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Aims: Chronic hyperglycemia, assessed by elevated glycated hemoglobin (A1C), is a known risk
factor for heart failure (HF) and cardiovascular (CV) death among subjects with diabetes. Whether
this risk varies with left ventricular ejection fraction (LVEF) is unknown. This study evaluated
whether A1C influences a composite outcome of either HF hospitalization or CV death differently

along the spectrum of LVEF.

Methods and Results: We assessed the relationships of baseline A1C and LVEF with a composite
outcome of either CV death or HF hospitalization in the 4091 patients with type 2 diabetes and a
recent acute coronary syndrome enrolled in the ELIXA trial who had available LVEF. We assessed
for interaction between A1C and LVEF as continuous variables with respect to this outcome.
During a median follow-up of 25.7 months, 343 patients (8.4%) had HF hospitalization or died of
CV causes. In a multivariable model, A1C and LVEF were each associated with an increased risk
of HF hospitalization or CV death (adjusted HR=1.11[95% CI 1.01-1.21] per 1% higher A1C and
adjusted HR=1.39[95% CI 1.27-1.51] per 10% lower in LVEF). Both A1C and LVEF were
independently and incrementally associated with risk without evidence of interaction (p for
interaction=0.31). Patients with A1C>8% and LVEF<40% were at 3-fold higher risk than those

with A1C<7% and LVEF>50% (adjusted HR=3.18[95% CI 2.03-4.98], p<0.001).

Conclusion: In a contemporary cohort of patients with type 2 diabetes and acute coronary
syndrome, baseline chronic hyperglycemia was associated with an increased risk of HF

hospitalization or CV death independently of LVEF.

Key Words: Hyperglycemia, Ejection fraction, Cardiovascular outcomes, Diabetes, Acute

coronary syndrome



Introduction

Patients with diabetes are at increased risk for heart failure (HF) and other adverse cardiovascular
(CV) outcomes compared with the general population.!>** Diabetes is an independent predictor
of CV morbidity and mortality in patients following myocardial infarction.>>%-7 Glycated
hemoglobin (A1C) levels have been shown to relate to the risk of HF and other CV events.®%-1°
Multiple mechanisms have been proposed for the increased CV risk, including abnormal cardiac
structure and function, neuroendocrine dysregulation, and impaired cellular metabolism. !!
Hyperglycemia can also affect endothelial function, inflammation and accelerate progression of

atherosclerosis.!>!13 1415

Left ventricular ejection fraction (LVEF) provides important prognostic information in patients
with myocardial infarction.!®!” Assessment of LVEF after acute coronary syndrome has both
prognostic and therapeutic implications. While the risk of HF or CV death is significantly higher
in patients with diabetes compared to patients without diabetes across LVEF range, the effects of
diabetes on CV events differs by LVEF. Prior study showed the risk of HF hospitalization or CV
death associated with diabetes can be significantly modified by LVEF in a broad range of patients
with symptomatic HF.!® The decrease in risk of HF hospitalization or death associated with higher
LVEF was significantly attenuated by diabetes in a high risk patients after myocardial infarction. '
While diabetes confers a higher risk of sudden cardiac death (SCD) as well as non-SCD in this
population, the associations with diabetes and impaired kidney function increased with higher
LVEF especially for non-SCD.?° However, whether glycemic control, measured by A1C,
influences outcomes differently along the spectrum of LVEF is not well characterized. Given the
association of higher A1C with worse LV diastolic parameters and impairment of LV systolic

function determined by global longitudinal strain, the impact of A1C on CV events might be



different across LVEF ranges.?! In this study, we evaluated the association between chronic
hyperglycemia assessed by A1C and LVEF with a composite outcome of either HF hospitalization
or CV death in the 4091 patients with type 2 diabetes and a recent acute coronary syndrome

enrolled in the Evaluation of Lixisenatide in Acute Coronary Syndrome (ELIXA) trial.??

Methods
Study population

The ELIXA trial included 6068 patients with type 2 diabetes who had had an acute coronary event
within 180 days following the hospital admission for the index acute coronary syndrome, but after
discharge. Patients were randomly assigned to double-blinded treatment with lixisenatide or
placebo in addition to prior glucose-lowering therapy as informed by locally determined standards
of care. Details of the trial design, inclusion and exclusion criteria, and the main results have been
reported previously.?>** Major exclusion criteria were an age of less than 30 years, percutaneous
coronary intervention within the previous 15 days, coronary-artery bypass graft surgery for the
qualifying event, planned coronary revascularization procedure within 90 days after screening, and
estimated glomerular filtration rate (eéGFR) of less than 30 mL/min per 1.73 m? of body-surface
area, a A1C level of less than 5.5% or more than 11.0%, or an inability to provide written informed
consent. Main ELIXA trial results showed that the addition of lixisenatide had a neutral effect on

the rate of major cardiovascular events.

In our analysis, a total of 4,091 patients (67.4%), in whom LVEF was available after index acute
coronary syndrome, were included. When available, LVEF was reported by the enrolling sites on

an electronic case report form. Median duration from qualifying acute coronary syndrome to



randomization and median duration from LVEF evaluation to randomization were 61 days and 55
days, respectively. Median duration from qualifying acute coronary syndrome to baseline A1C

measurement was 61 days.

Outcomes

All events of HF hospitalization, CV death, and all-cause death were adjudicated by a centralized
and independent adjudication committee according to prespecified definitions.?> The primary
outcome for our analysis was a composite of first occurrence of either hospitalization for HF or
CV death. Secondary outcomes included CV mortality, hospitalization for HF and all-cause

mortality individually.

Statistical analysis

Categorical variables were compared using y test and continuous variables with trend test across
the ordered groups using linear regression. We categorized the patients into three A1C subgroups
(<7%, 7-8%, and >8%) and three LVEF subgroups (<40%, 40-50% and >50%) and compared their
baseline characteristics. A1C groups were categorized using the values which are used for a
reasonable or less stringent glycemic goals to be achieved and LVEF categories were chosen based
on cut-off values commonly referenced in defining HF with reduced, mid-range, and preserved
LVEF.?*? Spline regression models were used in assessing the continuous relationship of baseline
A1C or baseline LVEF with outcomes. Cox proportional hazard models were used to analyze the
time to first occurrence of event for the patients and calculate hazard ratios (HRs) and 95%

confidence intervals (CI). The assumptions of proportional hazards were tested in Cox models. To
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develop the multivariable model for risk of CV outcomes, an initial set of 37 candidate variables
reflecting demographic characteristics, medical history and laboratory values was tested for
association with CV outcomes in univariate Cox regression model. Twenty-four of these variables
with a p-value of less than 0.05 were included for the multivariable Cox model. The final model
was made by forward selection method based on a p-value of <0.05, then it was refined to select
clinically meaningful covariates. The covariates included in the multivariable models were age,
gender, race, duration of diabetes, history of HF, treatment assignment, baseline heart rate, baseline
eGFR, and macroalbuminuria. We calculated HR per 1% points of A1C and 10% points of LVEF
which could be more interpretable units, given that the standard deviation (SD) of LVEF was 10
times greater than the SD of A1C. In order to assess whether the association between baseline A1C
and primary outcome changed during the course of study follow-up, we performed a sensitivity
analysis using a Cox model with a time varying coefficient for A1C. An additional sensitivity
analysis was performed by including time interval between the acute coronary syndrome event and
baseline A1C measurement in the multivariable model, since baseline A1C can be confounded by
recent glucose elevations due to the acute coronary syndrome event. To compare relative
contribution of A1C and LVEF in predicting clinical outcomes, we tested the difference of the
HRs per SD of each variable in the multivariable model. Additionally, we compared the HRs per

1% points of A1C and 10% points of LVEF as well as the HRs of the categorical subgroups.

We assessed interaction between A1C and LVEF with respect to composite outcome and each
outcome as continuous variables in regression model. We additionally checked for interaction
between A1C and LVEF by stratifying by LVEF <40% (reduced) and >40% (preserved). The
incidence rates of the categorical subgroups according to A1C and LVEF were calculated by

dividing the number of people with a predefined outcome by the person years of follow up within



each category and reported as events per 1000 person-years. The HRs of these defined subgroups
were compared. Two-sided p values < 0.05 were considered statistically significant. All analyses

were performed using Stata, version 14 (StataCorp).

Results

Baseline characteristics of study population

Clinical characteristics of 4091 patients included in our analysis were comparable to the remainder
of the ELIXA participants with respect to gender, body mass index, eGFR and A1C. Patients
included in this analysis were younger and had a history of atrial fibrillation and HF more
frequently than patients in the ELIXA trial not included in this analysis (Table I in the Data

Supplement).

Table 1 shows baseline characteristics for the patients according to baseline A1C level and LVEF
(mean A1C 7.7£1.3%, mean LVEF 51+12%). Patients with higher A1C levels were younger, more
likely to be female, had a longer duration of diabetes and more frequently used insulin at baseline
as compared with those with lower A1C. Also, these patients tended to have higher heart rate and
more micro- and macroalbuminuria than those with lower A1C. Patients with lower LVEF were
more likely to be male and have a history of HF than those with higher LVEF. Systolic blood

pressure and eGFR were lower and heart rate was higher in patients with lower LVEF.

Relationships of baseline A1C and LVEF with CV outcome



During median follow-up of 25.7 months, a total of 289 patients (7.1%) died, 207 patients (5.1%)
as a result of a CV cause, 179 patients (4.4%) were hospitalized for HF and 343 patients (8.4%)
were hospitalized for HF or died of CV cause. Among the patients who died of CV cause, 85
patients (41%) died of SCD. In 204 patients died of non-SCD, 122 (60%) were as a result of a CV
cause, with the following adjudicated reasons: myocardial infarction (n=36, 18%), HF (n=32,

16%), and stroke (n=15, 7%).

The hazard ratios for baseline A1C levels for the composite outcome of HF hospitalization or CV
death, CV death, HF hospitalization and all-cause death are shown in Figure 1. As a continuous
variable, baseline A1C was associated with higher risk of a composite outcome of HF
hospitalization or CV death (p<0.001). This relationship remained statistically significant even
after adjusting for age, sex, race, duration of diabetes, history of HF, treatment assignment,
baseline heart rate, baseline eGFR, macroalbuminuria and LVEF (p=0.025). Each 1% higher A1C
was associated with 11% higher risk for HF hospitalization or CV death (adjusted hazard ratio
[HR]=1.11, 95% confidence interval [CI] 1.01-1.21, p=0.023, Table 2). The relationship of A1C
to primary outcome was significantly stronger at the level from 5.5 to 8% than the level from 8 to
11% (p for comparison<0.001). Particularly, each 1% higher A1C was related to a 19% higher risk
for CV death (adjusted HR=1.19, 95% CI 1.07-1.34, p =0.002), but not for hospitalization for HF
alone (adjusted HR=1.01. 95% C1 0.89-1.14, p=0.86). The relationship of A1C to primary outcome
was similar according to the subtype of acute coronary syndrome (p for interaction=0.48, Figure I
in the Data Supplement). A1C was related to the composite outcome additionally adjusting for
NT-proBNP (adjusted HR=1.12, 95% CI 1.02-1.22, p=0.017). When including time interval
between the acute coronary syndrome event and baseline A1C measurement in the multivariable

model, A1C was still related to the composite outcome of HF hospitalization or CV death and CV



death alone (adjusted HR=1.11, 95% CI 1.01-1.21, p=0.024 for CV death or HF; adjusted HR=1.19,
95% CI 1.07-1.34, p=0.002 for CV death). There was no statistically significant change in the
association between baseline A1C and primary outcome during the course of follow-up (p=0.50).
Also, time varying A1C showed similar relationship with clinical outcome as compared with
baseline A1C (Table II in the Data Supplement). The change in AI1C at 12 weeks was related to
primary outcome (unadjusted HR=1.18, 95% CI 1.05-1.32, p=0.005), but was not significant in

multivariable analysis (adjusted HR=1.06, 95% CI 0.94-1.19, p=0.37).

Hypoglycemic episodes were reported in 636 patients (16%) during the study and serious
hypoglycemic episodes which requires assistance from another person occurred in 28 patients
(0.7%). Neither hypoglycemic episodes nor serious hypoglycemic episodes was significantly

associated with clinical outcomes (Table III in the Data Supplement).

LVEF was also related to the composite of hospitalization for HF or CV death as was the risk of
each component outcome (Figure 2), in univariable and multivariable analyses adjusting for the
same model including A1C (p <0.001). A 10% lower LVEF was associated with 39% higher risk
of HF hospitalization or CV death (adjusted HR=1.39, 95% CI 1.27-1.51, p<0.001, Table 2). Each
10% lower LVEF was also related to a 44%, 36% and 40% higher risks of CV death, all-cause
death and HF hospitalization, respectively. However, when NT-proBNP was included in the
multivariable analysis, LVEF was not significantly related to HF hospitalization or CV death
(adjusted HR=1.08, 95% CI 0.98-1.19, p=0.11). LVEF assessment by itself did not indicate a
worse prognosis, as patients with available LVEF showed comparable primary composite rates to
those without available LVEF (P=0.61). The association between LVEF and the composite
outcome of HF hospitalization or CV death was not influenced by the time between the index event

and LVEF assessment (adjusted HR=1.39, 95% CI 1.27-1.52, p<0.001).
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When assessing the relationship of A1C and LVEF to primary composite outcome by restricting
to the patients with or without history of HF, both A1C and LVEF were independently associated
with HF hospitalization or CV death in patients without history of HF whereas only LVEF was

related to outcome in those with history of HF (Table IV in the Data Supplement).

Furthermore, the HR per SD of LVEF (adjusted HR=1.48, 95% CI 1.34-1.65) was significantly
higher than the HR per SD of A1C (adjusted HR=1.14, 95% CI 1.02-1.28) in predicting HF
hospitalization or CV death (p for comparison=0.001). Similarly, 10% lower LVEF was found to
be associated with a larger HR of HF or CV death than 1% higher A1C in the multivariable model
(p for comparison<0.001). Also, lower LVEF category (<40%) was a stronger predictor of HF
hospitalization or CV death than higher A1C category (> 8%) (p for comparison<(0.001). When
we restricted our analysis to the patients without history of HF, the HR per SD of LVEF was

comparable to the HR per SD of A1C (p=0.64).

Interaction between A1C and LVEF

The relationship between A1C and a composite outcome of HF hospitalization or CV death was
not modified by LVEF (p for interaction=0.31). LVEF did not have any interaction with A1C with
respect to each component outcome. A1C had similar relationship with outcomes when LVEF was

modelled with reduced or preserved LVEF (Figure II in the Data Supplement).

A1C and LVEF were each independently associated with risk of HF hospitalization or CV death
(Table 2, Figure 3). Incidence rates (per 1000 person-years) of HF hospitalization or CV death
increased with each lower LVEF category and higher A1C category (Figure III in the Data

Supplement). Especially, the incidence rates of HF hospitalization or CV death among patients
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with A1C>8% and LVEF<40% were 6.2-fold higher compared with those with A1C<7% and
LVEF>50%. Even after multivariable adjustment, patients who had A1C>8% and LVEF<40%
were three times more at risk of HF hospitalization or CV death than patients with A1C<7% and

LVEF>50% (adjusted HR=3.18, 95% CI 2.03-4.98, Table 3, Figure 3)

Relationship of A1C with sudden cardiac death and non-sudden cardiac death

When dividing the modes of death as CV death and non-CV death, A1C tended to be more
related to CV death than non-CV death (Table 4). Among CV death, the relationship of A1C
with SCD and non-sudden CV death were similar (adjusted HR 1.18, 95% CI 0.99-1.40 for A1C
in predicting SCD; adjusted HR 1.21, 95% CI 1.05-1.40 for A1C in predicting non sudden CV
death), whereas LVEF was a stronger predictor of SCD than non-sudden CV death. The
relationship of A1C to both SCD and non-sudden CV death in patients who died of a CV cause

was not modified by LVEF strata (Figure IV in the Data Supplement).

Discussion

In a contemporary cohort of patients with type 2 diabetes and acute coronary syndrome, chronic
hyperglycemia assessed by elevated baseline A1C was associated with an increased risk of
hospitalization for HF or CV death. This association remained after adjusting for other risk factors,
including age, sex, race, duration of diabetes, treatment assignment, history of HF, heart rate,
eGFR, macroalbuminuria and LVEF and the association was particularly strong for CV death.

While lower LVEF indicated a worse prognosis independently from A1C levels, it did not modify
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the relationship between A1C and clinical outcomes. Patients with a higher A1C and a lower LVEF

had the highest risk of HF hospitalization or CV death.

There are several potential mechanisms by which type 2 diabetes can contribute to the development
of HF and worse CV outcome including by directly affecting myocardial function.?®?’ Previous
studies have shown that diabetes can alter cardiac structure and function.?®?*3? Hyperglycemia has
been related to higher LV mass, worse diastolic function, and worse LV systolic function in elderly
individuals without prevalent coronary heart disease or HF, in the Athersclerosis Risk in
Community (ARIC) study.?!' Sustained hyperglycemia accelerates glycation of interstitial proteins
such as collagen, and advanced glycation end products can react with free amino groups on an
adjacent protein to form cross-links, which results in increased myocardial stiffness and impaired
contractility. *' 3% Impaired calcium homeostasis, activation of the renin-angiotensin system,
increased oxidative stress, altered substrate metabolism and mitochondrial dysfunction represent
other molecular and pathophysiological mechanisms through which myocardial function may be
impaired in diabetes.* In contrast to our study, the Examination of Cardiovascular Outcomes with
Alogliptin versus Standard of Care in patients with type 2 diabetes and acute coronary syndrome
trial (EXAMINE) has reported no relationships between A1C category and the risk of major
adverse CV events.** Our findings cannot be directly compared to this analysis, but heterogeneity
across studies is not uncommon and often related to inclusion criteria, participants’ characteristics,

and outcomes assessment.

In our data, while A1C was significantly related to the composite outcome of HF hospitalization
or CV death, its association with this composite outcome was likely driven mostly by CV death
than HF hospitalization. A1C was not associated with HF hospitalization alone after adjustment

for other risk factors in contrast to LVEF. Death could act as competing events with HF
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hospitalization and relatively few events may not provide enough power to clearly estimate this
association. Indeed, the HR for the composite outcome was 1.11, and the confidence interval for
HF hospitalization was consistent with 1.11 (i.e., that value was contained within confidence
interval). So, it could be underpowered to distinguish the separate strengths of associations because
of reduced number of events. Also, in our population, the mean A1C was 7.7% and 82% of the
population had A1C levels <9%. Therefore, it might be difficult to capture the association with
relatively few poorly controlled patients. Diabetic therapy to control hyperglycemia might affect
the risk of HF.*>*¢ However, the association of A1C with CV mortality was stronger than with HF
hospitalization. The combination of other multiple pathophysiologic pathways may explain higher
association of A1C with CV death. As shown in prior study on the high-risk myocardial infarction
population, the higher risk for CV death in diabetes was predominantly mediated by higher risk
for fatal re-infarction.’’ Long term follow-up of UK Prospective Diabetes Study (UKPDS) trial
also showed that intensive glycemic control was related to a 15% relative risk reduction in
myocardial infarction.*® Chronic hyperglycemia in diabetic patients can cause vascular damage
through molecular mechanism of injury including protein kinase C activity, renin-angiotensin
system, superoxide and other reactive oxygen species.>® Hyperglycemia may lead to arterial
inflammation, accelerate atherogenesis and increase atherosclerotic progression and
vulnerability.*® Endothelial dysfunction can be linked to accelerated atherosclerosis and increased
CV risk. In addition, long-term hyperglycemia environment can be related to electrical and
anatomical remodeling. Suboptimal glycemic control can be related to increased risk of arrythmia
through increased sympathetic activity, and increased free radical production, resulting in reduced
nitric oxide availability to cells with ensuing increase vasomotor tone and ventricular instability.

4142 Cardiovascular autonomic neuropathy, which is related to chronic hyperglycemia, can be
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linked with higher CV mortality rates.** In our data, changes in A1C levels induced by treatment
at 12 weeks was not significantly related to primary composite outcome in multivariable analysis.
This lack of interaction would suggest A1C may play a role as a marker rather than a mediator of

increased CV risk.

Recent studies have shown that the mechanisms by which diabetes affects myocardium may be
different according to HF phenotype, with myocardial remodeling driven by microvascular
endothelial inflammation in HF with preserved LVEF and by cardiomyocyte cell death and
replacement fibrosis in HF with reduced LVEF.*%:46 These different myocardial effects of
diabetes can be related to different outcomes. An analysis from CHARM showed that diabetes was
related to a greater relative risk of CV death or HF hospitalization in patients with preserved LVEF
than in patients with reduced LVEF while diabetes was related to a similar increased risk of
mortality among them.'® Another study on the diabatic population after myocardial infarction
showed that diabetes attenuate the relationship between higher EF and reduction in HF or
mortality.! Diabetic patients with the higher LVEF categories after myocardial infarction have a
greater mortality risk attributable to diabetes than those with the lower LVEF categories.*’ In our
study, lower LVEF was associated with a higher risk of CV outcomes but it did not modify the
association of A1C with CV outcomes among patients with diabetes with a recent acute coronary
syndrome. Baseline A1C was related to an increased risk of HF hospitalization or CV death
independently of LVEF. Even though the mechanism by which diabetes affect the myocardium
can be different depending on LVEF status, potential hemodynamic effects of chronic
hyperglycemia, assessed by baseline A1C, might be similar regardless of LVEF in this population.
Other factors such as insulin resistance and lipotoxicity might have a more important role in these

differential effects on adverse outcome in patients with diabetes. In a hyperglycemic milieu, all
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the mechanisms can get superimposed and be relevant to alter the myocardium leading to

inefficient relaxation and contraction, thus this might lead to have similar effects on CV outcomes.

In addition, LVEF was found to be a stronger prognosticator than A1C in type 2 diabetic patients
with recent acute coronary syndrome. This may be largely driven by the observation that A1C
and LVEF were similarly prognostic in patients without history of HF, while A1C became less
prognostic in patients with history of HF. Metabolic risk factor might need more time to translate
into adverse CV outcome as shown in the prior long-term follow-up trials than the risk of
depressed pump function which can exert adverse effect on CV outcome more directly.*3*® Thus,
lower LVEF may be associated with more hazard than higher A1C over 2-year follow-up,
especially among higher risk patients with history of HF. In addition, the relationship between
A1C and outcome in diabetic patients with history of HF might be more complex. A lower A1C
may be related to more advanced stage of HF or older age with more comorbid conditions which
can contribute to adverse CV outcomes and may complicate the relationship between A1C level
and clinical outcome in patients with history of HF. While burden of reduced LV systolic
function was stronger than metabolic burden by hyperglycemia in our study, chronic
hyperglycemia assessed by elevated A1C was linked to worse CV outcome across the LVEF
spectrum and both A1C and LVEF were independently and incrementally associated with risk.
Indeed, the patients with higher A1C and lower LVEF are at highest risk for HF or CV death.
The patients whose blood sugar levels are not well controlled would be at much higher risk for

HF hospitalization or CV death if their LVEF is depressed.

Some limitations of our analysis should be noted. First, we used baseline A1C in our analysis. In
the acute setting of acute coronary syndrome, hyperglycemia is common because of an

inflammatory and adrenergic response to ischemic stress, and it is known as a predictor of worse

16



outcomes.*’ Baseline A1C can be affected by this acute hyperglycemia, which also can be related
to more frequent use of insulin to control blood sugar at this stage. However, we performed
sensitivity analysis by adding time interval between the index acute coronary syndrome event and
baseline A1C measurement in the multivariable model and A1C remained as a significant predictor
for a composite outcome of CV death or HF hospitalization. Second, our study included only
diabetic patients who had had acute coronary syndrome. Prior studies have shown that diabetes
may have differential impact on mortality and HF progression according to the etiology of HF and
suggest that diabetes and ischemic heart disease interact to accelerate the progression of
myocardial dysfunction.’®*! It should be noted that patients with prior coronary artery bypass graft
surgery were excluded from this trial, adding another selection bias, as it is common for patients
with diabetes to have more diffuse atherosclerosis, and more likely to be referred for surgical
revascularization if their LVEF is lower. Also, we excluded the patients who had eGFR < 30
ml/min/1.73 m? or a A1C of less than 5.5% or more than 11.0% and our population had a fairly
narrow range of A1C level at baseline, which might not reflect real-world population who had
more variable levels of chronic hyperglycemia. Our population was relatively young and
predominantly white male. Thus, this result cannot be extrapolated to the general population of
type 2 diabetic patients and would need to be validated through larger data in the future. Third, we
included only HF hospitalization for HF events. It may underestimate the value of A1C on HF in
patients who could be managed without hospitalization. Fourth, we excluded 1977 patients who
did not have available LVEF in our analysis. However, the patients who were excluded from
analysis had similar CV outcome with those with available LVEF. Also, LVEF was not assessed
by a core laboratory, rather it was reported from participant sites. The methods which were used

at each site to assess LVEF could be different.
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Conclusion

In patients with type 2 diabetes and recent acute coronary syndrome enrolled in the ELIXA trial,
chronic hyperglycemia assessed by elevated A1C, and lower LVEF were independently and
incrementally related to the composite outcome of HF hospitalization or CV death. Patients with

a higher A1C and lower LVEF had the highest risk of this outcome.

Acknowledgement: Sanofi funded the ELIXA trial (ELIXA ClinicalTrials.gov number,

NCT01147250)
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Table 1. Baseline characteristics of the patients according to baseline A1C and LVEF

Baseline A1C category (%)

Baseline LVEF category (%)

P for trend P for trend
AIC<T | 7<A1C<8 | AIC>8 EF<40 | 40<EF<50 | EF>50
Number of subjects, 1,432 1,103 1,556 642 1,018 2,431
no. (%)
Age, yr 612497 | 60.2+9.8 | 59.0+9.7 <0.001 60.249.5 | 60.4+10.1 | 59.9+9.7 0.23
yDr“ra“"n of diabetes, 6.5+7.1 9.5+8.4 11.5+8.4 <0.001 92486 | 92+8.1 | 8.9+8.1 0.25
Male sex, no. (%) 1018 (71%) | 788 (71%) | 1021 (66%) |  0.001 486 (76%) | 744 (73%) (16562/6) <0.001
0
Ego/‘gzmass index, 30.1+£54 | 303+5.6 | 303+6.0 0.41 29.145.6 | 30.0£54 | 30.6+5.8 | <0.001
Race, no. (%) 0.17 0.76
Asian 171 (12%) | 155 (14%) | 205 (13%) 83 (13%) | 125 (12%) | 323 (13%)
Black 58 (4%) | 44 (4%) | 53 (3%) 25 (4%) 313%) | 99 (4%)
Other 88 (6%) | 69(6%) | 122 (8%) 53 (8%) 76 (8%) | 150 (6%)
White 1115 (78%) | 835 (76%) | 1176 (76%) 481 (75%) | 789 (77%) (;iﬁ/f)
Medical history at

randomization, no.
(%)
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Hypertension

1131 (79%)

1905

837 (76%) | 1136 (73%) |  0.001 470 (13%) | 728.(72%) | 000, <0.001
0
Percutaneous o o o o o 1254
coronary intervention | 25 (65%) | 729 (66%) | 948 (61%) | 0015 | 373(58%) | 705.(69%) | (s3u <0.001
Heart Failure 317 (22%) | 289 (26%) | 387 (25%) 0.09 323 (50%) | 242 (24%) | 428 (18%) | <0.001
Atrial fibrillation | 74 (5%) | 64(6%) | 64 (4%) 0.17 51 (8%) | 75(7%) | 149 (6%) 0.17
Systolic blood 129417 13018 128+17 0.13 12317 128417 13117 <0.001
pressure, mmHg
Heart rate, bpm 6910 70£10 7210 <0.001 7210 7110 7010 <0.001
HDL cholesterol, 44411 43+11 42+11 <0.001 42+10 42410 44411 <0.001
mg/dL
LDL cholesterol, 78434 77435 79436 <0.001 79435 74432 79436 0.13
mg/dL
fn%FR» ml/min/1.73 75420 76421 77422 0.002 71421 76421 78421 <0.001
eGFR <
60ml/min/1.73 m?, 328 (23%) | 266 (24%) | 342 (22%) 0.52 211 (33%) | 226 (22%) | 499 21%) | <0.001
no. (%)
Qualifying ACS
ovent, 0. (%) 0.15 <0.001
563 444 578 241 323 1021
NSTEMI (393%) | (403%) | (37.1%) (37.5%) | (31.7%) | (42.0%)
STEMI 636 495 736 328 586 953
(44.4%) | (44.9%) | (47.3%) (51.1%) | (57.6%) | (39.2%)
e ano 232 164 239 71 (11.1%) 108 456
Unstable angina (16.2%) (14.9%) (15.4%) (10.6%) | (18.8%)
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Unclassified 232 164 239 (15.4%) 2 (0.3%) 1(0.1%) 1 (0.0%)
nclassiftie (162%) (149%)

Albuminuria, no. (%) <0.001 0.22
Normoalbuminuria | 1184 (84%) | 827 (76%) | 1051(68%) 459 (73%) | 755 (75%) | 1847(77%)
Microalbuminuria 193 (14%) | 198 (18%) | 357 (23%) 134 (21%) | 190 (19%) | 424 (18%)
Macroalbuminuria 36 (3%) 63 (6%) 128 (8%) 39 (6%) 60 (6%) 128 (5%)

Median BNP

. . 107 113 113 265 146 79

Eg}gﬁua”ﬂe rangel |49 203] | [54,233] | 53,2321 | 02 | [13s5,512] | [71,275] | (42,154 | 0001

AlIC, % 6.3£0.4 7.4+0.3 9.0+0.8 by design 7.7£1.3 7.7£1.2 7.6£1.3 0.11

LVEF, % 51+£12 51+12 50+12 0.02 31+6 4443 59+7 by design

Medication at

randomization, no.

(%)

Antidiabetic agents
Insulin 389 (27%) | 570 (52%) | 1048 (67%) | <0.001 323 (50%) | 536 (53%) | 1148(47%) 0.028
Metformin 975 (68%) | 765 (67%) | 1064 (68%) 0.87 399 (62%) | 713 (70%) (17?)%’/2) 0.003
0
Sulfonylureas 449 (31%) | 445 (40%) | 628 (40%) <0.001 260 (41%) | 367 (36%) | 895 (37%) 0.19
Thiazolidinediones | 34 (2%) 27 (2%) 26 (2%) 0.18 13 (2%) 18 (2%) 56 (2%) 0.47
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. 1075 2367
0 1) 1) 0
Antiplatelet 1393 O7%) | (ggoy |1S19008%) | 082 [ 62908%) |991OT%) | o) 0.66
Beta blocker 1228 (86%) | 939 (85%) | 1338 (86%) |  0.82 | 551 (86%) | 886 (87%) (2823/8) 0.32
0
. 1048 2278
0 0 0 0
Statin 1345 04%) | gaop | 1446(93%) | 009 [ 594(93%) | 967OS%) | (oer 0.11
RAS blocking agent | 1227 (86%) | 941 (85%) | 1333 (86%) | 096 | 555 (86%) | 881 (87%) égf/f) 0.38

Plus-minus values are means=SD. Normoalbuminuria was defined as albuminuria <30mg/g, microalbuminuria as >30 to <300 mg/g
and macroalbuminuria as >300mg/g. ACS indicates acute coronary syndrome; A1C, glycated hemoglobin; BNP, B-type natriuretic
peptide; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left
ventricular ejection fraction; NSTEMI, non-ST elevation myocardial infarction; STEMI, ST-elevation myocardial infarction; RAS,

renin-angiotensin system
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Table 2. Estimated hazard ratios for CV outcomes according to A1C and LVEF

HF hospitalization or CV

death CV mortality HF hospitalization All-cause mortality
Event number = 343 Event number = 207 Event number = 179 Event number = 289
(8.4%) (5.1%) (4.4%) (7.1%)
HR (95% CI) | Pvalue | HR(95%CI) | © | HR©O5%CI) | © | HR(95%CI) | P value
value value
Univariate
analysis
A1C per 1%
soints hiahor 120 (1.11-1.30) | <0.001 | 1.25 (1.13-1.38) | <0.001 | 1.17 (1.04-1.30) | 0.006 | 1.14 (1.04-1.24) | 0.005
0
pOLiI\liffovpveerrlM 1.64 (1.51-1.78) | <0.001 | 1.65 (1.48-1.83) | <0.001 | 1.71 (1.53-1.92) | <0.001 | 1.52 (1.39-1.66) | <0.001
Bivariate
analysis*
0
pof?;tg}ﬂegrhif’ 118 (1.09-1.28) | <0.001 | 123 (1.11-1.36) | <0.001 | 1.15 (1.03-128) | 0.015 | 1.12 (1.02-1.23) | 0.014
1)
poI;r\li]sEfogveerrIOA) 1.63 (1.50-1.77) | <0.001 | 1.63 (1.47-1.81) | <0.001 | 1.70 (1.52-1.91) | <0.001 | 1.51 (1.38-1.65) | <0.001
Multivariable
model”
0
po‘?nlt(sjlfiegrhif 111 (1.01-121) | 0.023 | 1.19(1.07-1.34) | 0.002 | 1.01 (0.89-1.14) | 0.86 | 1.10(0.99-121) | 0.07
0
poﬁffovpvfrm“ 139 (1.27-1.51) | <0.001 | 1.44 (1.29-1.61) | <0.001 | 1.40 (1.24-1.58) | <0.001 | 1.36 (1.24-1.49) | <0.001
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*Bivariate analysis included both LVEF and A1C, “Multivariable model included age, sex, race, duration of diabetes, history of HF,

treatment assignment, baseline heart rate, baseline eGFR, macroalbumiuria, LVEF and A1C
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Table 3. Estimated hazard ratios for a composite outcome of HF hospitalization or CV death

A1C<7% 7%=<A1C<8% A1C=8%
Numberof | pyp roso, oy | NUmberof | pp rosop crp | Numberof iy vos04
patients patients patients
Unadjusted Reference 1.02 [0.62-1.69] 1.76 [1.16-2.67]
EF>50% Adjusted* 888 Reference 654 0.79 [0.47-1.32] 888 1.33[0.86-2.05]
Adjusted” Reference 0.74 [0.44-1.25] 1.16 [0.73-1.82]
Unadjusted 1.86 [1.10-3.12] 2.22[1.32-3.72] 3.54 [2.31-5.43]
40%=<EF<50% | Adjusted* 332 1.44 [0.84-2.46] 283 1.43[0.84-2.44] 403 2.66[1.72-4.12]
Adjusted” 1.43 [0.84-2.44] 1.35[0.79-2.31] 2.32[1.47-3.68]
Unadjusted 4.84 [3.04-7.71] 4.99 [3.05-8.16] 6.34 [4.16-9.66]
EF<40% Adjusted* 211 3.15[1.96-5.06] 166 2.69 [1.62-4.46] 265 3.18 [2.03-4.98]
Adjusted” 3.20 [1.99-5.16] 2.55[1.53-4.26] 2.78 [1.72-4.47])

* Adjusted for age, sex, race, duration of diabetes, history of HF, treatment assignment, baseline heart rate, baseline eGFR and

macroalbuminuria, #Adjusted for age, sex, race, duration of diabetes, history of HF, treatment assignment, baseline heart rate, baseline

eGFR, macroalbuminuria and time updated systolic blood pressure
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Table 4. Association of A1C and LVEF with sudden cardiac death and non-sudden cardiac death

CV death
Non-CV death (n=82)
Total (n=207) SCD (n=85) Non-SCD (n=122)
HR [95% CI] HR [95% CI] HR [95% CI] HR [95% CI]

Univariate

A1C per 1% point higher

1.25[1.13-1.38]

1.22 [1.04-1.44]

1.27 [1.11-1.45]

0.87 [0.72-1.04]

LVEF per 10% points lower

1.65 [1.48-1.83]

1.88[1.61-2.22]

1.49[1.30-1.72]

1.23 [1.03-1.46]

Multivariable”

A1C per 1% point higher

1.19 [1.07-1.34]

1.18 [0.99-1.40]

1.21 [1.05-1.40]

0.86 [0.70-1.05]

LVEF per 10% points lower

1.4411.29-1.61]

1.67 [1.40-1.99]

1.30 [1.12-1.51]

1.16 [0.97-1.39]

* Adjusted for age, sex, race, duration of diabetes, history of HF, treatment assignment, baseline heart rate, baseline eGFR,

macroalbumiuria, LVEF and A1C
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Figure 1. Estimated hazard ratio with baseline A1C and (A) a composite outcome of HF
hospitalization or CV death, (B) CV death, (C) HF hospitalization, and (D) all-cause death.
Histograms showed the population distribution of A1C. The solid curves indicating unadjusted

estimates and dashed curves indicating 95% confidence limits.
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Figure 2. Estimated hazard ratios with LVEF for (A) a composite outcome of HF hospitalization

or CV death, (B) CV death, (C) HF hospitalization, and (D) all-cause death. Histograms showed

the population distribution of LVEF. The solid curves indicating unadjusted estimates and

dashed curves indicating 95% confidence limits.
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Figure 3. Risk for HF or CV mortality according to subgroup categories of A1C and LVEF.
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Supplemental Table I. Clinical characteristics among patients in the ELIXA trial included versus

not included in this analysis

LVEF (n=4091) No LVEF (n=1977) P value
Age, yr 60.1 +£9.8 60.7+£9.5 0.013
Duration of diabetes, yr 9.0+8.2 9.8+84 <0.001
Male sex, no. (%) 2827 (69%) 1380 (70%) 0.58
Body mass index, kg/m? 302+5.7 30.0+5.7 0.21
Race, no. (%) <0.001
Asian 531 (13%) 240 (12%)
Black 155 (4%) 66 (3%)
Other 279 (7%) 221 (11%)
White 3126 (76%) 1450 (73%)
Medical history at
randomization, no. (%)
Hypertension 3104 (76%) 1531 (77%) 0.18
" tersz;‘i‘;gineous coronary 2822 (69%) 1257 (64%) <0.001
Heart Failure 993 (24%) 365 (19%) <0.001
Atrial fibrillation 202 (5%) 75 (4%) 0.045
rsnylfltfllgic blood pressure, 129 + 17 131+ 18 <0.001
Heart rate, bpm 70+ 10 70+ 10 0.97
HDL cholesterol, mg/dL 43+ 11 43+ 11 0.89
LDL cholesterol, mg/dL 78 + 35 80+ 36 0.13
eGFR, ml/min/1.73 m? 76 +21 76 +22 0.37
ESF(I;; 60ml/min/1.73 m’, 936 (23%) 471 (24%) 0.40
Albuminuria, no. (%) <0.001
Normoalbuminuria 3062 (76%) 1379 (71%)
Microalbuminuria 748 (19%) 400 (21 %)
Macroalbuminuria 227 (6%) 162 (8%)
Xigi??piﬁiﬁmerq“mﬂe 111 [52-228] 97 [46-199] <0.001

30



AlIC, % 7.7£1.3 7.7£1.3 0.05
Plus-minus values are means+=SD. A1C indicates glycated hemoglobin; BNP, B-type natriuretic

peptide; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; LVEF, left ventricular ejection fraction
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Supplemental Table II. Estimated hazard ratios for CV outcomes according to time varying A1C and LVEF

HF hospitalization or CV

death

CV mortality

HF hospitalization

All-cause mortality

Event number = 343 (8.4%)

Event number = 207 (5.1%)

Event number = 179 (4.4%)

Event number = 289 (7.1%)

lower

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Univariate analysis
Time varying
AILC per 1% higher 1.16 (1.09-1.24) <0.001 1.15 (1.06-1.25) 0.001 1.19 (1.09-1.30) | <0.001 | 1.09 (1.01-1.17) 0.032
o
IOVI;;EF per 10% 1.64 (1.51-1.78) | <0.001 | 1.65(1.48-1.83) | <0.001 | 1.71(1.53-1.92) | <0.001 | 1.52(1.39-1.66) | <0.001
Bivariate analysis*
Time varying
AIC per 1% higher 1.16 (1.01-1.24) | <0.001 | 1.15(1.06-1.25) | 0.001 1.18 (1.08-1.30) | <0.001 | 1.08 (1.00-1.17) 0.038
0
1ovI;;;EF per 10% 1 63 (1.50-1.78) | <0.001 | 1.64(1.48-1.82) | <0.001 | 1.71(1.52-1.92) | <0.001 | 1.52(1.38-1.66) | <0.001
Multivariable
model”
Time varying
AIC por 1% higher | 111 (103-119) | 0.005 | 113(1.03-1.24) | 0.009 | 109 (099-1.24) | 0.08 | 1.08(0.99-117) | 008
0
LVEFper 10% 11 39 (127-1.51) | <0.001 | 1.44(1.29-1.61) | <0.001 | 1.40(1.24-1.58) | <0.001 | 1.36(1.24-1.50) | <0.001

*Bivariate analysis included both time varying A1C and LVEF, *Multivariable model included age, sex, race, duration of diabetes,
history of HF, treatment assignment, baseline heart rate, baseline eGFR, macroalbumiuria, LVEF, and time varying A1C
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Supplemental Table III. Risk of cardiovascular events and mortality based on reported

hypoglycemia.
Hypoglycemia Serious hypoglycemia
HR [95% CI] P value HR [95% CI] P value
HF or CV death 1.08 [0.82 — 1.43] 0.58 0.82 [0.20-3.28] 0.77
CV mortality 0.94 [0.64-1.37] 0.75 1.36 [0.34-5.48] 0.67
All-cause mortality 1.02 [0.75-1.39] 0.91 1.45[0.47-4.53] 0.52
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Supplemental Table IV. Risk of A1C and LVEF for HF hospitalization or CV death according to

history of HF

Patients without history of

HF (n=3098)

Patients with history of HF

(n=993)

Event number=172 (5.5%)

Event number=171 (17.2%)

HR (95% CI) p HR (95% CI) P

Univariate analysis

A1C per 1 point higher 1.31(1.17-1.47) | <0.001 | 1.07 (0.95-1.20) 0.28

LVEEF per 10 points lower 1.37 (1.20-1.57) | <0.001 | 1.54(1.38-1.73) | <0.001
Bivariate analysis”

A1C per 1 point higher 1.31 (1.17-1.47) | <0.001 | 1.04 (0.93-1.18) 0.47

LVEEF per 10 points lower 1.37 (1.19-1.56) | <0.001 | 1.54(1.38-1.72) | <0.001
Multivariable analysis”

A1C per 1 point higher 1.24 (1.10-1.40) | 0.001 0.99 (0.87-1.12) 0.84

LVEF per 10 points lower 1.32 (1.15-1.51) | <0.001 | 1.44(1.28-1.62) | <0.001

*Bivariate analysis included both LVEF and A1C, “Multivariable model included age, sex, race,

duration of diabetes, treatment assignment, baseline heart rate, baseline eGFR, macroalbumiuria,

LVEF and A1C
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Supplemental Figure 1. Incidence rate with (A) baseline A1C or (B) LVEF and a composite

outcome of HF hospitalization or CV death according to subtype of index acute coronary

syndrome event
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Supplemental Figure II. Incidence rates for outcomes among patients with reduced and preserved

LVEF by baseline A1C.
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Supplemental Figure III. Incidence rates for HF or CV mortality per 1000 person-years
according to subgroup categories of A1C and LVEF. (A) Unadjusted incidence rates and (B)

adjusted incidence rates
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Supplemental Figure IV. Incidence rates for (A) sudden cardiac death and (B) non-sudden CV

death among patients with reduced and preserved LVEF by baseline A1C
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