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CLINICAL INVESTIGATIONS

One-Year Mortality in Elderly Adults with Non-ST-Elevation
Acute Coronary Syndrome: Effect of Diabetic Status and

Admission Hyperglycemia

Stefano Savonitto, MD,* Nuccia Morici, MD,? Claudio Cavallini, MD,¢ Roberto Antonicelli, MD,?
Anna Sonia Petronio, MD,° Ernesto Murena, MD,! Zoran Olivari, MD,% Giuseppe Steffenino, MD,”
Francesco Bonechi, MD," Antonio Mafrici, MD,? Anna Toso, MD,’ Federico Piscione, MD,*
Leonardo Bolognese, MD," and Stefano De Servi, MD™

OBJECTIVES: To determine whether type 2 diabetes
mellitus and hyperglycemia on admission should be con-
sidered independent predictors of mortality in elderly
adults with acute coronary syndrome (ACS).

DESIGN: Prospective cohort study.

SETTING: Twenty-three hospitals in Italy.
PARTICIPANTS: Individuals aged 75 and older with non-
ST-elevation ACS (NSTEACS) (mean age 82, 47% female)
(N = 645).

MEASUREMENTS: Diabetic status and blood glucose
levels were assessed on admission. Hyperglycemia was
defined as glucose greater than 140 mg/dL. Multivariable
Cox proportional hazard regression was used to assess the
potential confounding effect of major covariates on the
association between diabetic status, admission glucose, and
1-year mortality.

RESULTS: A history of diabetes mellitus was found in
231 participants (35.8%), whereas 257 (39.8%) had
hyperglycemia. Hyperglycemia was found in 171 partici-
pants with diabetes mellitus (70%) and 86 (21%) without
diabetes mellitus. Participants with diabetes mellitus were
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significantly (P <.05) more likely to have had prior
myocardial infarction and stroke and had lower ejection
fraction and blood hemoglobin. Hyperglycemia was
associated with lower (P < .05) ejection fraction and esti-
mated glomerular filtration rate (eGFR). Diabetic status
and hyperglycemia were associated with greater 1-year
mortality according to univariate analysis (54 participants
with diabetes mellitus died (23.4%), versus 66 (15.9%)
without diabetes mellitus (hazard ratio (HR) = 1.5 95%
confidence interval (CI) = 1.0-2.1), and 60 participants
with hyperglycemia died (23.3%), versus 60 (15.5%) with-
out hyperglycemia (HR=1.6; 95% CI = 1.1-2.2), but this
association was not statistically significant after adjustment
for ejection fraction, age, blood hemoglobin, and eGFR.

CONCLUSION: In elderly adults with NSTEACS, diabe-
tes mellitus and hyperglycemia on admission are associated
with higher mortality, mostly because of preexisting car-
diovascular and renal damage. J Am Geriatr Soc 2014.

Key words: acute coronary syndrome; diabetes mellitus;
hyperglycemia; mortality; elderly

Diabetes mellitus is an independent predictor of mortal-
ity in individuals with non-ST-elevation acute coro-
nary syndromes (NSTEACS)."? Individuals with ACS with
diabetes mellitus have more-extensive coronary artery dis-
ease, more-severe myocardial dysfunction, and more com-
orbidities than those with ACS without diabetes mellitus,
which explains the higher mortality. A number of reports
have also shown that, regardless of diabetic status, high
plasma glucose concentration at the time of admission for
ACS is associated with greater risk of in-hospital and long-
term mortality,*® although whether the prognostic effect
of diabetic status and hyperglycemia on admission holds
true in elderly adults with NSTEACS, who have significant
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comorbidities and prior cardiovascular events, is still ill
defined. A large retrospective analysis of individuals aged
65 and older with myocardial infarction (MI) hospitalized
between 1994 and 1996 found that hyperglycemia on
admission is associated with greater 30-day and 1-year
mortality, especially in individuals without known diabetes
mellitus.” This relationship persisted after correction for
comorbidities and baseline characteristics.

The Italian Elderly ACS Study offers a unique oppor-
tunity to gain further information on these issues because
it enrolled a prospective population of individuals aged 75
and older with NSTEACS."

METHODS

Study Design and Participants

The Italian Elderly ACS study enrolled individuals aged 75
and older with NSTEACS admitted to 23 participating
hospitals within 48 hours of the most-recent ischemic
symptoms and showing ischemic electrocardiographic
changes or high cardiac markers. Details of the study
design, setting, and population have been published.'' In
brief, 313 participants were randomly assigned to an early
invasive strategy with coronary angiography and possible
revascularization or an initially conservative strategy with
angiography only in the case of recurrent ischemic symp-
toms. The main exclusion criteria from enrollment in the
randomized trial were secondary causes of ischemia, ongo-
ing myocardial ischemia or heart failure despite optimized
therapy, any myocardial revascularization or a cerebrovas-
cular accident within 30 days before admission, serum cre-
atinine greater than 2.5 mg/dL, any transfusions or
bleeding within 6 weeks before admission, platelet count
of less than 90,000 cells/ul., ongoing oral anticoagulation,
severe obstructive lung disease, malignancy, or neurologi-
cal deficit limiting follow-up.'® The 332 individuals meet-
ing the inclusion criteria for the study but excluded from
the randomized trial for any reason were enrolled in a par-
allel registry and given usual care. Informed consent was a
prerequisite for enrollment in the randomized trial and in
the Registry. Follow-up visits were planned at 1, 6, and
12 months after discharge, with similar electronic case
report forms for the trial and the registry. Upon admission,
each investigator classified the individual as diabetic if the
medical records contained documentation of a previous
history of diabetes mellitus, use of an oral glucose-lower-
ing medication or insulin, or a diagnosis of diabetes mel-
litus made on admission. Blood glucose levels were
measured upon admission in the local laboratory at each
participating center. Hyperglycemia was defined according
to the American Diabetes Association (ADA) consensus
definition as any in-hospital blood glucose of greater than

140 mg/dL."?

Study Outcome and Definitions

The primary aim of the present analysis was to investigate
the effect of diabetic status and basal glycemia on 1-year
mortality. The secondary endpoint was to evaluate the
effect of the above-mentioned covariates on the 1-year
composite endpoint of overall death, MI, stroke, and

rehospitalization for cardiovascular causes. It was not
attempted to include glycated hemoglobin on admission
because it was not measured in all participants, and assays
were not standard across laboratories. An independent
event adjudication committee adjudicated the clinical
events, and causes of death were adjudicated according to
standard definitions, as previously published.!?

Statistical Analysis

Continuous variables are described as means and standard
deviations, and frequencies and proportions are reported
for categorical variables. Chi-square or Fisher exact tests
were used for categorical variables and the Student #-test
for numerical variables. Multivariable Cox proportional
hazards regression was used to assess the potential con-
founding effect of major covariates on the association
between diabetic status, glycemia on admission, and the
primary and secondary endpoints studied. Participant char-
acteristics considered prognostically important based on
the available literature and all covariates identified in the
univariable analyses as being associated with follow-up
events were entered into the models. Variables for inclu-
sion were carefully chosen, given the number of follow-up
events, to ensure parsimony of the final models. Only
covariates available before or upon admission were consid-
ered as potential predictors. Before the analysis was per-
formed, the proportional hazards of the survival
probability curves were verified using a graphical check.
Given previous findings that the nature of the association
between high glucose levels and outcomes differs in indi-
viduals with and without diabetes mellitus,”'* ' partici-
pants were further classified into four groups: without
diabetes mellitus and normoglycemic, without known dia-
betes mellitus but with hyperglycemia on admission, with
a history of diabetes mellitus but without hyperglycemia,
with diabetes mellitus and hyperglycemia. A dummy vari-
able was created and entered in the analysis. Analyses
were also repeated by modeling glucose levels as a contin-
uous variable to assess 1-year primary and secondary end-
points in participants with and without recognized
diabetes mellitus. The effect of the interactions of the vari-
ables included in the regression model with age was evalu-
ated. The final model was adjusted for the participants
being enrolled in the trial or included in the registry.
Cumulative crude event rates were estimated for 1-year
mortality and reported separately in relation to hyperglyce-
mia on admission and diabetic status. The statistical analy-
sis was performed using SPSS software, version 19.0

(SPSS, Inc., Chicago, IL).

RESULTS

Six hundred forty-five participants were enrolled: 313 in
the randomized trial and 332 in the registry. Two hundred
thirty-one participants were defined as having diabetes
mellitus upon admission (35.9%), and 257 had hyperglyce-
mia (39.8%). Hyperglycemia was associated with known
diabetes mellitus in 171 participants (66% of participants
with high blood glucose on admission) but was also
observed in 86 (21%) participants without known diabetes
mellitus. Of the participants classified as having diabetes
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mellitus, 11% were on dietary treatment, 34% on insulin
therapy, and 55% on oral glucose-lowering medications.

Baseline characteristics of the participants subdivided
according to diabetic status and hyperglycemia upon
admission are described in Table 1. (Table S1 shows the
baseline characteristics according to the four mutually
exclusive categories of diabetes mellitus and glycemia sta-
tus.) Mean age and sex were similar in participants with
and without diabetes mellitus, whereas participants with
diabetes mellitus had a longer history of prior cardiovascu-
lar events, including MI, heart failure, and stroke; ejection
fraction and hemoglobin levels were lower in participants
with diabetes mellitus, whereas glycosylated hemoglobin
levels were higher. There were no differences related to
concomitant medications during hospitalization, proce-
dures performed, or drugs prescribed at discharge. Length
of hospital stay was significantly longer in participants
with diabetes mellitus (Table 2).

Hyperglycemia on admission was associated with
lower estimated glomerular filtration rate (eGFR) and
lower ejection fraction. Coronary angiography was slightly
less frequently performed and aspirin less often prescribed
at discharge in participants with hyperglycemia (Table 2).

Vital status at the end of follow-up was known for
98.3% of participants. Participants with diabetes mellitus
had nonsignificantly higher rates of in-hospital death
(6.1% vs 4.3%; hazard ratio (HR) = 1.4, 95% confidence
interval (CI) = 0.7-2.8; P = .37) and cardiac events (death,
MI, and stroke) (P = .24) (Figure S1A). At 1 year, mortal-
ity was significantly higher in participants with diabetes
mellitus (P = .03 logrank) (Figure 1A), whereas the aggre-
gate of death, MI, stroke, and repeated admission because
of cardiovascular events did not differ (P = .16) according
to diabetes status (Figure S1A). The adjudicated causes of
death within the follow-up period were cardiovascular in
81% of participants with diabetes mellitus and 87% of
those with no known diabetes mellitus.

Participants with hyperglycemia on admission had
nonsignificantly higher in-hospital mortality (5.4% vs
4.6%; HR =1.2; 95% CI=0.6-2.4; P =.64) and car-
diac events (P =.33) (Figure S1B). At 1 year, mortality
was significantly higher (P = .01 logrank) in participants
with  hyperglycemia (Figure 1B), whereas composite
events were nonsignificantly different (P = .10) (Figure
S1B). The causes of death within the follow-up period
were cardiovascular in 78% of the participants with

Table 1. Baseline Characteristics of the Study Population Stratified According to Diabetic Status and Glycemia on

Admission
Participants  Participants Participants
with without without
Diabetes Diabetes Participants with Hyperglycemia
Overall, Mellitus, Mellitus, Hyperglycemia at at Admission,
Characteristic N = 645 n =231 n=414 P-Value Admission, n = 257 n = 388 P-Value

Age, mean + SD 81.6 + 4.8 81.1 &+ 4.47 819 + 4.9 .02 81.7 + 4.7 81.6 + 4.8 .68
Male, n (%) 344 (53.3) 125 (54.1) 219 (52.9) .76 135 (52.5) 209 (53.9) 74
Estimated glomerular 48.5 + 19.5 474 + 211 491 + 18.6 .30 46.1 &+ 20.1 50.1 = 19.0 .01
filtration rate,

mean + SD?

Hypertension, n (%) 533 (82.7) 203 (87.7) 331 (79.9) .22 219 (85.4) 314 (80.9) .20
Atrial fibrillation, n (%) 87 (13.5) 38 (16.5) 49 (11.8) 10 41 (16.0) 46 (11.9) 13
Prior myocardial infarction, 200 (31.0) 89 (38.6) 111 (26.8) .03 89 (34.6) 111 (28.6) 15
n (%)

Prior heart failure, n (%) 62 (9.6) 31 (13.2) 31 (7.5) .09 26 (10.0) 36 (9.3) .69
Prior percutaneous 97 (15.0) 34 (14.9) 63 (15.1) .90 42 (16.2) 55 (14.2) .63
coronary intervention,
n (%)

Prior coronary artery 60 (9.3) 26 (11.4) 34 (8.2) .58 24 (9.2) 36 (9.3) .71
bypass grafting, n (%)

Prior stroke, n (%) 58 (9.0) 28 (12.1) 30 (7.2) .03 25 (9.7) 33 (8.5) .59
Elevated troponin levels, 483 (74.9) 168 (72.7) 315 (76.1) .34 192 (74.7) 291 (75.0) .93
n (%)
Electrocardiographic 506 (78.4) 188 (81.4) 318 (76.8) A7 209 (81.3) 297 (76.5) 15
ischemic changes, n (%)
Ejection fraction, 474 + 109 453 + 104 48.6 + 11.1 <.01 447 + 111 49.2 + 104 <.01
mean + SD
Glycosylated hemoglobin,% 57 +£26 6.6 + 2.8 50 + 21 .01 6.2 + 2.8 52 +£22 10
(mmol/mol), mean + SD®

Hemoglobin, mean 4 SD 129 + 1.8 12.6 + 2.1 131 £ 1.7 <.01 129 + 2.0 129 £ 1.7 97
Trial, n (%)

Invasive 154 (23.9) 55 (23.8) 99 (23.9) .92 66 (25.7) 88 (22.7) .62
Conservative 159 (24.7) 59 (25.5) 100 (24.2) 64 (24.9) 95 (24.5)

Registry 332 (51.5) 117 (50.6) 215 (51.9) 127 (49.4) 205 (52.8)

 Using the Cockroft-Gault formula.

SD = standard deviation.
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Figure 2. Cumulative incidence of mortality in the four mutu-
ally exclusive groups according to diabetic status and glucose
category on admission.

sex were independent predictors of the composite end-
point at 1-year follow-up.

DISCUSSION

Approximately 30% of individuals with NSTEACS admit-
ted to hospitals in Europe,'”"'® and in Italy,'” are classified
as having diabetes mellitus based on clinical history. In the
general population with NSTEACS, which has a mean age
of 67 in clinical trials and 70 to 73%° in clinical practice,
diabetes mellitus is a well-documented predictor of worse
outcome. High blood glucose concentration, a common
finding at admission in individuals across the spectrum of
acute MI, has also been shown to be associated with
greater mortality, especially in individuals without known
diabetes mellitus.* >*'** Hyperglycemia on admission has
been considered to be an acute stress response,”’ particu-
larly in ST-segment elevation myocardial infarction
(STEMI) with severe left ventricular dysfunction, but also
as an index of previously undetected diabetes mellitus.®
Whether the adverse prognostic effect of diabetic status
and hyperglycemia on admission holds true in elderly
adults with NSTEACS is uncertain because of the paucity
of age-specific data. Because of this uncertainty, the 2012
consensus document of the American Diabetes Association
on diabetes on older adults*® has recommended specific
research in hospitalized individuals.

The Italian Elderly ACS study has made the first
attempt to investigate treatment strategies in individuals
with NSTEACS aged 75 and older. Thirty-five percent of
the participants had diabetes mellitus, and as expected,
they had slightly worse baseline characteristics than partic-
ipants without diabetes mellitus; they more frequently had
a previous history of MI, heart failure, and stroke and had
a lower average ejection fraction and hemoglobin levels,
although mean glycated hemoglobin was only slightly
higher, and renal function was similar to that of partici-
pants without diabetes mellitus, probably reflecting a
“mild” diabetic status** or adequate care in participants

Table 3. Predictors of 1-Year Mortality: Univariable
and Multivariable Cox Regression Analysis

Hazard Ratio
(95% Confidence

Predictor Interval) P-Value

Univariable

Age (1-year increase)? 1.092 (1.055-1.130)  <.001
eGFR (10-point increase)? 0.718 (0.645-0.800)  <.001
Hemoglobin level (1-point increase)®  0.794 (0.722-0.873)  <.001
Ejection fraction (1-point increase)®  0.947 (0.932-0.963)  <.001
High troponin 2.258 (1.334-3.822) .002
Ischemic electrocardiographic 3.351 (1.753-6.404)  <.001

changes
Diabetes mellitus
Glycemia at admission (10-point

1.484 (1.035-2.126) .03
1.030 (1.008-1.052) .008

increase)?
Hyperglycemia at admission 1.565 (1.094-2.239) .01
No diabetes mellitus and 1

normoglycemic
Hyperglycemia without known
diabetes mellitus

Diabetes mellitus without
hyperglycemia

Diabetes mellitus with hyperglycemia 1.709 (1.113-2.625) .01
Multivariable with diabetes mellitus as covariate

Ejection fraction (1-point increase)®  0.951 (0.935-0.969)
Hemoglobin levels (1-point 0.848 (0.765-0.940) .002
increase)?

Age (1-year increase)?

1.887 (1.124-3.168) .02
1.844 (1.028-3.308) .04

1.060 (1.018-1.104) .004
eGFR (10-point increase)? 0.857 (0.751-0.976) .02
Diabetes mellitus 1.258 (0.850-1.861) 25

Multivariable with hyperglycemia as covariate
Ejection fraction (1-point increase)®  0.952 (0.935-0.969)
Hemoglobin levels (1-point 0.840 (0.759-0.929) .001
increase)?

Age (1-year increase)?
eGFR (10-point increase)?
Hyperglycemia

1.056 (1.015-1.099)  .007
0.858 (0.753-0.978) .02
1180 (0.799-1.746) .41

*Continuous variable.
eGFR = estimated glomerular filtration rate using the Cockroft-Gault
formula.

with known diabetes mellitus. Data were not collected on
the duration of diabetes mellitus, but the fact that only
34% of these participants were taking insulin seems to be
consistent with the hypothesis of mild or well-compensated
diabetes mellitus. Therefore, in this participant population,
participants with diabetes mellitus had a clinical syndrome
with prior cardiac involvement and residual damage but
mild metabolic and renal impairment. One-year mortality
was 47% higher than in participants without diabetes
mellitus, but the contribution of diabetic status per se to
the mortality model was nonsignificant, or at least it was
obscured by other powerful markers of long-standing ath-
erosclerosis, such as low ejection fraction and low eGFR.'®
One likely explanation might be that, in elderly adults
with NSTEACS, diabetes mellitus has been among the
causative factors of prior Mls and lower ejection fraction,
which in turn become the most powerful predictors of
mortality. The other side of the finding is that an octogen-
arian with NSTEACS and known diabetes mellitus but
normal ejection fraction and renal function should not nec-
essarily be considered at especially high risk of death at
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1 year. As shown by the similar rates of angiography in
individuals with and without diabetes mellitus, the study
investigators did not consider diabetic status to be a trigger
for taking or avoiding an invasive approach.

Several potential mechanisms have been hypothesized
to explain the relationship between hyperglycemia at
admission and prognosis in ACS, although a causal rela-
tionship could not be established. Hyperglycemia might be
considered to be a marker of oxidative and inflammatory
stress, although high glucose levels might have per se a
causal role, particularly inducing myocardial injury.® The
clinical and prognostic significance of hyperglycemia may
be different in STEMI and non-STEMI (NSTEMI). In indi-
viduals with STEMI undergoing primary angioplasty,
hyperglycemia has been shown to be a marker of extensive
myocardial injury in the infarcted territory,”’ which is the
hallmark of greater risk of major cardiovascular events at
follow-up. In elderly adults with NSTEMI, the preexisting
clinical burden, as described by left ventricular and renal
dysfunction, seems to play a major role in terms of pre-
dicting acute hyperglycemia and subsequent mortality.

The incidence of hyperglycemia on admission depends
on how hyperglycemic status is defined. The criterion for
hospitalized individuals of 140 mg/dL (7.8 mmol/L)
defined according to the 2013 American Diabetes Associa-
tion Standard of Medical Care criteria,"* was adopted
based on previous large studies on the effect of glucose lev-
els on mortality.*® Using this cutoff, a larger proportion
of hyperglycemic individuals was identified than in other
studies,”*! although with fewer critical conditions. The
retrospective analysis of the Cooperative Cardiovascular
Project in a large population of individuals with MI
(mostly STEMI) with a mean age of 76° established that
the effect of baseline hyperglycemia on 1-year mortality
was significant, and independent of covariates, only in
individuals without known diabetes mellitus, whereas only
severe levels of hyperglycemia affected individuals with
diabetes mellitus. The Improving Cardiovascular Outcomes
in Nova Scotia Investigators had similar findings,*'
whereas data from the Global Registry of Acute Coronary
Events (GRACE) suggests that hyperglycemia on admission
is associated with greater in-hospital mortality but not
with mortality at 6-month follow-up.”* No relationship
between admission glucose and 1-year mortality, regardless
of diabetic status, was observed in a large cohort of elderly
adults (mean age 79) hospitalized for heart failure.*

Low eGFR and low ejection fraction were the only
baseline variables significantly associated with hyperglyce-
mia in the current study population, and this characteristic
was associated with 1-year mortality in univariable analy-
sis but was not an independent predictor of death in multi-
variable analysis. Maybe because of these worse baseline
characteristics, individuals with hyperglycemia were less
likely to undergo coronary angiography, although the rates
of percutaneous coronary intervention and coronary artery
bypass graft did not differ between glycemic groups.

Overall, although the study was not designed to sup-
port any hypothesis about glycemic control in ACS, the
present data seem to suggest that intensive control of
hyperglycemia after a NSTEACS may offer little benefit, at
least in terms of mortality. Although two large interven-
tional studies confirmed that glucose level at admission

was a strong independent predictor of long-term mortality
in participants with type 2 diabetes mellitus and ACS,”?’
the same studies failed to prove that intensive glucose con-
trol in the acute phase provides any mortality benefit.”*3
Interventional data in elderly adults are lacking, and
because of this uncertainty, it is prudent to suggest moder-
ate, rather than aggressive, glucose control in elderly
adults with an ACS.”

The present study has limitations that may preclude
making extensive inferences. First, like any trial comparing
treatment strategies in NSTEACS, the Italian Elderly ACS
trial excluded individuals with severe acute ischemia
(deemed unsuitable for an initially conservative approach),
so the conclusions about the modest prognostic role of
hyperglycemia on admission may not apply to individuals
with acute hemodynamic instability. Nevertheless, although
the probability of acute hyperglycemia is higher in these
individuals, this information is unlikely to be useful in deci-
sion-making. Second, the small sample size may have made
the multivariable analysis underpowered, although the
proximity of the hazard ratio to unity for diabetic status and
hyperglycemia makes it unlikely that these variables have a
clinically relevant effect in the general population of elderly
adults with NSTEACS. Third, glucometrics other than
admission glucose, such as fasting glucose® or average gly-
cemia during the whole admission,”” which may be more
representative of the overall glycemic disturbance and has
been shown to have prognostic relevance were not collected,
although the results on hyperglycemia on admission are con-
cordant with those of GRACE in showing no effect of
admission glycemia on mortality,”* whereas high fasting
glycemia was predictive in that study.

In conclusion, there is a lack of data with regard to
the prognostic effect of diabetes mellitus in elderly adults
with NSTEACS. The results of the present study seem
to show that diabetes mellitus in elderly adults with
NSTEACS may have less of an effect on outcome than in
younger people. Preexisting myocardial and renal damage,
whether or not associated with diabetic status, are much
more powerful predictors of mortality in this study popu-
lation. In line with previous reports, the present study
show that hyperglycemia on admission is associated with
worse outcomes in elderly adults, although probably repre-
senting a marker of worse baseline characteristics rather
than as causative factor.

ACKNOWLEDGMENTS

Part of the data were presented at the Acute Cardiac Care
meeting of the European Society of Cardiology, Madrid,
Spain, October 12-14, 2013.

Conflict of Interest: None of the authors have any
conflict of interest to declare with regard to the present
paper.

The Italian Elderly ACS Study (NCT00510185) was
funded by the Italian Society for Interventional Cardio-
logy.

Author Contributions: Study concept and design:
Savonitto, De Servi. Analysis and interpretation of data:
Savonitto, Morici, Cavallini, De Servi. Drafting of the
manuscript: Savonitto, Morici. Critical revision of the
manuscript for important intellectual content: Cavallini,



JAGS 2014

DIABETES IN ELDERLY ACS PATIENTS 7

Antonicelli, Petronio, Murena, Olivari, Steffenino, Bone-
chi, Mafrici, Toso, Piscione, Bolognese. Statistical analysis:
Morici. Obtained funding: Savonitto, De Servi. Acquisition
of subjects and data: all of the authors were active investi-
gators in the Italian Elderly ACS study and participated in
participant recruitment and data acquisition. All authors
accept full responsibility for the study had full access to
the data, and take responsibility for the integrity of the
data and the accuracy of the analysis. The corresponding
author had the final responsibility to submit for publica-
tion.

Sponsor’s Role: The sponsor of the study did not have
any role in study design; data collection, analysis, or inter-
pretation; or writing of the report.

REFERENCES

1. Malmberg K, Yusuf S, Hetzel C et al. Impact of diabetes on long-term
prognosis in patients with unstable angina and non-Q-wave myocardial
infarction: Results of the OASIS Registry. Circulation 2000;102:1014-1019.

2. Donahoe SM, Stewart GC, McCabe CH et al. Diabetes and mortality fol-
lowing acute coronary syndromes. JAMA 2007;298:765-775.

3. Hasin T, Hochadel M, Gitt AK et al. Comparison of treatment and out-
come of acute coronary syndrome in patients with versus patients without
diabetes mellitus. Am J Cardiol 2009;103:772-778.

4. Deedwania P, Kosiborod M, Barrett E et al. Hyperglycemia and acute cor-
onary syndrome: A scientific statement from the American Heart Associa-
tion Diabetes Committee of the Council on Nutrition, Physical Activity,
and Metabolism. Circulation 2008;117:1610-1619.

5. Norhammar AM, Ryden L, Malmberg K. Admission plasma glucose. Inde-
pendent risk factor for long-term prognosis after myocardial infarction even
in nondiabetic patients. Diabetes Care 1999;22:1827-1831.

6. Capes SE, Hunt D, Malmberg K et al. Stress hyperglycaemia and increased
risk of death after myocardial infarction in patients with and without dia-
betes: A systematic overview. Lancet 2000;355:773-778.

7. The CREATE-ECLA Trial Group Investigators. Effect of glucose-insulin-
potassium infusion on mortality in patients with acute ST-segment eleva-
tion myocardial infarction: The CREATE-ECLA randomized controlled
trial. JAMA 2005;293:437-446.

8. De Caterina R, Madonna R, Sourij H et al. Glycaemic control in acute cor-
onary syndromes: Prognostic value and therapeutic options. Eur Heart J
2010;31:1557-1564.

9. Kosiborod M, Rathore SS, Inzucchi SE et al. Admission glucose and mor-
tality in elderly patients hospitalized with acute myocardial infarction:
Implications for patients with and without recognized diabetes. Circulation
2005;111:3078-3086.

10. Savonitto S, Cavallini C, Petronio AS et al. Early aggressive versus initially
conservative treatment in elderly patients with non-ST-segment elevation
acute coronary syndrome: A randomized controlled trial. JACC Cardiovasc
Interv 2012;9:906-916.

11. Savonitto S, De Servi S, Petronio AS et al. Early aggressive vs initially
conservative treatment in elderly patients with non-ST-elevation acute coro-
nary syndrome. The Italian Elderly-ACS Study. Design of the study. J Car-
diovasc Med 2008;9:217-226.

12. American Diabetes Association. Standards of medical care in diabetes—
2013. Diabetes Care 2013;36(Suppl 1):S11-S66.

13. Morici N, Savonitto S, Murena E et al. Causes of death in patients
>75 years of age with non ST-segment elevation acute coronary syndrome.
Am ] Cardiol 2013;112:1-7.

14. Stranders I, Diamant M, van Gelder RE et al. Admission blood glucose
level as risk indicator of death after myocardial infarction in patients with
and without diabetes mellitus. Arch Intern Med 2004;164:982-988.

15. Kosiborod M, Inzucchi SE, Krumholz HM et al. Glucometrics in patients
hospitalized with acute myocardial infarction: Defining the optimal out-
comes-based measure of risk. Circulation 2008;117:1018-1027.

16. Goyal A, Mahaffey KW, Garg J et al. Prognostic significance of the change
in glucose level in the first 24 h after acute myocardial infarction: Results
from the CARDINAL study. Eur Heart J 2006;27:1289-1297.

17. Bartnik M, Rydén L, Ferrari R et al. The prevalence of abnormal glucose
regulation in patients with coronary artery disease across Europe. The

Euro Heart Survey on diabetes and the heart. Eur Heart ] 2004;25:1880—
1890.

18. Mandelzweig L, Battler A, Boyko V et al. The second Euro Heart Survey
on acute coronary syndromes: Characteristics, treatment, and outcome of
patients with ACS in Europe and the Mediterranean Basin in 2004. Eur
Heart ] 2006;27:2285-2293.

19. Olivari Z, Steffenino G, Savonitto S et al. The management of acute myo-
cardial infarction in the cardiological intensive care units in Italy: The
‘BLITZ 4 Qualita’ campaign for performance measurement and quality
improvement. Eur Heart ] Acute Cardiovasc Care 2012;1:143-152.

20. McManus DD, Gore ], Yarzebski J et al. Recent trends in the incidence,
treatment, and outcomes of patients with STEMI and NSTEMI. Am J Med
2011;124:40-47.

21. Wahab NN, Cowden EA, Gardner MJ et al. Is blood glucose an indepen-
dent predictor of mortality in acute myocardial infarction in the thrombo-
lytic era? ] Am Coll Cardiol 2002;40:1748-1754.

22. Sinnaeve PR, Steg PG, Fox KA et al. Association of elevated fasting
glucose with increased short-term and 6-month mortality in ST-
segment elevation and non-ST-segment elevation acute coronary syn-
dromes: The Global Registry of Acute Coronary Events. Arch Intern
Med 2009;169:402-409.

23. Bartnik M, Malmberg K, Norhammar A et al. Newly detected abnormal
glucose tolerance: An important predictor of long-term outcome after myo-
cardial infarction. Eur Heart J 2004;25:1990-1997.

24. Kirkman M, Briscoe V], Clark N et al. Diabetes in older adults. Diabetes
Care 2012;35:2650-2664.

25. Eitel I, Hintze S, De Waha S et al. Prognostic impact of hyperglycemia in
nondiabetic and diabetic patients with ST-elevation myocardial infarction.
Insights from contrast-enhanced magnetic resonance imaging. Circ Cardio-
vsc Imaging 2013;5:708-718.

26. Kosiborod M, Inzucchi SE, Spertus JA et al. Elevated admission glucose
and mortality in elderly patients hospitalized with heart failure. Circulation
2009;119:1899-1907.

27. Malmberg K, Ryden L, Wedel H et al. Intense metabolic control by means
of insulin in patients with diabetes mellitus and acute myocardial infarction
(DIGAMI 2): Effects on mortality and morbidity. Eur Heart ]
2005;26:650-661.

28. Malmberg K. Prospective randomised study of intensive insulin treatment
on long term survival after acute myocardial infarction in patients with
diabetes mellitus. DIGAMI (Diabetes Mellitus, Insulin Glucose Infusion in
Acute Myocardial Infarction) Study Group. BMJ 1997;314:1512-1515.

29. Kosiborod M. Blood glucose and its prognostic implications in patients
hospitalised with acute myocardial infarction. Diab Vasc Dis Res
2008;5:269-275.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Figure S1. All-cause death and cardiovascular events
(composite endpoint of all-cause death, myocardial infarc-
tion, stroke and rehospitalization for cardiovascular
causes) occurring during index admission and within 1
year, subdivided by diabetic status (Figure S1A) and hyper-
glycemia upon admission (Figure S1B).

Table S1. Baseline characteristics of patients enrolled
in the trial and in the registry stratified according to Dia-
betic status and Hyperglycemia (four mutually exclusive
groups).

Table S2. Multivariable model including both “diabe-
tes” and “hyperglycemia” as covariates.
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