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Reduced Cardio-Renal Function
Accounts for Most of the
In-Hospital Morbidity and
Mortality Risk Among Patients
With Type 2 Diabetes Undergoing
Primary Percutaneous Coronary
Intervention for ST-Segment
Elevation Myocardial Infarction

Diabetes Care 2019;42:1305-1311 | https.//doi.org/10.2337/dc19-0047

OBJECTIVE

ST-segment elevation myocardial infarction (STEMI) patients with type 2 diabetes
mellitus (DM) have higher in-hospital mortality than those without. Since cardiac
and renal functions are the main variables associated with outcome in STEMI, we
hypothesized that this prognostic disparity may depend on a higher rate of cardiac
and renal dysfunction in DM patients.

RESEARCH DESIGN AND METHODS

We retrospectively analyzed 5,152 STEMI patients treated with primary angioplasty.
Left ventricular ejection fraction (LVEF) and estimated glomerular filtration rate
(eGFR) were evaluated at hospital admission. The primary end point was in-hospital
mortality. A composite of in-hospital mortality, cardiogenic shock, and acute kidney
injury was the secondary end point.

RESULTS

There were 879 patients (17%) with DM. The incidence of LVEF <40% (30% vs. 22%),
eGFR <60 mL/min/1.73 m?(27% vs. 18%), or both (12% vs. 6%) was higher (P < 0.001
for all comparisons) in DM patients. In-hospital mortality was higher in DM patients
than in non-DM patients (6.1% vs. 3.5%; P = 0.002), with an unadjusted odds ratio
(OR) of 1.81 (95% Cl 1.31-2.49; P < 0.001). However, DM was no longer associated
with an increased mortality risk after adjustment for cardiac and renal function (OR
1.03,95% Cl 0.68-1.56; P = 0.89). A similar behavior was observed for the secondary
end point, with an unadjusted OR for DM of 1.52 (95% Cl 1.25-1.85; P < 0.001) and
an OR after adjustment for cardiac and renal function of 1.07 (95% Cl 0.85-1.36;
P = 0.53).

CONCLUSIONS

The study indicates that the increased in-hospital mortality and morbidity of DM
patients with STEMI is mainly driven by their underlying cardio-renal dysfunction.
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The outcome of patients with ST-segment
elevation myocardial infarction (STEMI)
has significantly improved over the years
with the introduction of primary percu-
taneous coronary intervention (pPCl)
and evidence-based medical therapies
(1,2). However, some STEMI patient sub-
groups still have a less favorable outcome
(3). Notably, STEMI patients with type 2
diabetes mellitus (DM) are at higher risk
of in-hospital morbidity and mortality
than those without DM, irrespective of
therapeutic strategies (4-9).

Excess mortality in DM patients was
initially observed in several thrombolysis
trials and registries (4,6). In the more
recent pPCl era, a post hoc analysis of
the Harmonizing Outcomes with Revas-
cularization and Stents in Acute Myo-
cardial Infarction (HORIZONS-AMI) trial

RESEARCH DESIGN AND METHODS

Study Population

The data analyzed in this retrospective
study were obtained from consecutive
STEMI patients who underwent pPCI at
Centro Cardiologico Monzino in Milan,
University of Milan, Italy, between 1 Jan-
uary 2005 and 1 August 2017, and at
Policlinico San Matteo of Pavia, ltaly,
between 1 January 2005 and 25 Septem-
ber 2017. Patients underwent pPCl if they
had typical chest pain initiated within
12 h (24 h for those with cardiogenic
shock) and at least 1-mm ST-segment
elevation in two or more contiguous
leads or a new left bundle branch block.
We excluded patients in chronic peri-
toneal or hemodialysis treatment and
those experiencing STEMI during elective
PCI (type 4a myocardial infarction). The
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Ethics Committee (no. R520-CCM549)
approved the study as a retrospective
cohort study.

Study Protocol

Demographic, clinical, biochemical, and
echocardiographic data were obtained
in all patients. An echocardiogram was
performed in all patients within 24 h from
hospital admission. Left ventricular ejec-
tion fraction (LVEF) was calculated by
Simpson’s rule (15), and left ventricular
systolic dysfunction was defined as an
LVEF of =40% (16,17). Serum creatinine
concentration was measured by means
of the Jaffe method at hospital admission
(before pPCl) and every day for the
following 72 h in all patients. The total
coefficients of variation for serum cre-
atinine determinations were no greater

also confirmed that patients with DM
have a twofold higher 30-day mortality
rate than those without DM (4.6% vs.

Table 1—Baseline characteristics and in-hospital outcomes of the study patients
according to the presence of DM

2.1%) (7). Consistently with previous DM

reports, the increased mortality of DM No Ves

patients in the HORIZONS-AMI did not Variable (n = 4,273) (n = 879) P value

relate to failed reperfusion or suboptimal . N

medical therapy (8). The harmful effects Age (year) 63 * 13 67 % 11 <0.001

of DM were further confirmed in a sys- Men i 3,331 (78) 677 (77) 0->4

tematic review of 139 studies performed ey ettant (1) 76 =15 7916 <0.001

between 1970 and 2011 that enrolled ~ HYyPertension 2L B £ 000

myocardial infarction patients treated  Smoking Zocn Ed Sl se) < bann

with different therapeutic strategies Dyslipidemia 1,700 (40) 388 (44) 0.01

(9). They found that DM patients had  Anterior M 2,041 (48) 376 (43) 0.007

a 66% higher early mortality than their ~ Prior M 540 (13) 216 (25) <0.001

counterparts without DM. Prior CABG 113 (3) 56 (6) <0.001
Several factors may explain the worse Index PCI vessel <0.001

long-term outcome of STEMI patients LAD 2051 (48%) 369 (42)

with DM, including higher coronary ath- sg(\ 1;;0((13;?) i:z g;’;

erosclerotic burden, more vulnerable D 23 (1) 26 (3)

plaques, and enhanced platelet reactivity LM 43 (1) 9 (1)

(4,10,11). However, the mechanisms un- LVEF (%) 47 + 11 a4 + 11 <0.001

derlying their higher in-hospital mortality ..\, creatinine (mg/dL) 1.03 = 0.4 1.13 = 0.6 <0.001

risk remain largely ur.1clear. Since cardi:?\c eGFR (mL/min/1.73 m?) 31 + 26 76 + 29 <0.001

and renal dysfunctions are the main ¢ g pool (ng/mi) 148 (58-293) 140 (60-267) 0.27#

clinical variables associated with the -

X X . . In-hospital outcomes

in-hospital mortality of STEMI patients Death 149 (3.5) 54 (6.1) <0.001

(12-14), we hypothesized that the prog- Cardiogenic shock 355 (8) 91 (10) 0.01

nostic gap still existing between patients AKI 256 (6) 88 (10) <0.001

with and without DM might be due to a Combined end point* 542 (13) 159 (18) <0.001

higher rate of cardiac and renal impair- APE 358 (8) 118 (13) <0.001

ment in patients with DM resulting in a Atrial fibrillation 447 (10) 124 (14) 0.001

reduced cardi_o-renal functional reserve. \‘;ITO/;/; transfusions 510279((132)) ;2 Eg; 36?331
Thus, the aim of the current study was CCU LOS (days) 4 (3-6) 4 (3-7) 0.04#

to assess whether cardiac and renal
function at hospital admission differs
between DM and non-DM STEMI pa-
tients undergoing pPCl and to investigate
whether this may affect in-hospital mor-
bidity and mortality.

Data are presented as the mean = SD, median (interquartile range), or as n (%). APE, acute
pulmonary edema; CABG, coronary artery bypass graft surgery; CCU LOS, coronary care unit length
of stay; CK-MB, creatine kinase-MB isoenzyme; LAD, left anterior descending, LCX, left circumflex;
LM, left main; MI, myocardial infarction; RCA, right coronary artery; VT/VF, ventricular
tachycardia/ventricular fibrillation. *Combined end point of death, cardiogenic shock, and AKI.
#By Wilcoxon rank sum test.
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than 3%. Estimated glomerular filtra-
tion rate (eGFR) was estimated by ap-
plying the abbreviated MDRD equation
(18), and renal insufficiency at admis-
sion was defined as eGFR =60 mL/min/
1.73 m? (16,17). A diagnosis of DM was
made if this disease and/or antidiabetic
treatment, including oral agents or insulin,
were recorded in the medical history.

PCI Procedure

The pPCl was performed by 24-h
on-call interventional teams accord-
ing to standard clinical practice. Stan-
dard guide catheters (6F), guidewires,
balloon catheters, and coronary stents
were used via a radial or femoral ap-
proach. Pharmacology therapy and
poststenting antithrombotic treat-
ment were administered according to
institutional protocols and guideline
recommendations.

Study End Points

The primary study end point was
in-hospital mortality. A composite of
in-hospital mortality, cardiogenic shock,
and acute kidney injury (AKI) was con-
sidered as a secondary end point. We
used this combined end point because
cardiogenic shock and AKI are the com-
plications most closely associated with
mortality in STEMI (19) and are the
clinical manifestations of reduced cardiac
and renal function, respectively. Cardio-
genic shock was defined as prolonged
hypotension (systolic blood pressure
=85 mmHg) with evidence of decreased
organ perfusion resulting from severe
left ventricular dysfunction, right ventric-
ular infarction, or mechanical complica-
tions of infarction requiring an intra-aortic
balloon pump and/or inotropic agents.
AKI was defined as an absolute =0.5
mg/dL increase in the serum creatinine
concentration between baseline (hospi-
tal admission) and the first 72 h (20).
Other in-hospital major adverse clinical
events were also evaluated as second-
ary end points.

Statistical Analysis

A sample size of 5,000 patients was
calculated under the following assump-
tions: 4% overall incidence of in-hospital
mortality (21), 20% prevalence of DM
patients (5), and an expected increased
risk (odds ratio [OR]) of 1.6 in DM patients
compared with non-DM patients (9). This
sample size allowed 80% statistical

power in assessing a significant differ-
ence (« error of 0.05) of in-hospital mor-
tality between the two groups.

Continuous variables are presented
as mean = SD and were compared using
the t test for independent samples. Non-
normally distributed variables are pre-
sented as median and interquartile
ranges and were compared with the
Wilcoxon rank sum test. Categorical
data were compared using xz test or
the Fisher exact test, as appropriate. The
correlation between LVEF and eGFR was
determined using the Spearman test. The
association between DM status and the
study end points was assessed by logis-
tic regression, using different models
unadjusted and adjusted for 1) baseline
characteristics found to be associated
with DM at univariate analysis (P <
0.05), 2) LVEF alone, 3) eGFR alone,
and 4) the combination of LVEF and
eGFR. Results are presented as ORs
with 95% Cls.

We also performed a subgroup anal-
ysis by DM status. In particular, we eval-
uated the association between LVEF =40%
and/or eGFR <60 mL/min/1.73 m?and
the study end points, and we calcu-
lated the interaction between DM
status and cardio-renal dysfunction
by logistic regression. Finally, the “at-
tenuation effect,” defined as the re-
sidual effect of DM on the study end
points after adjustment for baseline char-
acteristics, LVEF alone, eGFR alone, and

P<0.001
30%

25 +
20 A
15 1

10

Percentage of patients

LVEF <40%

eGFR <60mL/min/1.73m?
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for the combination of LVEF and eGFR,
was computed as described by Kershaw
et al. (22) as the logistic regression co-
efficient for DM in each incremental
model divided by the coefficient in the
unadjusted model, —1 X 100.

All tests were two-tailed, and P < 0.05
was required for statistical significance.
All analyses were performed using SAS
9.4 software (SAS Institute, Cary, NC).

RESULTS

The study included 5,152 STEMI patients
(4,008 men) who underwent pPCl (mean
age 63 * 12 years) and 879 patients
(17%) with DM. The baseline clinical
characteristics and in-hospital outcomes
of patients with and without DM are
reported in Table 1. As expected, patients
with DM were older and more likely to
have comorbidities and prior cardiovas-
cular events than those without DM. The
infarct size, estimated by the creatine
kinase-MB isoenzyme peak value, was
similar in the two patient groups. Pa-
tients with DM had a more complicated
in-hospital clinical course and a longer
hospital stay. In-hospital mortality in the
overall population was 3.9% (n = 203) and
was significantly higher in patients with
DM. The incidence of the combined end
point was also significantly higher in DM
than in non-DM patients.

At hospital admission, the rate of
cardiac dysfunction, renal insufficiency,
or both, was significantly higher in

P<0.001

27%

P<0.001

12%

LVEF <40% and
eGFR <60mL/min/1.73m?

B von-ov [l oM

Figure 1—Percentage of patients with and without diabetes with STEMI presenting cardiac and/or

renal dysfunction at hospital admission.
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patients with DM than in those with-
out DM (Fig. 1). Supplementary Table
1 reports the incidence of the study
end points in patients with and with-
out cardiac and/or renal dysfunction,
according to DM status.

Figure 2A shows the unadjusted OR for
in-hospital mortality of patients with DM
and the OR adjusted for baseline clinical
characteristics, LVEF, and/or eGFR. In
particular, after adjustment for cardiac
and renal function, DM was no longer
an independent predictor of in-hospital
mortality. The attenuation of the rela-
tion between DM and in-hospital mor-
tality, resulting from the adjustment for

baseline characteristics, LVEF, and/or
eGFR, is depicted in Fig. 2B. Remarkably,
after adjustment for both LVEF and eGFR,
the residual effect of DM was as low as
5% of the unadjusted effect. A similar
behavior was found when the combined
clinical end point was considered: un-
adjusted OR, 1.52 (95% CI 1.25-1.85; P <
0.001); OR adjusted for baseline clinical
characteristics, 1.33 (95% Cl 1.08-1.66;
P = 0.009); OR adjusted for LVEF alone,
1.23 (95% ClI 0.99-1.54; P = 0.06); OR
adjusted for eGFR alone, 1.25 (95% ClI
1.02-1.53; P =0.03); and OR adjusted for
LVEF and eGFR, 1.07 (95% Cl 0.85-1.36;
P = 0.53). At attenuation analysis, only

A OR (95% Cl) for in-hospital mortality

No DM (referent)

DM (unadjusted)

L OR: 1.81(1.31-2.49); P<0.001

DM (adjustedfor baseline characteristics) . ; OR: 1.53(1.06-2.20); P=0.02
DM (adjusted for éGFR) .l_._ OR: 1.32(0.94-1.85); P=0.11
I
DM (adjustedfor LVEF) : = OR: 1.27(0.85-1.89), P=0.24
|
DM (adjustedfor eGFR/LVEF) _lh— OR: 1.03(0.68-1.56), P=0.89
I
I 1 1 L] L] 1 1 |
0 0.7 1 1.3 1.6 1.9 22 25
Lower risk Increased risk
B Percentage of the residual effect of DM on in-hospital mortality
100%
% 100 -
80 A
60 1
40 -
20 4
5%
0 e
DM DM DM DM DM
(unadjusted) (adjusted  (adjusted  (adjusted (adjusted for
for baseline  for eGFR)  for LVEF) eGFR/LVEF)

characteristics)

Figure 2—A: Unadjusted and adjusted ORs and 95% Cls for the primary end point (in-hospital
mortality) of DM. B: Residual effect (%) of DM on in-hospital mortality. ORs were adjusted for
baseline clinical characteristics (age, body weight, hypertension, smoking, dyslipidemia, myo-
cardial infarction location, prior myocardial infarction, prior coronary artery bypass, and coronary
culprit vessel), for LVEF alone, eGFR alone, and for the combination of LVEF and eGFR.
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17% of the effect of DM was maintained
for the combined end point after adjust-
ment for LVEF and eGFR.

A significant relationship between
LVEF and eGFR was observed in both
DM (R =0.17; P < 0.0001) and non-DM
(R =0.11; P < 0.0001) patients.

Figure 3 shows the ORs for in-hospital
mortality and the combined clinical end
point of reduced LVEF and/or eGFR in
patients with and without DM. The risk
was similar for the two end points in all
considered subgroups, and no interac-
tion was observed between DM status
and cardio-renal function.

CONCLUSIONS

The main finding of the current study is
that the worse in-hospital morbidity and
mortality of DM patients are mainly
mediated by their greater degree of
cardio-renal impairment. Indeed, the
in-hospital prognostic power of DM sta-
tus in STEMI patients undergoing pPCl
loses significance after adjustment for
cardiac and renal function.

Patients with DM presenting with
STEMI have a substantially greater in-
cidence of early and late death than those
without DM, despite similar therapeutic
strategies (6,23-25). In the thrombolytic
era, a subgroup analysis of the Global
Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded Cor-
onary Arteries (GUSTO)-I trial dem-
onstrated significantly higher 30-day
mortality in STEMI patients with DM
compared with that of non-DM patients
(10% vs. 6%) (6). More recently, the
Global Registry of Acute Coronary Events
(GRACE) showed that the in-hospital
death incidence of patients with DM
and STEMI was almost twice as high
as that observed in patients without
DM (26). Furthermore, among 93,569
STEMI patients from the National Car-
diovascular Data Registry (NCDR) Acute
Coronary Treatment and Intervention
Outcomes Network-Get with the Guide-
lines (ACTION Registry-GWTG), 80% of
whom underwent pPCl, there was an
increased risk of in-hospital mortality
associated with DM, even after multivari-
able adjustment (5). Although most stud-
ies suggest a significant unfavorable role
of DM in the in-hospital outcome of
STEMI patients (4-9), few studies failed
to find an independent association be-
tween DM and short-term outcome (27).
The reasons for these controversial
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A In-hospital mortality B Combined end point
1204 P=0.79 o0
P=0.13
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60 — 40 -
P=0.17
2 T 2 ¥
g B
% 20 ‘-? 20 —
5 P=0.51 -
o o]
P=0.72
10 104 P=0.41
Referent # Referent i * * *
1 —i 11—
LVEF >40% eGFR <60 LVEF <40% eGFR <60 LVEF >40% eGFR <60 LVEF <40% eGFR <60
and/for LVEF <40% and/or LVEF <40%
eGFR >60 eGFR >60
0 - 0 -
Non-DM patients ! 5.24(2.7-10.1) 9.15(5.3-15.9) 51.87(30.1-86.1) Non-DM patients ! 3.78(2.8-5.0) 5.49(4.3-7.0) 23.04(17.2-30.8)
DM patients - 4.81(1.1-15.7) 12.51(5.0-329) 68.31(20.4-112.3) DM patients . 3.41(1.9-6.2) 5.53(3.3-9.4) 33.97(19.3-52.1)

Figure 3—A: ORs and 95% Cls for in-hospital mortality, grouped according to cardiac and/or renal dysfunction in patients with and without DM. B: ORs
and 95% Cls for the combined clinical end point (composite of in-hospital mortality, cardiogenic shock, and AKl), grouped according to cardiac and/or
renal dysfunction in patients with and without DM.

findings are unclear, and the true impact
of DM on in-hospital mortality during
STEMI remains to be established.

In our study, we evaluated the inde-
pendent effect of DM on in-hospital
mortality in a large cohort of consecutive
STEMI patients treated with pPCl at two
Italian tertiary care centers. The preva-
lence of DM in our study was ~20%,
which is comparable with previously
reported rates (5,25). Moreover, and
similar to previous studies, we found
that DM patients were older and
had more cardiovascular risk factors
(4,25,26). Our analysis also confirmed
that DM is more likely associated
with cardiac and/or renal dysfunction
(4,25,26). As a result, the rate of
in-hospital complications, including mor-
tality, was higher than that of patients
without DM. However, the prognostic
power of DM was no longer confirmed
after adjustment for cardiac and renal
function. This finding is not surpris-
ing, since cardiac and renal functions
are the two most important predic-
tors of in-hospital outcomes in STEMI
(16,17,20). To the best of our knowledge,
this is the first study that specifically
investigated the impact of LVEF and
eGFR when assessing the prognostic
implications of DM in STEMI. Notably,
the evaluation of cardiac function at
hospital admission, usually by means
of LVEF assessment, incorporates several
types of clinical information, including
preexisting cardiac dysfunction, extent

of the ongoing ischemic process, and the
related hemodynamic effects. Similarly,
the evaluation of renal function by eGFR
provides acute (hemodynamic impair-
ment) and chronic (underlying comor-
bidities) information. Thus, our data
further support the well-known unfavor-
able effect associated with DM in the
early phase of STEMI and demonstrate
that the worse outcome observed in DM
patients may in large part be explained
by cardiac and renal dysfunction.

Our data do not allow clarifying
whether and to what extent the lower
LVEF and eGFR observed in DM patients
at hospital admission are due to a pre-
existing dysfunction or whether they are
the acute consequences of a more severe
STEMI. However, the risk associated with
DM remained higher even after adjust-
ment for more relevant comorbidities,
in particular age, hypertension, and prior
cardiovascular events, that may all
chronically impair cardiac and renal func-
tion. Moreover, the infarct size estimated
by the enzymatic peak value was similar
in both groups. Taken together, these
findings seem indicative of an acute
impairment of heart and kidney, likely
facilitated by their greater vulnerability
in DM patients during a critical cardiac
event. This is further supported by the
correlation found between LVEF and
eGFR that may reflect a concomitant
DM-related frailty of the two organs.
However, further studies are needed
to confirm this cardio-renal hypothesis

and to investigate the underlying path-
ophysiological mechanisms.

Our study may have some potential
clinical implications. All STEMI patients,
and particularly those with DM, should
undergo early LVEF and eGFR assess-
ment to identify high-risk patients.
Moreover, a reduction of risk in STEMI
patients with DM may be achieved not
only by good glycemic control but also
through cardio- and renal-protective
therapies. For example, glucagon-like
peptide 1 receptor agonists improved
glycemic control and myocardial function
after myocardial infarction (28). More
recently, sodium—glucose cotransporter
2 inhibitors, which promote urinary glu-
cose excretion and improve glycemic
status without inducing hypoglycemia,
were shown to provide cardiovascular
protection and to prevent kidney func-
tion deterioration (29). Whether these
effects might be of benefitalso during the
acute phase of STEMI needs to be in-
vestigated in DM patients (30).

The strengths of our study include a
large and well-characterized population,
adjustment for several risk factors, pro-
spective assessment of cardiac and renal
function in all patients, and a special
focus on in-hospital mortality. However,
some limitations need to be mentioned.
Firstly, because we used data from a
prospectively collected database, our
results should be considered exploratory
and hypothesis generating only. Sec-
ondly, all STEMI patients underwent
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pPCI. Thus, this may have influenced the
study results, and the overall applicabil-
ity to all acute myocardial infarction
patients needs to be clarified. Thirdly,
the impact on outcomes of in-hospital
and prior glycemic control, DM duration,
unknown DM, stress hyperglycemia, and
chronic antidiabetic medications was
not investigated, and this should be
taken into account as a possible bias.
Fourthly, although the LVEF is easily
detectable and strongly associated
with prognosis in STEMI, we cannot
exclude that other parameters may
better reflect cardiac function. In parti-
cular, the possible presence of diastolic
dysfunction, more likely in patients with
DM, of acute mitral valve regurgitation
and/or left ventricular compensatory
hyperkinesia may have influenced the
LVEF value in our study. Finally, clinical
events were assessed during hospital
stay only, not allowing any inference
from our data on long-term outcomes.

In conclusion, the higher in-hospital
morbidity and mortality rate of STEMI
patients with DM is mainly driven by their
more frequent cardio-renal dysfunction.
Whether the disparity in mortality be-
tween DM and non-DM patients with
STEMI may be reduced by therapeutic
strategies that combine acute glycemic
control with cardio- and renal-protective
effects should be the focus of future
investigations.

Acknowledgments. The authors acknowledge
Michela Palmieri, Centro Cardiologico Monzino
(Milan, Italy) for her valuable help in revising the
manuscript.

Funding. The study received funding from Cen-
tro Cardiologico Monzino.

The study sponsor had no role in the design
and conduct of the study, in the collection,
analysis, and interpretation of the data, or in
the preparation, review, or approval of the
manuscript. No extramural funding was received.
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. G.M. obtained funding
and provided administrative, technical, or ma-
terial support. G.M., N.C., S.G., G.M.D.F., and
A.L.B. analyzed and interpreted data and drafted
the manuscript. G.M., N.C.,, G.M.D.F., and
A.L.B. contributed to study concept and design.
G.M. and A.L.B. supervised the study. S.G. and
A.B. contributed to critical revision of the man-
uscript for important intellectual content. J.C,,
M.D.M., M.Ro., S.C., A.S., R.C., A.D., V.M., M.M.,
M.Ru., I.M., M.G., and G.L. contributed to ac-
quisition of data. A.B. and F.V. contributed to
statistical analysis. G.M. and A.L.B. are the
guarantors of this work and, as such, had full
access to all the data in the study and take

responsibility for the integrity of the data and
the accuracy of the data analysis.

References

1. Wallentin L, Becker RC, Budaj A, et al.; PLATO
Investigators. Ticagrelor versus clopidogrel in
patients with acute coronary syndromes. N
Engl J Med 2009;361:1045-1057

2. Wiviott SD, Braunwald E, McCabe CH, et al.;
TRITON-TIMI 38 Investigators. Prasugrel versus
clopidogrel in patients with acute coronary syn-
dromes. N Engl J Med 2007;357:2001-2015

3. Go AS, Mozaffarian D, Roger VL, et al.; Amer-
ican Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Heart disease
and stroke statistics—2014 update: a report from
the American Heart Association. Circulation
2014;129:e28-e292

4. Zairis MN, Lyras AG, Makrygiannis SS, et al.
Type 2 diabetes and intravenous thrombolysis
outcome in the setting of ST elevation myocardial
infarction. Diabetes Care 2004;27:967-971

5. Rousan TA, Pappy RM, Chen AY, Roe MT,
Saucedo JF. Impact of diabetes mellitus on clinical
characteristics, management, and in-hospital
outcomes in patients with acute myocardial
infarction (from the NCDR). Am J Cardiol 2014;
114:1136-1144

6. Mak KH, Moliterno DJ, Granger CB, et al.
Influence of diabetes mellitus on clinical out-
come in the thrombolytic era of acute myocar-
dial infarction. GUSTO-I Investigators. Global
Utilization of Streptokinase and Tissue Plasmin-
ogen Activator for Occluded Coronary Arteries.
J Am Coll Cardiol 1997;30:171-179

7. Ertelt K, Brener SJ, Mehran R, Ben-Yehuda O,
McAndrew T, Stone GW. Comparison of out-
comes and prognosis of patients with versus
without newly diagnosed diabetes mellitus after
primary percutaneous coronary intervention
for ST-elevation myocardial infarction (the
HORIZONS-AMI Study). Am J Cardiol 2017;119:
1917-1923

8. Brener SJ, Mehran R, Dressler O, Cristea E,
Stone GW. Diabetes mellitus, myocardial reper-
fusion, and outcome in patients with acute ST-
elevation myocardial infarction treated with
primary angioplasty (from HORIZONS AMI).
Am J Cardiol 2012;109:1111-1116

9. Bauters C, Lemesle G, de Groote P, Lamblin N.
A systematic review and meta-regression of
temporal trends in the excess mortality associ-
ated with diabetes mellitus after myocardial
infarction. Int J Cardiol 2016;217:109-121

10. Aronson D, Rayfield EJ, Chesebro JH.
Mechanisms determining course and outcome
of diabetic patients who have had acute myo-
cardial infarction. Ann Intern Med 1997;126:
296-306

11. Beckman JA, Creager MA, Libby P. Diabetes
and atherosclerosis: epidemiology, pathophysi-
ology, and management. JAMA 2002;287:2570—
2581

12. Marenzi G, Moltrasio M, Assanelli E, et al.
Impact of cardiac and renal dysfunction on
inhospital morbidity and mortality of patients
with acute myocardial infarction undergoing
primary angioplasty. Am Heart J 2007;153:
755-762

13. Gibson CM, Dumaine RL, Gelfand EV, et al.;
TIMI Study Group. Association of glomerular
filtration rate on presentation with subsequent

Diabetes Care Volume 42, July 2019

mortality in non-ST-segment elevation acute
coronary syndrome; observations in 13,307 pa-
tients in five TIMI trials. Eur Heart J 2004;25:
1998-2005

14. Lansky AJ, Goto K, Cristea E, et al. Clinical
and angiographic predictors of short- and
long-term ischemic events in acute coronary
syndromes: results from the Acute Catheter-
ization and Urgent Intervention Triage strat-
egY (ACUITY) trial. Circ Cardiovasc Interv 2010;
3:308-316

15. Schiller NB, Shah PM, Crawford M, et al.
Recommendations for quantitation of the left
ventricle by two-dimensional echocardiography.
American Society of Echocardiography Commit-
tee on Standards, Subcommittee on Quantita-
tion of Two-Dimensional Echocardiograms. J Am
Soc Echocardiogr 1989;2:358-367

16. Ng VG, Lansky AJ, Meller S, et al. The
prognostic importance of left ventricular func-
tion in patients with ST-segment elevation
myocardial infarction: the HORIZONS-AMI tri-
al. Eur Heart J Acute Cardiovasc Care 2014;3:
67-77

17. Moltrasio M, Cosentino N, De Metrio M, et al.
Brain natriuretic peptide in acute myocardial in-
farction: a marker of cardio-renal interaction. J
Cardiovasc Med (Hagerstown) 2016;17:803—-809
18. Levey AS, Bosch JP, Lewis JB, Greene T,
Rogers N, Roth D; Modification of Diet in Renal
Disease Study Group. A more accurate method
to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Ann Intern
Med 1999;130:461-470

19. Thiele H, Akin I, Sandri M, et al.; CULPRIT-
SHOCK Investigators. PCI strategies in patients
with acute myocardial infarction and cardiogenic
shock. N Engl J Med 2017;377:2419-2432

20. Marenzi G, Cosentino N, Moltrasio M, et al.
Acute kidney injury definition and in-hospital
mortality in patients undergoing primary percu-
taneous coronary intervention for ST-segment
elevation myocardial infarction. J Am Heart
Assoc 2016;5:e003522

21. Stone GW, Witzenbichler B, Guagliumi G,
et al.; HORIZONS-AMI Trial Investigators.
Bivalirudin during primary PCl in acute myocardial
infarction. N Engl J Med 2008;358:2218-2230
22. Kershaw KN, Droomers M, Robinson WR,
Carnethon MR, Daviglus ML, Monique
Verschuren WM. Quantifying the contributions
of behavioral and biological risk factors to so-
cioeconomic disparities in coronary heart disease
incidence: the MORGEN study. Eur J Epidemiol
2013;28:807-814

23. Gore MO, Patel MJ, Kosiborod M, et al,;
National Registry of Myocardial Infarction Inves-
tigators. Diabetes mellitus and trends in hospi-
tal survival after myocardial infarction, 1994
to 2006: data from the National Registry of
Myocardial Infarction. Circ Cardiovasc Qual Out-
comes 2012;5:791-797

24. Haffner SM, Lehto S, Ronnemaa T, Pyorala K,
Laakso M. Mortality from coronary heart dis-
ease in subjects with type 2 diabetes and in
nondiabetic subjects with and without prior
myocardial infarction. N Engl J Med 1998;339:
229-234

25. Harjai KJ, Stone GW, Boura J, et al.; Primary
Angioplasty in Myocardial Infarction Investiga-
tors. Comparison of outcomes of diabetic
and nondiabetic patients undergoing primary



care.diabetesjournals.org

angioplasty for acute myocardial infarction.
Am J Cardiol 2003;91:1041-1045

26. Franklin K, Goldberg RJ, Spencer F, et al.;
GRACE Investigators. Implications of diabetes in
patients with acute coronary syndromes. The
Global Registry of Acute Coronary Events. Arch
Intern Med 2004;164:1457-1463

27. Kim HL, Kang SH, Yoon CH, et al.; Other
Korea Acute Myocardial Infarction Registry

(KAMIR) and Korea Working Group on
Myocardial Infarction (KorMl) Investigators.
Differential prognostic impacts of diabetes
over time course after acute myocardial in-
farction. J Korean Med Sci 2013;28:1749—
1755

28. Nikolaidis LA, Mankad S, Sokos GG, et al.
Effects of glucagon-like peptide-1 in patients with
acute myocardial infarction and left ventricular

Marenzi and Associates

dysfunction after successful reperfusion. Cir-
culation 2004;109:962-965

29. RadholmK, Figtree G, Perkovic V, et al. Canagli-
flozin and heart failure in type 2 diabetes mellitus.
Circulation 2018;138:458-468

30. Zelniker TA, Braunwald E. Cardiac and renal
effects of sodium-glucose co-transporter 2 inhib-
itors in diabetes: JACC State-of-the-Art Re-
view. J Am Coll Cardiol 2018;72:1845-1855


http://care.diabetesjournals.org

