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ABSTRACT 

Background. Survivors of myocardial infarction have an elevated risk of long-term mortality. We sought to evaluate 
guideline-directed medical treatment and its impact on long-term mortality in survivors of ST-elevation myocardial 
infarction ( STEMI ) according to their chronic kidney disease ( CKD ) stage. 
Methods. Using German health insurance claims data, 157 663 hospitalized survivors of STEMI were identified. 
Regarding different CKD stages, we retrospectively analysed the filled prescriptions of platelet inhibitors ( PAI ) /oral 
anticoagulation, statins, beta-blocker and angiotensin-converting enzyme inhibitors/angiotensin II type 1 receptor 
antagonists ( ACE-I/AT1-A ) and their association with long-term mortality. 
Results. Prescription rates for all four guideline-directed drugs were highest in patients without or with mild CKD and 
lowest in patients on dialysis. They dropped from 73.4% to 39.2% in patients without CKD and from 47.1% to 29% in 

patients on dialysis within the 5-year follow-up period. Mortality rates were dramatically increased in patients with CKD 

compared with patients without CKD ( 5-year mortality: no CKD, 16.7%; CKD stage 3, 47.1%; CKD stage 5d, 69.7% ) . Filled 
prescriptions of at least one drug class [one drug: hazard ratio ( HR ) 0.70, 95% confidence interval ( 95% CI ) 0.66–0.74; four 
drugs: HR 0.28, 95% CI 0.27–0.30; P < .001 for both] as well as the distinct drug classes ( statins: HR 0.55, 95% CI 0.54–0.56; 
ACE-I/AT1-A: HR 0.68, 95% CI 0.67–0.70; beta-blocker: HR 0.87, 95% CI 0.85–0.90; PAI/oral anticoagulation: HR 0.97, 95% CI 
0.95–1.00; all P < .05 ) improved long-term mortality. 
Conclusions. An improved long-term guideline-recommended drug therapy after STEMI regardless of renal impairment 
might lead to beneficial effects on long-term mortality. 
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GRAPHICAL ABSTRACT 
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NTRODUCTION 

yocardial infarction is still one of the cardiovascular events 
ith high mortality. Survivors of a myocardial infarction need 
onsequent treatment and lifestyle changes to lower their risk 
or further cardiovascular morbidity and mortality [ 1 , 2 ]. Eu- 
opean and American guidelines recommend four classes of 
rugs for secondary prevention in ST-segment elevation myocar- 
ial infarction ( STEMI ) patients: lifelong platelet inhibitors ( PAI ) 
nd statins for all patients, and beta-blockers and angiotensin- 
onverting enzyme inhibitors ( ACE-I ) or angiotensin II type 1 re- 
eptor antagonists ( AT1-A ) for patients with special conditions,
ike diabetes or reduced left ventricular ejection fraction [ 3 , 4 ].
rescription of these drugs is a cornerstone in the care of these 
atients. Time trends over recent decades have shown increas- 
ng prescription rates resulting in decreased mortality and re- 
urrent ischaemic events [ 5 , 6 ], but optimal medical treatment 
s still insufficient, even in high-income countries [ 7 ]. Analysis 
f long-term outcome is often limited to 1- or 2-year follow-up 
eriods [ 8 , 9 ] and data on medical treatment and outcome of 
atients with severe comorbidities like chronic kidney disease 
 CKD ) , which has been shown to be a strong cardiovascular risk 
actor, are scarce [ 10 , 11 ]. It is still unclear whether patients with
KD or patients on dialysis benefit from guideline-directed ther- 
pies to a similar extent as patients without CKD. Patients with 
dvanced CKD are often excluded from randomized controlled 
rials [ 12 ]. Data on treatment are mainly collected via registries
 10 , 11 , 13 ] or real-world studies [ 14 ]. In order to add knowledge
egarding medical treatment and long-term outcome of STEMI 
atients with and without CKD, we analysed health claim data 
rom a large German health insurance with a follow-up period 
p to 9 years. 

ATERIALS AND METHODS 

ur analysis used anonymized data of the Federal Asso- 
iation of the Local Health Insurance Funds ( Allgemeine 
rtskrankenkasse—AOK ) . The AOK is a group of 11 German 
ealth insurances and provides statutory health insurance for 
oughly 32% of the German population. Information on German 
eimbursement is given in the supplements. 

atient selection, baseline characteristics, in-hospital 
reatment 

ll patients ≥18 years of age hospitalized with an encoded 
ain diagnosis of STEMI [International Statistical Classifica- 

ion of Diseases, German Modification ( ICD-10 GM ) codes, see 
upplementary data, Table S1 ] in the years 2010 to 2018 
ere identified and followed-up until 31 December 2019.
he first hospitalization in this period was defined as the 
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ndex-hospitalization. For analysis, we selected all patients 
ischarged from hospital and alive 90 days after STEMI 
 inclusion time point ) . Excluded patients are depicted in 
upplementary data, Fig. S1 . For baseline characteristics and 
n-hospital treatment, ICD-10 GM codes of concomitant dis- 
ases and ‘Operationen- und Prozeduren-Schlüssel’ ( OPS ) codes 
f events and interventions were recorded. For baseline charac- 
eristics, we analysed the codes at index-hospitalization and up 
o 2 years before index-hospitalization. For characterization of 
he in-hospital treatment and complications, codes of the index- 
ospitalization were used. All applied ICD-10 GM and OPS codes
re listed in the Supplementary data, Table S1 . 

Patients were grouped according to their renal function 
s determined by the corresponding ICD-10 GM code at 
ndex-hospitalization or, if no code was found at index- 
ospitalization, the timely closest code within the 2 years 
rior index-hospitalization. For details, see Supplementary data, 
able S1 . 

edication and follow-up 

edication, i.e. PAI and anticoagulants, beta-blockers, ACE-I/ 
T1-A and statins, was assessed on the basis of the Anatom-
cal Therapeutic Chemical ( ATC ) classification system 

 Supplementary data, Table S1 ) . For baseline characteris- 
ics, a filled prescription with an ATC code within 90 days prior
o index-hospitalization was regarded as a prescribed drug. The 
ollow-up period started 90 days after STEMI ( i.e. inclusion time
oint ) . A prescription during follow-up was defined as an ATC
ode of the distinct drug class. If no further prescription was
ound within 180 days, the patient was regarded as under no
reatment. New prescriptions or restart of a distinct drug class
ere also recorded. 
Information regarding death is precisely recorded in the 

ealth claims data. These data were used for the analysis of the
ong-term outcome. 

thics approval and consent to participate 

he presented data were assessed within the framework of 
he GenderVasc research project ( innovation funds 2019 of 
he joint federal committee; g-BA Innovationsfonds, number 
1VSF18051 ) . This project was approved by the Ethics Com-
ittee of Westfalen-Lippe ( No 2019-21-f-S ) . Informed consent 
as waived because this analysis is based on anonymized 
ata. 

tatistical analysis 

s the primary questions of the study at hand, the associa-
ion between guideline-directed pharmaceutical therapy after 
TEMI and long-term survival depending on renal insufficiency 
tage was analysed. Therefore, a multivariable Cox regression 
odel with time-dependent co-variables was performed to es- 

imate hazard ratios ( HR ) for all CKD stages, also accounting
or worsening of the patient’s risk profile during follow-up. The
ollowing variables, depicting the patient’s risk profile, were 
ncluded in the model: age, sex ( male as reference ) , diabetes
ellitus, hypertension, dyslipidaemia, atrial fibrillation/flutter,
besity, nicotine abuse, chronic heart failure, peripheral artery 
isease, cancer, CKD stages 1 to 5d, pharmaceutical therapy, pre-
ious myocardial infarction, previous stroke, previous percuta- 
eous coronary intervention, previous coronary artery bypass 
rafting, previous valve replacement, previous cerebrovascular 
isease, in-hospital ventilation, in-hospital impella/intra-aortic 
alloon pump/extracorporeal membrane oxygenation/shock,
n-hospital acute renal failure/renal replacement therapy, in- 
ospital percutaneous coronary intervention, length of hospi- 
al stay and year of hospital stay, with diabetes mellitus, atrial
brillation/flutter, chronic heart failure, peripheral artery dis- 
ase, cancer, CKD stages and pharmaceutical therapy as time-
ependent variables. To address differences between the asso-
iations of guideline-directed medication on long-term survival 
etween different CKD stages, an interaction term of CKD stage
nd pharmaceutical therapy was added to the models. Model
t was performed in two ways: first, all five drugs were con-
idered individually and, second, only the number of prescribed
rugs ( drug classes defined in the Supplementary data, Table S1 )
ere considered. The observed survival rates were determined
y a Kaplan–Meier estimate. The rate of prescribed medication
uring follow-up was evaluated by determining the actual state
robabilities of the respective multi-state models using Aalen–
ohansen estimates. 

Moreover, differences between categorical and continuous 
ariable ( e.g. comorbidities at baseline or in-hospital outcome )
etween renal insufficiency stages were tested via Chi-square
est and Kruskal–Wallis test, respectively. 

All analyses were fully exploratory ( hypotheses generating ) ,
ot confirmatory, and an adjustment for multiple testing was
ot performed. Statistical analyses were performed using SAS
oftware V9.4 ( SAS Institute Inc., Cary, NC, USA ) and R version
.1.0 ( R Foundation, Vienna, Austria ) . 

ESULTS 

aseline characteristics 

rom 1 January 2010 to 31 December 2018, a total of 157 663 pa-
ients who survived the first 90 days after hospitalization for
TEMI were identified ( Table 1 ) . More than 80% of the cohort
ad no renal impairment. Of the patients with renal impairment,
0.3% suffered from CKD stage 3, being the most prominent CKD
tage. Patients with CKD were 5–17 years older than patients
ithout CKD. All analysed concomitant diseases and previous
vents occurred more frequently in patients with CKD than in
atients without CKD ( Table 1 ) . 
Treatment and complications during index-hospitalization 

re displayed in the Supplementary data, Table S2 . 

edication before STEMI and at long-term follow-up 

efore STEMI, filled prescriptions with guideline-directed drugs 
as lowest in patients without CKD and increased with in-
reasing renal insufficiency ( Table 1 ) . Between 4.7% ( no CKD )
nd 16.3% ( CKD staged 5d ) had filled prescriptions for all four
uideline-directed drug groups. The percentage of patients re-
eiving none of the guideline-directed drugs was highest in pa-
ients without CKD ( 46.4% ) and lowest in patients with CKD
tage 5d ( 8.3% ) . 

Regarding the four different drug classes PAI/oral anticoagu-
ants, beta-blockers, statins and ACE-I/AT1-A, the rate of filled
rescriptions rose steadily with increasing renal insufficiency 
 Table 1 ) . 

At 180 days after the inclusion time point, the percentage of
atients with filled prescription had increased, but was still in-
ufficient according to guidelines: between 47% ( CKD stage 5d )
nd 74% ( CKD stage 2 ) of the patients had filled prescriptions for
ll four classes of drugs ( Fig. 1 , Supplementary data, Table S3 ) .
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Table 1: Baselines characteristics of 90 day survivors of STEMI with an index-hospitalization due to STEMI in 2010 to 2018. 

No CKD CKD stage 1 CKD stage 2 CKD stage 3 CKD stage 4 CKD stage 5 CKD stage 5d 

Patients, n ( % ) 128319 ( 81.4 ) 1323 ( 0.8 ) 7437 ( 4.7 ) 16269 ( 10.3 ) 2981 ( 1.9 ) 863 ( 0.5 ) 471 ( 0.3 ) 
Female sex, n ( % ) 38830 ( 30.3 ) 467 ( 35.3 ) 2771 ( 37.3 ) 7646 ( 47.0 ) 1644 ( 55.1 ) 303 ( 35.1 ) 144 ( 30.6 ) 
Median age, years ( IQR ) 63 ( 20 ) 72 ( 18 ) 74 ( 16 ) 78 ( 12 ) 80 ( 12 ) 74 ( 17 ) 68 ( 20 ) 

Concomitant diseases up to 2 years before STEMI, n ( % ) 
Coronary artery disease 59898 ( 46.7 ) 909 ( 68.7 ) 4690 ( 63.1 ) 10758 ( 66.1 ) 2007 ( 67.3 ) 587 ( 68.0 ) 369 ( 78.3 ) 
Hypertension 106349 ( 82.9 ) 1261 ( 95.3 ) 6972 ( 93.7 ) 15790 ( 97.1 ) 2928 ( 98.2 ) 852 ( 98.7 ) 471 ( 100.0 ) 
Diabetes mellitus 39895 ( 31.1 ) 832 ( 62.9 ) 3842 ( 51.7 ) 9349 ( 57.5 ) 1917 ( 64.3 ) 565 ( 65.5 ) 251 ( 53.3 ) 
Dyslipidaemia 96064 ( 74.9 ) 1130 ( 85.4 ) 6002 ( 80.7 ) 13088 ( 80.4 ) 2341 ( 78.5 ) 686 ( 79.5 ) 364 ( 77.3 ) 
Obesity 31116 ( 24.2 ) 494 ( 37.3 ) 2562 ( 34.4 ) 5659 ( 34.8 ) 1087 ( 36.5 ) 336 ( 38.9 ) 137 ( 29.1 ) 
Nicotine abuse 38283 ( 29.8 ) 323 ( 24.4 ) 1645 ( 22.1 ) 2391 ( 14.7 ) 379 ( 12.7 ) 168 ( 19.5 ) 100 ( 21.2 ) 
Atrial fibrillation/flutter 17547 ( 13.7 ) 300 ( 22.7 ) 1885 ( 25.3 ) 5570 ( 34.2 ) 1162 ( 39.0 ) 338 ( 39.2 ) 187 ( 39.7 ) 
Chronic heart failure 49819 ( 38.8 ) 783 ( 59.2 ) 4680 ( 62.9 ) 11328 ( 69.6 ) 2315 ( 77.7 ) 673 ( 78.0 ) 341 ( 72.4 ) 
Right heart failure 6138 ( 4.8 ) 149 ( 11.3 ) 878 ( 11.8 ) 3041 ( 18.7 ) 795 ( 26.7 ) 240 ( 27.8 ) 102 ( 21.7 ) 
Left heart failure 

None 85842 ( 66.9 ) 662 ( 50.0 ) 3313 ( 44.5 ) 6497 ( 39.9 ) 983 ( 33.0 ) a 173 ( 36.7 ) 
NYHA 1 4634 ( 3.6 ) 60 ( 4.5 ) 285 ( 3.8 ) 437 ( 2.7 ) 47 ( 1.6 ) a 10 ( 2.1 ) 
NYHA 2 11974 ( 9.3 ) 156 ( 11.8 ) 1085 ( 14.6 ) 1690 ( 10.4 ) 231 ( 7.7 ) a 43 ( 9.1 ) 
NYHA 3 13314 ( 10.4 ) 228 ( 17.2 ) 1381 ( 18.6 ) 3224 ( 19.8 ) 561 ( 18.8 ) a 94 ( 20.0 ) 
NYHA 4 12555 ( 9.8 ) 217 ( 16.4 ) 1373 ( 18.5 ) 4421 ( 27.2 ) 1159 ( 38.9 ) a 151 ( 32.1 ) 

LEAD 

No LEAD 120543 ( 93.9 ) 1156 ( 87.4 ) 6428 ( 86.4 ) 13632 ( 83.8 ) 2400 ( 80.5 ) 620 ( 71.8 ) 290 ( 61.6 ) 
LEAD 1–3 6044 ( 4.7 ) 128 ( 9.7 ) 661 ( 8.9 ) 1739 ( 10.7 ) 346 ( 11.6 ) 129 ( 14.9 ) 87 ( 18.5 ) 
LEAD 4–6 1732 ( 1.3 ) 39 ( 2.9 ) 348 ( 4.7 ) 898 ( 5.5 ) 235 ( 7.9 ) 114 ( 13.2 ) 94 ( 20.0 ) 

Cancer 16551 ( 12.9 ) 270 ( 20.4 ) 1550 ( 20.8 ) 3987 ( 24.5 ) 763 ( 25.6 ) 218 ( 25.3 ) 126 ( 26.8 ) 

Previous events and interventions up to 2 years before STEMI, n ( % ) 
Previous cerebrovascular disease 9252 ( 7.2 ) 183 ( 13.8 ) 1021 ( 13.7 ) 2686 ( 16.5 ) 510 ( 17.1 ) 162 ( 18.8 ) 112 ( 23.8 ) 
Previous stroke 8041 ( 6.3 ) 166 ( 12.5 ) 952 ( 12.8 ) 2776 ( 17.1 ) 553 ( 18.6 ) 170 ( 19.7 ) 103 ( 21.9 ) 
Previous myocardial infarction 10587 ( 8.3 ) 175 ( 13.2 ) 923 ( 12.4 ) 2216 ( 13.6 ) 423 ( 14.2 ) 167 ( 19.4 ) 91 ( 19.3 ) 
Previous percutaneous coronary intervention 3358 ( 2.6 ) 75 ( 5.7 ) 496 ( 6.7 ) 1104 ( 6.8 ) 181 ( 6.1 ) 97 ( 11.2 ) 73 ( 15.5 ) 
Previous coronary artery bypass grafting 3533 ( 2.8 ) 90 ( 6.8 ) 469 ( 6.3 ) 1257 ( 7.7 ) 230 ( 7.7 ) 100 ( 11.6 ) 57 ( 12.1 ) 
Previous valve replacement 332 ( 0.3 ) a 73 ( 1.0 ) 192 ( 1.2 ) 27 ( 0.9 ) a 20 ( 4.2 ) 

Previous medical treatment, n ( % ) 
Oral anticoagulation 3996 ( 3.1 ) 86 ( 6.5 ) 599 ( 8.1 ) 1756 ( 10.8 ) 360 ( 12.1 ) 86 ( 10.0 ) 43 ( 9.1 ) 
Oral anticoagulants, no platelet inhibitors 3437 ( 2.7 ) 79 ( 6.0 ) 495 ( 6.7 ) 1456 ( 8.9 ) 289 ( 9.7 ) 59 ( 6.8 ) 25 ( 5.3 ) 
PAI 14612 ( 11.4 ) 253 ( 19.1 ) 1565 ( 21.0 ) 4037 ( 24.8 ) 845 ( 28.3 ) 313 ( 36.3 ) 247 ( 52.4 ) 
PAI, no oral anticoagulants 14053 ( 11.0 ) 246 ( 18.6 ) 1461 ( 19.6 ) 3737 ( 23.0 ) 774 ( 26.0 ) 286 ( 33.1 ) 229 ( 48.6 ) 
Oral anticoagulants and/or platelet inhibitors 18049 ( 14.1 ) 332 ( 25.1 ) 2060 ( 27.7 ) 5493 ( 33.8 ) 1134 ( 38.0 ) 372 ( 43.1 ) 272 ( 57.7 ) 
Beta-blocker 36738 ( 28.6 ) 581 ( 43.9 ) 3394 ( 45.6 ) 8874 ( 54.5 ) 1802 ( 60.4 ) 549 ( 63.6 ) 318 ( 67.5 ) 
Statins 23283 ( 18.1 ) 420 ( 31.7 ) 2315 ( 31.1 ) 5379 ( 33.1 ) 1026 ( 34.4 ) 347 ( 40.2 ) 194 ( 41.2 ) 
ACE-I/AT1-A 51235 ( 39.9 ) 827 ( 62.5 ) 4508 ( 60.6 ) 11259 ( 69.2 ) 2202 ( 73.9 ) 534 ( 61.9 ) 275 ( 58.4 ) 
Number of drug groups 

None 59497 ( 46.4 ) 288 ( 21.8 ) 1783 ( 24.0 ) 2441 ( 15.0 ) 336 ( 11.3 ) 92 ( 10.7 ) 39 ( 8.3 ) 
One 31401 ( 24.5 ) 366 ( 27.7 ) 1879 ( 25.3 ) 3966 ( 24.4 ) 658 ( 22.1 ) 195 ( 22.6 ) 92 ( 19.5 ) 
Two 20386 ( 15.9 ) 330 ( 24.9 ) 1728 ( 23.2 ) 4513 ( 27.7 ) 875 ( 29.4 ) 246 ( 28.5 ) 130 ( 27.6 ) 
Three 11008 ( 8.6 ) 222 ( 16.8 ) 1246 ( 16.8 ) 3383 ( 20.8 ) 692 ( 23.2 ) 205 ( 23.8 ) 133 ( 28.2 ) 
Four 6027 ( 4.7 ) 117 ( 8.8 ) 801 ( 10.8 ) 1966 ( 12.1 ) 420 ( 14.1 ) 125 ( 14.5 ) 77 ( 16.3 ) 

a No results due to data safety reasons. 
Differences between CKD stages for categorical and continuous variables were tested via Chi-square test and Kruskal–Wallis test, respectively. 

IQR, interquartile range; LEAD, lower extremity artery disease; NYHA, New York Heart Association. 
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uring the follow-up period, the percentage of patients treated 
ith four classes of drugs decreased considerably, especially in 
atients with renal insufficiency: after 5 years between 27.7% 

 CKD stage 5 ) and 40.5% ( CKD stage 2 ) filled prescriptions. Re- 
arding filled prescriptions for three different drug classes, the 
ercentage ranged between 19.4% for CKD stage 2 and 36.4% for 
KD stage 5d at 180 days after STEMI and rose to values rang- 
ng between 35.3% ( CKD stage 2 ) and 42.7% ( CKD stage 5d ) at 5 
ears after the event. In general, patients with severe renal im- 
airment ( CKD stage 4, 5 and 5d ) least often received all four drug 
lasses, but filled prescriptions for three or two recommended 
rug classes were highest in those patients. The most remark- 
ble change in prescription rates was observed 1 year and 2 years 
fter the event ( Fig. 1 , Supplementary data, Table S3 ) . 

Furthermore, we analysed the medical treatment accord- 
ng to the filled prescriptions of PAI/oral anticoagulation, beta- 
lockers, statins and ACE-I/AT1-A ( Supplementary data, Fig. S2 
nd Table S4 ) . At 180 days, prescription rates were stable for 
AI/oral anticoagulant ( no CKD, 95.6%; CKD stage 3, 94.7%; CKD 

tage 5d, 94.5% ) and a beta-blockers ( no CKD, 88.9%; CKD stage 3,
0.8%; CKD stage 5d, 87.5% ) regardless of renal insufficiency, for 
CE-I/AT1-A, they were stable for patients without CKD ( 88.3% ) 
p to patients with CKD stage 4 ( 88.8% ) and decreased in pa- 
ients with severe CKD ( CKD stage 5, 79.9%; CKD stage 5d, 74.1% ) ,
hereas for statins, prescription rates decreased with increas- 

ng CKD stage ( no CKD, 89.9%; CKD stage 3, 84.2%; CKD stage 
d, 69.6% ) . A clear drop of filled prescriptions of about 5% points
r more was observed 1 year after the event for all drug classes.
urthermore, regarding treatment with PAI/oral anticoagulation,
lled prescription rates further declined markedly after 2 years,
specially for patients with no or mild CKD. Of note, 2 years after
he events, filled prescriptions for PAI/oral anticoagulation were 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
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Figure 1: Percentage of filled prescriptions by number of recommended drugs and deceased patients during follow-up. Error bars are added to all columns to depict 

the variability of the shown data. Bars always represent all patients of the group. Colours of bars from 0.0 to 1.0 as follows: brown, deceased patients; green, patients 
with four filled prescriptions of drugs; blue, patients with three filled prescriptions of drugs; purple, patients with two filled prescriptions of drugs; orange, patients 
with one filled prescription of drugs; pink, patients with no filled prescriptions of drugs. 
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ower in patients with no or mild CKD than in patients with ad-
anced or severe renal insufficiency. In contrast, all other drugs
howed decreasing filled prescription over the analysed time pe- 
iod and with decreasing renal function. 

hort- and long-term mortality 

aplan–Meier survival analysis showed dramatically decreased 
urvival with increasing severity of renal impairment ( Table 2 ,
mount of deceased patients is also depicted in Fig. 1 ) . The
nalysed time points ( 30-day mortality, 1-year mortality, etc. ) 
efer to the inclusion time point, which was 90 days after
TEMI. While 30-day mortality was low in patients without 
KD ( 0.5%, 95% CI 0.5%–0.5% ) , it was 10-fold higher in patients
ith CKD stage 5 ( 5.3%; 95% CI 4.0%–7.0% ) . After 2 years, 6.9%

 95% CI 6.8%–7.1% ) of the patients without CKD had died, ris-
ng to 40.5% ( 95% CI 37.2%–43.9% ) in patients with CKD stage
. Of note, patients even with mild CKD showed dramatically
igher mortality rates than patients without CKD ( 9-year mor-
ality: no CKD 32.1%, 95% CI 31.6%–32.5%; CKD stage 1 50.0%,
5% CI 44.8%–55.0% ) . 

ssociation of medical treatment and long-term 

urvival 

he filled prescription of at least one guideline-directed drug
mproved long-term survival compared with patients without 
edical therapy ( one drug: HR 0.70, 95% CI 0.66–0.74; four drugs:
R 0.28, 95% CI 0.27–0.30; Fig. 2 , Supplementary data, Table S5 ) .
egarding patients without renal insufficiency and with CKD
tages 2–4, the higher the number of prescribed drug classes,
he lower was the risk for poor long-term survival. In patients
ith CKD stages 5 or 5d, one drug showed the same benefit as
wo or more drugs. In patients with CKD stage 1, we observed
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Table 2: Kaplan–Meier estimators for long-term survival of 90 day survivors of STEMI. 

No CKD CKD stage 1 CKD stage 2 CKD stage 3 CKD stage 4 CKD stage 5 CKD stage 5d 

30-day mortality, % ( 95% CI ) 0.5 ( 0.5–0.5 ) 0.8 ( 0.4–1.5 ) 1.1 ( 0.9–1.4 ) 2.2 ( 2.0–2.4 ) 3.3 ( 2.7–4.0 ) 5.3 ( 4.0–7.0 ) 1.5 ( 0.7–2.9 ) 
1-year mortality, % ( 95% CI ) 3.8 ( 3.7–3.9 ) 8.1 ( 6.7–9.7 ) 8.2 ( 7.6–8.8 ) 14.1 ( 13.6–14.6 ) 21.6 ( 20.1–23.0 ) 25.3 ( 22.4–28.2 ) 23.9 ( 20.1–27.8 ) 
2-year mortality, % ( 95% CI ) 6.9 ( 6.8–7.1 ) 12.7 ( 10.9–14.6 ) 14.1 ( 13.3–14.9 ) 23.5 ( 22.8–24.2 ) 35.0 ( 33.2–36.7 ) 40.5 ( 37.2–43.9 ) 40.4 ( 35.9–44.9 ) 
3-year mortality, % ( 95% CI ) 10.0 ( 9.8–10.2 ) 17.8 ( 15.7–20.1 ) 19.4 ( 18.5–20.4 ) 32.1 ( 31.3–32.8 ) 45.7 ( 43.8–47.6 ) 53.6 ( 50.0–57.0 ) 53.9 ( 49.0–58.5 ) 
4-year mortality, % ( 95% CI ) 13.3 ( 13.1–13.5 ) 23.4 ( 20.9–26.0 ) 25.2 ( 24.1–26.3 ) 39.6 ( 38.8–40.4 ) 55.2 ( 53.2–57.1 ) 62.2 ( 58.5–65.6 ) 63.3 ( 58.3–68.0 ) 
5-year mortality, % ( 95% CI ) 16.7 ( 16.5–16.9 ) 28.1 ( 25.2–31.0 ) 31.1 ( 29.9–32.4 ) 47.1 ( 46.2–48.0 ) 63.1 ( 61.1–65.1 ) 70.9 ( 67.3–74.2 ) 69.7 ( 64.6–74.3 ) 
6-year mortality, % ( 95% CI ) 20.3 ( 20.0–20.6 ) 32.7 ( 29.5–35.9 ) 37.0 ( 35.6–38.3 ) 53.4 ( 52.5–54.3 ) 70.3 ( 68.3–72.3 ) 77.8 ( 74.2–81.0 ) 77.0 ( 71.6–81.4 ) 
7-year mortality, % ( 95% CI ) 24.2 ( 23.9–24.5 ) 38.8 ( 35.1–42.5 ) 42.4 ( 40.9–43.9 ) 59.7 ( 58.6–60.7 ) 76.1 ( 74.0–78.1 ) 81.4 ( 77.9–84.5 ) 81.7 ( 76.0–86.2 ) 
8-year mortality, % ( 95% CI ) 28.0 ( 27.7–28.4 ) 44.1 ( 40.0–48.2 ) 47.4 ( 45.7–49.1 ) 65.3 ( 64.1–66.4 ) 81.0 ( 78.8–83.1 ) 85.1 ( 81.6–88.1 ) 83.6 ( 77.6–88.1 ) 
9-year mortality, % ( 95% CI ) 32.1 ( 31.6–32.5 ) 50.0 ( 44.8–55.0 ) 53.0 ( 51.0–54.9 ) 70.2 ( 68.9–71.4 ) 83.1 ( 80.6–85.3 ) 88.1 ( 84.2–91.1 ) 

Figure 2: Cox regression for long-term survival depending on number of prescribed drugs and renal function. Included variables in the Cox-regression model: age, 
sex ( male as reference ) , hypertension, dyslipidaemia, obesity, nicotine abuse, pharmaceutical therapy, previous myocardial infarction, previous stroke, previous per- 

cutaneous coronary intervention, previous coronary artery bypass grafting, previous valve replacement, previous cerebrovascular disease, in-hospital ventilation, 
in-hospital impella/intra-aortic balloon pump/extracorporeal membrane oxygenation/shock, in-hospital acute renal failure/renal replacement therapy, in-hospital 
percutaneous coronary intervention, length of hospital stay and year of hospital stay. Time-dependent variables included in the model: diabetes mellitus, atrial fibril- 

lation/flutter, chronic heart failure, lower extremity artery disease, chronic limb-threatening ischaemia, cancer, CKD stage 1–5d and pharmaceutical therapy. The HR 
for these variables are presented in Supplementary data, Table S5 and S6 . 
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nly a trend towards improved survival with increasing num- 
er of guideline-directed medication. The strongest predic- 
ors for poor long-term survival were severe CKD ( CKD stages 
, 5 and 5d ) , chronic limb-threatening ischaemia and cancer 
 Supplementary data, Table S6 ) . 

All prescribed drug classes improved long-term survival 
 statins: HR 0.55, 95% CI 0.54–0.56; ACE-I/AT1-A: HR 0.68, 95% CI 
.67–0.70; beta-blocker: HR 0.87, 95% CI 0.85–0.90; PAI/oral an- 
icoagulation: HR 0.97, 95% CI 0.95–1.00; Supplementary data, 
able S7 ) . Regarding patients with different CKD stages, the pos- 
tive effect was most prominent for statins and ACE-I/AT1-A 

 Fig. 3 ) . Beta-blockers reduced the risk for long-term mortality 
nly in patients without CKD, with CKD stage 3 and with 
KD stage 4, while in all other stages no effect on mortality 
as observed. However, we have no information on the per- 
entage of patients with reduced ejection fraction, which is 
 major limitation in assessing the benefit of beta-blockers.
ith increasing renal insufficiency, patients showed a ten- 
ency to benefit from treatment with PAI/oral anticoagula- 
ion. Among others, female sex and in-hospital percutaneous 
oronary intervention at the index STEMI lowered the risk for 
ong-term mortality ( Supplementary data, Table S8 ) . A Cox re- 
ression analysing the effect of PAI and oral anticoagulation 
eparately showed that PAI was associated with at least a ten- 
ency towards poor survival for all patients except for patients 
n dialysis, who benefited from PAI, whereas the effect of oral 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
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Figure 3: Cox regression for long-term survival for different drug classes depending on renal function. Black, no CKD; dark blue, CKD stage 1; blue, CKD stage 2; light 
blue, CKD stage 3; light green, CKD stage 4; olive, CKD stage 5; purple, CKD stage 5d. p int refers to the P -value for the interaction term CKD stage as time-dependent 
variable × drug class. Included variables in the Cox-regression model: age, sex ( male as reference ) , hypertension, dyslipidaemia, obesity, nicotine abuse, pharmaceu- 

tical therapy, previous myocardial infarction, previous stroke, previous percutaneous coronary intervention, previous coronary artery bypass grafting, previous valve 
replacement, previous cerebrovascular disease, in-hospital ventilation, in-hospital impella/intra-aortic balloon pump/extracorporeal membrane oxygenation/shock, 
in-hospital acute renal failure/renal replacement therapy, in-hospital percutaneous coronary intervention, length of hospital stay and year of hospital stay. Time- 

dependent variables included in the model: diabetes mellitus, atrial fibrillation/flutter, chronic heart failure, lower extremity artery disease, chronic limb-threatening 
ischaemia, cancer, CKD stage 1–5d and pharmaceutical therapy. The HR for these variables are presented in Supplementary data, Table S8 . 
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nticoagulation was mostly indifferent ( Supplementary data, 
ables S9 and S10 ) . 

ISCUSSION 

he results of our analysis of health claims data help to provide
nsight into medical treatment of survivors of STEMI with and
ithout kidney disease with regard to the long-term supply of
uideline-directed medication and the association of guideline- 
irected drug treatment and long-term survival. Shortly after
TEMI ( i.e. 180 days after inclusion ) , more than 70% of patients
ithout CKD and of patients with CKD stages 1–3 filled prescrip-
ions of all four guideline-directed drug classes, but with se-
ere renal insufficiency this percentage decreased to 47% in pa-
ients on dialysis. During the follow-up period, declining rates
or filled prescriptions of all four drug classes were observed

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
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or all groups, while filled prescriptions for three different drug 
lasses increased. Long-term survival decreased dramatically 
ith declining renal function and not even 15% of patients with 
evere CKD were still alive after 9 years of follow-up, whereas 
 65% of patients without CKD had survived the same period.
he survival benefit of the guideline-directed medical treatment 
as greater the more prescriptions for the different drug classes 
ere filled. An analysis of the impact of the distinct drugs on 

ong-term survival revealed that statins and ACE-I/AT1-A had a 
ositive effect on survival regardless of renal impairment, ex- 
ept for patients on dialysis where ACE-I/AT1-A increased the 
isk of long-term mortality. PAI/oral anticoagulation were mostly 
eneficial in patients with CKD stage 3 and higher. Beta-blockers 
howed a heterogeneous, but rather positive treatment effect re- 
arding different CKD stages. 

Prescription of guideline-directed drugs shortly after an 
vent has increased during the last decades [ 11 , 15 ]. At dis-
harge, the reported rates by others [ 5 , 8 , 10 , 16 ] are in good
ccordance with our findings. Therefore, the gap between guide- 
ine recommendations and implementation of secondary pre- 
entions at discharge has diminished greatly in daily clinical 
ractice during recent years, even for patients with renal insuf- 
ciency. Nevertheless, 25% up to 53% of the patients in our study 
id not fill prescriptions for all four guideline-directed drugs 180 
ays after the STEMI. Furthermore, during follow-up, the adher- 
nce to guideline-directed therapy decreased markedly, both in 
atients without CKD and in patients with CKD. Reasons for 
on-adherence might be side effects, as reported by Bruggmann 
t al . [ 8 ]. In addition, a lack of understanding of the need for the
ifelong intake of the drugs might contribute to non-adherence 
 17 ]. Furthermore, undertreatment or even non-prescription of 
uideline-directed drugs depends to a significant extent on the 
iscretion of the treating physician [ 18 ], whose decisions might 
e affected by the insufficient evidence base on treatment of pa- 
ients with CKD due to exclusion of these patients from trials 
 12 ]. Issued prescriptions and filled prescriptions differ by up to 
0% points [ 19 ]. Since we have analysed filled prescriptions, it 
s possible that the number of issued prescriptions was higher.
igher rates of filled prescriptions might be achieved by more 
nd clear communication between health professionals and pa- 
ients. The application of fixed-dose combination pills might 
lso be a possibility to improve the adherence to guideline- 
irected therapies, although randomized trials have reported in- 
onsistent results [ 20 , 21 ]. 

Guideline-directed therapy lowers the rate of events [ 5 , 13 ,
2 ]. In our real-world data, even one guideline-directed drug 
ad a beneficial effect on long-term survival regardless of re- 
al insufficiency, and the association was mostly stronger the 
ore drug classes were filled. This is an encouraging aspect for 
ore consequent prescription of guideline-directed drugs es- 
ecially for patients with mild to moderate CKD. As we could 
how, these patients still suffer from greatly elevated mortal- 
ty rates compared with patients without CKD. A consequent,
ife-long treatment with aspirin and statins is recommended 
y the current European and American guidelines [ 3 , 4 ] for 
ll patients after myocardial infarction, but especially prescrip- 
ions for aspirin dropped markedly after 1 and 2 years in our 
tudy. 

The most prominent risk factors for poor long-term outcome 
re the CKD stages 4, 5 and 5d, which is also reflected by the dra-
atically high mortality rates. A recent Japanese observational 
tudy found similarly high mortality rates for patients with CKD 

 years after myocardial infarction [ 23 ] and—comparable to our 
tudy—a worsening renal function was strongly associated with 
 correspondingly higher rate of adverse outcome. According to 
ur analysis, statins in particular are beneficial for patients with 
evere CKD, but about one-third of these patients did not fill pre- 
criptions for statins. The outcome of patients with severe CKD 

an be improved, the more risk factors are controlled by med- 
cal treatment and lifestyle changes [ 24 ]. Again, a consequent,
uideline-directed treatment is warranted also for patients with 
evere CKD. 

Although all drug classes lower the risk for mortality, we 
ould not show a clear association of beta-blockers and PAI/oral 
nticoagulation on improved long-term mortality for all CKD 

tages. The recommendation for beta-blockers origins from the 
re-reperfusion era and in recent years, there has been a debate 
n the optimal duration of beta-blocker therapy. Results from 

arge longitudinal registries question the benefit of long-term 

reatment with beta-blockers after uncomplicated myocardial 
nfarction, but do not provide sufficient evidence for or against 
he treatment with beta-blocker beyond 1 year after infarction 
 25 ]. These findings are also reflected in the latest European 
ociety of Cardiology ( ESC ) guidelines classifying beta-blocker 
s a class IIa B recommendation [ 3 ]. Regarding the association
f PAI/oral anticoagulation and long-term mortality, conflicting 
ata are discussed: the Antithrombotic Trialists Collaboration 
howed that aspirin taken for secondary prevention seemed to 
educe vascular mortality, but had no significant effect on other 
ortality, yielding in a 10% reduction of all-cause mortality [ 26 ].
 recent Cochrane Review evaluated antiplatelet agents in pa- 
ients with CKD finding no or little effect on all-cause death [ 27 ].
nother review questions the life-long therapy with aspirin in 
atients after myocardial infarction [ 28 ]. Most analysed studies,
owever, were conducted several decades ago and, similar to the 
tudies on beta-blockers, clinical practice was different then, e.g.
osing frequency has changed during recent years, which might 
xplain the inconsistent results of the historical studies com- 
ared with our findings. 

imitations 

here are several limitations to this study. Administrative claims 
ata lack clinical detail, e.g. laboratory values like blood lipid lev- 
ls, creatinine levels or HbA1c values as well as blood pressure 
alues or ejection fraction. Knowledge of these data might have 
ed to a different or more detailed interpretation of the results 
resented. In absence of these data, we could only adjust for co- 
iagnoses and comorbidities encoded by the ICD codes. The ad- 
erence to lifestyle changes ( weight control, smoking cessation,
iet, exercise-based cardiac rehabilitation as recommended by 
he ESC guidelines [ 3 ] ) cannot be captured by ICD codes. Further-
ore, the follow-up period of up to 9 years is very long and dur-

ng that time patients might had to cope with new diagnoses or
eclining quality of life, which could have an impact on medical 
dherence and prescription habits. Therefore, the association of 
he analysed drugs and long-term mortality might only indicate 
 possible divergent efficacy of these drugs. Furthermore, the co- 
ort of real-world data differs from the cohort of randomized 
ontrolled studies regarding age and the extent of comorbidities,
esulting in a more diverse patient population. Despite adjust- 
ng the analyses for several covariates, we cannot rule out the 
ossibility of confounding due to unmeasured or undetermined 
atient characteristics. As a further major limitation it should 
e noted that the group of patients without any medications is 
mall, which may have some statistical implications, e.g. vari- 
bility, generalizability or width of confidence intervals. Finally,
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s a characteristic of retrospective studies, we can only describe
ssociations, but we cannot explore causations. 

ONCLUSION 

ur data reveal an extremely high risk for long-term mortality
or patients with CKD after STEMI. The rate of guideline-directed
edical treatment decreased over the years and with decreas- 

ng renal function. Guideline-directed drug therapy had a bene- 
cial effect on long-term mortality regardless of renal function.
herefore, a more consequent medical treatment might be ben- 
ficial for the long-term outcome of patients after STEMI. 

UPPLEMENTARY DATA 

upplementary data are available at ckj online. 

UNDING 

he project upon which this publication is based was funded
y The Federal Joint Committee, Innovation Committee ( G-BA,
nnovationsfonds, number 01VSF18051 ) . The study was con- 
ucted within the framework of the GenderVasc project ( Gender- 
pecific real care situation of patients with arteriosclerotic car- 
iovascular diseases ) . GenderVasc is a cooperation project with 
he AOK health insurance federal association and the Scientific 
nstitute of the AOK ( WIdO ) . 

UTHORS’ CONTRIBUTIONS 

.R., J.G., J.K.: study design; C.G., P.D., T.R.: data retrieval, routine
ata structure, advisory support in project planning; J.K., J.F., J.G.:
tatistical analysis; C.E., J.K.: drafting of the initial manuscript; 
.E., J.F., L.M., S.A.L., J.G., H.R., J.K.: interpretation of the data, crit-
cal revision; all authors: approval of the final manuscript. 

ATA AVAILABILITY STATEMENT 

he authors confirm that the data utilized in this study cannot
e made available in the manuscript, the supplementary files 
r in a public repository due to German data protection laws
 ‘Bundesdatenschutzgesetz’, BDSG ) . Therefore, they are stored 
n a secure drive in the AOK Research Institute ( WIdO ) , to fa-
ilitate replication of the results. Generally, access to data of
tatutory health insurance funds for research purposes is pos- 
ible only under the conditions defined in German Social Law
 SGB V § 287 ) . Requests for data access can be sent as a for-
al proposal specifying the recipient and purpose of the data

ransfer to the appropriate data protection agency. Access to the
ata used in this study can only be provided to external par-
ies under the conditions of the cooperation contract of this re-
earch project and after written approval by the sickness fund.
or assistance in obtaining access to the data, please contact:
ido@wido.bv.aok.de . 

ONFLICT OF INTEREST STATEMENT 

.E. has received travel support from Abbott outside the sub-
itted work. L.M. has received travel support from Bayer Vital
nd Abbott outside the submitted work. S.A.L. reports travel sup-
ort from Daiichi Sankyo and Bayer Vital, outside the submitted
ork. J.G. has received honoraria from TESARO, QUIRIS Health- 
are, Ecker + Ecker, Dr August Wolff, Roche, University Hospital
chleswig-Holstein and RWTH Aachen University, all outside the
ubmitted work. H.R. has received speaker honoraria from Neo-
asc, Corvia, BMS, MedUpdate, StremedUp, NephroUpdate and 
fizer. He has acted as a consultant for BMS, Pfizer and Pluristem,
eceiving in part also financial compensations for this work. He
as received research grants from the German Federal Ministry
or Education and Research ( BMBF ) . His division within the Uni-
ersity Hospital of Muenster has taken or is still taking in multi-
entre trials of BARD, Bayer, BIOTRONIK, Novartis and Pluristem,
eceiving patient fees and financial compensation for these ef-
orts. All other authors declare no conflict of interest. 

EFERENCES 

. Johansson S, Rosengren A, Young K et al. Mortality and
morbidity trends after the first year in survivors of acute
myocardial infarction: a systematic review. BMC Cardio- 
vasc Disord 2017; 17 :53. https://doi.org/10.1186/s12872-017- 
0482-9 

. Gitsels LA, Kulinskaya E, Steel N. Survival prospects after
acute myocardial infarction in the UK: a matched cohort
study 1987-2011. BMJ Open 2017; 7 :e013570. https://doi.org/
10.1136/bmjopen- 2016- 013570 

. Ibanez B, James S, Agewall S et al. 2017 ESC guidelines for
the management of acute myocardial infarction in patients
presenting with ST-segment elevation: the Task Force for the
management of acute myocardial infarction in patients pre-
senting with ST-segment elevation of the European Society
of Cardiology ( ESC ) . Eur Heart J 2018; 39 :119–77.

. O’Gara PT, Kushner FG, Ascheim DD et al. 2013 ACCF/AHA
Guideline for the management of ST-elevation myocardial 
infarction: a report of the American College of Cardiology
Foundation/American Heart Association task force on prac- 
tice guidelines. Circulation 2013; 127 :529–55. https://doi.org/ 
10.1161/CIR.0b013e3182742c84 

. Szummer K, Wallentin L, Lindhagen L et al. Improved out-
comes in patients with ST-elevation myocardial infarction 
during the last 20 years are related to implementation of
evidence-based treatments: experiences from the SWEDE- 
HEART registry 1995-2014. Eur Heart J 2017; 38 :3056–65.
https://doi.org/10.1093/eurheartj/ehx515 

. Jernberg T, Johanson P, Held C et al.; SWEDEHEART/RIKS-
HIA. Association between adoption of evidence-based treat- 
ment and survival for patients with ST-elevation myocardial
infarction. JAMA 2011; 305 :1677–84. https://doi.org/10.1001/ 
jama.2011.522 

. Hoedemaker NPG, de Winter RJ, van’t Hof A et al. Optimal
medical therapy prescription in patients with acute coro-
nary syndrome in the Netherlands: a multicenter pilot reg-
istry. Am J Cardiovasc Drugs 2021; 21 :219–29. https://doi.org/
10.1007/s40256- 020- 00427- 9 

. Bruggmann C, Iglesias JF, Gex-Fabry M et al. Long-term qual-
ity of prescription for ST-segment elevation myocardial in-
farction ( STEMI ) patients: a real world 1-year follow-up
study. Am J Cardiovasc Drugs 2020; 20 :105–15. https://doi.org/
10.1007/s40256- 019- 00361- 5 

. Tomasevic D, El Khoury, C et al. Effect of optimal med-
ical therapy at discharge in patients with reperfused
ST-segment elevation myocardial infarction on 1-year 
mortality ( from the Regional RESCUe Registry ) . Am J Cardiol
2018; 121 :403–9. https://doi.org/10.1016/j.amjcard.2017.11. 
002 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad219#supplementary-data
mailto:wido@wido.bv.aok.de
https://doi.org/10.1186/s12872-017-0482-9
https://doi.org/10.1136/bmjopen-2016-013570
https://doi.org/10.1161/CIR.0b013e3182742c84
https://doi.org/10.1093/eurheartj/ehx515
https://doi.org/10.1001/jama.2011.522
https://doi.org/10.1007/s40256-020-00427-9
https://doi.org/10.1007/s40256-019-00361-5
https://doi.org/10.1016/j.amjcard.2017.11.002


1956 C. Engelbertz et al .

1

 

1

 

1

1

1

1

1

 

1

1

 

1

2

2
 

2

2  

2

2

2  

2

2

R

©
C
a

0. Szummer K, Lindhagen L, Evans M et al. Treatments and 
mortality trends in cases with and without dialysis who 
have an acute myocardial infarction: an 18-year nationwide 
experience. Circ Cardiovasc Qual Outcomes 2019; 12 :e005879.
https://doi.org/10.1161/CIRCOUTCOMES.119.005879 

1. Schmucker J, Fach A, Osteresch R et al. Temporal trends in 
treatment strategies and clinical outcomes among patients 
with advanced chronic kidney disease and ST-elevation my- 
ocardial infarctions: results from the Bremen STEMI registry.
BMC Cardiovasc Disord 2022; 22 :142. https://doi.org/10.1186/ 
s12872- 022- 02573- 1 

2. Ishida JH, Johansen KL. Exclusion of patients with kid- 
ney disease from cardiovascular trials. JAMA Intern Med 
2016; 176 :124–5. https://doi.org/10.1001/jamainternmed. 
2015.6403 

3. Ge Z, Baber U, Claessen BE et al. The prevalence, predictors 
and outcomes of guideline-directed medical therapy in pa- 
tients with acute myocardial infarction undergoing PCI, an 
analysis from the PROMETHEUS registry. Catheter Cardiovasc 
Interv 2019; 93 :E112–9. https://doi.org/10.1002/ccd.27860 

4. Smilowitz NR, Gupta N, Guo Y et al. Management and 
outcomes of acute myocardial infarction in patients with 
chronic kidney disease. Int J Cardiol 2017; 227 :1–7. https://doi. 
org/10.1016/j.ijcard.2016.11.026 

5. Makam RP, Erskine N, Yarzebski J et al. Decade long trends 
( 2001-2011 ) in duration of pre-hospital delay among el- 
derly patients hospitalized for an acute myocardial infarc- 
tion. J Am Heart Assoc 2016; 5 :e002664. https://doi.org/10. 
1161/JAHA.115.002664 

6. Bagai A, Lu D, Lucas J et al. Temporal trends in utilization of 
cardiac therapies and outcomes for myocardial infarction by 
degree of chronic kidney disease: a report from the NCDR 
Chest pain-MI Registry. J Am Heart Assoc 2018; 7 :e010394.
https://doi.org/10.1161/JAHA.118.010394 

7. Griffiths B, Lesosky M, Ntsekhe M. Self-reported use 
of evidence-based medicine and smoking cessation 6–9 
months after acute coronary syndrome: a single-centre per- 
spective. S Afr Med J 2014; 104 :483–7. https://doi.org/10.7196/ 
SAMJ.7798 

8. Cordero A, Rodriguez Padial L, Batalla A et al. Optimal phar- 
macological treatment and adherence to medication in sec- 
ondary prevention of cardiovascular events in Spain: re- 
sults from the CAPS study. Cardiovasc Ther 2017; 35 :e12240.
https://doi.org/10.1111/1755-5922.12240 

9. Janse RJ, Fu EL, Dahlström U et al. Use of guideline- 
recommended medical therapy in patients with heart 

eceived: 1.3.2023; Editorial decision: 2.8.2023 
The Author ( s ) 2023. Published by Oxford University Press on behalf of the ERA.
ommons Attribution-NonCommercial License ( https://creativecommons.org/l
nd reproduction in any medium, provided the original work is properly cited. F
failure and chronic kidney disease: from physician’s pre- 
scriptions to patient’s dispensations, medication adherence 
and persistence. Eur J Heart Fail 2022; 24 :2185–95. https://doi. 
org/10.1002/ejhf.2620 

0. Mariani J, Rosende A, De Abreu M et al. Multicap to im- 
prove adherence after acute coronary syndromes: results 
of a randomized controlled clinical trial. Ther Adv Cardio- 
vasc Dis 2020; 14 :175394472091207. https://doi.org/10.1177/ 
1753944720912071 

1. Castellano JM, Sanz G, Peñalvo JL et al. A polypill strat- 
egy to improve adherence: results from the FOCUS project.
J Am Coll Cardiol 2014; 64 :2071–82. https://doi.org/10.1016/j. 
jacc.2014.08.021 

2. Bansilal S, Castellano JM, Garrido E et al. Assessing the im- 
pact of medication adherence on long-term cardiovascular 
outcomes. J Am Coll Cardiol 2016; 68 :789–801. https://doi.org/ 
10.1016/j.jacc.2016.06.005 

3. Hashimoto Y, Ozaki Y, Kan S et al. Impact of chronic kid-
ney disease on in-hospital and 3-year clinical outcomes in 
patients with acute myocardial infarction treated by con- 
temporary percutaneous coronary intervention and optimal 
medical therapy—insights from the J-MINUET study. Circ J 
2021; 85 :1710–8. https://doi.org/10.1253/circj.CJ- 20- 1115 

4. Mathew RO, Maron DJ, Anthopolos R et al. Guideline-directed 
medical therapy attainment and outcomes in dialysis- 
requiring versus nondialysis chronic kidney disease in 
the ISCHEMIA-CKD trial. Circ Cardiovasc Qual Outcomes 
2022; 15 :e008995. https://doi.org/10.1161/CIRCOUTCOMES. 
122.008995 

5. Zeitouni M, Kerneis M, Lattuca B et al. Do patients need life- 
long β-blockers after an uncomplicated myocardial infarc- 
tion? Am J Cardiovasc Drugs 2019; 19 :431–8. https://doi.org/10. 
1007/s40256- 019- 00338- 4 

6. Antithrombotic Trialists’ ( ATT ) Collaboration, Baigent C,
Blackwell L, Collins R et al. Aspirin in the primary and sec- 
ondary prevention of vascular disease: collaborative meta- 
analysis of individual participant data from randomised tri- 
als. Lancet 2009; 373 :1849–60.

7. Natale P, Palmer SC, Saglimbene VM et al. Antiplatelet 
agents for chronic kidney disease. Cochrane Database Syst Rev 
2022; 2 :CD008834.

8. Jacobsen AP, Raber I, McCarthy CP et al. Lifelong aspirin 
for all in the secondary prevention of chronic coronary 
syndrome: still sacrosanct or is reappraisal warranted? 
Circulation 2020; 142 :1579–90. https://doi.org/10.1161/ 
CIRCULATIONAHA.120.045695 
 This is an Open Access article distributed under the terms of the Creative 
icenses/by-nc/4.0/ ) , which permits non-commercial re-use, distribution, 
or commercial re-use, please contact journals.permissions@oup.com 

https://doi.org/10.1161/CIRCOUTCOMES.119.005879
https://doi.org/10.1186/s12872-022-02573-1
https://doi.org/10.1001/jamainternmed.2015.6403
https://doi.org/10.1002/ccd.27860
https://doi.org/10.1016/j.ijcard.2016.11.026
https://doi.org/10.1161/JAHA.115.002664
https://doi.org/10.1161/JAHA.118.010394
https://doi.org/10.7196/SAMJ.7798
https://doi.org/10.1111/1755-5922.12240
https://doi.org/10.1002/ejhf.2620
https://doi.org/10.1177/1753944720912071
https://doi.org/10.1016/j.jacc.2014.08.021
https://doi.org/10.1016/j.jacc.2016.06.005
https://doi.org/10.1253/circj.CJ-20-1115
https://doi.org/10.1161/CIRCOUTCOMES.122.008995
https://doi.org/10.1007/s40256-019-00338-4
https://doi.org/10.1161/CIRCULATIONAHA.120.045695
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

	INTRODUCTION
	MATERIALS AND METHODS
	Patient selection, baseline characteristics, in-hospital treatment
	Medication and follow-up
	Ethics approval and consent to participate
	Statistical analysis
	RESULTS
	Baseline characteristics
	Medication before STEMI and at long-term follow-up
	Short- and long-term mortality
	Association of medical treatment and long-term survival
	DISCUSSION
	Limitations
	CONCLUSION
	SUPPLEMENTARY DATA
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

