07(0.93-1.24)
UA 5025 1358 27.0 1.19(1.08-1.31)
Clinical pathway intervention No 2429 754 31.0 1
Yes 7908 1880 23.8 0.69(0.63-0.77)
Sex Male 7263 1761 24.3 1
Female 3074 873 28.4 1.24(1.13-1.36)
Age group 18-64 years 5403 1320 24.4 1
>65 years 4934 1314 26.3 1.12(1.03-1.23)
Education >high school 3786 853 22.5 1
<high school 6551 1781 27.2 1.28(1.17-1.41)
Employment No 5033 1282 25.5 1
Yes 5304 1352 25.5 1.00(0.92-1.09)
Medical insurance No 1659 514 31.0 1
Yes 8678 2120 24.4 0.72(0.64-0.81)
Current smoker No 7145 1838 25.7 1
Yes 3192 796 24.9 0.96(0.87-1.06)
History of disease
Dyslipidemia No 8978 2327 25.9 1
Yes 1359 307 22.6 0.83(0.73-0.96)
Diabetes No 8251 2155 26.1 1
Yes 2086 479 23.0 0.84(0.75-0.94)
Hypertension No 3153 874 27.7 1
Yes 7184 1760 24.5 0.85(0.77-0.93)
Heart Failure No 9775 2487 25.4 1
Yes 562 147 26.2 1.04(0.86-1.26)
Stroke No 9393 2396 25.5 1
Yes 944 238 25.2 0.98(0.84-1.15)
In-hospital MACE No 10146 2590 25.5 1
Yes 191 44 23.0 0.87(0.62-1.23)
In-hospital PCI/CABG No 5224 1719 32.9 1
Yes 5113 915 17.9 0.44(0.41-0.49)
LDL-c level in hospital <160mg/dI 8850 2248 25.4 1
>=160mg/dl| 578 118 204 0.75(0.61-0.93)
Not measuring 909 268 29.5 1.23(1.06-1.43)
Pre-hospital statin use No 8870 2329 26.3 1
Yes 1467 305 20.8 0.74(0.64-0.84)
Dose of statin at discharge 1-9 mg/d 1904 623 32.7 1.50(1.32-1.70)
10-19 mg/d 3196 784 24.5 1
>=20 mg/d 5237 1227 23.4 0.94(0.85-1.04)
Type of statin at discharge Other statins 4552 1345 29.6 1
Atorvastatin 5785 1289 22.3 0.68(0.63-0.75)
Co-treatments at discharge
Aspirin No 307 91 29.6 1
Yes 10030 2543 25.4 0.81(0.63-1.03)
Clopidogrel No 1933 664 34.4 1
Yes 8404 1970 234 0.59(0.53-0.65)
B-blocker No 2182 615 28.2 1
Yes 8155 2019 24.8 0.84(0.75-0.93)
ACEI/ARB No 2241 581 25.9 1
Yes 8096 2053 25.4 0.97(0.87-1.08)

*Combined 2007 and 2008 due to relative small sample in 2007.
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1

2

3 Table 3. Odds Ratios of discontinuation to stain within one year in the full final multivariable
4

5 Logistic regression model in analyzed patients of CPACS-2 (n=10337)

? Factors Adjusted OR (95%Cl)
8 Year of enrolment*

9 2007-2008 1.0

10

1 2009 0.91(0.82-1.02)
12 2010 0.60(0.51-0.70)
12 Subtype of ACS**

15 STEMI 1.0

16 NSTEMI 1.03(0.89-1.20)
1; UA 1.10(0.99-1.22)
19 Clinical pathway intervention (Yes/No) 0.83(0.74-0.94)
20 Sex (Female/Male) 1.09(0.99-1.21)
21

22 Age (265 years/<65 years) 1.01(0.92-1.12)
23 Education (<high school/=zhigh school) 1.05(0.95-1.15)
;g Medical insurance (Yes/No) 0.75(0.67-0.85)
26 History of disease

27 Dyslipidemia(Yes/No) 0.97(0.84-1.12)
;2 Diabetes(Yes/No) 0.90(0.80-1.01)
30 Hypertension(Yes/No) 0.83(0.75-0.92)
31 In-hospital PCI/CABG(Yes/No) 0.47(0.43-0.53)
32 . .

33 LDL-c level in hospital

34 <160mg/dI 1

22 >=160mg/dI 0.70(0.57-0.87)
37 Not measuring 1.29(1.10-1.50)
38 Prior statin use (Yes/No) 0.73(0.63-0.84)
23 Statin type at discharge(Atorvastatin/Others) 0.78(0.70-0.88)
41 Statin dose at discharge

42 1-9 mg/d 1.22(1.07-1.40)
43 10-19 mg/d 1

44 me

45 >=20 mg/d 1.27(1.13-1.43)
46 Co-treatments at discharge

47

48 Clopidogrel (Yes/No) 0.94(0.83-1.06)
49 B-blocker (Yes/No) 0.93(0.84-1.04)
50

51 * p for trend<0.001

52 **p for trend=0.232;

53

54

55

56

57

58

59

60
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Figure legends

Figure 1. Flow chart of study participants in CPACS-2
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Table S1. Standardized questionnaire for collecting data on statin followed up

SECTION 3: CURRENT MEDCIATIONS (if patient alive)

3.25

Statin Yes

/

If yes, trade name is:

!

Dose

mg/day

No

|

If no, reason is: (select one)
|:| Not prescribed

—D Patient refused

Reason is: (select one)

DCost
|:|Other
7|:| Intolerance
7|:I Unknown

—D Other(specify)
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Table S2: Dosage of different type of statins with equivalent efficacy on lipid measures

Equivalent dosages of statins (mg) Efficacy in mean reduction of lipid measures

oNOYTULT D WN =

(“o)

12 Atorva- Simva- Lova- Prava- Fluva- TC LDL-C HDL-C TG

15 statin statin statin statin statin

- 10 20 20 40 -22 -27 4~8 -(10~15)

20 10 20 40 40 80 -27 -34 4~8 -(10~20)

23 20 40 80 -32 -41 4~8 -(15~25)

40 80 -37 -48 4~8 -(20~30)

28 80 -42 -55 4~8 -(25~35)

31 Source: P Jones 1, S Kafonek, I Laurora, D Hunninghake. Comparative dose efficacy
study of atorvastatin versus simvastatin, pravastatin, lovastatin, and fluvastatin in
36 patients with hypercholesterolemia (the CURVES study) .Am J Cardiol, 1998 Mar
39 1;81(5):582-7. doi: 10.1016/s0002-9149(97)00965-x. (Reference No. 24 in the main

41 text).
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Table S3. Comparison of characteristics of patients with ACS between those followed-up and

those lost to follow-up

oNOYTULT D WN =

Followed-up

Lost to follow-up

(n=10337) (n=2742)
Characteristics n % n % P values
Year of enrolment
2007 383 3.7 161 5.9 <0.001
2008 3309 320 874 319
2009 4982 48.2 1170 427
2010 1663 16.1 537 19.6
Subtype of ACS
STEMI* 3918 379 1284 46.8 <0.001
NSTEMI* 1394 135 409 14.9
UAx 5025 48.6 1049 383
Clinical pathway intervention 7908 76.5 2077 75.8 0.409
Sex (Female) 3074 29.7 791 28.9 0.364
Age>=65 4934 47.7 1381 50.4 0.014
Education>=high school 3786 36.6 1028 375 0.404
Unemployed 5033 48.7 1494 545 <0.001
With medical insurance 8678 839 2172 79.2 <0.001
Current smoker 3192 30.9 906 33.0 0.030
History of disease
Dyslipidemia 1359 131 315 115 0.021
Diabetes 2086 20.2 529 19.3 0.302
Hypertension 7184 69.5 1798 65.6 <0.001
Heart Failure 562 54 160 58 0.417
Stroke 944 9.1 278 10.1 0.107
In-hospital MACE 191 18 283 10.3 <0.001
In-hospital PCI/CABG 5113 495 1471 53.7 <0.001
LDL-c level in hospital
Not measuring 909 8.8 299 10.9 0.003
<160mg/dl 8850 85.6 2287 834
>=160mg/dI 578 5.6 156 5.7
Prior statin use 1467 142 381 139 0.692
Dose of statin at discharge
1-9 mg/d 1904 184 672 245 <0.001
10-19 mg/d 3196 30.9 500 18.2
>=20 mg/d 5237 50.7 1570 57.3
Type of statin at discharge
Atorvastatin 5785 56.0 1712 62.4 <0.001
Simvastatin 2690 26.0 509 18.6
Rosuvastatin 502 4.9 40 15
Pravastatin 502 49 163 59
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Fluvastatin 578 5.6 166 6.1

Other statin 280 2.7 152 55
Co-treatments at discharge

Aspirin 10030 97.0 2645 96.5 0.127
9 Clopidogrel 8404 81.3 2416 88.1 <0.001
10 B-blocker 8155 78.9 2076 75.7 <0.001
1 ACEI/ARB= 8096 78.3 2161 78.8 0579

oNOYTULT D WN =

13 * STEMI was ST-segment elevation myocardial infarction; NSTEMI was Non-ST-segment
16 elevation myocardial infarction; UA was unstable angina; ACEl was Angiotensin converting

enzyme inhibitor; ARB was Angiotensin Receptor Blocker
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The RECORD statement — checklist of items, extended from the STROBE statement, that should be reportedrin observational studies using

0g

follow-up, and data collection

routinely collected health data. R
o
a1
Item | STROBE items Location in RECORD items § Location in
No. manuscript where S manuscript
items are reported e where items are
&L reported
Title and abstract &
1 (a) Indicate the study’s design (a)Title and Line 6 RECORD 1.1: The type of c%ta used 1.1.Line 7-8 of
with a commonly used term in of page 3; should be specified in the tihge or page 3.
the title or the abstract (b) (b)Line 7-25 of page | abstract. When possible, thefhame of
Provide in the abstract an 3. the databases used should bgincluded.
informative and balanced 5
summary of what was done and RECORD 1.2: If applicableéthe 1.2.line 7-8 of
what was found geographic region and timefBame page 3.
within which the study took®lace
should be reported in the titlg or
abstract. S
S
RECORD 1.3: If linkage be§veen 1.3.Not applicable.
databases was conducted foBthe study,
this should be clearly stated__%n the title
or abstract. 8
Introduction §
Background 2 Explain the scientific The first and second 5
rationale background and rationale for the | paragraph of the g
investigation being reported introduction section. 8
Objectives 3 State specific objectives, The third paragraph IS
including any prespecified of the introduction §
hypotheses section. »
Methods e
Study Design 4 Present key elements of study The first line of the é
design early in the paper study design section. T
Setting 5 Describe the setting, locations, The first paragraph g
and relevant dates, including of the methods §
periods of recruitment, exposure, | section. g
H
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Participants (a) Cohort study - Give the (a) The second RECORD 6.1: The methodsf study 6.1. The second
eligibility criteria, and the paragraph of the | population selection (such alcodes or | paragraph of the
sources and methods of selection methods section. | algorithms used to identify sgo}bj ects) methods section.
of participants. Describe should be listed in detail. If %is is not
methods of follow-up possible, an explanation shogld be
Case-control study - Give the provided. N
eligibility criteria, and the %
sources and methods of case RECORD 6.2: Any Vahdatlem studies | 6.2. Not
ascertainment and control of the codes or algorithms used to applicable.
selection. Give the rationale for select the population should.?be
the choice of cases and controls referenced. If validation wa&;conducted
Cross-sectional study - Give the for this study and not pubhsh:ed
eligibility criteria, and the elsewhere, detailed methods@nd results
sources and methods of selection should be provided. g,
of participants ]

RECORD 6.3: If the study igvolved 6.3. Not
(b) Cohort study - For matched (b) Not applicable. linkage of databases, conde.r use of a | applicable.
studies, give matching criteria flow diagram or other graphnical display
and number of exposed and to demonstrate the data linkge
unexposed process, including the numbgr of
Case-control study - For individuals with linked data%t each
matched studies, give matching stage. El
criteria and the number of 8
controls per case ,37
Variables Clearly define all outcomes, The data analyses of | RECORD 7.1: A complete I§t of codes | The data analyses

exposures, predictors, potential
confounders, and effect
modifiers. Give diagnostic
criteria, if applicable.

the methods section.

and algorithms used to classgy
exposures, outcomes, confo@nders, and
effect modifiers should be p®vided. If
these cannot be reported, an
explanation should be provided.

of the methods
section.

Data sources/
measurement

For each variable of interest,
give sources of data and details
of methods of assessment
(measurement).

Describe comparability of
assessment methods if there is
more than one group

Page 6-7 in the
methods section.
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0]
Bias 9 Describe any efforts to address To control N
potential sources of bias information bias in =
the first paragraph of §
data collection N
section. o)
Study size 10 Explain how the study size was | The first paragraph N
arrived at of design section. &
Quantitative 11 Explain how quantitative The data analyses of 5
variables variables were handled in the the methods section. %
analyses. If applicable, describe g
which groupings were chosen, N
and why o
Statistical 12 (a) Describe all statistical Statistical methods 5
methods methods, including those used to | in page 8. gs
control for confounding 2
(b) Describe any methods used 3
to examine subgroups and 2
interactions g
(c) Explain how missing data g
were addressed g
(d) Cohort study - If applicable, 3
explain how loss to follow-up _g
was addressed %
Case-control study - If S
applicable, explain how 5
matching of cases and controls g
was addressed 8
Cross-sectional study - 1f 3
applicable, describe analytical S
methods taking account of E
sampling strategy o
(e) Describe any sensitivity &
analyses a
Data access and RECORD 12.1: Authors Sh(;ﬁ';lld The first
cleaning methods describe the extent to whichghe paragraph of
investigators had access to tfe database | study design.
population used to create th§ study
population. 2
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o}
S
; RECORD 12.2: Authors shaald The second
3 provide information on the (ﬁta sentence of
4 cleaning methods used in th§ study. patient section in
5 o) page 6.
6 Linkage RECORD 12.3: State whethgr the The first
/ study included person-level.$ paragraph of page
g institutional-level, or other %ta linkage | 7.
10 across two or more databaseg. The
1 methods of linkage and metRods of
12 linkage quality evaluation si®uld be
13 provided. >,
14| Results 3
15 Participants 13 (a) Report the numbers of a & b. First RECORD 13.1: Describe in&letail the 13.1. First
16 NS . .2 .
17 individuals at each stage of the paragraph of results | selection of the persons inclded in the | paragraph of
18 study (e.g., numbers potentially | section in page 8. study (i.e., study population3election) | results section in
19 eligible, examined for eligibility, including filtering based on data page 8 and Figure
20 confirmed eligible, included in c. Figure 1. quality, data availability anclinkage. 1.
21 the study, completing follow-up, The selection of included pe?sons can
;g and analysed) be described in the text andfgr by
4 (b) Give reasons for non- means of the study flow diaggam.
25 participation at each stage. 3
26 (c) Consider use of a flow %
27 diagram S
28 Descriptive data | 14 (a) Give characteristics of study | The first paragraph 5
29 participants (e.g., demographic, | of the result section. g
g? clinical, social) and information &
32 on exposures and potential 8
33 confounders S
34 (b) Indicate the number of s
35 participants with missing data -
36 for each variable of interest &
;73 (c) Cohort study - summarise 5
39 follow-up time (e.g., average and S
40 total amount) &
41 Outcome data 15 Cohort study - Report numbers The second E;
42 of outcome events or summary paragraph of the 3
43 measures over time result section. 2
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Case-control study - Report N
numbers in each exposure R
category, or summary measures @
of exposure N
Cross-sectional study - Report S
numbers of outcome events or e
summary measures &
Main results 16 (a) Give unadjusted estimates Table 2 & 3. &
and, if applicable, confounder- %
adjusted estimates and their N
precision (e.g., 95% confidence N
interval). Make clear which o
confounders were adjusted for 2
and why they were included g
(b) Report category boundaries 2
when continuous variables were 3
categorized s
(c) If relevant, consider ?
translating estimates of relative g
risk into absolute risk for a g
meaningful time period 3
Other analyses 17 Report other analyses done— Figure 2. §
e.g., analyses of subgroups and %
interactions, and sensitivity S
analyses 2
Discussion g
Key results 18 Summarise key results with First paragraph of &
reference to study objectives the discussion 8
section. S
Limitations 19 Discuss limitations of the study, | The last paragraph RECORD 19.1: Discuss theg The last
taking into account sources of of the discussion implications of using data that were not | paragraph of the
potential bias or imprecision. section in page 14. created or collected to answer the discussion
Discuss both direction and specific research question(s)jgInclude section .
magnitude of any potential bias discussion of misclassiﬁcati@n bias,
unmeasured confounding, nffssing
data, and changing eligibilitg over
time, as they pertain to the sgudy being
reported. <
g
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o}
: Interpretation 20 Give a cautious overall Paragraph 2-10 of N
5 interpretation of results the discussion =
3 considering objectives, section. §
4 limitations, multiplicity of N
5 analyses, results from similar S
6 studies, and other relevant N
% evidence %
2 Generalisability | 21 Discuss the generalisability The first paragraph E’
10 (external validity) of the study of page 14. =3
11 results N
12 Other Information ﬁ
13 Funding 22 Give the source of funding and Source(s) of support 9
14 the role of the funders for the of page 15. 5
12 present study and, if applicable, ga
17 for the original study on which 2
18 the present article is based g
19 Accessibility of The first paragraph of the design RECORD 22.1: Authors shauld The first
20 protocol, raw section in page 5. provide information on howﬁo access | paragraph of the
21 data, and any supplemental informatiGh such as | design section in
;g programming the study protocol, raw data%or page 5.
24 code programming code. %
25 =
26  *Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Serensen HT, von Elm E, Lango SM, the RECORD Working
27  Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) 3 atement. PLoS Medicine 2015;
28 i
i in press. g
2(1) *Checklist is protected under Creative Commons Attribution (CC BY) license. %
32 i
33 S
34 -
35 o
36 &
37 i}
38 3
39 ]
40 o]
41 2
42 3
43 g
Zg For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml %
46



http://creativecommons.org/licenses/by/4.0/
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Associated factors of discontinuation to statin use in one
year after discharge in patients with acute coronary

syndrome in China

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-056236.R2

Article Type:

Original research

Date Submitted by the
Author:

16-Jun-2022

Complete List of Authors:

Xie, Gaogiang ; Peking University First Hospital, Peking University
Clinical Research Institute

Myint, Phyo; University of Aberdeen

Sun, Yihong; China-Japan Friendship Hospital, Heart Center

Li , Xian; Peking University Health Science Center, The George Institute
for Global Health

Wu, Tao; Peking University Health Science Center, George Institute for
Global Health

Gao, Run-lin; Chinese Academy of Medical Sciences & Peking Union
Medical College Fuwai Hospital, Department of Cardiology

Wu, Yangfeng; Peking University First Hospital, Peking University Clinical
Research Institute; Peking University School of Public Health,
Department of Epidemiology and Biostatistics

<b>Primary Subject
Heading</b>:

Cardiovascular medicine

Secondary Subject Heading:

Evidence based practice, Pharmacology and therapeutics

Keywords:

Quality in health care < HEALTH SERVICES ADMINISTRATION &
MANAGEMENT, Congenital heart disease < CARDIOLOGY, Cardiology <
INTERNAL MEDICINE

o

SCHOLARONE™

CHOLA
SCAULA

Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdos Aq paraslold 1senb Ag 20z ‘0€ 41800100 uo /wod g uadolwq//:dny woiy papeojumoq Zz0z Jaquialdss T uo 9€Z950-TZ0Z-uadolwag/9eTT 0T Sk paysiignd 1suy :uado CING


http://bmjopen.bmj.com/

Page 1 of 34

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Title
Associated factors of discontinuation to statin use in one year after

discharge in patients with acute coronary syndrome in China

The type of manuscript: original research

Authors
Gaogiang Xiel' 2, Phyo Kyaw Myint® 4, Yihong Sun>, Xian Li®, Tao Wu®, Runlin Gao’,
Yangfeng Wul- 2 8%

INSTITUTIONS

1 Peking University Clinical Research Institute, Peking University First Hospital; Beijing,
China

2 Key Laboratory of Molecular Cardiovascular Sciences, Ministry of Education, Beijing,
China;

3 Ageing Clinical & Experimental Research (ACER) Team, Institute of Applied Health
Sciences, University of Aberdeen, Aberdeen, UK

4 Aberdeen Cardiovascular & Diabetes Centre (ACDC), Institute of Medical Sciences,
University of Aberdeen, UK

5 China-Japan Friendship Hospital, Beijing, China

6 The George Institute for Global Health at Peking University Health Science Center
(PUHSC), Beijing, China

7 The Department of Cardiology, Cardiovascular Institute and Fuwai Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing, China.

8 Department of Epidemiology and Biostatistics, Peking University School of Public

Health, Beijing, China

#Corresponding authors: Yangfeng Wu, Peking University Clinical Research Institute,

Peking University First Hospital; Beijing 100191, China, E-Mail: wuyf@bjmu.edu.cn,

Telephone no. 010-82805836-206

For peer review only - http://bmjopembmj.com/site/about/guidelines.xhtml

Page 2 of 34


mailto:wuyf@bjmu.edu.cn
http://bmjopen.bmj.com/

Page 3 of 34

oNOYTULT D WN =

BMJ Open

First Author: Gaoqgiang Xie, 38# Haidian District, Beijing, China, E-mail addresses:
gxie@bjmu.edu.cn , Telephone no. 010-82805831-828

Authors’ information

Gaoging Xie Gxie@bjmu.edu.cn

Phyo Kyaw Myint phyo.myint@abdn.ac.uk
Yihong Sun yihongsun72@163.com

Xian Li Ixian@georgeinstitute.org.cn
Tao Wu twu@georgeinstitute.org.cn
Runlin Gao gaorunlin@263.net
Yangfeng Wu wuyf@bjmu.edu.cn

Word counts: 6316
Abstract: 261
Manuscript text: 3138

For peer review only - http://bmjopembmj.com/site/about/guidelines.xhtml


mailto:gxie@bjmu.edu.cn
mailto:Gxie@bjmu.edu.cn
mailto:phyo.myint@abdn.ac.uk
mailto:lxian@georgeinstitute.org.cn
mailto:twu@georgeinstitute.org.cn
mailto:gaorunlin@263.net
mailto:wuyf@bjmu.edu.cn
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Abstract

Objectives To determine the associated factors of discontinuation to statin use in one
year after discharge in patients who survived from acute coronary syndrome (ACS) in
China.

Settings 75 hospitals across China.

Design A cohort follow up study

Participants The study included 10,337 ACS patients hospitalized in 2007-2010 and
discharged with statins from 75 hospitals in China in the CPACS-2 study, who were
followed- up at 6- and 12- months post-discharge.

Primary outcome measures The primary outcome was the discontinuation of statin
use defined as not in current use of statin at either 6 or 12 months follow up.
Results: Multivariable logistic regression model showed, patients who did not have
cholesterol measurement (adjusted OR=1.29, 95%Cl: 1.10-1.50) and patients with
either higher (1.27; 1.13-1.43) or lower dose of statin (1.22; 1.07-1.40), compared with
those with standard dose, were more likely to discontinue the use of statin. In addition,
patients on the CPACS-2 intervention pathway (adjusted OR=0.83; 95%Cl: 0.74-0.94),
patients with medical insurance (0.75; 0.67-0.85), history of hypertension (0.83; 0.75-
0.92), high LDL-c (0.70; 0.57-0.87) at the baseline, prior statin use (0.73; 0.63-0.84),
use of atorvastatin (0.78; 0.70-0.88) and those who underwent PCl or CABG during
hospitalization (0.47; 0.43-0.53) were less likely to discontinue statin use. The one-
year statin discontinuation rate decreased from 29.5% in 2007-2008 to 17.8% in 2010
(adjusted OR = 0.60; 95%Cl: 0.51 to 0.70).

Conclusion: Implementing clinical pathway, enhancing medical insurance coverage,
strengthening health education in both physicians and patients, using statin at
standard dosage may help improve the adherence to statin use after discharge in

Chinese patients with ACS.

Key words: Acute coronary syndrome, Discontinuation to Statin Use, Trend,

Associated Factors

For peer review only - http://bmjopembmj.com/site/about/guidelines.xhtml

Page 4 of 34


http://bmjopen.bmj.com/

Page 5 of 34

oNOYTULT D WN =

BMJ Open

Strengths and limitations of this study

With a large cohort with more than 10,000 patients with ACS from 75 hospitals across
different areas of China, novel factors associated with the risk of discontinuation of
statin use after discharge were identified including two negative associates: clinical
pathway intervention and higher baseline LDL-c level, and two positive associates:

non-standard dose use and not having cholesterol measured.

Data used in the present study was from CPACS-2, which was a well-designed and

conducted under strict quality control.

There were about 21% study participants lost to follow-up, which might have led to

over- or under-estimation of the associations of the discontinuation of statin after ACS.
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INTRODUCTION

Statins therapy has been recommended as a core long-term secondary preventive
treatment for patients with acute coronary syndrome (ACS) by several guidelines (1-
5). Despite strong evidence from basic and clinical studies (6-8) and recommendation
by the guidelines, about 10%-30% of patients with ACS discontinued their statin
treatment usually within four years with highest attrition in the first year in western
countries (9-12). It has been shown that discontinuation of statin therapy increases
the risk of major adverse cardiovascular events (MACE) in patients with ACS after

discharge in several countries including UK (13, 14).

Several studies in Europe and America showed that sex, intervention (nurse-led
annual follow-up and medical titration by telephone, weekly pharmacist-led
telephone contact for 12 weeks, a physician education protocol to implement statin
in all patients admitted for CABG ), generic versus branded drugs, insurance and
prescription cost assistance were the main factors influencing the adherence to statin
therapy among patients discharged with ACS (9, 15-19). A big European survey showed
that statin therapy was discontinued in 11.6% of patients with coronary heart disease
(CHD)(20). However, to date, few data exist on the factors that influence statin

discontinuation in ACS patients in China.

In this study, we analyzed data from the Clinical Pathways for Acute Coronary
Syndromes in China Study-2 (CPACS-2) to understand the trend from 2007 to 2010
among Chinese patients with ACS in discontinuation of statin use in the first year after
discharge and to explore the factors that drove the trend and factors that were

associated with discontinuation.

METHODS

Study design

The present study analyzed the one-year follow up data of patients with ACS who were
discharged with statin from 75 hospitals across China in the Clinical Pathways for Acute
Coronary Syndromes— Phase 2 (CPACS-2) study. The design, methodology and main
results of CPACS-2 study have been previously reported in detail (21-24). In brief, the
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CPACS-2 study was an implementation trial with a cluster-randomized design to
evaluate the effectiveness of implementing clinical pathways for ACS management in

75 hospitals in China from 2007 to 2010 (21).

Patients

CPACS-2 recruited consecutive ACS patients admitted to the participating hospitals
and followed up surviving patients till one year after discharge. Of 15,138 patients
recruited in CPACS-2, 1626 patients were discharged without statins, 413 patients died
during the follow up and 2,762 lost to follow up and therefore these patients were
excluded from analysis. The remaining 10,337 patients who were discharge with statin

and completed follow up were included (see Figure 1).

Ethical approval

The CPACS-2 study was approved by the ethics committee of Fuwai Hospital and
Human Research Ethics Committees of University of Sydney in Australia (number: 09-
2007/10276) (21-24). Informed consent was obtained from all participants.
Confidentiality of subjects were ensured by anonymizing participants’ names, initials

or hospital numbers.

Data collection

A trained clinical staff (independent to the treating physicians) in each hospital
reviewed medical records and administered a structured questionnaire and collected
demographic and clinical data including statin use, history of disease, clinical
characteristics, and prior and in-hospital treatments. Data on statin use at 6 and 12
months after the hospital discharge were collected through interviews by either
telephone calls (88%) or face-to-face clinic visit (12%). The standardized questionnaire

for collecting data on statin use was shown in Table S1 in additional file S1.

For our analysis, the dosage of different statins was converted to the equivalent

dosage of atorvastatin (25) (Additional file S1: Table S2 (25)).

Data analyses
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Exposures included for analysis

Exposures included the CPACS-2 intervention, year of enrolment, age, sex, education,
employment, medical insurance, smoking status, subtype of ACS, co-existing
cardiovascular diseases or risk, in-hospital major adverse cardiovascular events
(MACE), in-hospital PCI/CABG, LDL-c level at enrolment, prior statin use, dose & type

of statin at discharge, co-treatments at discharge.

Education level was classified into 2 categories: lower than high school and high school
and above. Prior statin use was defined as any statin use in most days one month

before the development of ACS.

According to the guideline in China(26), we divided into 3 groups of statin dose: lower
(<10 mg atorvastatin or equivalent) (18.4%), standard dose (10-19 mg atorvastatin)

(30.9%), and high dose of statin (>=20 mg atorvastatin or equivalent) (50.7%).

The CPACS-2 intervention included three major generic clinical pathways (risk
stratification, management of STEMI, and management of non—-ST-segment—elevation
myocardial infarction/unstable angina pectoris) that were developed in conjunction
with the Chinese Society of Cardiology based on the relevant American Heart
Association and American College of Cardiology guidelines (1, 2). For more details,

please refer to the previous publications (21, 24).

Main outcome for analysis

The discontinuation to statin use in one year after discharge was the primary outcome,

which was defined as not in current use of statin at either 6 or 12 months follow up.

Statistical methods

SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analyses. Univariate
and multivariable logistic regression models were used to analyse the association of
the discontinuation of statin with potential explanatory factors. Our primary analyses
included only participants who completed both 6 and 12 months follow ups. Since the

number of patients in 2007 was small, these patients were grouped into those
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recruited in 2008 in our main analyses. Two-sided P value of <0.05 was considered

statistically significant.

RESULTS

Baseline characteristics

Among all 15,138 patients recruited in CPACS-2, 13512 were prescribed statin at
discharge. Among them, 433 died and 2742 (21% of those who survived) were lost to
follow up. Finally, 10337 patients with complete data on statin therapy and related
factors were analysed (Figure 1). The baseline characteristics are shown in Table 1.
Briefly, a total of 10,337 patients (men=70.3%) with ACS (mean age (SD) 63.2+11.6
years) were included. Of them, 383 (3.7%), 3309(32.0%), 4982 (48.2%), and 1663
(16.1%) were enrolled in each year from 2007 to 2010 respectively. A total of 7908
(76.5%) patients were enrolled after the hospitals had implemented the clinical

pathway intervention (Table 1).

Trend of discontinuation to statin use from 2007 to 2010

Among our study participants, 25.5% (n=2634) discontinued statin in one year after
discharge. The discontinuation rate decreased from 29.5% in 2007-2008 to 17.8% in
2010 (Table 2). The multiple logistic regression model confirmed that the deceasing
trend in study years was significant after adjustment for co-variables including the

CPACS-2 intervention (Table 3).

Factors associated with discontinuation to statin use

In univariate analyses, discontinuation rate was significantly lower in patients who
received CPACS-2 intervention than those who did not receive the pathway, patients
with medical insurance than those without, patients with history of dyslipidemia,
diabetes, and hypertension, prior statin use, higher LDL-c, those who required
intervention procedures such as PCI/CABG during hospitalization, those who were
given either standard or high dose than in patients given low dose of statin, in those
who were given atorvastatin than those who were given other statins, and lower in
patients with than without co-treatments of clopidogrel and B-blocker at discharge.

On the other hand, discontinuation rate was significantly higher in women, older
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patients, patients with lower education level, patients with relatively milder form of
ACS subtype (unstable angina), patients whose LDL-c was not measured during

hospitalisation (all p<0.05) (Table 2).

Multiple logistic regression models confirmed that the trend of discontinuation with
year of enrollment was significant and the patients with CPACS-2 intervention were
less likely to discontinue use of statins. In addition, patients with medical insurance,
history of hypertension, higher LDL-c level, prior statin use, taking atorvastatin, and
those who underwent PClI or CABG during hospitalization were less likely to
discontinue statin, while those on either higher or lower dose of statin (versus
standard dose), and those whose LDL-c was not measured during the hospital
admission were more likely to discontinue the use of statin (Table 3). Other associated
factors that were significant in univariate analysis became no longer significant in
multivariable model; these include age, sex, history of dyslipidemia and diabetes, and

co-treatments of clopidogrel and B-blocker at discharge.

DISCUSSION

Using data from a large, prospective cohort of ACS patients in China, we found that a
number of factors were independently associated with the discontinuation of statin
use in one year after discharge. Our findings bear important clinical significance,
demonstrating that the discontinuation of statin use has multiple causes and thus

multiple approaches are required to address this important issue.

First, our findings demonstrated that the implementing of CPACS-2 intervention was
associated with a higher adherence of statin use, which was independent of the time
trend and other covariates. It indicates that the clinical pathways for ACS management,
although implemented within hospital, has effect in reducing the discontinuation of
statin use after discharge. This finding is newly reported but expected. Our previous
study on the basis of the CPACS-2 randomized comparison data showed that the
intervention had significantly increased the use of evidence-based secondary

prevention medications at discharge (21, 22). We recommend this ACS clinical
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pathway to be adopted nationally in China and perhaps in other countries with similar

circumstances as in China.

Second, similar to the findings from other studies on medication adherence (27), we
found that patients who had medical insurance were significantly more likely to
continue the use of statin after discharge, indicating that improving  medical
insurance coverage in the population should help to reduce the number of patients
who discontinue the use of statin. In China, medical insurance has not yet covered for
the whole population and certainly not for all services. Therefore, having medical
insurance might have been an important factor and hence it was associated with the

adherence to statin use in our study.

Third, as expected, we found that ACS patients who received PCI/CABG treatment
during the hospitalization were more likely to continue statin use. Similar pattern was
also observed in other studies (9, 20). The explanations may include that all major
clinical guidelines emphasize the long-term use of statin after PCI/CABG for prevention
from restenosis (1, 28). In this study, patients who received PCI/CABG had AMI that is
more severe than unstable angina pectoris. Thus, patients with PCI/CABG might have
been encouraged by both doctors and thus they were more likely to adhere to the
physicians’ advices (risk marker effect). Probably for the same reason, patients with
higher LDL-c level (=160 mg/dL), history of dyslipidemia, diabetes, and hypertension
were less likely to discontinue the use of statin. The association remained significant
only for higher LDL-c and hypertension in multivariable analysis probably due to the

co-linearity among these factors.

Fourth, it is interesting that both low and high dosages, compared with standard
dosage, of statin at discharge were more likely to discontinue, which is independent
of other observed predictors of statin discontinuation. Use of high-dose statin have
been shown to be associated with adverse reactions (29, 30). Thus, side effects, such
as muscle complaints due to myopathy (31), and rhabdomyolysis (32, 33), might have
decreased the adherence to the statin therapy in our study. However, the drivers for

discontinuation in people taking a low dose might have been different from those who
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were taking a high dose. First, patients who were prescribed a low dose might have
had a less severe disease or fewer lipid-associated risk factors that could easily
returned to normal in a relatively shorter period after discharge and thus perceived
lower risk of subsequent events. Second, the low dose use of statin in Chinese patients
might be a reflection that a higher risk of adverse effects of statin among Asians
compared to Western populations. Studies found that the incidence of adverse
reactions in Chinese patients was significantly higher than that in European patients
(29). The increase rate of consecutive alanine transaminase (> 3 times the upper limit
of normal value) is 10 times higher than that of European patients when moderate
dose of statin was used (29). However, whether Chinese patients should be given a
lower dose of statin remains controversial and requires further robust evidence. Third,
in Chinese culture many people believe chemical drugs have side effects so that they
would stop using medications as soon as they think the disease has gone and their
health is improved. All these factors alone or in combination could lead to the
association between low dose prescription and the early discontinuation in these

patients.

Atorvastatin use (versus other statins) was significantly associated with a higher
likelihood of continuation, which is independent of other confounders. This finding
indicates that Chinese are more likely to adherent to atorvastatin and is helpful to
explain transition from simvastatin (60.2% in 2001) to atorvastatin (52.9% in 2011) as
the most frequently used statin type (34). We do not know why Chinese are better
adherent to atorvastatin. We hypothesize that the good adherence to atorvastatin
might be due to the better tolerability, and its efficacy and safety. However, two
studies with relatively small sample sizes in Chinese showed that no significant
differences of MACE and declined renal function between atorvastatin and other
statins (35, 36). On the other hand, a large observational study in the United States
found 10 or 20 mg of atorvastatin use had lower CV event rates particularly in the first
year of use than 20 or 40 mg of simvastatin (37) while another large observational
study in the United Kingdom found that the risk of hepatotoxicity (small numbers of
events observed) was increased in the first six months of atorvastatin compared to

simvastatin treatment (38). It might also be a reflection of the strong marketing
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activities that led to a better confidence in the brand among both doctors and patients,
but we have no evidence to support this hypothesis and also it is beyond the scope of
the current report. These findings suggest that further large-scale studies are needed
to explore the differences of efficacy and safety between atorvastatin and other

statins using equivalent dosage especially in Chinese patients.

Prior statin usage was significantly associated with a higher likelihood of continuation
in our cohort. This finding was consistent with two previous studies(39, 40). Logically,
prior statin usage indicates that the patient has good tolerance to statin, has the ability
to pay, gives more attention to their own health, and has more knowledge on the
importance of statin in both primary and secondary prevention of ACS, which may
help decrease discontinuation of statin after discharge. Moreover, patients who used
prior statin were more likely to have attained higher education level, had history of
dyslipidemia (30% versus 11%), diabetes, heart failure, hypertension, and experienced
MACE in hospital, which were observed to decrease the likelihood of discontinuation

to statin in the present study.

Fifth, we found that not measuring LDL-c during the index admission increased the
likelihood of discontinuation and higher LDL-c reduced the likelihood of
discontinuation. This finding indicates that the cholesterol management is very
important to improve adherence of statin. Cholesterol management is recommended
by all guidelines on ACS (4, 41). However, in the present study, about 8.8% of patients
did not get their LDL-c measured in hospital. Thus, giving attention to the cholesterol
measurement during hospital admission with ACS and management may help to

further improve adherence to statin.

Many strategies have been proposed that attempt to further reduce discontinuation
and improve statin therapeutic effectiveness, including improving patient education
on ACS and statin literacy, co-payment reduction, and behavior-modification
interventions (42-44). In the present study, we confirmed that the clinical pathway
intervention can reduce the risk of discontinuation of statin therapy. We also

confirmed that enhancing health insurance would reduce the risk of discontinuation
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of statin use. In addition, we found that some important patient characteristics such
as low dose statin use, not having lipids measured during hospitalization, no prior use
of statin, etc. were common in Chinese patients and these factors were associated
with an additional and independent higher risk of discontinuation of statin use. It
indicates that the education on knowledge of statin and cardiovascular secondary
prevention should be further strengthened in both physicians and patients in China.
Our results also suggest that high quality studies that could generate data for
appropriate dose of statin in Chinese patients would help to reduce the statin
discontinuation. It is indeed reassuring and pleasing that discontinuation of statins
decreased significantly from 29.5% in 2007-2008 to 17.8% in 2010, given the
increasing CVD burden in China. The clinical pathway intervention could partly explain
the decreasing trends in discontinuation over time. However, the trend of the
discontinuation with study year was still significant even after adjustment for the
intervention and other potential confounders. While these results may relate to other
confounders which were not controlled for, it is highly plausible that the publication,
widespread promulgation, and endorsement of the first Chinese Guidelines on
Prevention and Treatment of Dyslipidemia in Adults in 2007-2008 (26, 45-52) might
be the most important influential factor that was likely to have impact on the
reduction in discontinuation of statin. This could occur through improving the
knowledge level of statin use as secondary prevention of ACS among physicians and
among patients who experienced ACS. Notably, although the withdrawal rate of
statins has been greatly reduced, a considerable proportion of patients have stopped
taking statins, and the evidence practice gap still exists especially in those without
intervention or medical insurance. In one more recent publication in China, the 1-year
discontinuation to statin therapy was still about 19.3% to 23.8% in real-world patients
(53). Thus, our findings are still valuable for improving the statin adherence in China

currently, and more efforts are needed to further improve the adherence to statin.

Limitations
Some limitations are worth highlighting. Firstly, patients who were lost to follow-up
were significantly different in some characteristics (years of enrolment, subtypes of

ACS, age, occupation, medical insurance, baseline LDL-c, comorbidities, in-hospital
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MACE, in-hospital PCI/CABG, dose and type of statin, co-treatments of other
medications, etc.) which might have led to over- or under-estimation of the
associations with the related factors (Table S3 in file S1). Secondly, our study follow-
up period was limited to one year; factors that are associated with the longer-term
discontinuation should be explored in the future. Thirdly, the possible reporting bias
might occur when patients reported their statin use to the medical staff - telling what
they thought the interviewers would want to hear. This could potentially lead to mis-
classification, it would have underestimated the associations of the discontinuation of
statin use with its associated factors. Thus, any observed significant associations are

likely to be stronger.

Conclusions

In summary, approaches such as implementing clinical guidelines and pathways,
enhancing medical insurance coverage, strengthening health education in physicians
and patients, and using statin in standard dosage in Chinese may help to improve the
persistence of statin therapy in patients discharged after an acute coronary syndrome
in China. Such measures should have major implication to the clinical and public health
practices and ultimately will bring about the benefit of patients with reduced CVD

burden.
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Tables

Table 1. Characteristics of patients with ACS in these patients followed-up (n=10337)

BMJ Open

Characteristics

n

%

Year of enrolment
2007
2008
2009
2010
Subtype of ACS
STEMI*
NSTEMI*
UA*
Clinical pathway intervention
Sex (Female)
Age>=65
Education>=high schoo
Unemployed
With medical insurance
Current smoker
History of disease
Dyslipidemia
Diabetes
Hypertension
Heart Failure
Stroke
In-hospital MACE
In-hospital PCI/CABG
LDL-c level in hospital
Not measuring
<160mg/dI
>=160mg/dI
Prior statin use
Dose of statin at discharge
1-9 mg/d
10-19 mg/d
>=20 mg/d
Type of statin at discharge
Atorvastatin
Simvastatin
Rosuvastatin
Pravastatin
Fluvastatin
Other statin
Co-treatments at discharge
Aspirin
Clopidogrel
B-blocker
ACEI/ARB*

383

3309
4982
1663

3918
1394
5025
7908
3074
4934
3786
5033
8678
3192

1359
2086
7184
562
944
191
5113

909
8850
578
1467

1904
3196
5237

5785
2690
502
502
578
280

10030
8404
8155
8096

3.7

320
48.2
16.1

37.9
13.5
48.6
76.5
29.7
47.7
36.6
48.7
83.9
30.9

13.1
20.2
69.5
5.4
9.1
1.8
49.5

8.8
85.6
5.6
14.2

18.4
30.9
50.7

56.0
26.0
4.9
4.9
5.6
2.7

97.0
81.3
78.9
78.3

* STEMI was ST-segment elevation myocardial infarction; NSTEMI was Non-ST-segment elevation
myocardial infarction; UA was unstable angina; ACEl was Angiotensin converting enzyme
inhibitor; ARB was Angiotensin Receptor Blocker
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Figure legends

Figure 1. Flow chart of study participants in CPACS-2

Figure 2. Univariate analysis of factors in association with the discontinuation to statin
use in one year after discharge with Logistic regression models (n=10337)

*Combined 2007 and 2008 due to relatively small sample in 2007.

Figure 3. Odds Ratios of discontinuation to stain within one year in the full final
multivariable Logistic regression model in analyzed patients of CPACS-2 (n=10337)

* p for trend<0.001

**p for trend=0.232;
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Factors Group N :iscontinu::/:ion OR (95%Cl)
Year of enrolment 2007-2008* 3692 1088 29.5 1 ‘
2009 4982 1250  25.1 0.80(0.73-0.88) tet |
2010 1663 296 17.8 0.52(0.45-0.60) g
Subtype of ACS STEMI 3918 928 23.7 1 =
NSTEMI 1394 348 25.0 1.07(0.93-1.24) St
UA 5025 1358 27.0 1.19(1.08-1.31) 2t
Clinical pathway intervention  No 2429 754 31.0 1 E;
Yes 7908 1880 23.8 0.69(0.63-0.77) Mg §
Sex Male 7263 1761 24.3 1 § }
Female 3074 873 28.4 1.24(1.13-1.36) L
Age group 18-64 years 5403 1320 24.4 1 & 3
265 years 4934 1314 26.3 1.12(1.03-1.23) S et
Education >high school 3786 853 22.5 1 E }
<high school 6551 1781 27.2 1.28(1.17-1.41) S et
Employment No 5033 1282 25.5 1 %- 1
Yes 5304 1352 25.5 1.00(0.92-1.09) Ey_._f
Medical insurance No 1659 514 31.0 1 'B i
Yes 8678 2120 24.4 0.72(0.64-0.81) et |
Current smoker No 7145 1838 257 1 & |
Yes 3192 796 24.9 0.96(0.87-1.06) Wiy
History of disease > ‘
Dyslipidemia No 8978 2327 25.9 1 E
Yes 1359 307 22.6 0.83(0.73-0.96) ,_,mm_,
Diabetes No 8251 2155 26.1 1 k! '
Yes 2086 479 23.0 0.84(0.75-0.94) =Ry
Hypertension No 3153 874 27.7 1 i *
Yes 7184 1760 24.5 0.85(0.77-0.93) ,_% §
Heart Failure No 9775 2487 25.4 1 'D ‘
Yes 562 147 26.2 1.04(0.86-1.26) go ! .
Stroke No 9393 2396 25.5 1 S ‘
Yes 944 238 25.2 0.98(0.84-1.15) &
In-hospital MACE No 10146 2590 25.5 1 = &
Yes 191 44 23.0 0.87(0.62-1.23) . S
In-hospital PCI/CABG No 5224 1719 32.9 1 § i
Yes 5113 915 17.9 0.44(0.41-0.49) ot S
LDL-c level in hospital <160mg/dI 8850 2248 25.4 1 %. ‘
>=160mg/dl. 578 118 20.4 0.75(0.61-0.93) + o B
Not measuring 909 268 29.5 1.23(1.06-1.43) g ’ '
Pre-hospital statin use No 8870 2329 26.3 1 g &
Yes 1467 305 20.8 0.74(0.64-0.84) 8
Dose of statin at discharge ~ 1-9 mg/d 1904 623 32.7 1.50(1.32-1.70) S | ——t
10-19 mg/d 3196 784 24.5 1 g +
>=20 mg/d 5237 1227 23.4 0.94(0.85-1.04) Bt
Type of statin at discharge Other statins 4552 1345 29.6 1 é $
Atorvastatin 5785 1289 22.3 0.68(0.63-0.75) ot g
Co-treatments at discharge N
Aspirin No 307 91 29.6 1 g |
Yes 10030 2543 25.4 0.81(0.63-1.03) 1_%_4
Clopidogrel No 1933 664 34.4 1 a2
Yes 8404 1970 23.4 0.59(0.53-0.65) tet 3 §
B-blocker No 2182 615 28.2 1 T |
Yes 8155 2019 24.8 0.84(0.75-0.93) +- 89 |
ACEI/ARB No 2241 581 25.9 1 g |
Yes 8096 2053 25.4 0.97(0.87-1.08) _§_._f
<
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DIVIJ UPTTI

Factors Adjusted OR (95%Cl)
Year of enrolment*
; 2007-2008 1.0 )
3 2009 0.91(0.82-1.02) 1_._:
: 2010 0.60(0.51-0.70) ot
6 Subtype of ACS** 3
; STEMI 1.0 ‘
9 NSTEMI 1.03(0.89-1.20) ¢
1? UA 1.10(0.99-1.22) 1_._7
12 Clinical pathway intervention (Yes/No) 0.83(0.74-0.94) 7_._$
13 Sex (Female/Male) 1.09(0.99-1.21) ot
1: Age (265 years/<65 years) 1.01(0.92-1.12) 1_._7
16 Education (<high school/=high school) 1.05(0.95-1.15) 1_,._7
1; Medical insurance (Yes/No) 0.75(0.67-0.85) ot
19 History of disease 5
20 Dyslipidemia(Yes/No) 0.97(0.84-1.12) 1_.._7
;; Diabetes(Yes/No) 0.90(0.80-1.01) 1_._¢
23 Hypertension(Yes/No) 0.83(0.75-0.92) ot
;g In-hospital PCI/CABG(Yes/No) 0.47(0.43-0.53)
26 LDL-c level in hospital
;; <160mg/dI 1 ‘
29 >=160mg/d| 0.70(0.57-0.87) t—t |
2(1) Not measuring 1.29(1.10-1.50) 2
32 Prior statin use (Yes/No) 0.73(0.63-0.84) ot |
33 Statin type at discharge(Atorvastatin/Others) 0.78(0.70-0.88) et
gg Statin dose at discharge
36 1-9 mg/d 1.22(1.07-1.40) | DG ¢
;7; 10-19 mg/d 1 *
39 >=20 mg/d 1.27(1.13-1.43) IR S
40 Co-treatments at discharge ‘
2; Clopidogrel (Yes/No) 0.94(0.83-1.06) 7_,__'
43 B-blocker (Yes/No) 0.93(0.84-1.04) et
44 3
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Table S1. Standardized questionnaire for collecting data on statin followed up

SECTION 3: CURRENT MEDCIATIONS (if patient alive)

3.25

Statin Yes

/

If yes, trade name is:

!

Dose

mg/day

No

|

If no, reason is: (select one)
|:| Not prescribed

—D Patient refused

Reason is: (select one)

DCost
|:|Other
7|:| Intolerance
7|:I Unknown

—D Other(specify)
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Table S2: Dosage of different type of statins with equivalent efficacy on lipid measures

Equivalent dosages of statins (mg) Efficacy in mean reduction of lipid measures

oNOYTULT D WN =

(“o)

12 Atorva- Simva- Lova- Prava- Fluva- TC LDL-C HDL-C TG

15 statin statin statin statin statin

- 10 20 20 40 -22 -27 4~8 -(10~15)

20 10 20 40 40 80 -27 -34 4~8 -(10~20)

23 20 40 80 -32 -41 4~8 -(15~25)

40 80 -37 -48 4~8 -(20~30)

28 80 -42 -55 4~8 -(25~35)

31 Source: P Jones 1, S Kafonek, I Laurora, D Hunninghake. Comparative dose efficacy
study of atorvastatin versus simvastatin, pravastatin, lovastatin, and fluvastatin in
36 patients with hypercholesterolemia (the CURVES study) .Am J Cardiol, 1998 Mar
39 1;81(5):582-7. doi: 10.1016/s0002-9149(97)00965-x. (Reference No. 24 in the main

41 text).
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Table S3. Comparison of characteristics of patients with ACS between those followed-up and

those lost to follow-up

oNOYTULT D WN =

Followed-up

Lost to follow-up

(n=10337) (n=2742)
Characteristics n % n % P values
Year of enrolment
2007 383 3.7 161 5.9 <0.001
2008 3309 320 874 319
2009 4982 48.2 1170 427
2010 1663 16.1 537 19.6
Subtype of ACS
STEMI* 3918 379 1284 46.8 <0.001
NSTEMI* 1394 135 409 14.9
UAx 5025 48.6 1049 383
Clinical pathway intervention 7908 76.5 2077 75.8 0.409
Sex (Female) 3074 29.7 791 28.9 0.364
Age>=65 4934 47.7 1381 50.4 0.014
Education>=high school 3786 36.6 1028 375 0.404
Unemployed 5033 48.7 1494 545 <0.001
With medical insurance 8678 839 2172 79.2 <0.001
Current smoker 3192 30.9 906 33.0 0.030
History of disease
Dyslipidemia 1359 131 315 115 0.021
Diabetes 2086 20.2 529 19.3 0.302
Hypertension 7184 69.5 1798 65.6 <0.001
Heart Failure 562 54 160 58 0.417
Stroke 944 9.1 278 10.1 0.107
In-hospital MACE 191 18 283 10.3 <0.001
In-hospital PCI/CABG 5113 495 1471 53.7 <0.001
LDL-c level in hospital
Not measuring 909 8.8 299 10.9 0.003
<160mg/dl 8850 85.6 2287 834
>=160mg/dI 578 5.6 156 5.7
Prior statin use 1467 142 381 139 0.692
Dose of statin at discharge
1-9 mg/d 1904 184 672 245 <0.001
10-19 mg/d 3196 30.9 500 18.2
>=20 mg/d 5237 50.7 1570 57.3
Type of statin at discharge
Atorvastatin 5785 56.0 1712 62.4 <0.001
Simvastatin 2690 26.0 509 18.6
Rosuvastatin 502 4.9 40 15
Pravastatin 502 49 163 59
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Fluvastatin 578 5.6 166 6.1

Other statin 280 2.7 152 55
Co-treatments at discharge

Aspirin 10030 97.0 2645 96.5 0.127
9 Clopidogrel 8404 81.3 2416 88.1 <0.001
10 B-blocker 8155 78.9 2076 75.7 <0.001
1 ACEI/ARB= 8096 78.3 2161 78.8 0579

oNOYTULT D WN =

13 * STEMI was ST-segment elevation myocardial infarction; NSTEMI was Non-ST-segment
16 elevation myocardial infarction; UA was unstable angina; ACEl was Angiotensin converting

enzyme inhibitor; ARB was Angiotensin Receptor Blocker
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The RECORD statement — checklist of items, extended from the STROBE statement, that should be reportedrin observational studies using

0g

follow-up, and data collection

routinely collected health data. R
o
a1
Item | STROBE items Location in RECORD items § Location in
No. manuscript where S manuscript
items are reported e where items are
&L reported
Title and abstract &
1 (a) Indicate the study’s design (a)Title and Line 6 RECORD 1.1: The type of c%ta used 1.1.Line 7-9 of
with a commonly used term in of page 3; should be specified in the tihge or page 3.
the title or the abstract (b) (b)Line 7-25 of page | abstract. When possible, thefhame of
Provide in the abstract an 3. the databases used should bgincluded.
informative and balanced 5
summary of what was done and RECORD 1.2: If applicableéthe 1.2.Line 7-9 of
what was found geographic region and timefBame page 3.
within which the study took®lace
should be reported in the titlg or
abstract. S
S
RECORD 1.3: If linkage be§veen 1.3.Not applicable.
databases was conducted foBthe study,
this should be clearly stated__%n the title
or abstract. 8
Introduction §
Background 2 Explain the scientific The first and second 5
rationale background and rationale for the | paragraph of the g
investigation being reported introduction section. 8
Objectives 3 State specific objectives, The third paragraph IS
including any prespecified of the introduction §
hypotheses section. »
Methods e
Study Design 4 Present key elements of study The first line of the é
design early in the paper study design section. T
Setting 5 Describe the setting, locations, The first paragraph g
and relevant dates, including of the methods §
periods of recruitment, exposure, | section. g
H
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Participants (a) Cohort study - Give the (a) The second RECORD 6.1: The methodsf study 6.1. The second
eligibility criteria, and the paragraph of the | population selection (such alcodes or | paragraph of the
sources and methods of selection methods section. | algorithms used to identify sgo}bj ects) methods section.
of participants. Describe should be listed in detail. If %is is not
methods of follow-up possible, an explanation shogld be
Case-control study - Give the provided. N
eligibility criteria, and the %
sources and methods of case RECORD 6.2: Any Vahdatlem studies | 6.2. Not
ascertainment and control of the codes or algorithms used to applicable.
selection. Give the rationale for select the population should.?be
the choice of cases and controls referenced. If validation wa&;conducted
Cross-sectional study - Give the for this study and not pubhsh:ed
eligibility criteria, and the elsewhere, detailed methods@nd results
sources and methods of selection should be provided. g,
of participants ]

RECORD 6.3: If the study igvolved 6.3. Not
(b) Cohort study - For matched (b) Not applicable. linkage of databases, conde.r use of a | applicable.
studies, give matching criteria flow diagram or other graphnical display
and number of exposed and to demonstrate the data linkge
unexposed process, including the numbgr of
Case-control study - For individuals with linked data%t each
matched studies, give matching stage. El
criteria and the number of 8
controls per case ,37
Variables Clearly define all outcomes, The data analyses of | RECORD 7.1: A complete I§t of codes | The data analyses

exposures, predictors, potential
confounders, and effect
modifiers. Give diagnostic
criteria, if applicable.

the methods section.

and algorithms used to classgy
exposures, outcomes, confo@nders, and
effect modifiers should be p®vided. If
these cannot be reported, an
explanation should be provided.

of the methods
section.

Data sources/
measurement

For each variable of interest,
give sources of data and details
of methods of assessment
(measurement).

Describe comparability of
assessment methods if there is
more than one group

Page 6-7 in the
methods section.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1ybuAdoo Ag paraalold 1senb Ad



http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open l—% Page 32 of 34
©
0]
Bias 9 Describe any efforts to address To control N
potential sources of bias information bias in =
the first paragraph of §
data collection N
section. o)
Study size 10 Explain how the study size was | The first paragraph N
arrived at of design section. &
Quantitative 11 Explain how quantitative The data analyses of 5
variables variables were handled in the the methods section. %
analyses. If applicable, describe g
which groupings were chosen, N
and why o
Statistical 12 (a) Describe all statistical Statistical methods 5
methods methods, including those used to | in page 8. gs
control for confounding 2
(b) Describe any methods used 3
to examine subgroups and 2
interactions g
(c) Explain how missing data g
were addressed g
(d) Cohort study - If applicable, 3
explain how loss to follow-up _g
was addressed %
Case-control study - If S
applicable, explain how 5
matching of cases and controls g
was addressed 8
Cross-sectional study - 1f 3
applicable, describe analytical S
methods taking account of E
sampling strategy o
(e) Describe any sensitivity &
analyses a
Data access and RECORD 12.1: Authors Sh(;ﬁ';lld The first
cleaning methods describe the extent to whichghe paragraph of
investigators had access to tfe database | study design.
population used to create th§ study
population. 2

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

WBIA


http://bmjopen.bmj.com/

o
Page 33 of 34 BMJ Open 3
©
o}
S
; RECORD 12.2: Authors shaald The second
3 provide information on the (ﬁta sentence of
4 cleaning methods used in th§ study. patient section in
5 o) page 6.
6 Linkage RECORD 12.3: State whethgr the The first
/ study included person-level.$ paragraph of page
g institutional-level, or other %ta linkage | 7.
10 across two or more databaseg. The
1 methods of linkage and metRods of
12 linkage quality evaluation si®uld be
13 provided. >,
14| Results 3
15 Participants 13 (a) Report the numbers of a & b. First RECORD 13.1: Describe in&letail the 13.1. First
16 NS . .2 .
17 individuals at each stage of the paragraph of results | selection of the persons inclded in the | paragraph of
18 study (e.g., numbers potentially | section in page 8. study (i.e., study population3election) | results section in
19 eligible, examined for eligibility, including filtering based on data page 8 and Figure
20 confirmed eligible, included in c. Figure 1. quality, data availability anclinkage. 1.
21 the study, completing follow-up, The selection of included pe?sons can
;g and analysed) be described in the text andfgr by
4 (b) Give reasons for non- means of the study flow diaggam.
25 participation at each stage. 3
26 (c) Consider use of a flow %
27 diagram S
28 Descriptive data | 14 (a) Give characteristics of study | The first paragraph 5
29 participants (e.g., demographic, | of the result section. g
g? clinical, social) and information &
32 on exposures and potential 8
33 confounders S
34 (b) Indicate the number of s
35 participants with missing data -
36 for each variable of interest &
;73 (c) Cohort study - summarise 5
39 follow-up time (e.g., average and S
40 total amount) &
41 Outcome data 15 Cohort study - Report numbers The second E;
42 of outcome events or summary paragraph of the 3
43 measures over time result section. 2
Zg For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml %
46



http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open g Page 34 of 34
3
Case-control study - Report N
numbers in each exposure R
category, or summary measures @
of exposure N
Cross-sectional study - Report S
numbers of outcome events or e
summary measures &
Main results 16 (a) Give unadjusted estimates Figure 2 & 3. &
and, if applicable, confounder- %
adjusted estimates and their N
precision (e.g., 95% confidence N
interval). Make clear which o
confounders were adjusted for 2
and why they were included g
(b) Report category boundaries 2
when continuous variables were 3
categorized s
(c) If relevant, consider ?
translating estimates of relative g
risk into absolute risk for a g
meaningful time period 3
Other analyses 17 Report other analyses done— None. §
e.g., analyses of subgroups and %
interactions, and sensitivity S
analyses 2
Discussion g
Key results 18 Summarise key results with First paragraph of &
reference to study objectives the discussion 8
section. S
Limitations 19 Discuss limitations of the study, | The last paragraph RECORD 19.1: Discuss theg The last
taking into account sources of of the discussion implications of using data that were not | paragraph of the
potential bias or imprecision. section in page 13. created or collected to answer the discussion
Discuss both direction and specific research question(s)jgInclude section .
magnitude of any potential bias discussion of misclassiﬁcati@n bias,
unmeasured confounding, nffssing
data, and changing eligibilitg over
time, as they pertain to the sgudy being
reported. <
g

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

o
Page 35 of 34 BMJ Open 3
©
o}
: Interpretation 20 Give a cautious overall Paragraph 2-10 of N
5 interpretation of results the discussion =
3 considering objectives, section. §
4 limitations, multiplicity of N
5 analyses, results from similar S
6 studies, and other relevant N
% evidence %
2 Generalisability | 21 Discuss the generalisability The first paragraph E’
10 (external validity) of the study of page 14. =3
11 results N
12 Other Information ﬁ
13 Funding 22 Give the source of funding and Source(s) of support 9
14 the role of the funders for the of page 15. 5
12 present study and, if applicable, ga
17 for the original study on which 2
18 the present article is based g
19 Accessibility of The first paragraph of the design RECORD 22.1: Authors shauld The first
20 protocol, raw section in page 5. provide information on howﬁo access | paragraph of the
21 data, and any supplemental informatiGh such as | design section in
;g programming the study protocol, raw data%or page 5.
24 code programming code. %
25 =
26  *Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Serensen HT, von Elm E, Lango SM, the RECORD Working
27  Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) 3 atement. PLoS Medicine 2015;
28 i
i in press. g
2(1) *Checklist is protected under Creative Commons Attribution (CC BY) license. %
32 i
33 S
34 -
35 o
36 &
37 i}
38 3
39 ]
40 o]
41 2
42 3
43 g
Zg For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml %
46



http://creativecommons.org/licenses/by/4.0/
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Associated factors for discontinuation of statin use one year
after discharge in patients with acute coronary syndrome in

China

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-056236.R3

Article Type:

Original research

Date Submitted by the
Author:

26-Jul-2022

Complete List of Authors:

Xie, Gaogiang ; Peking University First Hospital, Peking University
Clinical Research Institute

Myint, Phyo; University of Aberdeen

Sun, Yihong; China-Japan Friendship Hospital, Heart Center

Li , Xian; Peking University Health Science Center, The George Institute
for Global Health

Wu, Tao; Peking University Health Science Center, George Institute for
Global Health

Gao, Run-lin; Chinese Academy of Medical Sciences & Peking Union
Medical College Fuwai Hospital, Department of Cardiology

Wu, Yangfeng; Peking University First Hospital, Peking University Clinical
Research Institute; Peking University School of Public Health,
Department of Epidemiology and Biostatistics

<b>Primary Subject
Heading</b>:

Cardiovascular medicine

Secondary Subject Heading:

Evidence based practice, Pharmacology and therapeutics

Keywords:

Quality in health care < HEALTH SERVICES ADMINISTRATION &
MANAGEMENT, Congenital heart disease < CARDIOLOGY, Cardiology <
INTERNAL MEDICINE

o

SCHOLARONE™

CHOLA
SCHUOLA

Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq parosiold 1senb AQg 20z ‘0 1890100 uo jwod [wg-uadolwig//:dny wolj papeojumoq "zz0z Jequiaidss #T U0 9£Z950-T20z-uadolwag/9eTT 0T se paysiignd 1suy :usdo CINg


http://bmjopen.bmj.com/

Page 1 of 34

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Title
Associated factors for discontinuation of statin use one year after

discharge in patients with acute coronary syndrome in China

The type of manuscript: original research

Authors
Gaogiang Xiel' 2, Phyo Kyaw Myint® 4, Yihong Sun>, Xian Li®, Tao Wu®, Runlin Gao’,
Yangfeng Wul- 2 8%

INSTITUTIONS

1 Peking University Clinical Research Institute, Peking University First Hospital; Beijing,
China

2 Key Laboratory of Molecular Cardiovascular Sciences, Ministry of Education, Beijing,
China;

3 Ageing Clinical & Experimental Research (ACER) Team, Institute of Applied Health
Sciences, University of Aberdeen, Aberdeen, UK

4 Aberdeen Cardiovascular & Diabetes Centre (ACDC), Institute of Medical Sciences,
University of Aberdeen, UK

5 China-Japan Friendship Hospital, Beijing, China

6 The George Institute for Global Health at Peking University Health Science Center
(PUHSC), Beijing, China

7 The Department of Cardiology, Cardiovascular Institute and Fuwai Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing, China.

8 Department of Epidemiology and Biostatistics, Peking University School of Public

Health, Beijing, China

#Corresponding authors: Yangfeng Wu, Peking University Clinical Research Institute,

Peking University First Hospital; Beijing 100191, China, E-Mail: wuyf@bjmu.edu.cn,

Telephone no. 010-82805836-206

For peer review only - http://bmjopembmj.com/site/about/guidelines.xhtml

Page 2 of 34


mailto:wuyf@bjmu.edu.cn
http://bmjopen.bmj.com/

Page 3 of 34

oNOYTULT D WN =

BMJ Open

First Author: Gaoqgiang Xie, 38# Haidian District, Beijing, China, E-mail addresses:
gxie@bjmu.edu.cn , Telephone no. 010-82805831-828

Authors’ information

Gaoging Xie Gxie@bjmu.edu.cn

Phyo Kyaw Myint phyo.myint@abdn.ac.uk
Yihong Sun yihongsun72@163.com

Xian Li Ixian@georgeinstitute.org.cn
Tao Wu twu@georgeinstitute.org.cn
Runlin Gao gaorunlin@263.net
Yangfeng Wu wuyf@bjmu.edu.cn

Word counts: 6386
Abstract: 261
Manuscript text: 3208

For peer review only - http://bmjopembmj.com/site/about/guidelines.xhtml


mailto:gxie@bjmu.edu.cn
mailto:Gxie@bjmu.edu.cn
mailto:phyo.myint@abdn.ac.uk
mailto:lxian@georgeinstitute.org.cn
mailto:twu@georgeinstitute.org.cn
mailto:gaorunlin@263.net
mailto:wuyf@bjmu.edu.cn
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Abstract

Objectives To determine the associated factors for discontinuation of statin use one
year after discharge in patients who survived from acute coronary syndrome (ACS) in
China.

Settings 75 hospitals across China.

Design A cohort follow up study

Participants The study included 10,337 ACS patients hospitalized in 2007-2010 and
discharged with statins from 75 hospitals in China in the CPACS-2 study, who were
followed- up at 6- and 12- months post-discharge.

Primary outcome measures The primary outcome was the discontinuation of statin
use defined as not in current use of statin at either 6 or 12 month follow up.

Results: Multivariable logistic regression model showed, patients who did not have
cholesterol measurement (adjusted OR=1.29, 95%Cl: 1.10-1.50) and patients with
either higher (1.27; 1.13-1.43) or lower dose of statin (1.22; 1.07-1.40), compared with
those with standard dose, were more likely to discontinue the use of statin. In addition,
patients on the CPACS-2 intervention pathway (adjusted OR=0.83; 95%Cl: 0.74-0.94),
patients with medical insurance (0.75; 0.67-0.85), history of hypertension (0.83; 0.75-
0.92), high LDL-c (0.70; 0.57-0.87) at the baseline, prior statin use (0.73; 0.63-0.84),
use of atorvastatin (0.78; 0.70-0.88) and those who underwent PCl or CABG during
hospitalization (0.47; 0.43-0.53) were less likely to discontinue statin use. The one-
year statin discontinuation rate decreased from 29.5% in 2007-2008 to 17.8% in 2010
(adjusted OR = 0.60; 95%Cl: 0.51 to 0.70).

Conclusion: Implementing clinical pathway, enhancing medical insurance coverage,
strengthening health education in both physicians and patients, using statin at
standard dosage may help improve the adherence to statin use after discharge in

Chinese patients with ACS.

Key words: Acute coronary syndrome, Discontinuation to Statin Use, Trend,

Associated Factors
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Strengths and limitations of this study

With a large cohort with more than 10,000 patients with ACS from 75 hospitals across
different areas of China, novel factors associated with the risk of discontinuation of
statin use after discharge were identified including two negative associates: clinical
pathway intervention and higher baseline LDL-c level, and two positive associates:

non-standard dose use and not having cholesterol measured.

Data used in the present study was from CPACS-2, which was a well-designed and

conducted under strict quality control.

There were about 21% study participants lost to follow-up, which might have led to

over- or under-estimation of the associations of the discontinuation of statin after ACS.
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INTRODUCTION

Statins therapy has been recommended as a core long-term secondary preventive
treatment for patients with acute coronary syndrome (ACS) by several guidelines (1-
5). Despite strong evidence from basic and clinical studies (6-8) and recommendation
by the guidelines, about 10%-30% of patients with ACS discontinued their statin
treatment usually within four years with highest attrition in the first year in western
countries (9-12). It has been shown that discontinuation of statin therapy increases
the risk of major adverse cardiovascular events (MACE) in patients with ACS after

discharge in several countries including UK (13, 14).

Several studies in Europe and America showed that sex, intervention (nurse-led
annual follow-up and medical titration by telephone, weekly pharmacist-led
telephone contact for 12 weeks, a physician education protocol to implement statin
in all patients admitted for CABG ), generic versus branded drugs, insurance and
prescription cost assistance were the main factors influencing the adherence to statin
therapy among patients discharged with ACS (9, 15-19). A big European survey showed
that statin therapy was discontinued in 11.6% of patients with coronary heart disease
(CHD)(20). However, to date, few data exist on the factors that influence statin

discontinuation in ACS patients in China.

In this study, we analyzed data from the Clinical Pathways for Acute Coronary
Syndromes in China Study-2 (CPACS-2) to understand the trend from 2007 to 2010
among Chinese patients with ACS in discontinuation of statin use in the first year after
discharge and to explore the factors that drove the trend and factors that were

associated with discontinuation.

METHODS

Study design

The present study analyzed the one-year follow up data of patients with ACS who were
discharged with statin from 75 hospitals across China in the Clinical Pathways for Acute
Coronary Syndromes— Phase 2 (CPACS-2) study. The design, methodology and main
results of CPACS-2 study have been previously reported in detail (21-24). In brief, the
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CPACS-2 study was an implementation trial with a cluster-randomized design to
evaluate the effectiveness of implementing clinical pathways for ACS management in

75 hospitals in China from 2007 to 2010 (21).

Patients

CPACS-2 recruited consecutive ACS patients admitted to the participating hospitals
and followed up surviving patients till one year after discharge. Of 15,138 patients
recruited in CPACS-2, 1626 patients were discharged without statins, 413 patients died
during the follow up and 2,762 lost to follow up and therefore these patients were
excluded from analysis. The remaining 10,337 patients who were discharge with statin

and completed follow up were included (see Figure 1).

Ethical approval

The CPACS-2 study was approved by the ethics committee of Fuwai Hospital and
Human Research Ethics Committees of University of Sydney in Australia (number: 09-
2007/10276) (21-24). Informed consent was obtained from all participants.
Confidentiality of subjects were ensured by anonymizing participants’ names, initials

or hospital numbers.

Data collection

A trained clinical staff (independent to the treating physicians) in each hospital
reviewed medical records and administered a structured questionnaire and collected
demographic and clinical data including statin use, history of disease, clinical
characteristics, and prior and in-hospital treatments. Data on statin use at 6 and 12
months after the hospital discharge were collected through interviews by either
telephone calls (88%) or face-to-face clinic visit (12%). The standardized questionnaire

for collecting data on statin use was shown in Table S1 in additional file S1.

For our analysis, the dosage of different statins was converted to the equivalent

dosage of atorvastatin (25) (Additional file S1: Table S2 (25)).

Data analyses
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Exposures included for analysis

Exposures included the CPACS-2 intervention, year of enrolment, age, sex, education,
employment, medical insurance, smoking status, subtype of ACS, co-existing
cardiovascular diseases or risk, in-hospital major adverse cardiovascular events
(MACE), in-hospital PCI/CABG, LDL-c level at enrolment, prior statin use, dose & type

of statin at discharge, co-treatments at discharge.

Education level was classified into 2 categories: lower than high school and high school
and above. Prior statin use was defined as any statin use in most days one month

before the development of ACS.

According to the guideline in China(26), we divided into 3 groups of statin dose: lower
(<10 mg atorvastatin or equivalent) (18.4%), standard dose (10-19 mg atorvastatin)

(30.9%), and high dose of statin (>=20 mg atorvastatin or equivalent) (50.7%).

The CPACS-2 intervention included three major generic clinical pathways (risk
stratification, management of STEMI, and management of non—-ST-segment—elevation
myocardial infarction/unstable angina pectoris) that were developed in conjunction
with the Chinese Society of Cardiology based on the relevant American Heart
Association and American College of Cardiology guidelines (1, 2). For more details,

please refer to the previous publications (21, 24).

Main outcome for analysis

The discontinuation of statin use one year after discharge was the primary outcome,
which was defined as not in current use of statin at either 6 or 12 month follow up.
The question ”Is the patient currently taking statins?” was asked to the research
physician at the both 6- and 12-month follow-ups. “Yes” response to the question was
defined as the current use. We do not have more data to define the discontinuation

more specifically.

Statistical methods

SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analyses. Univariate
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and multivariable logistic regression models were used to analyse the association of
the discontinuation of statin with potential explanatory factors. Our primary analyses
included only participants who completed both 6 and 12 months follow ups. Since the
number of patients in 2007 was small, these patients were grouped into those
recruited in 2008 in our main analyses. Two-sided P value of <0.05 was considered

statistically significant.

RESULTS

Baseline characteristics

Among all 15,138 patients recruited in CPACS-2, 13512 were prescribed statin at
discharge. Among them, 433 died and 2742 (21% of those who survived) were lost to
follow up. Finally, 10337 patients with complete data on statin therapy and related
factors were analysed (Figure 1). The baseline characteristics are shown in Table 1.
Briefly, a total of 10,337 patients (men=70.3%) with ACS (mean age (SD) 63.2+11.6
years) were included. Of them, 383 (3.7%), 3309(32.0%), 4982 (48.2%), and 1663
(16.1%) were enrolled in each year from 2007 to 2010 respectively. A total of 7908
(76.5%) patients were enrolled after the hospitals had implemented the clinical

pathway intervention (Table 1).

Trend of discontinuation to statin use from 2007 to 2010

Among our study participants, 25.5% (n=2634) discontinued statin in one year after
discharge. The discontinuation rate decreased from 29.5% in 2007-2008 to 17.8% in
2010 (Figure 2). The multiple logistic regression model confirmed that the deceasing
trend in study years was significant after adjustment for co-variables including the

CPACS-2 intervention. The forest plots are shown in Figure 3.

Factors associated with discontinuation to statin use

In univariate analyses, discontinuation rate was significantly lower in patients who
received CPACS-2 intervention than those who did not receive the pathway, patients
with medical insurance than those without, patients with history of dyslipidemia,
diabetes, and hypertension, prior statin use, higher LDL-c, those who required

intervention procedures such as PCI/CABG during hospitalization, those who were
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given either standard or high dose than in patients given low dose of statin, in those
who were given atorvastatin than those who were given other statins, and lower in
patients with than without co-treatments of clopidogrel and B-blocker at discharge.
On the other hand, discontinuation rate was significantly higher in women, older
patients, patients with lower education level, patients with relatively milder form of
ACS subtype (unstable angina), patients whose LDL-c was not measured during

hospitalisation (all p<0.05). The forest plots are shown in Figure 2.

Multiple logistic regression models confirmed that the trend of discontinuation with
year of enrollment was significant and the patients with CPACS-2 intervention were
less likely to discontinue use of statins. In addition, patients with medical insurance,
history of hypertension, higher LDL-c level, prior statin use, taking atorvastatin, and
those who underwent PCl or CABG during hospitalization were less likely to
discontinue statin, while those on either higher or lower dose of statin (versus
standard dose), and those whose LDL-c was not measured during the hospital
admission were more likely to discontinue the use of statin (Figure 3). Other
associated factors that were significant in univariate analysis became no longer
significant in multivariable model; these include age, sex, history of dyslipidemia and
diabetes, and co-treatments of clopidogrel and B-blocker at discharge. The forest plots

are shown in Figure 3.

DISCUSSION

Using data from a large, prospective cohort of ACS patients in China, we found that a
number of factors were independently associated with the discontinuation of statin
use in one year after discharge. Our findings bear important clinical significance,
demonstrating that the discontinuation of statin use has multiple causes and thus

multiple approaches are required to address this important issue.

First, our findings demonstrated that the implementing of CPACS-2 intervention was

associated with a higher adherence of statin use, which was independent of the time

trend and other covariates. It indicates that the clinical pathways for ACS management,
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although implemented within hospital, has effect in reducing the discontinuation of
statin use after discharge. This finding is newly reported but expected. Our previous
study on the basis of the CPACS-2 randomized comparison data showed that the
intervention had significantly increased the use of evidence-based secondary
prevention medications at discharge (21, 22). We recommend this ACS clinical
pathway to be adopted nationally in China and perhaps in other countries with similar

circumstances as in China.

Second, similar to the findings from other studies on medication adherence (27), we
found that patients who had medical insurance were significantly more likely to
continue the use of statin after discharge, indicating that improving  medical
insurance coverage in the population should help to reduce the number of patients
who discontinue the use of statin. In China, medical insurance has not yet covered for
the whole population and certainly not for all services. Therefore, having medical
insurance might have been an important factor and hence it was associated with the

adherence to statin use in our study.

Third, as expected, we found that ACS patients who received PCI/CABG treatment
during the hospitalization were more likely to continue statin use. Similar pattern was
also observed in other studies (9, 20). The explanations may include that all major
clinical guidelines emphasize the long-term use of statin after PCI/CABG for prevention
from restenosis (1, 28). In this study, patients who received PCI/CABG had AMI that is
more severe than unstable angina pectoris. Thus, patients with PCI/CABG might have
been encouraged by both doctors and thus they were more likely to adhere to the
physicians’ advices (risk marker effect). Probably for the same reason, patients with
higher LDL-c level (=160 mg/dL), history of dyslipidemia, diabetes, and hypertension
were less likely to discontinue the use of statin. The association remained significant
only for higher LDL-c and hypertension in multivariable analysis probably due to the

co-linearity among these factors.

Fourth, it is interesting that both low and high dosages, compared with standard

dosage, of statin at discharge were more likely to discontinue, which is independent
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of other observed predictors of statin discontinuation. Use of high-dose statin have
been shown to be associated with adverse reactions (29, 30). Thus, side effects, such
as muscle complaints due to myopathy (31), and rhabdomyolysis (32, 33), might have
decreased the adherence to the statin therapy in our study. However, the drivers for
discontinuation in people taking a low dose might have been different from those who
were taking a high dose. First, patients who were prescribed a low dose might have
had a less severe disease or fewer lipid-associated risk factors that could easily
returned to normal in a relatively shorter period after discharge and thus perceived
lower risk of subsequent events. Second, the low dose use of statin in Chinese patients
might be a reflection that a higher risk of adverse effects of statin among Asians
compared to Western populations. Studies found that the incidence of adverse
reactions in Chinese patients was significantly higher than that in European patients
(29). The increase rate of consecutive alanine transaminase (> 3 times the upper limit
of normal value) is 10 times higher than that of European patients when moderate
dose of statin was used (29). However, whether Chinese patients should be given a
lower dose of statin remains controversial and requires further robust evidence. Third,
in Chinese culture many people believe chemical drugs have side effects so that they
would stop using medications as soon as they think the disease has gone and their
health is improved. All these factors alone or in combination could lead to the
association between low dose prescription and the early discontinuation in these

patients.

Atorvastatin use (versus other statins) was significantly associated with a higher
likelihood of continuation, which is independent of other confounders. This finding
indicates that Chinese are more likely to adherent to atorvastatin and is helpful to
explain transition from simvastatin (60.2% in 2001) to atorvastatin (52.9% in 2011) as
the most frequently used statin type (34). We do not know why Chinese are better
adherent to atorvastatin. We hypothesize that the good adherence to atorvastatin
might be due to the better tolerability, and its efficacy and safety. However, two
studies with relatively small sample sizes in Chinese showed that no significant
differences of MACE and declined renal function between atorvastatin and other

statins (35, 36). On the other hand, a large observational study in the United States
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found 10 or 20 mg of atorvastatin use had lower CV event rates particularly in the first
year of use than 20 or 40 mg of simvastatin (37) while another large observational
study in the United Kingdom found that the risk of hepatotoxicity (small numbers of
events observed) was increased in the first six months of atorvastatin compared to
simvastatin treatment (38). It might also be a reflection of the strong marketing
activities that led to a better confidence in the brand among both doctors and patients,
but we have no evidence to support this hypothesis and also it is beyond the scope of
the current report. These findings suggest that further large-scale studies are needed
to explore the differences of efficacy and safety between atorvastatin and other

statins using equivalent dosage especially in Chinese patients.

Prior statin usage was significantly associated with a higher likelihood of continuation
in our cohort. This finding was consistent with two previous studies(39, 40). Logically,
prior statin usage indicates that the patient has good tolerance to statin, has the ability
to pay, gives more attention to their own health, and has more knowledge on the
importance of statin in both primary and secondary prevention of ACS, which may
help decrease discontinuation of statin after discharge. Moreover, patients who used
prior statin were more likely to have attained higher education level, had history of
dyslipidemia (30% versus 11%), diabetes, heart failure, hypertension, and experienced
MACE in hospital, which were observed to decrease the likelihood of discontinuation

of statin in the present study.

Fifth, we found that not measuring LDL-c during the index admission increased the
likelihood of discontinuation and higher LDL-c reduced the likelihood of
discontinuation. This finding indicates that the cholesterol management is very
important to improve adherence of statin. Cholesterol management is recommended
by all guidelines on ACS (4, 41). However, in the present study, about 8.8% of patients
did not get their LDL-c measured in hospital. Thus, giving attention to the cholesterol
measurement during hospital admission with ACS and management may help to

further improve adherence to statin.

Many strategies have been proposed that attempt to further reduce discontinuation
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and improve statin therapeutic effectiveness, including improving patient education
on ACS and statin literacy, co-payment reduction, and behavior-modification
interventions (42-44). In the present study, we confirmed that the clinical pathway
intervention can reduce the risk of discontinuation of statin therapy. We also
confirmed that enhancing health insurance would reduce the risk of discontinuation
of statin use. In addition, we found that some important patient characteristics such
as low dose statin use, not having lipids measured during hospitalization, no prior use
of statin, etc. were common in Chinese patients and these factors were associated
with an additional and independent higher risk of discontinuation of statin use. It
indicates that the education on knowledge of statin and cardiovascular secondary
prevention should be further strengthened in both physicians and patients in China.
Our results also suggest that high quality studies that could generate data for
appropriate dose of statin in Chinese patients would help to reduce the statin
discontinuation. It is indeed reassuring and pleasing that discontinuation of statins
decreased significantly from 29.5% in 2007-2008 to 17.8% in 2010, given the
increasing CVD burden in China. The clinical pathway intervention could partly explain
the decreasing trends in discontinuation over time. However, the trend of the
discontinuation with study year was still significant even after adjustment for the
intervention and other potential confounders. While these results may relate to other
confounders which were not controlled for, it is highly plausible that the publication,
widespread promulgation, and endorsement of the first Chinese Guidelines on
Prevention and Treatment of Dyslipidemia in Adults in 2007-2008 (26, 45-52) might
be the most important influential factor that was likely to have impact on the
reduction in discontinuation of statin. This could occur through improving the
knowledge level of statin use as secondary prevention of ACS among physicians and
among patients who experienced ACS. Notably, although the withdrawal rate of
statins has been greatly reduced, a considerable proportion of patients have stopped
taking statins, and the evidence practice gap still exists especially in those without
intervention or medical insurance. In one more recent publication in China, the 1-year
discontinuation of statin therapy was still about 19.3% to 23.8% in real-world patients
(53). Thus, our findings are still valuable for improving the statin adherence in China

currently, and more efforts are needed to further improve the adherence to statin.
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Limitations

Some limitations are worth highlighting. Firstly, patients who were lost to follow-up
were significantly different in some characteristics (years of enrolment, subtypes of
ACS, age, occupation, medical insurance, baseline LDL-c, comorbidities, in-hospital
MACE, in-hospital PCI/CABG, dose and type of statin, co-treatments of other
medications, etc.) which might have led to over- or under-estimation of the
associations with the related factors (Table S3 in file S1). Secondly, our study follow-
up period was limited to one year; factors that are associated with the longer-term
discontinuation should be explored in the future. Thirdly, the possible reporting bias
might occur when patients reported their statin use to the medical staff - telling what
they thought the interviewers would want to hear. If misclassification of statin
exposure status was differential (e.g. different in one group vs another), this could
result in underestimation or overestimation of an association of interest, depending

on which group was more likely to have misreported their exposure status.

Conclusions

In summary, approaches such as implementing clinical guidelines and pathways,
enhancing medical insurance coverage, strengthening health education in physicians
and patients, and using statin in standard dosage in Chinese may help to improve the
persistence of statin therapy in patients discharged after an acute coronary syndrome
in China. Such measures should have major implication to the clinical and public health
practices and ultimately will bring about the benefit of patients with reduced CVD

burden.
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Table 1. Characteristics of patients with ACS in these patients followed-up (n=10337)

BMJ Open

Characteristics

n

%

Year of enrolment
2007
2008
2009
2010
Subtype of ACS
STEMI*
NSTEMI*
UA*
Clinical pathway intervention
Sex (Female)
Age>=65
Education>=high schoo
Unemployed
With medical insurance
Current smoker
History of disease
Dyslipidemia
Diabetes
Hypertension
Heart Failure
Stroke
In-hospital MACE
In-hospital PCI/CABG
LDL-c level in hospital
Not measuring
<160mg/dI
>=160mg/dI
Prior statin use
Dose of statin at discharge
1-9 mg/d
10-19 mg/d
>=20 mg/d
Type of statin at discharge
Atorvastatin
Simvastatin
Rosuvastatin
Pravastatin
Fluvastatin
Other statin
Co-treatments at discharge
Aspirin
Clopidogrel
B-blocker
ACEI/ARB*

383

3309
4982
1663

3918
1394
5025
7908
3074
4934
3786
5033
8678
3192

1359
2086
7184
562
944
191
5113

909
8850
578
1467

1904
3196
5237

5785
2690
502
502
578
280

10030
8404
8155
8096

3.7

320
48.2
16.1

37.9
13.5
48.6
76.5
29.7
47.7
36.6
48.7
83.9
30.9

13.1
20.2
69.5
5.4
9.1
1.8
49.5

8.8
85.6
5.6
14.2

18.4
30.9
50.7

56.0
26.0
4.9
4.9
5.6
2.7

97.0
81.3
78.9
78.3

* STEMI was ST-segment elevation myocardial infarction; NSTEMI was Non-ST-segment elevation
myocardial infarction; UA was unstable angina; ACEl was Angiotensin converting enzyme
inhibitor; ARB was Angiotensin Receptor Blocker
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Figure legends

Figure 1. Flow chart of study participants in CPACS-2

Figure 2. Univariate analysis of factors in association with the discontinuation of statin
use in one year after discharge with Logistic regression models (n=10337)

*Combined 2007 and 2008 due to relatively small sample in 2007.

Figure 3. Odds Ratios of discontinuation of stain within one year in the full final
multivariable Logistic regression model in analyzed patients of CPACS-2 (n=10337)
* p for trend<0.001; **p for trend=0.232.

For peer review only - http://bmjopenjmj.com/site/about/guidelines.xhtml

Page 22 of 34


http://bmjopen.bmj.com/

Page 23 of 34

oNOYTULT D WN =

BMJ Open

15138 hospitalized patients with ACS

y

Patients using statin in hospital and discharged with statins, n=13512

Death (n=302);

Loss to follow-up at 6 months (n=2016);

v

Patients followed-up at 6 months (n=11194)

Death (n=111);
Loss to follow-up at 12 months (n=746);

A\ 4

v

Patients followed up at 12 months (n=10337)
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: Factors Group N :lscontlnu::/:mn OR (95%Cl)
2 Year of enrolment 2007-2008* 3692 1088 29.5 1 ‘
3 2009 4982 1250 25.1 0.80(0.73-0.88) | B
4 2010 1663 296 17.8 0.52(0.45-0.60) tet |
5 Subtype of ACS STEMI 3918 928 23.7 1 I
? NSTEMI 1394 348 25.0 1.07(0.93-1.24) %——o—t
8 UA 5025 1358 27.0 1.19(1.08-1.31) 2t
9 Clinical pathway intervention No 2429 754 31.0 1 E $
10 Yes 7908 1880 23.8 0.69(0.63-0.77) et |
11 Sex Male 7263 1761 24.3 1 S |
12 Female 3074 873 28.4 1.24(1.13-1.36) T et
13 Age group 18-64 years 5403 1320 24.4 1 : |
14 >65 years 4934 1314 26.3 1.12(1.03-1.23) B et
15 Education >high school 3786 853 225 1 .
16 <highschool 6551 1781  27.2 1.28(1.17-1.41) Q0 et
17 Employment No 5033 1282 25.5 1 g i
18 Yes 5304 1352 255 1.00(0.92-1.09) Spie
19 Medical insurance No 1659 514 31.0 1 $ +
;? Yes 8678 2120 24.4 0.72(0.64-0.81) y_._f§ i
2 Current smoker No 7145 1838 25.7 1 g ‘
53 Yes 3192 796 24.9 0.96(0.87-1.06) gt
24 History of disease @ |
25 Dyslipidemia No 8978 2327 25.9 1 S
26 Yes 1359 307 22.6 0.83(0.73-0.96) tdy
27 Diabetes No 8251 2155 26.1 1 0,
28 Yes 2086 479 23.0 0.84(0.75-0.94) -7y
29 Hypertension No 3153 874 27.7 1 g_ *
30 Yes 7184 1760 24.5 0.85(0.77-0.93) ,_%, 3
g; Heart Failure No 9775 2487 25.4 1 S
Yes 562 147 26.2 1.04(0.86-1.26) N
2431 Stroke No 9393 2396 255 1 b% i
35 . Yes 944 238 25.2 0.98(0.84-1.15) £ o
36 In-hospital MACE No 10146 2590 25.5 1 % 1
37 Yes 191 44 23.0 0.87(0.62-1.23) - '
38 In-hospital PCI/CABG No 5224 1719 32.9 1 g ‘
39 Yes 5113 915 17.9 0.44(0.41-0.49) st =N
40 LDL-c level in hospital <160mg/dI 8850 2248 254 1 '§ 1
41 >=160mg/d| 578 118 20.4 0.75(0.61-0.93) S *
42 Not measuring 909 268 29.5 1.23(1.06-1.43) g'
jj Pre-hospital statin use No 8870 2329 26.3 1 % i
45 Yes 1467 305 20.8 0.74(0.64-0.84) t—o—§ |
46 Dose of statin at discharge 1-9 mg/d 1904 623 32.7 1.50(1.32-1.70) S ——
47 10-19 mg/d 3196 784 24.5 1 S 4
48 >=20 mg/d 5237 1227 23.4 0.94(0.85-1.04) %o——?
49 Type of statin at discharge Other statins 4552 1345 29.6 1 8 ‘
50 Atorvastatin 5785 1289 223 0.68(0.63-0.75) tet 3
51 Co-treatments at discharge @
52 Aspirin No 307 91 29.6 1 N
53 Yes 10030 2543 254 0.81(0.63-1.03) N I
>4 Clopidogrel No 1933 664 34.4 1 g
33 Yes 8404 1970 234 0.59(0.53-0.65) ter Q|
g? B-blocker No 2182 615 28.2 1 g |
=8 Yes 8155 2019 24.8 0.84(0.75-0.93) 2 §
59 ACEI/ARB No 2241 581 25.9 1 g |
60 Yes 8096 2053 25.4 0.97(0.87-1.08) § ot
g
05 g1 1.5
el
Odd%Ratios

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

—


http://bmjopen.bmj.com/

Page 25 of 34

oNOYTULT D WN =

BMJ Open

Factors

Adjusted OR (95%Cl)

Year of enrolment*
2007-2008
2009
2010
Subtype of ACS**
STEMI
NSTEMI
UA
Clinical pathway intervention (Yes/No)
Sex (Female/Male)
Age (265 years/<65 years)
Education (<high school/=high school)
Medical insurance (Yes/No)
History of disease
Dyslipidemia(Yes/No)
Diabetes(Yes/No)
Hypertension(Yes/No)
In-hospital PCI/CABG(Yes/No)
LDL-c level in hospital
<160mg/dl
>=160mg/dI
Not measuring
Prior statin use (Yes/No)
Statin type at discharge(Atorvastatin/Others)
Statin dose at discharge
1-9 mg/d
10-19 mg/d
>=20 mg/d
Co-treatments at discharge
Clopidogrel (Yes/No)
B-blocker (Yes/No)

1.0
0.91(0.82-1.02)
0.60(0.51-0.70)

1.0
1.03(0.89-1.20)
1.10(0.99-1.22)

(

(
0.83(0.74-0.94)
1.09(0.99-1.21)
1.01(0.92-1.12)
1.05(0.95-1.15)

0.75(0.67-0.85)

0.97(0.84-1.12)
0.90(0.80-1.01)
0.83(0.75-0.92)
0.47(0.43-0.53)

1

0.70(0.57-0.87)
1.29(1.10-1.50)
0.73(0.63-0.84)
0.78(0.70-0.88)

1.22(1.07-1.40)
1

1.27(1.13-1.43)

0.94(0.83-1.06)
0.93(0.84-1.04)

0.5

- -

2t
1
Odds Ratios

1.5
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Table S1. Standardized questionnaire for collecting data on statin followed up

SECTION 3: CURRENT MEDCIATIONS (if patient alive)

3.25

Statin Yes

/

If yes, trade name is:

!

Dose

mg/day

No

|

If no, reason is: (select one)
|:| Not prescribed

—D Patient refused

Reason is: (select one)

DCost
|:|Other
7|:| Intolerance
7|:I Unknown

—D Other(specify)
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Table S2: Dosage of different type of statins with equivalent efficacy on lipid measures

Equivalent dosages of statins (mg) Efficacy in mean reduction of lipid measures

oNOYTULT D WN =

(“o)

12 Atorva- Simva- Lova- Prava- Fluva- TC LDL-C HDL-C TG

15 statin statin statin statin statin

- 10 20 20 40 -22 -27 4~8 -(10~15)

20 10 20 40 40 80 -27 -34 4~8 -(10~20)

23 20 40 80 -32 -41 4~8 -(15~25)

40 80 -37 -48 4~8 -(20~30)

28 80 -42 -55 4~8 -(25~35)

31 Source: P Jones 1, S Kafonek, I Laurora, D Hunninghake. Comparative dose efficacy
study of atorvastatin versus simvastatin, pravastatin, lovastatin, and fluvastatin in
36 patients with hypercholesterolemia (the CURVES study) .Am J Cardiol, 1998 Mar
39 1;81(5):582-7. doi: 10.1016/s0002-9149(97)00965-x. (Reference No. 24 in the main

41 text).
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Table S3. Comparison of characteristics of patients with ACS between those followed-up and

those lost to follow-up

oNOYTULT D WN =

Followed-up

Lost to follow-up

(n=10337) (n=2742)
Characteristics n % n % P values
Year of enrolment
2007 383 3.7 161 5.9 <0.001
2008 3309 320 874 319
2009 4982 48.2 1170 427
2010 1663 16.1 537 19.6
Subtype of ACS
STEMI* 3918 379 1284 46.8 <0.001
NSTEMI* 1394 135 409 14.9
UAx 5025 48.6 1049 383
Clinical pathway intervention 7908 76.5 2077 75.8 0.409
Sex (Female) 3074 29.7 791 28.9 0.364
Age>=65 4934 47.7 1381 50.4 0.014
Education>=high school 3786 36.6 1028 375 0.404
Unemployed 5033 48.7 1494 545 <0.001
With medical insurance 8678 839 2172 79.2 <0.001
Current smoker 3192 30.9 906 33.0 0.030
History of disease
Dyslipidemia 1359 131 315 115 0.021
Diabetes 2086 20.2 529 19.3 0.302
Hypertension 7184 69.5 1798 65.6 <0.001
Heart Failure 562 54 160 58 0.417
Stroke 944 9.1 278 10.1 0.107
In-hospital MACE 191 18 283 10.3 <0.001
In-hospital PCI/CABG 5113 495 1471 53.7 <0.001
LDL-c level in hospital
Not measuring 909 8.8 299 10.9 0.003
<160mg/dl 8850 85.6 2287 834
>=160mg/dI 578 5.6 156 5.7
Prior statin use 1467 142 381 139 0.692
Dose of statin at discharge
1-9 mg/d 1904 184 672 245 <0.001
10-19 mg/d 3196 30.9 500 18.2
>=20 mg/d 5237 50.7 1570 57.3
Type of statin at discharge
Atorvastatin 5785 56.0 1712 62.4 <0.001
Simvastatin 2690 26.0 509 18.6
Rosuvastatin 502 4.9 40 15
Pravastatin 502 49 163 59
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Fluvastatin 578 5.6 166 6.1

Other statin 280 2.7 152 55
Co-treatments at discharge

Aspirin 10030 97.0 2645 96.5 0.127
9 Clopidogrel 8404 81.3 2416 88.1 <0.001
10 B-blocker 8155 78.9 2076 75.7 <0.001
1 ACEI/ARB= 8096 78.3 2161 78.8 0579

oNOYTULT D WN =

13 * STEMI was ST-segment elevation myocardial infarction; NSTEMI was Non-ST-segment
16 elevation myocardial infarction; UA was unstable angina; ACEl was Angiotensin converting

enzyme inhibitor; ARB was Angiotensin Receptor Blocker
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The RECORD statement — checklist of items, extended from the STROBE statement, that should be reportedrin observational studies using

0g

follow-up, and data collection

routinely collected health data. R
o
a1
Item | STROBE items Location in RECORD items § Location in
No. manuscript where S manuscript
items are reported e where items are
&L reported
Title and abstract &
1 (a) Indicate the study’s design (a)Title and Line 6 RECORD 1.1: The type of c%ta used 1.1.Line 7-9 of
with a commonly used term in of page 3; should be specified in the tihge or page 3.
the title or the abstract (b) (b)Line 7-25 of page | abstract. When possible, thefhame of
Provide in the abstract an 3. the databases used should bgincluded.
informative and balanced 5
summary of what was done and RECORD 1.2: If applicableéthe 1.2.Line 7-9 of
what was found geographic region and timefBame page 3.
within which the study took®lace
should be reported in the titlg or
abstract. S
S
RECORD 1.3: If linkage be§veen 1.3.Not applicable.
databases was conducted foBthe study,
this should be clearly stated__%n the title
or abstract. 8
Introduction §
Background 2 Explain the scientific The first and second 5
rationale background and rationale for the | paragraph of the g
investigation being reported introduction section. 8
Objectives 3 State specific objectives, The third paragraph IS
including any prespecified of the introduction §
hypotheses section. »
Methods e
Study Design 4 Present key elements of study The first line of the é
design early in the paper study design section. T
Setting 5 Describe the setting, locations, The first paragraph g
and relevant dates, including of the methods §
periods of recruitment, exposure, | section. g
H
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Participants (a) Cohort study - Give the (a) The second RECORD 6.1: The methodsf study 6.1. The second
eligibility criteria, and the paragraph of the | population selection (such alcodes or | paragraph of the
sources and methods of selection methods section. | algorithms used to identify sgo}bj ects) methods section.
of participants. Describe should be listed in detail. If %is is not
methods of follow-up possible, an explanation shogld be
Case-control study - Give the provided. N
eligibility criteria, and the %
sources and methods of case RECORD 6.2: Any Vahdatlem studies | 6.2. Not
ascertainment and control of the codes or algorithms used to applicable.
selection. Give the rationale for select the population should.?be
the choice of cases and controls referenced. If validation wa&;conducted
Cross-sectional study - Give the for this study and not pubhsh:ed
eligibility criteria, and the elsewhere, detailed methods@nd results
sources and methods of selection should be provided. g,
of participants ]

RECORD 6.3: If the study igvolved 6.3. Not
(b) Cohort study - For matched (b) Not applicable. linkage of databases, conde.r use of a | applicable.
studies, give matching criteria flow diagram or other graphnical display
and number of exposed and to demonstrate the data linkge
unexposed process, including the numbgr of
Case-control study - For individuals with linked data%t each
matched studies, give matching stage. El
criteria and the number of 8
controls per case ,37
Variables Clearly define all outcomes, The data analyses of | RECORD 7.1: A complete I§t of codes | The data analyses

exposures, predictors, potential
confounders, and effect
modifiers. Give diagnostic
criteria, if applicable.

the methods section.

and algorithms used to classgy
exposures, outcomes, confo@nders, and
effect modifiers should be p®vided. If
these cannot be reported, an
explanation should be provided.

of the methods
section.

Data sources/
measurement

For each variable of interest,
give sources of data and details
of methods of assessment
(measurement).

Describe comparability of
assessment methods if there is
more than one group

Page 6-7 in the
methods section.
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0]
Bias 9 Describe any efforts to address To control N
potential sources of bias information bias in =
the first paragraph of §
data collection N
section. o)
Study size 10 Explain how the study size was | The first paragraph N
arrived at of design section. &
Quantitative 11 Explain how quantitative The data analyses of 5
variables variables were handled in the the methods section. %
analyses. If applicable, describe g
which groupings were chosen, N
and why o
Statistical 12 (a) Describe all statistical Statistical methods 5
methods methods, including those used to | in page 8. gs
control for confounding 2
(b) Describe any methods used 3
to examine subgroups and 2
interactions g
(c) Explain how missing data g
were addressed g
(d) Cohort study - If applicable, 3
explain how loss to follow-up _g
was addressed %
Case-control study - If S
applicable, explain how 5
matching of cases and controls g
was addressed 8
Cross-sectional study - 1f 3
applicable, describe analytical S
methods taking account of E
sampling strategy o
(e) Describe any sensitivity &
analyses a
Data access and RECORD 12.1: Authors Sh(;ﬁ';lld The first
cleaning methods describe the extent to whichghe paragraph of
investigators had access to tfe database | study design.
population used to create th§ study
population. 2
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o}
S
; RECORD 12.2: Authors shaald The second
3 provide information on the (ﬁta sentence of
4 cleaning methods used in th§ study. patient section in
5 o) page 6.
6 Linkage RECORD 12.3: State whethgr the The first
/ study included person-level.$ paragraph of page
g institutional-level, or other %ta linkage | 7.
10 across two or more databaseg. The
1 methods of linkage and metRods of
12 linkage quality evaluation si®uld be
13 provided. >,
14| Results 3
15 Participants 13 (a) Report the numbers of a & b. First RECORD 13.1: Describe in&letail the 13.1. First
16 NS . .2 .
17 individuals at each stage of the paragraph of results | selection of the persons inclded in the | paragraph of
18 study (e.g., numbers potentially | section in page 8. study (i.e., study population3election) | results section in
19 eligible, examined for eligibility, including filtering based on data page 8 and Figure
20 confirmed eligible, included in c. Figure 1. quality, data availability anclinkage. 1.
21 the study, completing follow-up, The selection of included pe?sons can
;g and analysed) be described in the text andfgr by
4 (b) Give reasons for non- means of the study flow diaggam.
25 participation at each stage. 3
26 (c) Consider use of a flow %
27 diagram S
28 Descriptive data | 14 (a) Give characteristics of study | The first paragraph 5
29 participants (e.g., demographic, | of the result section. g
g? clinical, social) and information &
32 on exposures and potential 8
33 confounders S
34 (b) Indicate the number of s
35 participants with missing data -
36 for each variable of interest &
;73 (c) Cohort study - summarise 5
39 follow-up time (e.g., average and S
40 total amount) &
41 Outcome data 15 Cohort study - Report numbers The second E;
42 of outcome events or summary paragraph of the 3
43 measures over time result section. 2
Zg For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml %
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3
Case-control study - Report N
numbers in each exposure R
category, or summary measures @
of exposure N
Cross-sectional study - Report S
numbers of outcome events or e
summary measures &
Main results 16 (a) Give unadjusted estimates Figure 2 & 3. &
and, if applicable, confounder- %
adjusted estimates and their N
precision (e.g., 95% confidence N
interval). Make clear which o
confounders were adjusted for 2
and why they were included g
(b) Report category boundaries 2
when continuous variables were 3
categorized s
(c) If relevant, consider ?
translating estimates of relative g
risk into absolute risk for a g
meaningful time period 3
Other analyses 17 Report other analyses done— None. §
e.g., analyses of subgroups and %
interactions, and sensitivity S
analyses 2
Discussion g
Key results 18 Summarise key results with First paragraph of &
reference to study objectives the discussion 8
section. S
Limitations 19 Discuss limitations of the study, | The last paragraph RECORD 19.1: Discuss theg The last
taking into account sources of of the discussion implications of using data that were not | paragraph of the
potential bias or imprecision. section in page 13. created or collected to answer the discussion
Discuss both direction and specific research question(s)jgInclude section .
magnitude of any potential bias discussion of misclassiﬁcati@n bias,
unmeasured confounding, nffssing
data, and changing eligibilitg over
time, as they pertain to the sgudy being
reported. <
g
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: Interpretation 20 Give a cautious overall Paragraph 2-10 of N
5 interpretation of results the discussion =
3 considering objectives, section. §
4 limitations, multiplicity of N
5 analyses, results from similar S
6 studies, and other relevant N
% evidence %
2 Generalisability | 21 Discuss the generalisability The first paragraph E’
10 (external validity) of the study of page 14. =3
11 results N
12 Other Information ﬁ
13 Funding 22 Give the source of funding and Source(s) of support 9
14 the role of the funders for the of page 15. 5
12 present study and, if applicable, ga
17 for the original study on which 2
18 the present article is based g
19 Accessibility of The first paragraph of the design RECORD 22.1: Authors shauld The first
20 protocol, raw section in page 5. provide information on howﬁo access | paragraph of the
21 data, and any supplemental informatiGh such as | design section in
;g programming the study protocol, raw data%or page 5.
24 code programming code. %
25 =
26  *Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Serensen HT, von Elm E, Lango SM, the RECORD Working
27  Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) 3 atement. PLoS Medicine 2015;
28 i
i in press. g
2(1) *Checklist is protected under Creative Commons Attribution (CC BY) license. %
32 i
33 S
34 -
35 o
36 &
37 i}
38 3
39 ]
40 o]
41 2
42 3
43 g
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