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Predictors of mortality in hospital
survivors with type 2 diabetes mellitus
and acute coronary syndromes

Stefano Savonitto', Nuccia Morici2, Anna Nozza3,

Francesco Cosentino?, Pasquale Perrone Filardi®,

Ernesto Murena®, Giorgio Morocutti’, Marco Ferrié,

Claudio Cavallini’, Marinus JC Eijkemans'?, Barbara E Stihli'',
lise C Schrieks'?, Tadashi Toyama'2, H) Lambers Heerspink!'3,
Klas Malmberg?, Gregory G Schwartz'4, A Michael Lincoff'3,
Lars Ryden4, Jean Claude Tardif*!' and Diederick E Grobbee'®

Abstract

Aim: To define the predictors of long-term mortality in patients with type 2 diabetes mellitus and recent acute coronary
syndrome.

Methods and results: A total of 7226 patients from a randomized trial, testing the effect on cardiovascular outcomes
of the dual peroxisome proliferator—activated receptor agonist aleglitazar in patients with type 2 diabetes mellitus and
recent acute coronary syndrome (AleCardio trial), were analysed. Median follow-up was 2years. The independent
mortality predictors were defined using Cox regression analysis. The predictive information provided by each variable
was calculated as percent of total chi-square of the model. All-cause mortality was 4.0%, with cardiovascular death
contributing for 73% of mortality. The mortality prediction model included N-terminal proB-type natriuretic peptide
(adjusted hazard ratio = 1.68; 95% confidence interval = 1.51-1.88; 27% of prediction), lack of coronary revascularization
(hazard ratio=2.28; 95% confidence interval=1.77-2.93; 18% of prediction), age (hazard ratio=1.04; 95% confidence
interval =1.02-1.05; 15% of prediction), heart rate (hazard ratio=1.02; 95% confidence interval=1.01-1.03; 10%

of prediction), glycated haemoglobin (hazard ratio=1.11; 95% confidence interval=1.03—1.19; 8% of prediction),
haemoglobin (hazard ratio=1.01; 95% confidence interval = 1.00—1.02; 8% of prediction), prior coronary artery bypass
(hazard ratio=1.61; 95% confidence interval=1.11-2.32; 7% of prediction) and prior myocardial infarction (hazard

ratio = 1.40; 95% confidence interval = 1.05—1.87; 6% of prediction).
Conclusion: In patients with type 2 diabetes mellitus and recent acute coronary syndrome, mortality prediction is
largely dominated by markers of cardiac, rather than metabolic, dysfunction.
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Introduction

Patients with type 2 diabetes mellitus represent about
one-third of patients presenting with acute coronary
syndromes (ACS).!~* They are at higher risk of adverse
events and mortality®> and should, per practice guide-
lines,'* receive specific care in terms of revasculariza-
tion and drug therapy. In the first few years after an ACS,
cardiovascular events represent 70% of all causes of
death®’ as compared to 40% in the general population,®
in outpatients with diabetes,’ or cardiovascular risk fac-
tors and impaired glucose tolerance!? and patients hospi-
talized for other reasons.!'-!3 Understanding the clinical
and laboratory determinants of mortality in this critical
time may have important implications for the develop-
ment of treatment modalities and intensity of follow-
up. The objective of this study was to define the
predictors of all-cause as well as cardiovascular mor-
tality from a large randomized clinical trial enrolling
hospital survivors with type 2 diabetes mellitus and an
ACS.

Methods

Study design and patients

The AleCardio (Effect of Aleglitazar on Cardiovascular
Outcomes After Acute Coronary Syndrome in Patients
With Type 2 Diabetes Mellitus) study was a randomized,
double-blind, placebo controlled, multicentre trial
(NCT01042769) testing the safety and efficacy of the dual
peroxisome proliferator—activated receptor (PPARs) ago-
nist aleglitazar, added to standard medical therapy, in
reducing the risk of cardiovascular mortality and morbid-
ity in patients with type 2 diabetes mellitus and a recent
ACS event. A detailed description of the study design and
results has been published elsewhere.!* In brief, the trial
enrolled 7226 patients at 720 sites in 26 countries between
February 2010 and May 2012. Patients were randomized
at hospital discharge (or after a screening period of
<12 weeks) from an ACS event, to allow stabilization of
their clinical condition, completion of planned revascu-
larization procedures and determination of steady-state
renal function. Patients could have either established or
newly diagnosed type 2 diabetes mellitus. Exclusion crite-
ria included symptomatic heart failure, hospitalization
due to heart failure within the previous 12 months, severe
peripheral oedema, chronic kidney disease (estimated
glomerular filtration rate of <45 mL/min/1.73 m?) or fast-
ing triglyceride level higher than 400 mg/dL. All labora-
tory examinations were performed in a central corelab
(Covance Central Laboratory Services, Geneva). The
study followed the Declaration of Helsinki. The Ethics
Committee of all the centres involved approved the
research protocol, and an informed consent was obtained
from each patient.

Outcomes

The primary outcome for this analysis was all-cause mor-
tality assessed over a median follow-up of 2years. The
secondary outcome was cardiovascular mortality defined
as sudden death, or death due to acute myocardial infarc-
tion, heart failure, stroke and death due to other fully docu-
mented cardiovascular causes not included into above
categories (e.g. dysrhythmia, pulmonary embolism or
other cardiovascular event). There were 224 patients lost
to follow-up in the overall cohort (3.1%), whereas an addi-
tional 228 (3.2%) withdrew consent. However, all the
7226 patients initially randomized were included in the
present analysis.

Statistical analysis

Based on the overall trial results, assigned treatment with
either aleglitazar or placebo had no effect on mortality.
Therefore, the present analysis comprised the overall popu-
lation of 7226 patients, irrespective of treatment assign-
ment. The prognostic model was developed using a Cox
proportional hazards model stratified by ACS index event
(myocardial infarction vs unstable angina). The time-to-
event analysis was the time elapsed between randomization
and occurrence of the event of interest (death), loss to fol-
low-up or the premature end date of the trial. The reverse
Kaplan—Meier method was used to estimate the potential
follow-up time.!> Furthermore, the smoothed hazard esti-
mate was checked to evaluate the course of death risk dur-
ing the overall time frame. Based on specific literature, we
identified a priori 31 candidate variables for prediction
(demographic factors, traditional cardiovascular risk fac-
tors, comorbidities, laboratory measures and revasculariza-
tion for the index ACS event). These variables were age,
sex, body weight, smoking, race (Asian vs non-Asian), type
2 diabetes duration, medical history (prior myocardial
infarction, prior coronary artery bypass graft surgery, his-
tory of congestive heart failure, prior stroke and peripheral
vascular disease), heart rate and systolic blood pressure at
randomization, any coronary revascularization during
index admission, left ventricle ejection fraction (LVEF)
during index admission, laboratory examinations at rand-
omization [glycated haemoglobin (HbA,,), high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, serum triglycerides, N-terminal proB-
type natriuretic peptide (NT-proBNP), haemoglobin, esti-
mated glomerular filtration rate using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula,
serum fibrinogen and urine albumin-to-creatinine ratio
(UACR)], anti-hyperglycaemic medications (sulfonylu-
reas, insulin and biguanides) and cardiovascular medica-
tions at randomization (dual antiplatelet therapy, triple
antithrombotic therapy, statins and beta-blockers). The
functional form (linear vs nonlinear relations with mortal-
ity) was checked for all continuous variables. The test
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based on Schoenfeld residuals (phtest in Stata) was used to
check the proportional hazard assumption. Collinearity was
checked and excluded. A final parsimonious model was
developed considering covariates readily available in com-
mon clinical practice. Meaningful statistical interactions
were explored in the multivariable model. Model-adjusted
hazard ratios (HRs) were derived along with 95% confi-
dence intervals (Cls). Global measure of model perfor-
mance!¢ was computed in terms of customary between
prediction and actual outcome (Royston explained varia-
tion with Cls provided using a built-in bootstrap proce-
dure), global fit [Bayesian information criterion (BIC) and
Akaike’s information criterion (AIC)] and discrimination
(Harrel’s C statistics and Somers’ D coefficient).
Furthermore, a post-estimation analysis was performed to
evaluate the model with respect to calibration (that defines
the ‘reliability’ of the model, referring to the agreement of
predicted and observed predictions). The calibration assess-
ment was provided throughout the prognostic index (PI)
from the Cox model.!” It provides only a rank ordering of
risk, from which risk groups are created and corresponding
survival probabilities are estimated by the Kaplan—Meier
method. Indeed, it facilitates the comparison of actual sur-
vival probabilities with model-based estimates, without
requiring any categorization of continuous variables. To
ensure numerical stability, we centre the PI by subtracting
its mean. Three prognostic groups from the 25th and 75th
centiles of the PI were derived. The smoothed baseline log
cumulative-hazard function and the mean survival proba-
bilities were computed and a final graphical check of
observed with predicted survival was performed. All dis-
crimination and calibration measures were internally vali-
dated and corrected for optimism using internal bootstrap
resampling (1.000 bootstrap samples). LVEF evaluation
was not protocol-specified in the AleCardio trial. Therefore,
it was not measured systematically and missing values
were commonly reported, achieving 50% complete data. In
view of this and of the inverse linear association existing
between NT-proBNP and LVEEF, it was not deemed appro-
priate to adjust for this last variable in the primary analysis.
However, due to its prognostic importance after an ACS, it
was considered in a sensitivity analysis, after performing a
multiple imputation procedure based on the chained equa-
tions approaches.'$1° A p<<0.05 was considered statisti-
cally significant. All analyses were performed using a
commercially available statistical package STATA/SE 14
(StataCorp LP, College Station, TX). The analyses were
done in accordance with the TRIPOD statement.??

Results

All-cause and cardiovascular mortality

The median duration of follow-up was 2 (interquartile
range (IQR)=1.56-2.46) years. At the end of the follow-
up, there were 286 deaths (4.0%), of which 210 (73.4%)

were from cardiovascular causes, corresponding to an inci-
dence rate (events/100 person-years) of 2.0 (95% CI=1.8—
2.2). The baseline characteristics of the patients, stratified
per follow-up vital status, are reported in Table 1.

Multivariable predictive model for all-cause and
cardiovascular mortality

Table 2 shows the multivariable predictive model for all-
cause mortality, which simultaneously uses all eight risk
variables based on the most discriminative power. The mul-
tivariable prediction model included NT-proBNP (adjusted
HR for the natural log-transformed values=1.68; 95%
CI=1.51-1.88), lack of coronary revascularization
(HR=2.28; 95% CI=1.77-2.93), age (lyear increase:
HR=1.04; 95% CI=1.02-1.05), heart rate (1 point
increase: HR=1.02; 95% CI=1.01-1.03), HbA,, (1%
increase: HR=1.11; 95% CI=1.03-1.19), haemoglobin (1 g/
dL decrease: HR=1.01; 95% CI=1.00-1.02), prior coronary
artery bypass (HR=1.61; 95% CI=1.11-2.32) and prior
myocardial infarction (HR=1.40; 95% CI=1.05-1.87). The
same model was tested with cardiovascular death as interest
outcome and achieved consistent results (Table 3).

Predictive information of each variable

The predictive information provided by each variable was
calculated as percent of total chi-square of the model.
NT-proBNP was the most powerful covariate contributing
with 27% and 30% of, respectively, the all-cause and car-
diovascular (CV) mortality predictions. Lack of revascu-
larization in the acute phase predicted 18% of all-cause and
20% of CV death. Older age predicted 15% of all-cause and
10% of CV death. Heart rate predicted 10% and 9%, respec-
tively. Higher HbA . and lower haemoglobin provided an
additional 8% of mortality prediction (both all-cause and
CV), whereas history of CV disease (prior bypass surgery
and/orMI) 13% and 14%, respectively. The informative
value of each independent predictor, for both all-cause
mortality and cardiovascular mortality, is graphically repre-
sented in Figure 1. The final model showed a good global
performance. The shrinkage coefficient was 0.97, the
Harrell’s C statistics 0.78, the AIC 4196 and BIC 4251,
respectively. The predicted versus observed mortality rates,
calculated throughout the predictive index, were well
matched suggesting a good fit of the developed model.
Figure 2 shows the calibration plot between the predicted
and observed probabilities. There was a good agreement
between the observed and predicted survival probabilities;
however, potential underestimation of risk in patients with
a higher observed mortality risk was seen. As reported in
Supplementary Appendix Table 1, the sensitivity analysis
for all-cause mortality including LVEF using multiple
imputation showed a prevalent prognostic role of general
mortality predictors (HR for 1 year increase of age: 1.05;
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Table 1. Baseline characteristics in survivors and non-survivors.
Characteristics All patients (n=7226) Alive (n=6940) Dead (n=286) p-value
Age, years
Mean (range) 60 (54-67) 60 (53-67) 65 (59-72) <0.001*
65-74 1808 (25.0) 1710 (24.6) 98 (34.3)
>75 581 (8.0) 529 (7.6) 52 (18.2)
Gender
Male 5260 (72.8) 5075 (73.1) 185 (64.7) 0.002
Race
White 4818 (66.6) 4622 (66.6) 196 (68.5) 0.444
Asian 1884 (26.0) 1815 (26.1) 69 (24.1)
Geographic region
Europe 2551 (35.3) 2456 (35.4) 94 (33.2) 0.272
North America 2008 (27.8) 1931 (27.8) 77 (26.9)
Asia/Pacific 1970 (27.2) 1895 (27.3) 75 (26.2)
Latin America 689 (9.5) 651 (9.4) 38 (13.3)
Anthropometrics, median (IQR)
Weight, kg 81.0 (70.0-94.0) 81.0 (70.0-94.0) 75.0 (63.6-87.2) <0.001
BMI, kg/m? 28.6 (25.6-32.3) 28.6 (25.6-32.3) 27.9 (24.2-32.3) 0.007
Waist circumference, cm 101 (93-110) 101 (93-110) 99 (90-110) 0.042
Hip circumferences, cm 104 (97-111) 104 (97-111) 103 (96—110) 0.257
Diabetes mellitus
Newly diagnosed 746 (10.3) 732 (10.5) 14 (4.9) 0.002
Medical history
Systolic hypertension 5629 (77.9) 5393 (77.7) 236 (82.5) 0.055
Dyslipidemia 4573 (63.3) 4399 (63.4) 174 (60.8) 0.379
Smoking (current) 1484 (20.5) 1439 (20.7) 45 (15.8) 0.042
Myocardial infarction 1649 (22.8) 1550 (22.3) 99 (34.6) <0.001
Congestive heart failure 759 (10.5) 706 (10.2) 53 (18.5) <0.001
Stroke 397 (5.5) 372 (5.4) 25 (8.7) 0.014
Coronary bypass surgery 523 (7.2) 478 (6.9) 45 (15.7) <0.001
Percutaneous coronary intervention 1366 (18.9) 1314 (18.9) 52 (18.2) 0.749
Peripheral vascular disease 681 (9.4) 626 (9.0) 55 (19.2) <0.001
Index acute coronary syndrome event
STEMI 2835 (39.2) 2733 (39.4) 102 (35.7) 0.051
NSTEMI 2643 (36.5) 2519 (36.3) 124 (43.4)
Unstable angina 1746 (24.1) 1686 (24.3) 60 (21.0)
Vital signs at randomization
Systolic blood pressure 128 (17.5) 128 (17.3) 130 (20.8) 0.004
Heart rate 70 (11.0) 70.5 (10.9) 73 (12.7) <0.001
Coronary revascularization during index hospitalization
Percutaneous coronary intervention 5228 (72.4) 5069 (73.0) 159 (55.6) <0.001
Coronary artery bypass graft surgery 387 (5.3) 379 (5.5) 8 (2.8) 0.050
LVEF during index hospitalization
Ejection fraction, mean (SD) 52.5 (10.6) 52 (10.8) 49 (12.1) <0.001
Laboratory values at randomization
Serum creatinine, mg/dL 0.97 (0.27) 0.97 (0.25) 1.1 (0.51) <0.001
HDL cholesterol, mg/dL 41.7 (10.8) 41.8 (10.7) 43.6 (12.7) 0.006
LDL cholesterol, mg/dL 79.1 (30.5) 79.1 (30.8) 80.7 (31.5) 0.393
Serum triglycerides, mg/dL 153.1 (97.3) 153.3 (95.3) 149.7 (95.1) 0.538
Blood haemoglobin, g/L 136.9 (150.3) 137.2 (149) 130.1 (153) <0.001
Platelets (109/L) 254 (88.9) 268.0 (88.9) 267.8 (90.2) 0.969
FPG, median (IQR), mg/dL 135 (112-171) 135 (112-171) 133 (107-183) 0.609
Glycated haemoglobin, % 7.8 (1.6) 7.8 (1.6) 8.0 (1.8) 0.187

(Continued)
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Table I. (Continued)

Characteristics All patients (n=7226) Alive (n=6940) Dead (n=286) p-value
eGFR, median (IQR), mL/min/1.73 m?
eGFR, MDRD 76.9 (63.9-90.5) 77.4 (64.3-90.8) 67.3 (52.6-80.1) <0.001
eGFR, EPI 82.5 (67.2-95.5) 83.2 (67.8-95.6) 71.1 (53.2-86.5) <0.001
eGFR, mL/min/1.73 m2
>90 1839 (25.5) 1796 (25.9) 43 (15.0) <0.001
60-90 3881 (53.7) 3744 (53.9) 137 (47.9)
45-60 1072 (14.8) 1007 (14.5) 65 (22.7)
<45 307 (4.2) 269 (3.9) 38 (13.3)
UACR, median (IQR), py/mg 12.1 (6.3-37.1) 11.7 (6.3-35.4) 21.4 (9.4-92.4) <0.001

NT-proBNP, median (IQR), pg/mL 380 (143-938)
Anti-hyperglycaemic medications at randomization

Sulfonylureas 2472 (34.2)
Insulin 2101 (29.0)
Biguanides 4793 (66.3)
Cardiovascular medications at randomization
Aspirin 6896 (95.4)
Adenosine diphosphate inhibitors 6367 (88.1)
Triple therapy 263 (3.6)
Statins 6689 (92.5)
Diuretics 2276 (31.5)
B-Blockers 6043 (83.6)
Renin—angiotensin system blockers 5951 (82.3)
Diabetic retinopathy at index admission 379 (5.2)

364 (138-890) 1123 (489-2398) <0.001

2378 (34.3) 94 (32.9) 0.625
1994 (28.7) 107 (37.4) 0.002
4622 (66.6) 171 (59.8) 0017
6625 (95.5) 271 (94.8) 0.575
6120 (88.2) 247 (86.4) 0.351

246 (3.5) 17 (5.9) 0.034
6433 (92.7) 256 (89.5) 0.044
2132 (30.7) 144 (50.3) <0.001
5826 (83.9) 217 (75.9) <0.001
5719 (82.4) 232 (81.1) 0576

356 (5.1) 23 (8.0) 0.030

BMI: body mass index; eGFR: estimated glomerular filtration rate; HDL: high-density lipoprotein; FPG: fasting plasma glucose; IQR: interquartile range; LDL:
low-density lipoprotein; LVEF: left ventricle ejection fraction; MDRD: modification of diet in renal disease; NSTEMI: non-ST segment elevation myocardial in-
farction; NT-proBNP: N-terminal pro-brain natriuretic peptide; STEMI: ST segment elevation myocardial infarction; UACR: urine albumin-to-creatinine ratio.

Values are n (%) or mean = SD, unless otherwise stated.
*p-value is for comparison of the means.

Table 2. Independent predictors of all-cause mortality.

Variable z Model coefficient HR (95% ClI) p-value
NT-proBNP? 9.30 0.52 1.68 (1.51-1.88) <0.001
Coronary revascularization (no vs yes) 6.39 0.82 2.28 (1.77-2.93) <0.001
Age (per | year increase) 523 0.04 1.04 (1.02—-1.05) <0.001
Heart rate at randomization (per | bpm increase) 3.30 0.02 1.02 (1.01-1.03) 0.001
HbA . (per 1% increase) 2.89 0.11 I.11 (1.03-1.19) 0.004
Hb at randomization (per | g/L decrease) 2.77 0.01 1.01 (1.00-1.02) 0.006
Prior coronary bypass surgery (yes vs no) 2.54 0.47 1.6l (1.11-2.32) 0.011
Prior myocardial infarction (yes vs no) 231 0.33 1.40 (1.05-1.87) 0.021

NT-proBNP: N-terminal pro-brain natriuretic peptide; Hb: haemoglobin; HR: hazard ratio; Cl: confidence interval.

2HR for log-transformed variable.

95% CI=1.03-1.06), lack of coronary revascularization
(HR=2.28; 95% CI=1.79-2.90), comorbidities (HR per
1g/L decrease haemoglobin: 1.02; 95% CI=1.01-1.03),
cardiac and vascular damage (HR for 1 point increase heart
rate 1.02, 95% CI=1.01-1.03; HR for 1 point decrease of
LVEF: 1.03; 95% CI=1.01-1.04), metabolic status (HR for
1 point increase of HbA ., =1.12; 95% CI=1.04-1.20) and
cardiovascular history (for prior CABG and myocardial
infarction: HR=1.60; 95% CI=1.12-2.27 and HR=1.27,
95% CI=0.97-1.69, respectively). The sensitivity analysis

focused on cardiovascular mortality (Supplementary
Appendix Table 2) showed a more prevalent role of lack of
effective treatment and cardiovascular damage as prognos-
tic factors.

Discussion

Diabetes mellitus and coronary artery disease are powerful
predictors of mortality, since most patients with diabetes
will die of heart disease,?! and diabetes is an independent
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Table 3. Independent predictors of cardiovascular mortality.

Variable z Model coefficient HR (95% Cl) p-value
NT-proBNP? 9.22 0.60 1.83 (1.61-2.10) <0.001
Coronary revascularization (no vs yes) 6.26 0.93 2.54 (1.89-3.40) <0.001
Age (per | year increase) 3.18 0.02 1.03 (1.01-1.04) 0.001
Heart rate at randomization (per | point) 2.87 0.02 1.02 (1.01-1.03) 0.004
HbA . (per | % increase) 2.69 0.11 1.12 (1.03-1.22) 0.007
Prior coronary bypass surgery (yes vs no) 2.63 0.56 1.76 (1.15-2.67) 0.009
Prior myocardial infarction (yes versus no) 2.27 0.38 1.47 (1.05-2.04) 0.023
Hb at randomization (per | g/L decrease) 2.06 0.0l 1.01 (1.00-1.02) 0.039

NT-proBNP: N-terminal pro-brain natriuretic peptide; Hb: haemoglobin; HR: hazard ratio; Cl: confidence interval.

2HR for log-transformed variable.

ALL-CAUSE
MORTALITY

B NT-proBNP
B heart rate
M age

B no revasc
H HbAlc

m Hb

I prior CABG

M prior Ml

CARDIOVASCULAR
MORTALITY

10%

Figure |. Graphical description of each independent predictor according its informative value for all-cause and cardiovascular
mortality calculated as percent of total chi-square of the Cox regression model. Both all-cause mortality and cardiovascular
mortality predictions are largely dominated by variables indicative of cardiac damage, whereas variables indicative of metabolic

control contribute less.

CABG: coronary artery bypass graft surgery; Hb:haemoglobin; HbA, : glycated haemoglobin; Ml: myocardial infarction; No revasc:lack of coronary
revascularization during index ACS; NT-proBNP: N-terminal proB-type natriuretic peptide.

predictor of mortality among ACS patients??> as well as
among those undergoing revascularization.?

Taking advantage of the study population of a large,
prospective, randomized trial among patients with type 2
diabetes mellitus stabilized after an ACS, we identified
eight independent predictors of all-cause mortality at a
median follow-up of 2 years. These variables were identi-
fied a priori and confirmed at univariate analysis of 31
candidate variables selected from a thorough analysis of
the specific literature regarding ACS and diabetes and
after multiple comparisons of alternative models to maxi-
mize the discriminative power of the final set of variables.
The eight variables included in the final model represent a

logical summary of the most powerful mortality predic-
tors in patients with diabetes and recent ACS. Since car-
diovascular mortality accounted for more than 70% of
all-cause mortality, it is not surprising that the rankings of
total and cardiovascular mortality predictors are almost
superimposable.

The identified model clearly shows that mortality is
largely dominated by heart failure and lack of revasculari-
zation for the index ACS event. Age per se is a powerful
mortality predictor across the wide spectrum of ACS and is
included in every prognostication model. However, with
regard to mortality, age was less powerful than the patient’s
burden of cardiovascular disease mirrored by variables
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Figure 2. Calibration of the Cox model in the dataset.
Smooth lines represent predicted survival probabilities,

and scatter plots denote Kaplan—Meier estimates with 95%
confidence intervals. Three prognosis groups are plotted.
There was a good agreement between the observed and
predicted survival probabilities in the groups with lower
(darkest line) and intermediate (medium-dark line) observed
mortality. However, potential underestimation of risk in
patients with a higher observed mortality was seen.

such as NT-proBNP and heart rate, and longstanding
ischaemic heart disease (prior myocardial infarction and
coronary artery bypass grafting).

NT-proBNP turned out to be the most powerful mortal-
ity predictor, and it is recommended by current guidelines
for the initial diagnosis of heart failure, especially in the
non-acute setting,>* as it was the case in the present patient
population. In the AleCardio study, NT-proBNP was sys-
tematically measured in the study corelab, whereas the
determination of LVEF was not mandatory and, actually, it
was available in about 50% of the patients. In a sensitivity
analysis after multiple imputation for the missing values,
LVEF was identified as almost as powerful as NT-proBNP
and these two indexes of left ventricular dysfunction are
tightly correlated and both highly predictive of adverse
outcomes.

High heart rate upon ACS admission is an intrinsic
component in the definition of haemodynamic instability
and cardiogenic shock. It is among the most powerful pre-
dictors of mortality across the spectrum of ACS,?526 and
thus, a key component of the widely used risk scores for
ACS.27:28 An important finding of this study is that also in
the post-acute phase, tachycardia keeps its important prog-
nostic value in terms of long-term mortality. This might be
due to persisting sympathetic activation or difficult titra-
tion of beta blocker therapy due to hypotension, being in
both cases a marker of heart failure.

Prior coronary artery bypass grafting and prior myocar-
dial infarction are clearly associated with long-standing
and advanced vascular disease and have been shown to
predict worse outcomes.?? It is a common clinical observa-
tion that even severe left ventricular dysfunction may not
be associated with severe vascular disease, and vice versa.
However, when significant cardiac and vascular damage
are both present in a patient with diabetes and ACS, they
add their independent and powerful prognostic value with
regard to mortality.

Low haemoglobin also turned out to be among the
most important mortality predictors in the AleCardio
study population. Anaemia has been associated with
older age and renal dysfunction, and is a recognized pre-
dictor of mortality in ACS.?® However, the fact that in
this large study population anaemia emerges as an inde-
pendent predictor of mortality confirms and extends prior
observations in smaller studies in elderly ACS patients’
in which the correlation between haemoglobin, age and
renal function was only weak, and rather limited to the
acute ACS phase.’? Higher levels of HbA,, also emerged
as an independent mortality predictor and have been
associated with an increased risk of cardiovascular com-
plications.?132 It should be noted, however, that the
informative value of glycaemic dysfunction with regard
to mortality in the AleCardio study population is far less
important as compared to the value of variables repre-
sentative of end-organ damage and revascularization.
These data are in keeping with the observation that a
drug, such as empagliflozin, with only a modest effect on
HbA,_, but favourable effects on renal function®? and,
perhaps, myocardial metabolism,** has been shown to
provide a striking protective effect with regard to cardio-
vascular mortality and heart failure.?s

Finally, lack of coronary revascularization during
index ACS admission was the second most powerful mor-
tality predictor after NT-proBNP, with more than doubling
of the mortality risk. The poor outcome of ACS patients
treated medically without revascularization has been
shown in clinical trials and registries?637 and may reflect a
higher risk profile, lack of significant lesions or lesions
not suitable for revascularization, or under-treatment,
although the current analysis is prognostic and not etio-
logic, where confounding by indication may play a role.38
In the AleCardio study, almost 78% of the study popula-
tion underwent either percutaneous coronary intervention
(72%) or coronary artery bypass graft surgery (5%),
reflecting guideline recommendations and current prac-
tice in experienced centres, such as those taking part in a
phase-III randomized trial of drug development. Despite
clear evidence that bypass surgery should be the preferred
revascularization modality among patients with diabe-
tes,3? percutaneous coronary intervention is prominent
among ACS patients, particularly in the case of ST seg-
ment elevation myocardial infarction (STEMI).
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Study limitations

Our study has limitations that may affect generalizability of
the results to everyday practice. Overall mortality was low,
perhaps reflecting the relatively young age of the study
population, with only 8% of patients being older than
75years, and the exclusion of patients with severe renal
dysfunction and heart failure within the previous 12 months.
However, this latter feature of the AleCardio population
further increases the prognostic impact of indices of left
ventricular and vascular dysfunction found in this study.

As in the case of the widely used and guideline-recom-
mended GRACE risk score,?® we performed an internal
validation of our predictive model. Even if an external vali-
dation is advocated to determine generalizability to other
plausibly related settings,*° in the case of a specific patient
population, such as that with diabetes and recent ACS, it
would be disputable to validate a score generated from a
randomized trial in a population derived from another ran-
domized trial. External validation should be better per-
formed in a registry population with long-term follow-up,
which is not common in clinical practice. Finally, our pre-
diction model does not include all the potential independent
predictors of all-cause mortality, but was specifically devel-
oped to be parsimonious and to include only variables read-
ily available in current clinical practice.

Conclusion

A meaningful and parsimonious set of clinical and labora-
tory variables may assist clinicians in risk stratification of
patients with diabetes discharged after an ACS. Besides
patient age, these variables represent the burden of cardio-
vascular and other end-organ damage associated to diabe-
tes mellitus. The variables entered in the model are readily
available in the common clinical setting and will allow
better management of these high-risk patients during their
follow-up.
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