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Abstract

Background Use of the four evidence-based medications
[EBMs: antiplatelet agent, beta-blocker, statin and angio-
tensin-converting enzyme inhibitor or angiotensin receptor
blocker (ACEI/ARB)] after acute myocardial infarction
(AMI) has a clear impact on 1-year survival. Aim of this
study was to evaluate the association between different
EBM combinations at discharge and long-term survival
after AML

Methods From a German population-based AMI registry,
2,886 men and 958 women were included, aged
28-74 years, hospitalized with an incident AMI between
2000 and 2008. All data were collected by standardized
interviews and chart review. All-cause mortality was
assessed for all registered persons in 2010. Median follow-
up time was 6.0 years (interquartile range 4.1 years). Sur-
vival analyses and multivariate Cox regression analysis
were conducted.
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Results  Of the 3,844 patients, 70.3 % were prescribed all
four EBMs; 23.8 % received three, 4.6 % two, and 1.3 %
were discharged with one or no EBM. Long-term survival
was 71.7 % [95 % confidence interval (CI) 55.4-82.9 %],
64.7 % (95 % CI 59.2-69.6 %) and 60.2 % (95 % CI
51.9-67.5 %) in patients with four, three and <3 EBMs,
respectively. Patients prescribed three or less EBMs with-
out ACEI/ARB showed similar long-term survival to those
receiving four EBMs. In Cox regression analysis after
adjustment for confounding variables, the hazard ratio for
long-term mortality in patients with four EBMs versus
three or less EBMs was 0.63 (95 % CI 0.53-0.74).
Conclusions Prescribing of a combination of all four
EBMs appeared to improve clinical outcomes in AMI
patients by significantly reducing long-term mortality.
Hospital discharge is a critical time for optimal long-term
management.

Keywords Acute myocardial infarction - Mortality -
Secondary prevention drug therapy - Drug combination

Background

Beside lifestyle changes and control of risk factors, use of
comprehensive medication therapy after acute coronary
syndrome (ACS) has a major impact on cardiovascular
morbidity and mortality and is recommended as long-term
management in all ACS patients without known contrain-
dications regardless of age, sex or medical history [1-3].
Over the last decades, a large number of randomized
clinical trials (RCTs) have demonstrated the efficacy of
secondary prevention drug therapy in survivors of acute
myocardial infarction (AMI) for each of the following four
medications: antiplatelet agents (aspirin and/or P2Y12
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receptor inhibitors as clopidogrel), beta-blockers, statins
and agents acting on the renin-angiotensin system [angio-
tensin-converting enzyme inhibitors (ACEIs) or angioten-
sin receptor blockers (ARBs)] [4-6]. This comprehensive
evidence for each individual medication led to an inter-
national consensus at least from 2004 onwards that treat-
ment with a combination of these four evidence-based
medications (EBMs) should be the standard of care for
patients after an AMI [7].

In addition to RCTs, studies in real-world settings
which investigated combined medication therapies in
unselected populations, showed a clear benefit for pre-
scribing a combination of all four EBMs at hospital dis-
charge in terms of lower 1-year mortality rate compared
with those who have not received it [8—11]. However, less
information exists on the association between EBMs and
outcome of 2 years or longer after the acute coronary
event [12-15]. Three of these long-term studies were
based on administrative data and reported major limita-
tions due to unknown information on aspirin use [15], and
on clinical data (e.g., type of AMI or body mass index)
and lifestyle factors (e.g., smoking) [13, 14]. An adjust-
ment for these potentially confounding variables was
therefore not possible.

The aim of this study was to assess the association
between different EBM combinations prescribed at hospi-
tal discharge and long-term survival in patients with an
incident AMI between 2000 and 2008 using data of a
population-based myocardial infarction registry including
all consecutive AMI cases and taking into account relevant
potential confounders.

Methods

The population-based myocardial infarction (MI) registry
in Augsburg, Germany, was established in 1984 as part of
the World Health Organization MONICA Project (MON-
Itoring Trends and Determinants in CArdiovascular dis-
ease) [16]. After the termination of MONICA in 1995, the
MI registry became part of the framework of KORA
(Cooperative Health Research in the Augsburg Region).
Since 1984, all cases of coronary deaths and at least 24 h
surviving AMI of the 25- to 74-year old study population in
the city of Augsburg and the two adjacent counties (about
600,000 inhabitants) have been continuously registered.
About 80 % of all AMI cases of the study region are
treated in the region’s major hospital, Klinikum Augsburg,
a tertiary care center offering interventional cardiovascular
procedures, as well as heart surgery facilities. The methods
of case identification, diagnostic classification of events,
and data quality control have been described in detail
elsewhere [16, 17].
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Data collection

Patients were interviewed during hospital stay by trained
nurses using a standardized questionnaire to collect soci-
odemographic characteristics, cardiovascular risk factors,
comorbidities, history of medical and drug treatment, and
information on the acute event. Further information on
laboratory data, type of AMI, procedures and complica-
tions during hospital stay, vital signs, medical history, and
medication use during hospitalization as well as at dis-
charge were collected by review of medical chart and
discharge report. Data collection and follow-up question-
naires of the MONICA/KORA MI registry have been
approved by the Bavarian State Ethics Committee. The
type of AMI was defined as ST-segment elevation MI
(STEMI), Non-ST-segment elevation MI (NSTEMI), bun-
dle branch block (BBB), or non-classifiable/missing. The
BBB group contains newly developed left BBB, right BBB,
and chronic BBB; because we do not know exactly whether
all patients with a BBB had a newly developed left BBB,
which is considered as STEMI, we displayed the BBB
group as separate category.

All medications were recorded and classified in the
registry according to the international Anatomical Thera-
peutic Chemical Classification System (ATC) of the WHO
Collaborating Centre for Drug Statistics Methodology
(http://www.whocc.no/atc_ddd_index/). The EBMs at
hospital discharge considered for this analysis were: anti-
platelet agents (ATC code: BO1AC), beta-blockers (ATC
code: CO07), statins (ATC code: C10AA, C10BA), ACEIs
or ARBs (ATC code: C09A, C09B, C09C, C09D). To
assess the proportion of dual antiplatelet therapy (DAPT),
the following definition was used: aspirin (ATC code:
BO1AC06, BOIACS56) and clopidogrel (ATC code:
BO1ACO04) or ticlopidine (ATC code: BO1ACO05). New
antiplatelet agents such as prasugrel and ticagrelor could
not be studied because they were not yet available during
the study period of this analysis. The following combina-
tions of EBMs were studied: four-drug treatment [any
antiplatelet agent, beta-blocker, statin and ACEI or ARB
(ACEI/ARB)], three-drug treatment (any combination of
three of the four designated drug classes), two-drug treat-
ment (any combination of two), one-drug treatment (only
one), and zero-drug treatment (none of the designated
EBM).

The end point of this study was all-cause mortality.
Mortality was assessed by checking the vital status of all
registered persons of the KORA MI registry through the
population registries inside and outside the study area in
2010; this procedure guaranteed that the vital status of
cohort members who had moved out of the study area
could also be assessed. Death certificates were obtained
from local health departments.
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Study population

In the present study, all patients registered with an incident
AMI from January 1, 2000, to December 31, 2008 (study
period) and who were discharged alive were included.
From the total of 4,708 patients with non-fatal incident
AMI we excluded patients with no data on discharge
medication (n = 16), patients who died during hospital
stay (n = 285), and patients whose data on any of the
relevant covariables included in the final regression model
were incomplete (n = 563), leaving 3,844 patients for
analysis. Excluded patients with missing covariable infor-
mation were older (median age 64 vs. 62 years,
p = 0.001), had more frequently a NSTEMI (62.5 vs.
54.2 %, p < 0.001), a history of stroke (22.2 vs. 6.1 %,
p < 0.0001) and diabetes (37.5 vs. 28.5 %, p < 0.0001),
were less likely to receive any reperfusion therapy (71.4 vs.
84.5 %, p < 0.0001) and the four-drug treatment (54.7 vs.
70.3 %, p < 0.0001), and showed a higher rate of in-hos-
pital complications (12.8 vs. 8.9 %, p = 0.003); also long-
term mortality was higher (31.1 vs. 15.4 %, p < 0.0001)
compared to patients included in the study population.

Data analysis

Continuous data were expressed as median values with
interquartile range (IQR). Categorical variables were
reported as percentage, and the y” test was used to evaluate
differences in frequencies. For continuous variables, com-
parisons were made using Student’s ¢ test. Survival times
for different EBM combinations were calculated according
to the method of Kaplan—Meier; statistical significance was
determined by log-rank »* test.

To investigate the association of four-drug treatment
(yes/no) and long-term mortality, relative risks were
assessed using Cox proportional hazard regression model.
The crude association was sequentially adjusted for age,
sex and all other significant variables. The associations of
potential covariates with long-term all-cause mortality
were assessed in univariate Cox proportional hazard
models. To test for crude association with the primary
independent variable ‘four-drug treatment’, all potential
confounding factors were cross-tabulated and »* tested.
Only variables that were statistically significant at the 0.05
level with either the outcome variable or the primary
independent variable were included in the multivariate
regression analysis. Variables analyzed as potential con-
founding factors were sex (male/female), age (continuous),
smoking (at time of the acute event) (yes/no), employed
(yes/no), married (yes/no), body mass index >30 kg/m>
(yes/no), medical history of stroke, diabetes, hyperlipid-
emia, hypertension (yes/no), and angina pectoris (yes/no),
type of AMI (STEMI, NSTEMI, BBB, or non-classifiable/

missing), any reperfusion therapy [percutaneous translu-
minal coronary angioplasty (PTCA) with or without
stenting, coronary artery bypass grafting (CABG), or
thrombolysis] (yes/no), any in-hospital complication (car-
diac arrest or cardiogenic shock or ventricular fibrillation
or recurrent infarction or pulmonary edema) (yes/no), and
pre-hospital delay time (continuous). Regarding the vari-
able ‘reduced left ventricular ejection fraction (LVEF <
30 %) we had a considerable number of patients
(n = 1,189) with missing data in our study population.
Instead of reducing the study population by around 30 %,
we decided to perform a sensitivity analysis for patients
with information on LVEF (n = 2,655), where an addi-
tional adjustment for reduced LVEF was possible.

We considered a sparing model with only significant
variables kept in the final model except for sex and age
(forced-in variables). The proportional hazard assumption
of each predictor variable was tested graphically. The
assumption was satisfied for all variables used in the Cox
model except for the variables ‘smoking’, ‘history of
hypertension’ and ‘any reperfusion therapy’, shown by
parallel lines of log (—log(survival)) versus log of survival
times. The three non-proportional variables were tested by
generating time-dependent covariates. The time-dependent
covariate of ‘history of hypertension’ was significant
(p = 0.01), but further stratification on this non-propor-
tional predictor showed almost the same parameter esti-
mates compared to the model where ‘history of
hypertension’ was included as a proportional predictor.
Therefore, stratification was not necessary, and we decided
to report the results of the non-stratified model. Interaction
effects of age and sex with the four-drug treatment (yes/no)
were tested, but failed to reach statistical significance. In
all analyses, a significance level of 5 % was applied. All
analyses were performed using SAS version 9.2 (SAS
Institute Inc., Cary, North Carolina).

Results

The median age of the 3,844 patients in the study population
was 62 years (range 28-74 years), 2,886 (75.1 %) were
men, and 3,250 (84.5 %) were provided with a reperfusion
therapy. Altogether, 38.9 % of the patients presented with a
STEMLI, 54.2 % with an NSTEMI, 5.0 % with a BBB, and
1.9 % with a non-classifiable infarction or missing data on
type of AMI. The discharge prescription rates of antiplatelet
agents, beta-blockers, statins, and ACEI/ARBs were 96.3,
95.5, 88.5, and 82.7 %, respectively (Table 1).

Over the total study period from 2000 to 2008, 70.3 %
of all cases were prescribed the four-drug treatment,
23.8 % received the three-drug treatment and 4.6 % the
two-drug treatment. Only 1.3 % of the study population
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Table 1 Characteristics of the

. All Patients with Patients with p Value
totalh study population and n = 3,844 four EBMs 0-3 EBMs
stratified by secondary (%) n=2702 (703 %) n=1,142 (29.7 %)
prevention drug treatment group
during study period from 2000 Age (years)® 62/14/28—74  61/15/28—74 63/15/28-74 0.0493
to 2008 Men 2,886 (75.1) 2,054 (76.0) 832 (72.9) 0.0383
Body mass index 957 (24.9) 719 (26.6) 238 (20.8) 0.0002
>30 kg/m>
Smoking 1,408 (36.6) 1,006 (37.2) 402 (35.2) 0.2325
Employment 1,449 (37.7) 1,046 (38.7) 403 (35.3) 0.0454
Medical history of
Hypertension 2,917 (75.9) 2,146 (79.4) 771 (67.5) <0.0001
Diabetes mellitus 1,097 (28.5) 796 (29.5) 301 (26.7) 0.0516
Stroke 235 (6.1) 148 (5.5) 87 (7.6) 0.0114
Hyperlipidemia 2,685 (69.9) 1,970 (72.9) 715 (62.6) <0.0001
Angina pectoris 552 (14.4) 391 (14.5) 161 (14.1) 0.7669
LVEF <30 % 296 (7.7) 208 (7.7) 88 (7.7) 0.0965
LVEF-missing data 1,189 (30.9) 808 (29.9) 381 (33.4)
Type of AMI
STEMI 1,494 (38.9) 1,098 (40.6) 396 (34.7) 0.0024
NSTEMI 2,085 (54.2) 1,434 (53.1) 651 (57.0)
EBM evidence-based Bundle branch block 191 (5.0) 122 (4.5) 69 (6.0)
medication (antiplatelet agent, Non-classifiable/missing data 74 (1.9) 48 (1.8) 26 (2.3)
beta-blocker, statin, ACE . .
s . . Treatment in hospital
inhibitor or angiotensin receptor
blocker), LVEF left ventricular Coronary artery bypass grafting 597 (15.5) 326 (12.1) 271 (23.7) <0.0001
ejection fraction, STEMI ST- PTCA with stenting 2,384 (62.0) 1,931 (71.4) 453 (39.7)
Selzgmetlt elz;;igjf:d;nyocasriial PTCA without stenting 153 (4.0) 100 (3.7) 53 (4.6)
infarction, non- - .
segment elevation myocardial Thrombolysis 116 (3.0) 56 (2.1) 60 (5.3)
infarction, PTCA percutaneous No reperfusion therapy 594 (15.5) 289 (10.7) 305 (26.7)
transluminal coronary Any in-hospital complication® 341 (8.9) 214 (7.9) 127 (11.1) 0.0014
ang%oplas'ty, ACEl: ARB S Medication at discharge
angiotensin-converting enzyme .
inhibitors or angiotensin Antiplatelet agents 3,700 (96.3) 2,702 (100) 998 (87.4) <0.0001
receptor blockers, DAPT dual Beta-blockers 3,672 (95.5) 2,702 (100) 970 (84.9) <0.0001
a{ltil?glteletl thera}r:w ﬂspliriln aflld Statins 3,402 (88.5) 2,702 (100) 700 (61.3) <0.0001
clopidogrel or other oral platelet ) ~pp/ARBs 3,178 (82.7) 2,702 (100) 476 (41.7) <0.0001
aggregation inhibitor
" Median/interquartile range DAPT 2,512 (65.4) 2,029 (75.1) 483 (42.3) <0.0001
(IQR)/minimum-maximum Follow-up data
° Complications during hospital Follov&f—up time (years) 6.0/4.1 5.9/3.8 6.3/5.1 <0.0001
stay: cardiac arrest or Median/IQR
cardiogenic shock or ventricular 1-year mortality 124 (3.2) 58 (2.2) 66 (5.8) <0.0001
fibrillation or recurrent Death 593 (15.4) 311 (11.5) 282 (24.7) <0.0001

infarction or pulmonary edema

was discharged with one (1.0 %) or none (0.3 %) of the
four EBMs. Besides the four-drug treatment, the most
common EBM combinations were three-drug treatment
without ACEI/ARB (12.9 %), without statin (7.1 %), or
without beta-blocker (2.2 %), followed by two-drug treat-
ment with beta-blocker and antiplatelet agent (2.1 %), and
the three-drug treatment without any antiplatelet agent
(1.7 %). All other drug treatment strategies (0—2 EBMs)
were observed in <1 % of all patients. Over the study
period, the strongest increase of the four-drug treatment

@ Springer

was seen between 2000 and 2002, and the peak of 80.1 %
was observed in 2008, whereas the three-drug and two-
drug treatments declined over time (Fig. 1). By splitting
the 9-year study period into three equal time periods,
greatest increase was found for statins from 79.4 % of all
cases between 2000 and 2002 to 94.2 % between 2006 and
2008, followed by ACEI/ARBs from 75.5 to 85.7 %,
respectively. Prescribing of DAPT was done predomi-
nantly with a combination of aspirin and clopidogrel
(99.4 % of all DAPT), and increased over the study period
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Fig. 1 Discharge evidence-based medication (EBM) use in the
MONICA/KORA  Myocardial  Infarction  Registry  sample
(n = 3,844) between 2000 and 2008

from 51.2 % between 2000 and 2002 to 77.0 % between
2006 and 2008. Non-use of DAPT was mainly seen in
patients with 0-3 EBMs (Table 1) and in all patients who
were treated with CABG or conservatively (thrombolysis
or no reperfusion therapy).

During the median follow-up period of 6.0 years (IQR
4.1 years; min. 3 days, max. 4,384 days) 593 (15.4 %)
patients died, of these 124 (3.2 %) deaths occurred within
1 year after discharge (Table 1). In the unadjusted ana-
lysis, the survival rate at the end of the follow-up period

was 71.7 % (95 % CI 55.4-82.9 %) in patients receiving
the four-drug treatment. Whereas in patients who received
three EBMs or <3 EBMs, the long-term survival was
64.7 % (95 % CI 59.2-69.6 %) and 60.2 % (95 % CI
51.9-67.5 %), respectively (p < 0.001, four-drug vs.
three-drug vs. zero- to two-drug treatment) (Fig. 2). Fig-
ure 3 presents Kaplan—Meier curves for each analyzed
EBM. Long-term survival was significantly higher in
patients who were prescribed the four-drug treatment (red
line) compared with those having received the respective
EBM combined with up to two other EBMs (green line),
and also with those having received at least one other
EBM without the respective EBM (blue line) (log-rank
test p < 0.0001).

By stratifying the study population into two groups,
patients with or without the four-drug treatment, major
differences in characteristics of the patient population were
seen (Table 1). For example, differences were observed for
body mass index >30 kg/m*> (26.6 vs. 20.8 %,
p = 0.0002), employment (38.7 vs. 35.3 %, p = 0.045),
type of AMI (e.g., STEMI 40.6 vs. 34.7 %, p = 0.002),
reperfusion therapy (e.g., PTCA with stenting: 71.4 vs.
39.7 %, p < 0.0001), any in-hospital complication (7.9 vs.
11.1 %, p = 0.014), and for mortality data (e.g., death at
end of follow-up time: 11.5 vs. 24.7 %, p < 0.0001). No
significant difference was observed related to reduced
LVEF (7.7 vs. 7.7 %, p = 0.10). By analyzing the rate of
PTCA with stenting for each single year in patients with
0-3 EBM:s, there was a clear increase of patients receiving
PTCA with stenting between 2000 and 2008 from 26 % up
to 53 % (data not shown). In addition, patients with 0-3

four-drug treatment
(n=2,702)

O

three-drug treatment
e (N=917)

0-, 1-, or 2- drug
treatment (n=225)

Fig. 2 Long-term survival in 1.00 A
hospital survivors with incident
myocardial infarction according
to the drug combination strategy
prescribed at discharge: four-
drug treatment (all four 075 ]
evidence-based medications s
(EBMs), three-drug treatment 5
(three of four EBMs), 0-, 1-, or s
2-drug treatment (<3 EBMs) "'C‘
S
3 050
@
o
T
2
&
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(72}
0.25 1
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T T
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Fig. 3 Kaplan—Meier survival analysis for each of the four evidence-
based medications [EBMs: beta-blocker, antiplatelet agent, statin and
ACE inhibitor or angiotensin receptor blocker (ACEI/ARB)] com-
paring patients who received all four EBMs (four-drug treatment; red

Table 2 Association between four EBMs versus 0-3 EBMs received
at hospital discharge and long-term mortality

Total (n = 3,844) HR (95 % CI) p Value
Unadjusted 0.52 (0.44-0.61) <0.0001
Model 1* 0.53 (0.45-0.62) <0.0001
Model 2° 0.53 (0.45-0.63) <0.0001
Model 3¢ 0.63 (0.53-0.74) <0.0001
Model 4¢ 0.63 (0.53-0.74) <0.0001

EBM evidence-based medication (antiplatelet agent, beta-blocker,
statin, ACE inhibitor or angiotensin receptor blocker) HR hazard
ratio, CI confidence interval

* Adjusted for age (cont.) and sex

" Additional adjustment for employment, smoking

¢ Additional adjustment for type of AMI, reperfusion therapy, and
any in-hospital complication

4" Additional adjustment for history of stroke, diabetes, hyperlipid-
emia, and hypertension

EBMs were more likely to receive a CABG, and had a
previous history of stroke as seen in Table 1. Furthermore,
we had around 6 % of all patients treated with CABG who
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line) with those having received the respective EBM combined with
up to two other EBMs (green line), and also with those having
received at least one other EBM without the respective EBM (blue
line)

received a prior PTCA with stenting, but those patients
were counted only once in the CABG group.

In the multivariate Cox model, the four-drug treatment
combination showed a strongly inverse relation with long-
term mortality as compared to patients without a four-drug
treatment (Table 2). After adjustment for age and sex, the
hazard ratio (HR) was 0.53 (95 % CI 0.45-0.62). Further
stepwise adjustment for smoking, employment, type of
AMI, any reperfusion therapy, any in-hospital complica-
tion, and medical history of stroke, diabetes, hyperlipid-
emia and hypertension attenuated the association to a HR
of 0.63 (95 % CI 0.53-0.74) (p < 0.0001). In a sensitivity
analysis for patients with information on LVEF
(n = 2,655) an additional adjustment for reduced LVEF
was performed. However, the HR observed (0.67; 95 % CI
0.54-0.83) was similar compared with the above-men-
tioned HR of the final model with all patients included.

In a further sensitivity analysis including the patients
with missing information on relevant covariables of the
final model (n = 563), the Cox model showed only a 4 %
difference in the unadjusted HR (0.48; 95 % CI 0.42-0.55)
compared to the study population.
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Discussion

In the present population-based study including consecu-
tive incident AMI cases occurring between 2000 and 2008
with a median follow-up of 6 years, we found that the
guideline-recommended four-drug treatment prescribed at
hospital discharge is independently associated with long-
term survival. Our observational study showed that most of
the 3,844 patients received a combination of all four
(70.3 %) or three (23.8 %) of the guideline-recommended
medications. The proportion of patients with all four EBMs
reported from other studies ranged from 27 to 71 %. In
general, lower proportions were found in the studies con-
ducted before 2004 [9, 10, 12, 18-24]. Our study period
ranged from 2000 to 2008, and we found an increase of
prescription of the four-drug treatment over time with the
highest proportion of 80 % in 2008. This temporal increase
in use of the combined EBMs is in line with previous
studies [9, 24], and reflects the international consensus
from 2004 onwards that treatment with a combination of all
four EBMs should be the standard of care post-AMI [7].
The reason for the strong increase of the four-drug treat-
ment observed between 2000 and 2002 in our registry was
the change of the chief physician of the department of
cardiology in the region’s major hospital in 2000 where
about 80 % of all AMI cases were treated. In accordance
with other recently published national and international
studies, a high proportion of patients were treated with
antiplatelet agents (96 %), beta-blockers (96 %), statins
(89 %) and ACEI/ARBs (83 %) [10-12, 23, 25-27]. We
observed a marked increase in the use of statins and DAPT
during 2000 and 2008. This was also reported by other
researchers [9, 21, 28, 29], and is very likely due to the
growing evidence of efficacy and safety of statin therapy
reported from clinical trials in patients with ACS [5], and
also for DAPT in patients with high risk of thromboem-
bolic events (e.g., stent implantation) as reflected by the
updated guideline for secondary prevention therapy in
2006 [30]. Almost all DAPT was done with a combination
of aspirin and clopidogrel. This was expected, because of
the known adverse potential of ticlopidine, and the fact that
the new P2Y 12 receptor inhibitors prasugrel and ticagrelor
were not yet approved at the time of the present study
period.

In our study, we found a 37 % reduction of long-term
all-cause mortality risk for patients with four-drug treat-
ment compared to patients prescribed three or less EBMs.
Several observational studies reported a 46—75 % reduction
of 1- or 2-year mortality in patients receiving at least four
EBMs [8-12]. To our knowledge, an observation period
longer than 2 years was so far only studied based on
administrative data [13—15]. The 2- and 4-year mortality
risk reduction of 28 %, and 65 %, respectively, determined

in two prior German studies are not comparable to our
study results due to considerable methodological differ-
ences, for example in drug exposure (proportion of days
covered calculated from administrative data vs. discharge
medication use from medical chart and discharge report),
in study type (nested case—control study vs. registry study),
and in limited adjustment for potential confounding factors
(e.g., lifestyle factor and clinical information). A recently
published Australian study reported a 11-year mortality
risk reduction of 34 % in patient aged 65-84 years
receiving a combination of beta-blocker, statin, and ACEIl/
ARB. Due to unknown antiplatelet use, no comparable
results on four-drug treatment exist [15]. However, this
very long-term mortality risk reduction with the combined
use of EBMs is in line with the present study.

The somewhat smaller benefit in our study might be
explained by the comparison group we used, which inclu-
ded a high proportion of patients with three-drug treatment,
whereas in previous studies, the comparison groups were
predominantly patients receiving one or none of the evi-
dence-based cardiovascular drugs [9, 11, 12, 15]. As in our
sample, only 1.3 % of patients were discharged with one or
no medication we decided in accordance with another
study [10] to use a more realistic comparison group.

The unadjusted results of non-users of ACEI/ARBs
which showed almost the same long-term survival rate as
patients with the four-drug treatment were surprising.
Gunnell et al. [15] also reported marked differences in
long-term mortality between specific combinations of
EBMs, and found a similar mortality risk for patients on
‘beta-blockers and statins’ compared with those on ‘beta-
blockers, statins, and ACEI/ARBs’. However, our results
should be interpreted with caution due to many factors
which could have contributed to the higher mortality rate in
patients with ACEI/ARBs compared to those not receiving
this treatment. For example, patients receiving ACEIl/
ARBs may have per se a worse prognosis because of
having a clear indication for ACEI/ARB prescribing such
as hypertension, diabetes, chronic kidney disease, heart
failure or reduced LVEF. This might be strengthened by
the fact, that there exists still uncertainty around the ben-
efits of ACEIs in all AMI patients without a clear indica-
tion [29, 31-33].

Major strength of our study is the setting in a popula-
tion-based registry with patients consecutively hospitalized
with validated incident AMI. Compared to previous stud-
ies, the present study is characterized by a long observa-
tional period and adjustment for major clinical factors
which influence mortality.

Of note, some limitations for interpretation of our study
results should be kept in mind. Despite adjustment for
several confounding variables, residual confounding can-
not be entirely excluded due to further unknown
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comorbidities or complications such as multimorbidity,
frailty, atrial fibrillation, chronic kidney disease, and fur-
ther aspects which could have influenced long-term mor-
tality. For example, we did not know whether the
procedures in hospital were successful or not. Also, we
cannot exclude that patients treated with all four EBMs
received better medical and hospital care or had lower risks
to start with. Furthermore, since in our study population the
discharge prescription rate of antiplatelet agents and beta-
blockers was 96 %, the analyses regarding those 4 % of
patients without such a treatment may be of limited value.
Our results are limited to patients up to 74 years, and we
did not address the issue of how well (adherence) and how
long (persistence) patients were taking their discharge
medication. Non-adherence to efficacious cardiovascular
drugs is often underestimated, but recognized as important
factor of improved survival rates [34, 35]. However, in our
analysis we could constrain along with other researchers in
this field that discharge after a survived AMI is a critical
time at which use and prescription of the secondary pre-
vention combination therapy is very important for optimal
long-term management and is therefore associated with
long-term survival benefit, regardless of adherence mea-
surements [12, 22].

Conclusion

Our study supports the hypothesis that optimal secondary
prevention with all four EBMs at hospital discharge is
associated with long-term survival benefit. Long-term
survival was different for patients receiving four, three or
even less EBMs. In real-life patient care, we observed
almost the same mortality for non-users of ACEI/ARBs as
for patients with the four-drug treatment. Therefore, it
remains important to analyze drug effects in population-
based longitudinal studies where combined medications
can be studied. Further research on drug effectiveness of
ACEI/ARBs in combination with other cardiovascular
drugs might be necessary including information on patient-
individual dose, tolerability, persistence, and further
information on chronic comorbidities and non-cardiovas-
cular medications.

Acknowledgments The KORA research platform and the MON-
ICA Augsburg studies were initiated and financed by the Helmholtz
Zentrum Miinchen, German Research Center for Environmental
Health, which is funded by the German Federal Ministry of Educa-
tion, Science, Research and Technology and by the State of Bavaria.
Since the year 2000, the collection of MI data has been co-financed by
the German Federal Ministry of Health to provide population-based
MI morbidity data for the official German Health Report (see www.
gbe-bund.de). Steering partners of the MONICA/KORA Infarction
Registry, Augsburg, include the KORA research platform, Helmholtz
Zentrum Miinchen and the Department of Internal Medicine I,

@ Springer

Cardiology, Central Hospital of Augsburg. We thank all members of
the Helmholtz Zentrum Miinchen, Institute of Epidemiology II and
the field staff in Augsburg who were involved in the planning and
conduct of the study. We wish to thank the local health departments,
the office-based physicians and the clinicians of the hospitals within
the study area for their support. Finally, we express our appreciation
to all study participants.

Conflict of interest No conflict of interest to declare.

References

1. Hamm CW, Bassand JP, Agewall S, Bax J, Boersma E, Bueno H,
Caso P, Dudek D, Gielen S, Huber K, Ohman M, Petrie MC,
Sonntag F, Uva MS, Storey RF, Wijns W, Zahger D, ESC Com-
mittee for Practice Guidelines (2011) ESC guidelines for the
management of acute coronary syndromes in patients presenting
without persistent ST-segment elevation: the task force for the
management of acute coronary syndromes (ACS) in patients
presenting without persistent ST-segment elevation of the Euro-
pean Society of Cardiology (ESC). Eur Heart J 32(23):2999-3054.
doi: 10.1093/eurheartj/ehr236

2. Smith SC Jr, Benjamin EJ, Bonow RO, Braun LT, Creager MA,
Franklin BA, Gibbons RJ, Grundy SM, Hiratzka LF, Jones DW,
Lloyd-Jones DM, Minissian M, Mosca L, Peterson ED, Sacco
RL, Spertus J, Stein JH, Taubert KA, World Heart Federation and
the Preventive Cardiovascular Nurses Association (2011) AHA/
ACCF secondary prevention and risk reduction therapy for
patients with coronary and other atherosclerotic vascular disease:
2011 update: a guideline from the American Heart Association
and American College of Cardiology Foundation. Circulation
124(22):2458-2473. doi:10.1161/CIR.0b013e318235eb4d

3. Task Force on the management of ST-segment elevation acute
myocardial infarction of the European Society of Cardiology
(ESC), Steg PG, James SK, Atar D, Badano LP, Blomstrom-
Lundqvist C, Borger MA, Di Mario C, Dickstein K, Ducrocq G,
Fernandez-Aviles F, Gershlick AH, Giannuzzi P, Halvorsen S,
Huber K, Juni P, Kastrati A, Knuuti J, Lenzen MJ, Mahaffey KW,
Valgimigli M, van’t Hof A, Widimsky P, Zahger D (2012) ESC
Guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation. Eur Heart J
33(20):2569-2619. doi:10.1093/eurheartj/ehs215

4. Sackner-Bernstein J (2005) Reducing the risks of sudden death
and heart failure post myocardial infarction: utility of optimized
pharmacotherapy. Clin Cardiol 28(11 Suppl 1):119-127

5. Gotto AM Jr, LaRosa JC (2005) The benefits of statin therapy—
what questions remain? Clin Cardiol 28(11):499-503

6. Vanuzzo D, Pilotto L, Pilotto L, Mdhonen M, Hobbs M, for the
WHO MONICA Project (2000) Pharmacological treatment during
AMI and in secondary prevention: the scientific evidence. Published
by World Health Organization (WHO) and the WHO MONICA
Project investigators 2000. http://www.thl.fi/publications/monica/
carpfish/appenda/evidence.htm. Accessed 4 Dec 2013

7. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA,
Hand M, Hochman JS, Krumholz HM, Kushner FG, Lamas GA,
Mullany CJ, Ornato JP, Pearle DL, Sloan MA, Smith SC Jr,
Alpert JS, Anderson JL, Faxon DP, Fuster V, Gibbons RJ, Gre-
goratos G, Halperin JL, Hiratzka LF, Hunt SA, Jacobs AK, Or-
nato JP (2004) ACC/AHA guidelines for the management of
patients with ST-elevation myocardial infarction; A report of the
American College of Cardiology/American Heart Association
Task force on practice guidelines (Committee to Revise the 1999
guidelines for the management of patients with acute myocardial
infarction). J Am Coll Cardiol 44(3):E1-E211


http://www.gbe-bund.de
http://www.gbe-bund.de
http://dx.doi.org/10.1093/eurheartj/ehr236
http://dx.doi.org/10.1161/CIR.0b013e318235eb4d
http://dx.doi.org/10.1093/eurheartj/ehs215
http://www.thl.fi/publications/monica/carpfish/appenda/evidence.htm
http://www.thl.fi/publications/monica/carpfish/appenda/evidence.htm

Clin Res Cardiol (2014) 103:655-664

663

8.

10.

11.

12.

13.

14.

16.

17.

18.

19.

Zeymer U, Junger C, Zahn R, Bauer T, Bestehorn K, Senges J,
Gitt A (2011) Effects of a secondary prevention combination
therapy with an aspirin, an ACE inhibitor and a statin on 1-year
mortality of patients with acute myocardial infarction treated with
a beta-blocker. Support for a polypill approach. Curr Med Res
Opin 27(8):1563-1570. doi:10.1185/03007995.2011.590969

. Yan AT, Yan RT, Tan M, Huynh T, Soghrati K, Brunner LJ,

DeYoung P, Fitchett DH, Langer A, Goodman SG, Canadian
ACS Registries Investigators (2007) Optimal medical therapy at
discharge in patients with acute coronary syndromes: temporal
changes, characteristics, and 1-year outcome. Am Heart J
154(6):1108-1115

Bauer T, Gitt AK, Jiinger C, Zahn R, Koeth O, Towae F, Schwarz
AK, Bestehorn K, Senges J, Zeymer U, Acute Coronary Syn-
dromes Registry (ACOS) investigators (2010) Guideline-recom-
mended secondary prevention drug therapy after acute
myocardial infarction: predictors and outcomes of nonadherence.
Eur J Cardiovasc Prev Rehabil 17(5):576-581. doi:10.1097/HIR.
0b013e328338e5da

Bramlage P, Messer C, Bitterlich N, Pohlmann C, Cuneo A,
Stammwitz E, Tebbenjohanns J, Gohlke H, Senges J, Tebbe U
(2010) The effect of optimal medical therapy on 1-year mortality
after acute myocardial infarction. Heart 96(8):604—609. doi:10.
1136/hrt.2009.188607

Lahoud R, Howe M, Krishnan SM, Zacharias S, Jackson EA (2012)
Effect of use of combination evidence-based medical therapy after
acute coronary syndromes on long-term outcomes. Am J Cardiol
109(2):159-164. doi:10.1016/j.amjcard.2011.08.024

Kirchmayer U, Di Martino M, Agabiti N, Bauleo L, Fusco D,
Belleudi V, Arca M, Pinnarelli L, Perucci CA, Davoli M (2013)
Effect of evidence-based drug therapy on long-term outcomes in
patients discharged after myocardial infarction: a nested case-
control study in Italy. Pharmacoepidemiol Drug Saf
22(6):649-657

Kuepper-Nybelen J, Hellmich M, Abbas S, Ihle P, Griebenow R,
Schubert (2012) Association of long-term adherence to evidence-
based combination drug therapy after acute myocardial infarction
with all-cause mortality. A prospective cohort study based on
claims data. Eur J Clin Pharmacol 68(10):1451-1460. doi:10.
1007/s00228-012-1274-x

. Gunnell AS, Einarsdéttir K, Sanfilippo F, Liew D, Holman CD,

Briffa T (2013) Improved long-term survival in patients on
combination therapies following an incident acute myocardial
infarction: a longitudinal population-based study. Heart
99(18):1353-1358. doi:10.1136/heartjnl-2013-304348

Meisinger C, Hormann A, Heier M, Kuch B, Lowel H (2006)
Admission blood glucose and adverse outcomes in non-diabetic
patients with myocardial infarction in the reperfusion era. Int J
Cardiol 113(2):229-235

Kuch B, Heier M, von Scheidt W, Kling B, Hoermann A, Mei-
singer C (2008) 20-year trends in clinical characteristics, therapy
and short-term prognosis in acute myocardial infarction accord-
ing to presenting electrocardiogram: the MONICA/KORA AMI
Registry (1985-2004). J Intern Med 264(3):254-264. doi:10.
1111/j.1365-2796.2008.01956.x

Lee JH, Yang DH, Park HS, Cho Y, Jeong MH, Kim YJ, Kim KS,
Hur SH, Seong IW, Hong TJ, Cho MC, Kim CJ, Jun JE, Park
WH, Chae SC, Korea Acute Myocardial Infarction Registry
Investigators (2010) Suboptimal use of evidence-based medical
therapy in patients with acute myocardial infarction from the
Korea Acute Myocardial Infarction Registry: prescription rate,
predictors, and prognostic value. Am Heart J 159(6):1012-1019.
doi:10.1016/j.ahj.2010.03.009

Mukherjee D, Fang J, Chetcuti S, Moscucci M, Kline-Rogers E,
Eagle KA (2004) Impact of combination evidence-based medical

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

therapy on mortality in patients with acute coronary syndromes.
Circulation 109(6):745-749

Timoteo AT, Fiarresga A, Feliciano J, Pelicano N, Ferreira L,
Oliveira JA, Serra J, Ferreira R, Quininha J (2006) Impact of
combination medical therapy on mortality in patients with acute
coronary syndromes. Rev Port Cardiol 25(12):1109-1118
Danchin N, Cambou JP, Hanania G, Kadri Z, Genés N, Lab-
lanche JM, Blanchard D, Vaur L, Clerson P, Guéret P, USIC 2000
investigators (2005) Impact of combined secondary prevention
therapy after myocardial infarction: data from a nationwide
French registry. Am Heart J 150(6):1147-1153

Gouya G, Reichardt B, Ohrenberger G, Wolzt M (2007) Survival
of patients discharged after acute myocardial infarction and evi-
dence-based drug therapy. Eur J Epidemiol 22(3):145-149
Pereira M, Araujo C, Dias P, Lunet N, Subirana I, Marrugat J,
Capewell S, Bennett K, Azevedo A (2013) Age and sex
inequalities in the prescription of evidence-based pharmacologi-
cal therapy following an acute coronary syndrome in Portugal:
the EURHOBOP study. Eur J Prev Cardiol. doi:10.1177/
2047487313494580

Tuppin P, Neumann A, Danchin N, de Peretti C, Weill A, Ricordeau
P, Allemand H (2010) Evidence-based pharmacotherapy after myo-
cardial infarction in France: adherence-associated factors and rela-
tionship with 30-month mortality and rehospitalization. Arch
Cardiovasc Dis 103(6-7):363-375. doi:10.1016/j.acvd.2010.05.003
Liosis S, Bauer T, Schiele R, Gohlke H, Gottwik M, Katus H,
Sabin G, Zahn R, Schneider S, Rauch B, Senges J, Zeymer U
(2013) Predictors of 1-year mortality in patients with contem-
porary guideline-adherent therapy after acute myocardial infarc-
tion: results from the OMEGA study. Clin Res Cardiol
102(9):671-677. doi:10.1007/s00392-013-0581-2

Sinning JM, Asdonk T, Erlhofer C, Vasa-Nicotera M, Grube E,
Nickenig G, Werner N (2013) Combination of angiographic and
clinical characteristics for the prediction of clinical outcomes in
elderly patients undergoing multivessel PCL. Clin Res Cardiol
102(12):865-873. doi:10.1007/s00392-013-0599-5

Stark R, Kirchberger I, Hunger M, Heier M, Leidl R, von Scheidt
W, Meisinger C, Holle R (2014) Improving care of post-infarct
patients: effects of disease management programmes and care
according to international guidelines. Clin Res Cardiol
103:237-245. doi:10.1007/s00392-013-0643-5

Yarzebski J, Granillo E, Spencer FA, Lessard D, Gurwitz JH,
Gore JM, Goldberg RJ (2009) Changing trends (1986-2003) in
the use of lipid lowering medication in patients hospitalized with
acute myocardial infarction: a community-based perspective. Int
J Cardiol 132(1):66-74. doi:10.1016/j.ijcard.2007.10.055
Jernberg T, Johanson P, Held C, Svennblad B, Lindbdck J,
Wallentin L, SWEDEHEART/RIKS-HIA (2011) Association
between adoption of evidence-based treatment and survival for
patients with ST-elevation myocardial infarction. JAMA
305(16):1677-1684. doi:10.1001/jama.2011.522

Smith SC Jr, Allen J, Blair SN, Bonow RO, Brass LM, Fonarow
GC, Grundy SM, Hiratzka L, Jones D, Krumholz HM, Mosca L,
Pasternak RC, Pearson T, Pfeffer MA, Taubert KA, AHA/ACC,
National Heart, Lung, and Blood Institute (2006) AHA/ACC
guidelines for secondary prevention for patients with coronary
and other atherosclerotic vascular disease: 2006 update: endorsed
by the National Heart, Lung, and Blood Institute. Circulation
113(19):2363-2372

Milonas C, Jernberg T, Lindback J, Agewall S, Wallentin L,
Stenestrand U, RIKS-HIA Group (2010) Effect of Angiotensin-
converting enzyme inhibition on one-year mortality and fre-
quency of repeat acute myocardial infarction in patients with
acute myocardial infarction. Am J Cardiol 105(9):1229-1234.
doi:10.1016/j.amjcard.2009.12.032

@ Springer


http://dx.doi.org/10.1185/03007995.2011.590969
http://dx.doi.org/10.1097/HJR.0b013e328338e5da
http://dx.doi.org/10.1097/HJR.0b013e328338e5da
http://dx.doi.org/10.1136/hrt.2009.188607
http://dx.doi.org/10.1136/hrt.2009.188607
http://dx.doi.org/10.1016/j.amjcard.2011.08.024
http://dx.doi.org/10.1007/s00228-012-1274-x
http://dx.doi.org/10.1007/s00228-012-1274-x
http://dx.doi.org/10.1136/heartjnl-2013-304348
http://dx.doi.org/10.1111/j.1365-2796.2008.01956.x
http://dx.doi.org/10.1111/j.1365-2796.2008.01956.x
http://dx.doi.org/10.1016/j.ahj.2010.03.009
http://dx.doi.org/10.1177/2047487313494580
http://dx.doi.org/10.1177/2047487313494580
http://dx.doi.org/10.1016/j.acvd.2010.05.003
http://dx.doi.org/10.1007/s00392-013-0581-2
http://dx.doi.org/10.1007/s00392-013-0599-5
http://dx.doi.org/10.1007/s00392-013-0643-5
http://dx.doi.org/10.1016/j.ijcard.2007.10.055
http://dx.doi.org/10.1001/jama.2011.522
http://dx.doi.org/10.1016/j.amjcard.2009.12.032

664

Clin Res Cardiol (2014) 103:655-664

32.

33.

Braunwald E, Domanski MJ, Fowler SE, Geller NL, Gersh BJ,
Hsia J, Pfeffer MA, Rice MM, Rosenberg YD, Rouleau JL,
PEACE Trial Investigators (2004) Angiotensin-converting-
enzyme inhibition in stable coronary artery disease. N Engl J Med
351(20):2058-2068

O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK,
de Lemos JA, Ettinger SM, Fang JC, Fesmire FM, Franklin BA,
Granger CB, Krumholz HM, Linderbaum JA, Morrow DA,
Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-Holland JE,
Tommaso JE, Tracy CM, Woo YJ, Zhao DX, CF/AHA Task
Force (2013) 2013 ACCF/AHA guideline for the management of
ST-elevation myocardial infarction: a report of the American
College of Cardiology Foundation/American Heart Association

@ Springer

34.

35.

Task force on practice guidelines. Circulation 127(4):e362-e425.
doi:10.1161/CIR.0b013e3182742c84

Ewen S, Rettig-Ewen V, Mahfoud F, Bohm M, Laufs U (2014)
Drug adherence in patients taking oral anticoagulation therapy.
Clin Res Cardiol 103:173-182. doi:10.1007/s00392-013-0616-8
Zugck C, Franke J, Gelbrich G, Frankenstein L, Scheffold T,
Pankuweit S, Duengen HD, Regitz-Zagrosek V, Pieske B, Neu-
mann T, Rauchhaus M, Angermann CE, Katus HA, Ertl GE,
Stork S (2012) Implementation of pharmacotherapy guidelines in
heart failure: experience from the German Competence Network
Heart Failure. Clin Res Cardiol 101(4):263-272. doi:10.1007/
$00392-011-0388-y


http://dx.doi.org/10.1161/CIR.0b013e3182742c84
http://dx.doi.org/10.1007/s00392-013-0616-8
http://dx.doi.org/10.1007/s00392-011-0388-y
http://dx.doi.org/10.1007/s00392-011-0388-y

	Long-term survival in patients with different combinations of evidence-based medications after incident acute myocardial infarction: results from the MONICA/KORA Myocardial Infarction Registry
	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection
	Study population
	Data analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


