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Utilisation and maintenance 
of high-intensity statins 

following acute coronary 
syndrome and coronary 

angiography: opportunities to 
improve care (ANZACS-QI 26)

Andrew J Kerr, Sirisha Mitnala, Mildred Lee, Harvey D White

Acute coronary syndrome (ACS) is 
one of the leading causes of death 
in New Zealand and worldwide. 

Over 15,000 patients are admitted to New 
Zealand hospitals with an acute coronary 
syndrome (ACS) every year and the one-year 
case fatality is 20%.1 LDL lowering using 
3-hydroxy-3-methyl-glutaryl-CoA (HMGCoA) 

inhibitors (statins) following an acute cor-
onary syndrome has been shown to reduce 
the risk of heart attack, stroke and all-cause 
mortality.2 Trials of higher-dose statin thera-
py compared with lower-dose therapy have 
been demonstrated to further reduce major 
vascular events in patients with ACS or 
stable coronary artery disease.3,4 The early 

ABSTRACT 
AIMS: A key pillar in the medical management of patients a� er an acute coronary syndrome (ACS) is the early 
initiation and maintenance of “high-intensity” statin therapy to lower low-density lipoprotein cholesterol 
(LDL-C) and to improve clinical outcomes. The aim of this study was to describe the New Zealand utilisation 
of high-intensity statin therapy in the first year post-ACS.

METHODS: 19,867 New Zealand patients (≥20 years), discharged post-ACS event (2015–2017) were identified 
from the All New Zealand ACS Quality Improvement (ANZACS-QI) registry and anonymously linked with the 
national pharmaceutical dataset to identify statin dispensing early (0–3 months) and late (9–12 months) 
post-discharge. “High intensity” statin was subdivided into the New Zealand guidelines recommended 
dose (80mg atorvastatin) and “other high-intensity” statin (atorvastatin 40mg, simvastatin 80mg). All other 
statin doses were classified as “low/medium dose”. 

RESULTS: Seventy-nine percent were initially dispensed high-intensity statins. Thirty-six percent of the 
overall cohort received 80mg atorvastatin and 43% a lower “other high-intensity” statin. A further 13% 
received a medium/low dose and 8% no statin. By 12 months, 29% were dispensed atorvastatin 80mg, 
36% another high dose, 14% a low/medium dose and 21% no statin. Only 14% of those initially on 80mg 
atorvastatin had a statin dose reduction. A� er multivariable adjustment, the risk of discontinuation was 
the same for those started on atorvastatin 80mg compared with “other high dose”, and lower than for those 
started on a low/medium dose. Few patients (6.2%) had statins started, or dose up-titrated post-discharge. 
There is clinically unexplained variation in the use of the highest atorvastatin 80mg dose between district 
health boards (range 15% to 65%).

CONCLUSIONS: Eight in 10 ACS patients were dispensed a high-intensity statin at discharge, but only 
36% received the guidelines-recommended dose of 80mg of atorvastatin. By one year, one in five patients 
discharged on a statin were not receiving it. There are opportunities to improve longer-term LDL-C reduction 
and clinical outcomes through dosage optimisation and improved medication maintenance.
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period following an ACS is a critical stage of 
coronary heart disease; with a high risk of 
recurrent events and death. The early initi-
ation and maintenance of “high-intensity” 
statin after ACS is recommended for all pa-
tients without contraindications, regardless 
of initial low density lipoprotein-C (LDL-C) 
values.5–14 This recommendation comes with 
the proviso that the use of lower-intensi-
ty statin therapy should be considered in 
patients at increased risk of adverse effects 
with high-intensity statin therapy, such 
as in the elderly, patients diagnosed with 
hepatic or renal impairment, or in the case 
of a potential risk of drug-drug interactions 
with other essential concomitant therapies. 
Prior studies report that only two-thirds 
of patients who present with an ACS are 
maintained on a statin at one year15 and 
three years’16 post-discharge. But to date, no 
studies have reported the use of high-inten-
sity therapy in New Zealand post-ACS. 

“High-intensity” has been variously defi ned 
by either the type of statin/dose used in the 
randomised controlled clinical trials or by the 
pharmacological effects of statin type/dose 
on mean LDL-C levels. While the American 
College of Cardiology/American Heart Associ-
ation (ACC/AHA) defi nition of high-intensity 
statin is based on statin/type and dose,11 the 
European Society of Cardiology (ESC) defi -
nition includes any statin type/dose which 
can reduce mean LDL by 50%.17 However, in 
the ESC guideline, data is presented showing 
the statin type/doses which achieve this 
LDL reduction, which align well with the 
ACC/AHA defi nition. Three of the fi ve more 
intense versus less intense clinical trials used 
80mg of atorvastatin in the “high-intensity” 
arm,18–20 which lowers LDL-C by approxi-
mately 50%.14 Two trials used simvastatin 
80mg as the more intense statin arm,21,22 
a dose which is no longer recommended 
due to an excess of myositis, and has a 
Food and Drug Administration (FDA) black 
box warning not to prescribe this dose of 
simvastatin. In one trial a small percentage 
received atorvastatin 40mg20 and this dose 
has been included within the ESC and AHA/
ACC “high-intensity” statin defi nition.11,17 
Moderate low/medium doses are expected to 
reduce LDL-C by 30–50%.

Since 2015 the All New Zealand Acute 
Coronary Syndrome Quality Improvement 
(ANZACS-QI) registry has captured data on 

over 95% of New Zealand patients hospi-
talised for ACS who underwent coronary 
angiography. By linking ANZACS-QI registry 
data to national routine datasets, both initial 
statin dispensing (type and dose), and subse-
quent maintenance, can be tracked.23

The aim of this study is therefore to 
describe the contemporary New Zealand 
use of high-intensity statin therapy after 
discharge post-ACS, its maintenance in the 
fi rst year and the determinants of high-dose 
statin maintenance at one year.

Methods
Cohort

New Zealand residents (aged over 20y) 
hospitalised with ACS between 1 Jan 2015 to 
31 Dec 2017 and who underwent coronary 
angiography were identifi ed from the 
ANZACS-QI registry. Only patients who were 
alive 30 days after discharge were included to 
ensure the completeness of early dispensing 
data. Only the fi rst presentation per person 
in the three-year period was included. 

The ANZACS-QI registry is a web-based 
electronic database that captures a 
mandatory dataset in ACS patients who 
underwent a coronary angiogram, which 
includes patient demographics, admission 
ACS risk stratifi cation, cardiovascular risk 
factors, investigations and management, 
inpatient outcomes and medications 
prescribed at discharge. Details regarding 
the ANZACS-QI programme and registry data 
collection have been previously reported.24 
The registry is subject to monthly auditing 
to ensure capture of >95% of all patients 
admitted with suspected ACS who are investi-
gated with coronary angiography, and annual 
audit to check the accuracy of data entry. 

Definitions
ACS included myocardial infarction 

(MI) or unstable angina. MI was defi ned 
according to the contemporary universal 
defi nition.25 Variables used for this study 
included age, sex, ethnicity, prior statin 
use, diabetes, smoking status, history of 
cardiovascular disease (CVD), coronary 
intervention (coronary artery bypass 
grafting (CABG)) or percutaneous coronary 
intervention (PCI) and a global estimate of 
in-hospital mortality post-ACS (the Global 
Registry of ACS (GRACE) score).26 The GRACE 
score is reported categorically as low (<1%), 
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medium (1 to <3%) or high (>=3%) as recom-
mended by the ESC. History of CVD was 
defi ned as a diagnosis, prior to the current 
event, of MI/angina, stroke/TIA, peripheral 
vascular disease or prior radiological 
evidence of vascular disease. PCI/CABG 
Sociodemographic variables and residency 
status were derived from the linked national 
dataset. For patients in whom more than 
one ethnic group was recorded, ethnicity 
was prioritised, in accordance with health 
sector protocols, in the following order: 
indigenous Māori, Pacifi c, Indian and New 
Zealand European/Other (NZEO).27 Socio-
economic deprivation was assessed by the 
NZDep13 score,28 a census-based small area 
10-point index of deprivation based on 
the person’s domicile. Prior statin use was 
derived from the national pharmaceutical 
claims dataset and was defi ned as having a 
statin dispensed during the 90-day period 
prior to index admission. Concomitant 
medications dispensed at discharge which 
should be used with caution in combi-
nation with statins were also identifi ed. 
Because most high-dose statin use was with 
atorvastatin, we have reported the co-dis-
pensing of medications identifi ed as having 
a potentially major interaction with that 
agent.29,30 This group comprises cyclosporin, 
diltiazem, verapamil, digoxin, erythromycin, 
clarithromycin, gemfi brozil, ketoconazole, 
itraconazole and ritonavir.

Statin dispensing analysis
Statin type and dose dispensing were 

obtained early (within three months of 
hospital discharge) and late after discharge 
(in the last three months of the year after 
discharge) using anonymised linkage to the 
national pharmaceuticals dataset in order to 
identify and describe the patients who were 
initiated on high-dose statins, and those who 
were maintained on maximum-dose statins 
at one year. 

“High-intensity statin” was defi ned 
according to the ACC/AHA defi nition.11 In 
New Zealand this comprises atorvastatin 
40mg or 80mg, or simvastatin 80mg. For this 
analysis we chose to divide “high intensity” 
into the clinical trial high-intensity dose 
of 80mg atorvastatin recommended in 
the New Zealand guidelines6,7 and “other 
high-intensity” statin (atorvastatin 40mg, 
simvastatin 80mg). Rosuvastatin is not 
publicly funded in New Zealand so use is 

very low. All other statin type/doses combi-
nations were considered low/medium dose. 

Data linkage
Medication dispensing data, hospital-

isation and mortality data required for 
assessment of medication maintenance 
were obtained by individual linkage to 
routine national datasets as previously 
described.24 An encrypted version of the 
National Health Index Number (NHI), a 
unique identifi er assigned to everyone who 
uses health and disability support services 
(>98% of the population),31 was used to 
anonymously link in-hospital ANZACS-QI 
patient records to the national datasets. 
Dispensing of cardiovascular medications 
was identifi ed from the national Pharmaceu-
tical Collection (PHARMS), which is jointly 
administered by the New Zealand Ministry 
of Health (MOH) and the Pharmaceutical 
Management Agency of New Zealand. 
PHARMS contains data regarding govern-
ment-subsidised medications dispensed by 
community pharmacies nationwide, which 
encompasses statin medications relevant to 
these analyses.32 By 2009, 96% of dispensing 
episodes were reliably identifi able by NHI 
numbers. (S Ross, MOH, personal commu-
nication). ANZACS-QI validation in the 
national cohort has shown a high level 
of statin dispensing capture in PHARMS. 
In the 2015 to 2017 cohort, similar to the 
current study cohort, 95% of ACS patients 
were recorded as prescribed a statin in the 
ANZACS-QI registry and 93% were recorded 
as dispensed in PHARMS (unpublished data, 
manuscript in preparation).

Statistical analysis
Descriptive statistics for continuous 

variables were summarised as mean 
with standard deviation, median with 
inter-quartile range (IQR) and range. Cate-
gorical data are reported by frequency 
and percentage. For continuous vari-
ables, comparisons between groups were 
performed by the Student’s T-test. For cate-
gorical variables, Pearson’s chi-squared test 
was used. 

Three multivariable log-binomial 
regression models were constructed to 
investigate the variables associated with (i) 
initial dispensing of 80mg atorvastatin, (ii) 
statin dose reduction by one year in those 
initially dispensed 80mg of statin post-dis-
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charge, and (iii) statin discontinuation by 
one year in those initially receiving any 
dose of statin. The relative risks (RRs) with 
accompanying 95% confi dence intervals 
(CIs) of covariates were estimated. The 
covariates adjusted for were age, sex, 
ethnicity, smoker, diabetes, prior CVD, 
history of congestive heart failure (CHF), 
statin three months prior to admission, 
LDL-C level at baseline, coronary revascular-
isation, common concomitant medications, 
district health boards (DHB) and initial 
statin dose (model iii only).

All P-values reported were two tailed and 
a P-value <0.05 was considered signifi cant. 
Data were analysed using SAS statistical 
package, version 9.4 (SAS Institute, Cary, NC).

Ethics
Linkage of the ANZACS-QI and national 

datasets has been approved by the National 
Multi Region Ethics Committee (MEC/07/19/
EXP).

Results
The demographics, risk factors, clinical 

presentation and inpatient management for 
the 19,867 patient cohort are shown in Table 
1. Overall, 92% of patients were dispensed a 
statin within the fi rst three months post-dis-
charge. Thirty-six percent of patients were 
dispensed 80mg atorvastatin and 43% “other 
high-intensity” statin dose, predominantly 
atorvastatin 40mg. Seventy-nine percent of 
patients were therefore dispensed high-in-
tensity statins. There were a further 13% 
who received a low/medium dose and 8% 
received no statin. 

Those dispensed the maximal 80mg ator-
vastatin rather than another high-intensity 
dose were more likely to be younger, be 
men, be non-European, be current smokers 
and have an MI rather than unstable angina. 
They also had higher mean LDL-C, better 
renal function, more obstructive coronary 
artery disease and were more likely to have 
had coronary revascularisation by PCI or 
CABG. Similar variables differentiated those 
dispensed 80mg atorvastatin compared with 
a low/medium dose and no statin although 
the differences were more marked. Eigh 
percent of patients were discharged on a 

medication with the potential to interact 
with atorvastatin and although they were 
less likely than others to receive the 80mg 
dose nearly a quarter of these patients 
(n=384) were on the 80mg dose.

Who gets 80mg atorvastatin early 
post discharge? (Table 2, Figure 1)

On multivariable analysis, those who 
received the maximum 80mg dose of ator-
vastatin, as opposed to lower doses of statin, 
were more likely to be younger, male, smoke 
and have no history of CHF, normal renal 
function and coronary revascularisation. 
They were more likely to have been already 
on statin therapy and to have higher LDL-C 
cholesterol. Co-prescription of medications 
with known interactions with statin was 
also associated with lower use of 80mg 
atorvastatin.

There was wide variation in the use 
of the guidelines recommended atorvas-
tatin 80mg dose between DHBs, with use 
ranging from 15% to 65% of patients. Even 
after adjustment for covariates, the RR for 
receiving 80mg statin ranged from as low 
as 0.29 (95% CIs, 0.22–0.39) to 1.05 (95% CIs, 
0.96–1.15). 

Dispensing of statin at one year 
post-discharge (See Table 3, Figure 
2)

By one year after discharge, 625 (3.2%) of 
the study cohort had died leaving 19,242 in 
the one-year dispensing cohort. In the fi nal 
quarter of the year post-discharge, 29.2% 
were dispensed atorvastatin 80mg, 35.7% 
“other high dose”, 14.1% a low/medium 
dose and 21.1% were not dispensed a statin. 
70.5% of those discharged with atorvastatin 
80mg continued that dose at one year. Only 
14.2% of those initially on 80mg atorvastatin 
had a dose reduction. A similar number 
of patients initially dispensed atorvastatin 
80mg and other high dose received no statin 
at one year. Only a small proportion of 
patients (6.2%) had statins started or dose 
up-titrated post-discharge.

Multivariable model predictors of 
high-dose statin maintenance and statin 
discontinuation by one year. (Appendix 
Table 1,2)
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Table 1: Characteristics according to statin dispensing.

Overall, 
n (col %)
(N=19,867)

Statin dispensed within three months post*discharge, n (row %) P-value

High intensity (n=15,647, 
79%)

Low/medium 
intensity
(n=2,640, 13%)

No statin 
dispensed
(n=1,580, 8%)

Atorvasta-
tin 80mg
(n=7,085, 
36%)

Other high 
intensity
(n=8,562, 
43%)

Ator 
80mg 
vs other 
high 
intensity

Ator 
80mg 
vs low/
medium 
intensity

Ator 
80mg 
vs no 
statin

Type of statin dispensed early 
post-discharge
Atorvastatin
Simvastatin
Pravastatin
No statin dispensed

17,103 (86.1)
765 (3.9)
419 (2.1)
1,580 (8.0)

7,085 (41.4)
0 (0)
0 (0)
0 (0)

8,509 (49.8)
53 (6.9)
0 (0)
0 (0)

1,509 (8.8)
712 (93.1)
419 (100)
0 (0)

0 (0)
0 (0)
0 (0)
1,580 (100)

- - -

Age (years)
Mean (SD) 65.3 (11.7) 61.9 (11.1) 66.3 (11.5) 69.6 (10.9) 67.5 (12.9)

<.01 <.01 <.01

Age (years)
<55 
55–<70
70–<80
80+

3,848 (19.4)
8,325 (41.9)
5,397 (27.2)
2,297 (11.6)

1,901 (49.4)
3,285 (39.5)
1,563 (29.0)
336 (14.6)

1,428 (37.1)
3,549 (42.6)
2,427 (45.0)
1,158 (50.4)

255 (6.6)
949 (11.4)
926 (17.2)
510 (22.2)

264 (6.9)
542 (6.5)
481 (8.9)
293 (12.8)

<.01 <.01 <.01

Sex
Male
Female

13,795 (69.4)
6,072 (30.6)

5,382 (39.0)
1,703 (28.0)

5,904 (42.8)
2,658 (43.8)

1,647 (11.9)
993 (16.4)

862 (6.2)
718 (11.8)

<.01 <.01
 

<.01

Ethnicity
Māori
Pacific
Indian
Other Asian
European/other

2,187 (11.0)
905 (4.6)
876 (4.4)
554 (2.8)
15,345 (77.2)

852 (39.0)
458 (50.6)
485 (55.4)
245 (44.2)
5,045 (32.9)

951 (43.5)
296 (32.7)
262 (29.9)
200 (36.1)
6,853 (44.7)

224 (10.2)
95 (10.6)
92 (10.5)
76 (13.7)
2,152 (14.0)

160 (7.3)
55 (6.1)
37 (4.2)
33 (6.0)
1,295 (8.4)

<.01 <.01 <.01

NZDep01
Least deprived (1–3)
Intermediate (4–7)
Most deprived (8–10)
Missing

5,000 (25.2)
8,416 (42.4)
6,374 (32.1)
77 (0.4)

1,764 (35.3)
2,865 (34.0)
2,423 (38.0)
33 (42.9)

2,155 (43.1)
3,714 (44.1)
2,673 (41.9)
20 (26.0)

657 (13.1)
1,153 (13.7)
822 (12.9)
8 (10.4)

424 (8.5)
684 (8.1)
456 (7.2)
16 (20.8)

<.01 0.01 <.01

NZDep13
Least deprived (1–3)
Intermediate (4–7)
Most deprived (8–10)
Missing

4,941 (24.9)
7,919 (39.9)
6,948 (35.0)
59 (0.3)

1,760 (35.6)
2,748 (34.7)
2,552 (36.7)
25 (42.4)

2,107 (42.6)
3,465 (43.8)
2,975 (42.8)
20 (25.4)

653 (13.2)
1,073 (13.6)
908 (13.1)
6 (10.2)

421 (8.5)
633 (8.0)
513 (7.4)
13 (22.0)

<.01 0.01 <.01
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Overall, 
n (col %)
(N=19,867)

Statin dispensed within three months post discharge, n (row %) P-value

High intensity (n=15,647, 
79%)

Low/medium 
intensity
(n=2,640, 13%)

No statin dis-
pensed
(n=1,580, 8%)

Atorvasta-
tin 80mg
(n=7,085, 
36%)

Other high 
intensity
(n=8,562, 
43%)

Ator 
80mg 
vs other 
high 
intensity

Ator 
80mg 
vs low/
medium 
intensity

Ator 
80mg 
vs no 
statin

Statin dispensed prior to ACS 
admission
Atorvastatin 80mg
Other high dose
Low/medium dose
No

1,035 (5.2)
2,656 (13.4)
4,453 (22.4)
11,723 (59.0)

901 (87.1)
718 (27.0)
1,198 (26.9)
4,268 (36.4)

88 (8.5)
1,799 (67.7)
1,641 (36.9)
5,034 (42.9)

10 (1.0)
69 (2.6)
1,500 (33.7)
1061 (9.1)

36 (3.5)
70 (2.6)
114 (2.6)
1,360 (11.6)

<.01 <.01 <.01

LDL-C, n (%) mmol/L
<2 
2–<3
≥3
Missing

4,346 (21.9)
5,767 (29.0)
7,638 (38.4)
2,116 (10.7)

1,484 (34.1)
2,088 (36.2)
3,016 (39.5)
497 (23.5)

1,859 (42.8)
2,442 (42.3)
3,203 (41.9)
1,058 (50.0)

749 (17.2)
778 (13.5)
772 (10.1)
341 (16.1)

254 (5.8)
459 (8.0)
647 (8.5)
220 (10.4)

<.01 <.01 0.01

LDL-C (with prior statin) 
mmol/L
<2 
2–<3
≥3
Missing

3,247 (39.9)
815 (32.5)
398 (15.7)
978 (12.0)

1,110 (34.2)
958 (36.2)
513 (40.2)
236 (24.1)

1,431 (44.1)
1,134 (42.9)
478 (37.5)
485 (49.6)

645 (19.9)
493 (18.6)
216 (16.9)
225 (3.3)

61 (1.9)
59 (2.2)
68 (5.3)
32 (3.3)

<.01 <.01 <.01

LDL-C (without prior statin) 
mmol/L
<2 
2–<3
≥3
Missing

1,099 (9.4)
3,123 (26.6)
6,363 (54.3)
1,138 (9.7)

374 (34.0)
1,130 (36.2)
2,503 (39.3)
261 (22.9)

428 (38.9)
1,308 (41.9)
2,725 (42.8)
573 (50.4)

104 (9.5)
285 (9.1)
556 (8.7)
116 (10.2)

193 (17.6)
400 (12.8)
579 (9.1)
188 (16.5)

0.42 0.09 <.01

eGFR ml/min1.732
0–<30
30–<60
60+
Missing

606 (3.1)
4,735 (23.8)
14,525 (73.1)
1 (0.01)

118 (19.5)
1,297 (27.4)
5,669 (39.0)
1 (100)

257 (42.4)
2,152 (45.4)
6,153 (42.4)
0 (0)

155 (25.6)
822 (17.4)
1,663 (11.4)
0 (0)

76 (12.5)
464 (9.8)
1,040 (7.2)
0 (0)

<.01 <.01 <.01

Table 1: Characteristics according to statin dispensing (continued).
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Overall, 
n (col %)
(N=19,867)

Statin dispensed within three months post discharge, n (row %) P-value

High intensity (n=15,647, 
79%)

Low/medium 
intensity
(n=2,640, 13%)

No statin dis-
pensed
(n=1,580, 8%)

Atorvasta-
tin 80mg
(n=7,085, 
36%)

Other high 
intensity
(n=8,562, 
43%)

Ator 
80mg 
vs other 
high 
intensity

Ator 
80mg 
vs low/
medium 
intensity

Ator 
80mg 
vs no 
statin

Current smoker 3,893 (19.6) 1,781 (45.7) 1,610 (41.4) 309 (7.9) 193 (5.0) <.01 <.01 <.01

Diabetes 4,609 (23.2) 1,663 (36.1) 1,846 (40.1) 769 (16.7) 330 (7.2) <.01 <.01 0.03

Initial Killip Class
I
II–IV

18,146 (91.3)
1,721 (8.7)

6,675 (36.2)
510 (29.6)

7,797 (43.0)
765 (44.5)

2,361 (13.0)
279 (16.2)

1,413 (7.8)
167 (9.7)

<.01 <.01 <.01

Type of ACS
STEMI
NSTEMI
Unstable angina

4,973 (25.0)
11,471 (57.7)
3,423 (17.2)

2,281 (45.9)
3,943 (34.4)
861 (25.2)

2,061 (41.4)
5,002 (43.6)
1,499 (43.8)

389 (7.8)
1,571 (13.7)
680 (19.9)

242 (4.9)
955 (8.3)
383 (11.2)

<.01 <.01 <.01

History of CVD 7,033 (35.4) 2,087 (29.7) 2,849 (40.5) 1,324 (18.8) 773 (11.0) <.01 <.01 <.01

History of CHF 738 (3.7) 158 (21.4) 318 (43.1) 163 (22.1) 99 (13.4) <.01 <.01 <.01

COPD 1,809 (9.1) 504 (27.9) 803 (44.4) 309 (17.1) 193 (10.7) <.01 <.01 <.01

GRACE risk score
<1%
1–<3%
≥3%
Missing

5,318 (26.8)
8,051 (40.5)
6,494 (32.7)
4 (0.02)

2,092 (39.3)
2,946 (36.6)
2,045 (31.5)
2 (50.0)

2,262 (42.5)
3,366 (41.8)
2,933 (45.2)
1 (25.0)

579 (10.9)
1,096 (13.6)
964 (14.8)
1 (25.0)

385 (7.2)
643 (8.0)
552 (8.5)
0 (0)

<.01 <.01 <.01

CAD >50% on angiogram
No obstructive CAD
Single/double VD
Three VD and/or LMS >50%

2,722 (13.7)
11,448 (57.6)
5,696 (28.7)

677 (24.9)
4,448 (38.9)
1,960 (34.4)

1,061 (39.0)
4,999 (43.7)
2,502 (43.9)

471 (17.3)
1,341 (11.7)
828 (14.5)

513 (18.8)
661 (5.8)
406 (7.1)

0.02 <.01 <.01

Coronary procedure
PCI
CABG
Medical management

11,538 (58.1)
2,424 (12.2)
5,905 (29.7)

4,695 (40.7)
796 (32.8)
1,594 (27.0)

4,863 (42.1)
1,245 (51.4)
2,454 (41.6)

1,312 (11.4)
282 (11.6)
1,046 (17.7)

668 (5.8)
101 (4.2)
811 (13.7)

<.01 <.01 <.01

Concomitant discharge 
medications with interaction 
potential

1,639 (8.3) 384 (23.4) 695 (42.4) 342 (20.9) 218 (13.3) <.01 <.01 <.01

ACS = Acute coronary syndrome; CABG = coronary artery bypass gra� ing; CAD = Coronary Artery Disease; CHF = Coronary Heart Failure; COPD = chronic 
obstructed pulmonary disease; CVD = Cardiovascular disease; eGFR = estimated glomerular filtration rate; LDL-C = low-density lipoprotein-cholesterol; LMS 
= Le�  main STEMI; NSTEMI = Non ST elevation myocardial infarction; PCI = percutaneous coronary intervention; STEMI = ST elevation myocardial Infarction; 
VD = Vessel disease.

Table 1: Characteristics according to statin dispensing (continued).
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Table 2: Multivariable model for 80mg atorvastatin at discharge vs all other statin type and dose.

Relative risk (95% CI) P-value

Age (per 10 years increase) 0.85 (0.83–0.86) <.01

Sex
Male

Female

1.18 (1.13–1.23)

Reference

<.01

-

Ethnicity
Māori

Pacific

Indian

Other Asian

Euro/Other

1.03 (0.97–1.09)

1.00 (0.94–1.07)

0.98 (0.92–1.05)

0.94 (0.86–1.02)

Reference

0.35

0.96

0.64

0.15

-

Current smoker 
Yes

No

1.08 (1.03–1.12)

Reference

<.01

-

Diabetes
Yes

No

1.01 (0.97–1.06)

Reference

0.64

-

Prior CVD
Yes

No

0.97 (0.93–1.01)

Reference

0.13

-

History of CHF
Yes

No

0.81 (0.71–0.93)

Reference

<.01

-

Statin three months prior to admission
Yes

No

1.05 (1.01–1.10)

Reference

0.03

-

LDL-C (mmol/L)
<2

2–<3

3+

Reference

1.05 (1.00–1.11)

1.08 (1.03–1.14)

-

0.05

<.01

eGFR (ml/min/1.73m2)

0–<30 

30–<60

60+

Reference

1.67 (1.41–1.98)

1.77 (1.50–2.09)

-

<.01

<.01

Revascularisation
Yes

No

1.22 (1.17–1.28)

Reference

<.01

-

Common concomitant medications
Yes

No

0.83 (0.76–0.90)

Reference

<.01

-
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District health board
Counties Manukau

Northland

Auckland

Waitemata

Bay of Plenty

Lakes

Tairawhiti

Taranaki

Waikato

Capital and Coast

Hawke’s Bay

Hutt Valley

MidCentral

Nelson Marlborough

Whanganui

Wairarapa

Canterbury

South Canterbury

Southern

West Coast

Reference

1.05 (0.96–1.15)

1.03 (0.98–1.08)

0.71 (0.65–0.78)

0.38 (0.33–0.44)

0.52 (0.45–0.61)

0.62 (0.51–0.75)

0.29 (0.23–0.36)

0.41 (0.37–0.46)

0.34 (0.29–0.40)

0.33 (0.28–0.40)

0.29 (0.24–0.36)

0.60 (0.53–0.69)

0.93 (0.84–1.02)

0.29 (0.22–0.39)

0.40 (0.30–0.52)

0.52 (0.47–0.57)

0.80 (0.68–0.94)

0.43 (0.38–0.48)

0.53 (0.41–0.68)

0.28

0.22

<.01

<.01

<.01

<.01

<.01

<.01

<.01

<.01

<.01

<.01

0.13

<.01

<.01

<.01

0.01

<.01

<.01

CHF = Congestive heart failure; CVD = Cardiovascular disease; eGFR = estimated glomerular filtration rate; LDL-C = 
low-density lipoprotein-cholesterol.

Table 2: Multivariable model for 80mg atorvastatin at discharge vs all other statin type and dose (continued).

Figure 1: Percentage of patients who receive high-dose statin at discharge in each district health board area. The high-intensity statin is 
subdivided into 80mg atorvastatin (dark bar) and other high intensity (lighter bar).
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Who receives 80mg of atorvastatin 
by 1 year? (see Appendix Table 1) 

On multivariable regression the strongest 
predictor of being dispensed 80mg of ator-
vastatin at one year was being discharged 
on that dose. Other variables independently 
associated with receiving 80mg of atorvas-
tatin at one year were younger age, male 
sex, smoking at admission, being previously 
on a statin, undergoing revascularisation 
and having an eGFR ≥30ml/min/1.73m2.

Who discontinues statins? 
(Appendix Table 2)

After adjustment, the variables associated 
with statin discontinuation in those initially 
receiving any dose of statin at discharge 
were younger age, female sex, not having 
diabetes, prior CVD, no prior statin, initial 
low/medium dose, not receiving coronary 
revascularisation, eGFR<30ml/min/1.73m2 
and a high baseline LDL-C. The risk of 
discontinuation did not differ for those 
started on atorvastatin 80mg compared with 
“other high-dose” statins.

Figure 2: The distribution of statin dose prior to the index Acute Coronary Syndrome admission, early post-discharge and by one year 
post-discharge.

Low/medium dose = other doses of statins.

Table 3: Comparison of early vs one-year statin dispensing.

Early statin 
dispensed

Late statin dispensed

Atorvastatin 
80mg (%)

Other high 
dose 80mg (%)

Low/medium 
dose 80mg (%)

No statin 
80mg (%)

Total

Atorvastatin 80mg 4,893 (70.5) 660 (9.5) 328 (4.7) 1,055 (15.2) 6,936 (36.0)

Other high dose 602 (7.3) 5,837 (70.4) 576 (6.9) 1,279 (15.4) 8,294 (43.1)

Low/medium dose 66 (2.6) 287 (11.4) 1,705 (67.7) 461 (18.3) 2,519 (13.1)

No statin 50 (3.3) 76 (5.1) 106 (7.1) 1,261 (84.5) 1,493 (7.8)

Total 5,611 (29.2) 6,860 (35.7) 2,715 (14.1) 4,056 (21.1) 19,242 (100)

Other high dose = atorvastatin 40mg and simvastatin 80mg; low/medium dose = other doses of statins.
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Discussion
This study captured over 95% of New 

Zealand patients discharged after ACS in 
New Zealand who were actively managed 
with coronary angiography with or 
without revascularisation. A key pillar of 
management for these patients is optimal 
LDL-C management. We found that 79% 
were discharged with a high-intensity statin, 
although only 36% received the maximum, 
guidelines recommended 80mg dose of 
atorvastatin. By one year only 14% of 
those initially on 80mg were down-titrated 
to a lower dose, and the most important 
predictor of being on the maximum dose 
was being discharged on that dose. One in 
fi ve patients were not dispensed a statin in 
the last three months of the year post-dis-
charge. After adjustment, an initial 80mg 
atorvastatin dose and “other high dose” 
were both associated with a similar and 
lower risk of discontinuation compared with 
a low/medium-dose statin. In contrast to the 
low down-titration rates observed, only a 
small proportion of patients (6%) initially 
dispensed a dose less than the maximum 
atorvastatin dose or no statin had it up-ti-
trated or commenced. Although the range 
across DHBs in use of high-intensity statin 
was modest at 73% to 87%, there was a 
much greater variation, from 15% to 65%, 
in the use of the 80mg atorvastatin dose. 
This variation persisted after adjustment for 
covariates suggesting that much of the vari-
ation may be due to local clinical preference.

Comparison with prior studies
The New Zealand utilisation of high-in-

tensity statins is higher than in older registry 
data for ACS patients in 2003 and 2009 from 
the US, but this gap is not as large in more 
recent international reports. Those papers do 
not report the proportion on 80mg atorvas-
tatin separately. Using the similar defi nitions 
for high-intensity statins, the older studies 
reported rates of prescribing or dispensing 
of high-intensity statin post ACS of approxi-
mately between only 23% and 38%.33–35 As in 
our study up-titration of doses post-discharge 
was also infrequent, with the discharge 
dose strongly associated with dose at one 
year.34 In a large US study of MI patients in 
2014, 72% of those <65y and 57% of those 
over 65y were discharged on high-intensity 
statin.36 In a single centre in France in 2016, 
61% of post-PCI patients were treated with 

high-intensity statin.37 We were also able to 
investigate the relationship between initial 
dose and discontinuation rates, and found 
no difference in discontinuation between the 
highest and “other high” doses. The highest 
rate of discontinuation was in those patients 
discharged on low/medium doses. This may 
refl ect the characteristics of patients likely to 
receive a lower dose. 

Atorvastatin 80mg vs other high 
dose—does it matter? 

In the CTT meta-analysis,4 compared with 
less intensive regimens, more intensive 
regimens produced a highly signifi cant 
15% (p<0.0001) further reduction in major 
vascular events, consisting of signifi cant 
reductions in coronary death or non-fatal 
myocardial infarction of 13% (p<0.0001), 
in coronary revascularisation of 19% 
(p<0.0001), and in ischaemic stroke of 16% 
(p=0.005). For each 1mmol/L reduction 
in LDL-C, total mortality was reduced by 
10% over fi ve years. Statins may also have 
anti-infl ammatory and antioxidant effects 
beyond the effects of LDL-C lowering that 
may reduce events. There are no outcome 
studies, which randomised patients to 
receive atorvastatin 80mg vs 40mg. There 
are patients in whom it is clinically appro-
priate to use lower doses, particularly the 
very elderly (over 80 years), those with 
limited life expectancy and those on other 
medications known to interact with statins. 
Nevertheless the observed DHB variability 
after adjustment for covariates suggests 
that the choice of 40mg vs 80mg is strongly 
infl uenced by local clinical preference. By 
doubling the dose of a statin (atorvastatin 
40mg to 80mg) it is expected that there will 
be a further 6% fall in LDL-C,35,38,39 and based 
on the well-established relationship between 
LDL-C lowering and outcomes greater use 
of 80mg dose would be expected to further 
improve outcomes.4 

There may be an additional benefi t of 
80mg atorvastatin in patients undergoing 
PCI. In the recent Statins Evaluation in 
Coronary Procedures and Revascularization 
(SECUREPCI) Trial randomised, placebo-con-
trolled trial, which assessed the impact of 
peri-procedural loading with atorvastatin 
[two loading doses of 80mg, before and 
24h after planned PCI] at 30 days in 4,191 
patients with ACS.40 All patients received 
atorvastatin 40mg per day starting 24h 
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after the second loading dose. The authors 
found no signifi cant treatment benefi t in 
the overall study population but there was 
a signifi cant 28% relative risk reduction in a 
composite of all-cause mortality, myocardial 
infarction, stroke and unplanned coronary 
revascularisation in patients who 
underwent PCI. The benefi t was even more 
pronounced in STEMI patients undergoing 
primary PCI. These benefi ts will be offset by 
even a small increase in side effects if used 
inappropriately in patients at increased risk 
for side effects.14

Are we choosing the right patients 
for atorvastatin 80mg? 

In our study there was no evidence, after 
adjustment for covariates including DHB of 
domicile, that patients were more likely to 
require a dose reduction after commencing 
80mg compared with 40mg atorvastatin. In 
addition the 80mg dose was less likely to be 
used in patients co-administered a drug with 
a risk of drug-drug interaction. However, 
we have no more specifi c information about 
adverse side effects. It is noteworthy that 
there were signifi cant numbers of patients 
on high-intensity statins in this cohort in 
whom guidelines recommend caution. This 
includes the very elderly where side effects 
may occur from over medication, those with 
severe chronic kidney and hepatic disease 
and patients on essential concomitant medi-
cations with a risk of drug-drug interaction. 
In the current study, 15% of those over 80 
years, and nearly a quarter of the 8% of 
patients on concomitant medications with 
risk of drug interactions received the ator-
vastatin 80mg dose. Conversely, there were 
many patients without obvious reasons for 
caution who could potentially have been 
treated with a higher dose of statin. 

Clinical implications
In the year post-ACS discharge, patients 

usually continue on the dose of statin they 
were discharged with, but nearly one in 
fi ve patients initially dispensed statin 
were not dispensed a statin in the last 
three months of the year post-discharge. 
Because the maximum dispensing period in 
New Zealand is three months, this fi nding 
suggests sub-optimal maintenance or discon-
tinuation of medication for those patients. It 
is therefore important that both the optimal 
dose be chosen for each patient in-hospital, 
and that patients then be supported to 
continue with their medication. 

Choice of the appropriate statin dose is 
usually made in-hospital by the medical 
team, although in some cases, such as prior 
intolerance or abnormal liver function tests, 
up-titration as tolerated, from an initial 
low dose, may be done by the secondary 
and/or primary care teams after discharge. 
Supporting longer-term maintenance in 
ACS patients begins during the hospital 
admission and is supported by in-hospital 
and early post-discharge cardiac rehabil-
itation. In New Zealand it then continues 
under the supervision of the primary care 
team. Commencement and continuation 
of statins and other medications of proven 
clinical benefi t which have been started 
in hospital requires optimal performance 
across this care continuum. Important 
components include:

1. Medical staff having access to 
evidence-based recommendations 
for medications and doses. In New 
Zealand initial medications post-ACS 
are often prescribed by junior 
medical staff who rotate through the 
coronary care unit and are under 
the supervision of multiple different 
cardiologists, which can result in 
variation in practice. Each unit should 
have a locally endorsed medication 
guideline which is regularly updated 
according to evolving evidence, and 
which is used by all medical team 
members. It should be based on 
national and international guidelines 
and give specifi c advice regarding 
recommended medications and doses 
which takes into account patient-spe-
cifi c factors including age, liver and 
renal function and concomitant 
medications. Although for many units 
this will be a paper-based guideline 
there is an increasing opportunity 
to incorporate this content within 
electronic prescribing systems, which 
can include a default list of medica-
tions and doses for each condition and 
provide advice/alerts as appropriate.

2. Involvement of the medical, nursing, 
cardiac rehabilitation team and 
pharmacists while the patient is in 
hospital, to both educate and support 
patients and their families regarding 
the benefi ts and potential risk of 
medications. The non-medical health 
professionals, if enabled to do so, also 
provide an important cross-check on 
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medical prescribing decisions. Several 
New Zealand cardiology units now 
utilise the patient oriented “My Heart 
Recovery Plan”. This was developed in 
2019 by the Health Quality and Safety 
Commission and ANZACS-QI, and 
it is endorsed for use nationally by 
the National Cardiac Network. It is a 
checklist designed to be used interac-
tively by patients and their in-hospital 
medical, nursing and pharmacy team 
to support their understanding of 
their medications, the importance of 
continuing them long-term, whether 
they have been invited to cardiac 
rehabilitation, whether a follow-up 
appointment is arranged with their 
general practitioner and whether they 
need psychological support post-dis-
charge. More widespread uptake and 
systematic implementation of this tool 
should be considered.

3. Practical considerations include 
simplifying the dosing regimen 
and encouraging patients to have 
their medications blister packed or 
a similar process which has been 
shown to improve adherence.41 
Financial barriers do have an impact 
on adherence and these should be 
addressed.41 The default change per 
item dispensed in New Zealand is $5. 
Although there are programmes to 
reduce this for high-needs popula-
tions, our experience is that there are 
still patients who defer medications 
because of cost considerations.

4. Facilitation of referral to culturally 
appropriate cardiac rehabilitation 
programs after discharge to continue 
to educate and support patients and 
facilitate the transition to primary 
care.42

5. Primary care based self-monitoring 
and self-management programmes 
have proven effectiveness to improve 
medication adherence use, and 
utilising technology to ensure re-pre-
scription of medication continues 
after discharge is a promising 
approach.41

6. Publication of data is an important 
way to feedback to clinicians and 
modify prescribing behavior.43 In 
particular, publication of the wide 
variation in use of the atorvastatin 
80mg dose between DHBs is expected 

to prompt units to review their local 
guidelines. ANZACS-QI will continue 
to report back to the DHBs on high-in-
tensity statin use as part of its annual 
Post-ACS Statin Adherence report to 
allow progress to be tracked.

Limitations 
We used dispensing of statin as a marker 

of maintenance but not everyone who is 
dispensed a drug routinely is necessarily 
taking the medication. We had no other 
measures of adherence, nor did we have 
information about patient preferences. 
In some cases patients may be wary of 
high doses of a statin but accept a lower 
dose. Achieved LDL-C post discharge was 
not available for this study. The cohort 
comprised those patients who underwent 
invasive coronary angiography for whom 
we would expect intensive secondary 
prevention including high-intensity statins 
to be appropriate. The ANZACS-QI registry 
has very high rates of capture for these 
patients across New Zealand.44 Approx-
imately 40% of patients with ACS do not 
receive coronary angiography and are not 
included in this analysis.45 However, of 
younger ACS patients between 60 and 70y, 
70% receive an angiogram, and of those 
under 60y this increases to 80%.46 It is likely 
that use of high-intensity statin would be 
lower in those not receiving an angiogram 
given the high burden of comorbidity 
previously documented in such patients.45,47 
No outcome data are presented and apart 
from medication discontinuation we cannot 
identify statin-specifi c side effects.

Conclusion 
Only 36% of ACS patients who received 

invasive investigation post-ACS received 
guideline-recommended dose of 80mg 
atorvastatin. The dose of statin at hospital 
discharge is the most important determinant 
of dose by one year. The atorvastatin 80mg 
dose was not associated with higher discon-
tinuation rates. Further optimisation of 
dosage at discharge by the secondary care 
team is feasible in New Zealand, for many 
clinically appropriate patients, and is an 
opportunity to achieve better long-term 
LDL-C reduction and thus improved 
clinical outcomes. GPs and primary care 
teams should have a greater role in medi-
cation up-titration, and systems need to be 
developed to ensure regular re-prescription 
of medication.
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Appendix

Appendix Table 1: Multivariable regression analysis: variables associated with being dispensed 80mg 
atorvastatin at one year. 

Relative risk (95% CI) P-value

Age (per 10 years increase) 0.94 (0.93–0.96) <.01

Sex
Male
Female

1.11 (1.06–1.16)
Reference

<.01
-

Ethnicity
Māori 
Pacific
Indian
Other Asian
Euro/Other

1.04 (0.99–1.10)
1.00 (0.94–1.07)
0.96 (0.91–1.03)
0.86 (0.78–0.95)
Reference

0.15
0.97
0.24
<.01
-

Current smoker 
Yes
No

1.07 (1.03–1.12)
Reference

<.01
-

Diabetes
Yes
No

1.09 (1.04–1.13)
Reference

<.01
-

Prior CVD
Yes
No

0.95 (0.91–0.99)
Reference

0.02
-

History of CHF
Yes
No

1.05 (0.94–1.19)
Reference

0.38
-

Statin three months prior to admission
Yes
No

1.32 (1.26–1.37)
Reference

<.01
-

Statin three months post D/C
Atorvastatin 80mg
Atorvastatin 40mg and Simvastatin 80mg
Low/medium dose
No statin

Reference
0.11 (0.10–0.12)
0.04 (0.03–0.05)
0.06 (0.05–0.08)

-
<.01
<.01
<.01

LDL mmol/L
<2
2–<3
3+

Reference
1.01 (0.97–1.06)
1.03 (0.98–1.08)

-
0.58
0.27
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Appendix Table 2: Multivariable regression analysis: variables associated with statin discontinuation 
by one year in patients initially dispensed statin.

Relative risk (95% CI) P-value

Age (per 10 years increase) 0.94 (0.90–0.97) <.01

Sex
Male
Female

0.93 (0.86–1.00)
Reference

0.05
-

Ethnicity
Māori 
Pacific
Indian
Other Asian
Euro/Other

1.09 (0.97–1.22)
1.05 (0.88–1.26)
1.20 (1.00–1.44)
1.19 (0.98–1.46)
Reference

0.13
0.57
0.05
0.09
-

Current smoker 
Yes
No

1.02 (0.93–1.11)
Reference

0.71
-

Diabetes
Yes
No

0.84 (0.75–0.93)
Reference

<.01
-

Prior CVD
Yes
No

1.31 (1.20–1.44)
Reference

<.01
-

History of CHF
Yes
No

0.68 (0.52–0.90)
Reference

0.01
-

Statin 3 months prior to admission
Yes
No

0.44 (0.39–0.49)
Reference

<.01
-

eGFR (ml/min/1.73m2)
0–<30 
30–<60
60+

Reference
1.15 (1.00–1.33)
1.17 (1.02–1.35)

-
0.05
0.03

Revascularisation
Yes
No

1.19 (1.13–1.24)
Reference

<.01
-

Common concomitant medications
Yes
No

0.98 (0.91–1.06)
Reference

0.66
-

CHF = Congestive heart failure; CVD = Cardiovascular disease; eGFR = estimated glomerular filtration rate; LDL-C = 
low-density lipoprotein-cholesterol.

Appendix Table 1: Multivariable regression analysis: variables associated with being dispensed 80mg 
atorvastatin at one year (continued). 

ARTICLE



36 NZMJ 13 March 2020, Vol 133 No 1511
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Statin 3 months post D/C
Atorvastatin 80mg
Other high dose
Low/Medium dose

0.69 (0.62–0.77)
0.77 (0.69–0.85)
Reference

<.01
<.01
-

LDL mmol/L
<2
2–<3
3+

Reference
1.22 (1.08–1.37)
1.24 (1.10–1.40)

-
<.01
<.02

eGFR ml/min1.732 
0–<30 
30–<60
60+

Reference
1.29 (0.95–1.75)
1.24 (0.92–1.67)

-
0.10
0.15

Revascularisation 
Yes
No

0.69 (0.64–0.75)
Reference

<.01
-

Common concomitant medications
Yes
No

0.90 (0.78–1.05)
Reference

0.17
-

CHF = Congestive heart failure; CVD = Cardiovascular disease; eGFR = estimated glomerular filtration rate; LDL-C = 
low-density lipoprotein-cholesterol.

Appendix Table 2: Multivariable regression analysis: variables associated with statin discontinuation 
by one year in patients initially dispensed statin (continued).
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