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Abstract

Aim: To investigate the association of the Thrombolysis In Myocardial Infarction
(TIMI) Risk Score for Heart Failure in Diabetes (TRS-HFpn) with mortality using data
from the EMPA-REG OUTCOME trial.

Materials and Methods: In EMPA-REG OUTCOME, patients with type 2 diabetes
and atherosclerotic cardiovascular (CV) disease (N = 7020) received the sodium-
glucose co-transporter-2 inhibitor, empagliflozin, 10 or 25 mg or placebo. Post hoc,
patients were stratified into risk categories (low-intermediate, high, very-high risk
scores) using baseline TRS-HFppm. Cox regression analyses evaluated the associa-
tion of TRS-HFp\ categories with all-cause mortality (ACM), CV death, hospitaliza-
tion for heart failure (HHF) and CV death (excluding fatal stroke) or HHF, and
whether empagliflozin reduced the risk of CV outcomes across these risk
categories.

Results: In placebo patients, increasing risk category was associated with a higher
risk of ACM, CV death, and HHF. Empagliflozin reduced the risk of ACM (low-
intermediate HR 0.68 [95% CI 0.48, 0.97] and very-high 0.69 [0.52, 0.91]), CV
death (0.75 [0.48, 1.18] and 0.56 [0.41, 0.78]), HHF (0.53 [0.28, 1.01] and 0.67
[0.48, 0.96]), and CV death or HHF (0.69 [0.46, 1.03]) and (0.64 [0.49, 0.82])
across all risk categories versus placebo. Higher absolute risk reductions (ARRs)
were observed for CV death in the very-high versus low-intermediate cate-
gory (P = 0.01).

Conclusions: Applied to EMPA-REG OUTCOME, higher TRS-HFp\ was associated
with increased HHF and mortality risk. Empagliflozin reduced CV outcomes across

TRS-HFp\ categories. Higher ARRs were associated with higher risk scores.
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1 | INTRODUCTION
Type 2 diabetes (T2D) is still on the rise worldwide with projected
estimates of 700 million people with this diagnosis in 2045.* T2D is
associated with decreased life expectancy,? as well as an increased
risk of developing heart failure (H F),%* with poor prognosis when both
conditions are present.’ Diabetes is also one of the most common co-
morbidities among patients with established HF.® Some glucose-
lowering drugs, such as saxagliptin and the thiazolidinediones, appear
to increase HF risk.”® However, sodium-glucose co-transporter-2
(SGLT2) inhibitors have been shown to reduce the risk of hospital-
ization for HF (HHF) in patients with T2D.” Furthermore, in
patients with T2D and established atherosclerotic cardiovascular
disease (ASCVD), the EMPA-REG OUTCOME trial showed that,
when added to standard of care, empagliflozin (compared with
placebo) significantly reduced the risk of cardiovascular
(CV) death by 38%, all-cause mortality by 32%, and HHF by
35%.19-12 |n addition, given the high risk of premature mortality
and HF in patients with T2D, the choice of glucose-lowering ther-
apies in some patients will be made to reduce the risk of these
outcomes.

The Thrombolysis In Myocardial Infarction (TIMI) Risk Score
for Heart Failure in Diabetes (TRS-HFpn) was developed as a
practical clinical risk score for identifying patients with T2D at risk
of HHF.8 The scoring system attributes numeric values to five risk
indicators: prior HF, history of atrial fibrillation (AF), coronary
artery disease (CAD), estimated glomerular filtration rate (eGFR),
and urine albumin-to-creatine ratio (UACR). The risk indicators
were found to be independently associated with HHF within the
placebo arm of the Saxagliptin Assessment of Vascular Outcomes
Recorded in Patients with Diabetes Mellitus-Thrombolysis in
Myocardial Infarction 53 (SAVOR-TIMI 53) trial, and the scoring
system was externally validated in the Dapagliflozin Effect on
Cardiovascular Events-Thrombolysis in Myocardial Infarction 58
(DECLARE-TIMI 58 trial).® The investigators found that TRS-HFpm
identified patients with T2D with the greatest potential absolute risk
reduction (ARR) for HHF with an SGLT2 inhibitor.2 The TRS-HFpm
score categorized patients into low-intermediate, high or very-high
risk of HHF. The TRS-HFpym has thus been shown to be associated
with HHF risk; nonetheless, the treatment effect of dapagliflozin on
HHF was consistent throughout all risk categories.? However, the
association of TRS-HFpy with mortality is unknown. The aim of the
current analyses were to determine whether a higher TRS-HFpp\
score is associated with an increased risk of CV death, all-cause mor-
tality and HHF in the EMPA-REG OUTCOME trial cohort. Further-
more, we evaluated whether the mortality and HHF benefit of

empagliflozin was consistent across TRS-HFpy score categories.

2 | MATERIALS AND METHODS

21 | Study design

This was a post hoc analysis of the EMPA-REG OUTCOME random-
ized, double-blind, placebo-controlled trial. The trial methods have
been previously described but, in brief, patients with T2D with HbA1c
of 7.0%-9.0% for drug-naive patients and 7.0%-10.0% for those on
stable glucose-lowering therapy, established ASCVD, and eGFR
230 mL/min/1.73m?, were randomly assigned to empagliflozin 10 or
25 mg or placebo once-daily in addition to standard of care. A total of
7020 patients were treated, and the trial continued until 2691
patients experienced the primary endpoint of three-point major
adverse cardiovascular events (3P-MACE).?® A total of 706 patients
(10.1%) had investigator-reported HF at study entry. For the current

analysis, the empagliflozin arms were pooled.

21.1 | Outcomes

We explored CV death, all-cause mortality, HHF, and the composite of
CV death (excluding fatal stroke) or HHF. In addition, we also investi-
gated 3P-MACE, which was the primary endpoint of the EMPA-REG
OUTCOME trial, as well as incident or worsening nephropathy defined
as progression to macroalbuminuria (UACR > 300 mg/g), doubling of
serum creatinine accompanied by eGFR of <45 mL/min/1.73m?, initia-
tion of renal replacement therapy or death from renal disease. All CV, HF

and mortality outcomes were adjudicated by blinded expert committees.

2.2 | Statistical analysis

The TRS-HFpy attributes one point to AF, CAD, eGFR < 60 mL/min/
1.73m? and UACR 30-300 mg/g, and two points to prior HF and
UACR > 300 mg/g, thus a maximum of seven points is possible.®
We defined three categories of low-intermediate, high and very-
high risk as risk scores of 0-1, 2 and 23 points, respectively, and
patients were stratified based on their derived baseline TRS-HFppm
score.

Baseline demographics were calculated according to risk catego-
ries, continuous variables given as mean * standard deviation (SD),
and categorical variables as numbers and percentages.

Cox regression analysis including the variables age, sex, body
mass index, HbAlc, geographical region, treatment, TRS-HFppm
score, and interaction of treatment*TRS-HFy score was used to
investigate if the TRS-HFp\ categories were associated with the

risk of all-cause mortality, CV death, HHF, and a composite of CV
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death or HHF in the pooled empagliflozin and placebo groups. For
the same outcomes, we calculated incidence rates (patients with
events per 1000 years at risk), ARRs defined as incidence rate dif-
ferences and number needed to treat (NNT). NNTs were derived
as the reciprocal of the difference between the control and treat-
ment groups in the proportion of patients who experienced a CV
event within 3 years of treatment with empagliflozin, assuming
exponential distribution of time to events. Poisson regression
models were used to calculate the ARR, including treatment with a
log-link applied by each subgroup. In the model log (days at risk)
for the time to first event, censoring was used as offset. Interac-
tion P-values were calculated by t-tests, using the estimated inter-
action effect and variance of the interaction, as determined from
the delta method following Poisson regression. NNT to prevent
one event per 3 years at risk was calculated using exponential
distribution.

The treatment effect of empagliflozin versus placebo for CV
death, HHF, CV death or HHF, 3P-MACE, all-cause mortality, and
incident or worsening nephropathy, across the TRS-HFpy risk catego-
ries was assessed using the Cox models as described above. Interac-
tion P-values were calculated to assess whether the treatment effect
was consistent across the risk categories.

All analyses were repeated in patients without HF at baseline,
using the TRS-HFppm with a maximum of five points.

3 | RESULTS

3.1 | Baseline characteristics

Among 7020 participants, variables to calculate TRS-HFpy at baseline
were available for 6952 patients (99%; empaglifiozin, n = 4635;
placebo, n = 2317). Based on TRS-HFp\ at baseline, 49.3% (n = 3429),
26.0% (n = 1807) and 24.7% (n = 1716) patients were assigned to the
low-intermediate, high and very-high risk categories, respectively.
Baseline characteristics and concomitant medications were similar
between the placebo and empagliflozin groups across the risk catego-
ries (Table 1). Patients in the very-high risk category were older (mean
age 65.5 vs. 61.4 years in the low-intermediate risk category) and
more often male (74.1% vs. 69.1%). Patients in the very-high risk cate-
gory had more co-morbidities and a worse cardiometabolic profile than
those in the lower risk categories (Table 1). As TRS-HFpy\ accounts for
the presence of AF, CAD, eGFR and UACR, there was greater hetero-

geneity in these variables between the risk categories.

3.2 | TRS-HFpym category association with
mortality and HHF

In both the placebo and empagliflozin groups, increasing TRS-HFppm
category was associated with greater incidence of CV death and all-
cause mortality, as well as HHF. For CV death, the placebo incidence
rates (N per 1000 patient years) were 9.1 (95% Cl 6.2, 12.5), 22.7

(16.1, 30.5) and 41.2 (32.0, 51.5), in the low-intermediate, high and
very-high risk categories, respectively. For all-cause mortality, the
placebo incidence rates were 16.1 (95% Cl 12.1, 20.6), 32.3 (24.2,
41.4) and 51.4 (41.1, 62.9), respectively. Similarly, an association
between risk categories and HHF, and a composite of CV death and
HHF, was observed. Placebo incidence rates were 5.4 (95% ClI 3.2,
8.1), 13.5 (8.5, 19.7) and 35.8 (26.9, 45.8) for HHF and 12.2 (8.8,
16.2), 32.5(24.3, 41.8) and 67.6 (55.2, 81.2) for CV death or HHF, in
the low-intermediate, high and very-high risk categories, respec-
tively. Similar associations were observed in the empagliflozin group

(Figure 1).

3.3 | Absolute and relative treatment effect of
empagliflozin on risk of mortality and HF outcomes by
TRS-HFp\ category

Table 2 depicts the ARRs and the NNT to prevent one event
(CV death, all-cause mortality, HHF, and CV death or HHF) over
3 years of treatment with empagliflozin versus placebo, as well as
P-values for the interaction between low-intermediate and very-
high risk categories. In analyses of subgroup (risk category) inter-
actions with treatment effect for the ARRs, we found significantly
higher ARRs for CV death, and a composite of CV death or HHF in
the very-high compared with the low-intermediate risk category
with interaction P-values of 0.0105 and 0.0107, respectively.
However, no significant differences were observed between the
very-high and high risk categories, or between the low-
intermediate and high risk categories. For all-cause mortality and
HHF, similar absolute treatment effects were observed across all
three risk categories with all interaction P-values of >0.1. These
ARRs are reflected in the NNT for CV death: 149, 39 and 21 in the
low-intermediate, high and very-high risk categories, respectively;
all-cause mortality: 67, 34 and 25; CV death or HHF: 91, 31 and
17; and for HHF: 135, 76 and 32 (Figure 1 and Table 2).

The relative treatment effect of empagliflozin versus placebo
was consistent across the TRS-HFp\ categories with reduction in
risk of CV death, HHF, CV death or HHF, and all-cause mortality,
as well as 3P-MACE and incident or worsening nephropathy. All P-
values for the interaction between treatment and subgroups were
non-significant: 0.6037 for CV death, 0.9489 for CV death or HHF,
0.7971 for HHF, 0.5428 for 3P-MACE, 0.9943 for all-cause mor-
tality, and 0.7207 for incident or worsening nephropathy
(Figure 2).

3.4 | Patients without HF at baseline
When considering only those without HF at baseline, the association
between TRS-HFpym category and mortality and HHF was similar to
that of the overall population (Figure 3).

Similarly, ARRs for patients without HF at baseline were in line

with those in the overall population: a significantly higher ARR with
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FIGURE 1 Incidence rates, number needed to treat (NNT) and treatment effect of empagliflozin versus placebo by TRS-HFpy category for

(A) cardiovascular (CV) death, (B) all-cause mortality, (C) hospitalization for heart failure (HHF), and (D) CV deatht or HHF in the overall
population. CV, cardiovascular; HF, heart failure; HHF, hospitalization for heart failure; NNT, number needed to treat; TRS-HFpnm, Thrombolysis In
Myocardial Infarction Risk Score for Heart Failure in Diabetes. tExcluding fatal stroke. NNTs are given as number needed to prevent one event
over 3 years of treatment with empagliflozin versus placebo. 95% Cls shown in brackets: HR (95% Cl)

empagliflozin versus placebo was observed for CV death, and a com-
posite of CV death or HHF, for the very-high risk category versus the
low-intermediate risk category with P-values of 0.0120 and 0.0164,
respectively. ARRs with empagliflozin versus placebo of CV death
were —2.3 (95% Cl —6.0, 1.4) per 1000 patient years in the low-
intermediate risk category, and —20.1 (-33.4, —6.7) in the very-high
risk category, and for CV death of HHF —3.8 (-8.2, 0.5) (Table 2). The
corresponding ARRs for all-cause mortality were —5.2 (-10.1, —0.3)
and -17.7 (-32.9, -2.5), and for HHF -2.5 (-5.3, 0.3) and —-11.7
(-23.1, —-0.4) (Table 2), with no significant differences of ARR
between any of the risk categories (all interaction P-values of >0.1).

In patients without HF at baseline, the relative treatment effect of
empagliflozin versus placebo was consistent across the TRS-HFpy cate-
gories, with non-significant P-values for the interaction between treat-
ment and subgroups: 0.3652 for CV death, 0.8338 for HHF, 0.7123 for
CV death or HHF, 0.5033 for 3P-MACE, 0.9138 for all-cause mortality
and 0.8444 for incident or worsening nephropathy (Figure 4). These risk
reductions are reflected in the NNT for CV death of 149, 37 and 19 in
the low-intermediate, high and very-high risk categories, respectively;
all-cause mortality: 67, 32 and 22; HHF: 135, 75 and 31; and CV death
or HHF: 91, 30 and 16 (Figure 3 and Table 2).

3.5 | Adverse events by TRS-HFp\ category

Figure 5 depicts the incidence rate ratios of pooled empagliflozin ver-
sus placebo across TRS-HFpy risk categories. Adverse event rates
consistent with urinary tract infection, volume depletion and acute
renal failure were similar between the empaglifiozin and placebo
groups across the risk categories. There seemed to be a slight differ-
ence between treatment arms for confirmed hypoglycaemia events in
the low-intermediate and very-high risk categories, but the incidence
rate ratios for hypoglycaemia requiring assistance were similar
between treatment arms. The rates of genital infection were greater

with empagliflozin than placebo in all categories (Figure 5).

4 | DISCUSSION

Here, we report that TRS-HFp\ is associated with all-cause mortality,
CV death, as well as HHF, in patients with T2D and established
ASCVD in the EMPA-REG OUTCOME trial cohort. Furthermore, we
show that although the absolute treatment effect of empagliflozin on

CV death is greater in the very-high risk category, which was
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TExcluding fatal stroke. 95% Cls shown in brackets: ARR (95% Cl).

expected because of the higher underlying absolute risk, the relative
treatment benefit of empagliflozin versus placebo on mortality and
HF outcomes is similar across the risk categories.

The risk of developing HF is greatly increased in patients with
T2D.3* Furthermore, HF death contributes to a large burden of over-
all cause of death among patients with T2D with established
ASCVD.'* Moreover, the risk of HF seems to persist, although slightly
decreased, despite control of multiple CV risk factors, such as blood
pressure, low-density lipoprotein cholesterol and smoking status.'®
Thus, in addition to early HF risk assessment to institute preventive
measures, such as CV risk factor control, it is important to assess the
residual risk of HF in patients with T2D. SGLT2 inhibitors reduce the
risk of HF outcomes by one or more mechanism.*¢2! The effects of
empagliflozin on HF and mortality outcomes have proven to be con-
sistent regardless of baseline, and control of, risk factors such as
HbA1c,?? blood pressure and lipids, and regardless of the number of
traditional CV risk factors that are controlled.*??% A mediation analy-
sis exploring the potential underlying mechanisms of empagliflozin's
reduction in CV death found that changes in haematocrit and
haemoglobin (suggesting haemoconcentration from reduction in
plasma volume) appeared to be the most important mediators.?*
Recent analyses from the EMPA-HEART CardioLink-6 trial also point
towards an early and sustained effect of empagliflozin on erythropoie-
tin production, which may additionally drive the rise in these
haematological variables, and also potentially contribute to the reduc-
tion in adverse CV outcomes observed.1821

Risk scores assessing the risk of CV events or mortality in people
with T2D or ASCVD have been developed,22'25 but few assess the risk
of HF. Previously, our group has shown that the Health, Ageing and
Body Composition (ABC) HF risk score is a good discriminator of risk
of HHF in patients without known HF at baseline in the EMPA-REG
OUTCOME trial cohort, and that the treatment effect of empagliflozin
was consistent across risk categories.?? The Health ABC HF risk score
was, however, developed using an elderly population, of which only
approximately 7% had diabetes. By contrast, the TRS-HFpm was
developed and validated in patients with T2D and ASCVD or multiple
CV risk factors (in the SAVOR-TIMI 53 and DECLARE-TIMI 58 trials)
to identify patients at a higher risk of adverse HF outcomes, and was
found to further distinguish the treatment effect on this outcome by
SGLT2 inhibitors. We add to this by showing that the TRS-HFpy is
also associated with CV death. TRS-HFpy; is therefore an emerging
valuable tool for physicians assessing HF or CV mortality risk in their
patients with T2D.

In the DECLARE-TIMI 58 trial, the TRS-HFppm was shown to be
strongly associated with the risk of HHF and a somewhat weaker associ-
ation with MACE and non-CV mortality was observed.® The risk score
was also shown to identify patients who had greater absolute benefit of
dapagliflozin versus placebo on HHF. In the DECLARE-TIMI 58 trial,
there was no overall mortality benefit observed with dapagliflozin and
the effect on mortality outcomes across the TRS-HFpy, categories was
not explored. Accordingly, our results expand the evidence for the use of
the TRS-HFpy. That is, despite the presence of a greater absolute treat-
ment benefit of empagliflozin versus placebo on CV death in the very-
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high versus the low-intermediate risk category, the relative treatment
effect appears similar across all of the risk categories. For all-cause mor-
tality and HHF, both the absolute and the relative treatment effect of
empagliflozin were consistent across the risk categories (Figure 1), as
were the relative treatment effects on 3P-MACE, and incident or

worsening nephropathy (Figure 2). Thus, the findings of this study indi-
cate that TRS-HFpy\ is a prognostic marker (ie, a variable which is associ-
ated with a specified outcome) for HHF, CV mortality and all-cause
mortality, but it is not a predictive marker for the relative treatment

effect of empagliflozin (ie, a variable which influences the relative effect
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of a treatment on a specified outcome). Of course, the numbers needed
to treat to prevent one event will be lower in patients with higher abso-
lute risks, so this risk score might inform which patients will derive the
largest absolute benefit.

Previously, analysis of EMPA-REG OUTCOME data stratified by
10-point TIMI Risk Score for Secondary Prevention (TRS-2P) showed
that treatment with empagliflozin was associated with a consistent
reduction in CV outcomes (CV death, 3P-MACE and HHF) and all-
cause mortality, across a spectrum of CV risk.?? Despite using differ-
ent variables, the incidence rates for all-cause mortality, CV death and
HHF were markedly similar between groups stratified by TRS-2P and
TRS-HFpn, showing that empagliflozin's benefits are consistent
across a broad range of baseline risk factors.

The absolute CV mortality benefit of empagliflozin was large in
those at very-high and high risk of HF, with NNT to prevent one CV

Incidence rate ratio (95% CI)

Favours
placebo

Favours
empagliflozin

Incidence rate ratio (95% Cl)

death over 3.1 years of 21 and 39, respectively. Importantly, our anal-
ysis of those without known HF at baseline showed similar results to
the overall population, with increasing TRS-HFpy being associated
with an increased risk of CV death, all-cause mortality and HHF.
Moreover, also in this subpopulation, the relative treatment effect of
empagliflozin versus placebo was consistent across the risk categories
for all outcomes explored (Figure 4). The absolute treatment effect as
shown by NNT (Figure 3 and Table 2), was also similar to that in the
overall population. These results suggest that the TRS-HFpy may also
be a useful tool for the assessment of mortality and HHF benefit with
empagliflozin in patients with T2D without known HF.

Our study has some limitations. This is a post hoc analysis, and
the EMPA-REG OUTCOME trial was not designed to evaluate treat-
ment effects across the TRS-HFpy risk categories. Also, because the
population included in EMPA-REG OUTCOME all had T2D and
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established ASCVD, we do not know if our findings hold true in the
general T2D population, where many patients have not yet developed
CV disease.

The TRS-HFpy\ is associated with CV death and all-cause mortal-
ity, as well as HHF, in patients with T2D and ASCVD in the EMPA-
REG OUTCOME trial cohort. Although those with very-high risk had a
greater ARR in CV mortality with empagliflozin, empagliflozin reduced
the relative risk of mortality and HF outcomes, including CV death,
versus placebo consistently across the TRS-HFp\ risk categories. The
TRS-HFppMm may thus be a useful tool for HF and mortality risk assess-
ment in patients with T2D and ASCVD, and to identify those with the
anticipated largest absolute benefit from empagliflozin. It does, how-
ever, require further validation in broader populations with T2D.
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