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OBJECTIVE

Heart failure (HF) is an impactful complication of type 2 diabetes mellitus
(T2DM). We aimed to develop and validate a risk score for hospitalization for HF
(HHF) incorporating biomarkers and clinical factor(s) in patients with T2DM.
RESEARCH DESIGN AND METHODS

We derived a risk score for HHF using clinical data, high-sensitivity troponin T
(hsTnT), and N-terminal prohormone of B-type natriuretic peptide (NT-proBNP) from
6,106 placebo-treated patients with T2DM in SAVOR-TIMI 53 (Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus–Thrombolysis in Myocardial Infarction 53). Candidate variables were assessed using Cox
regression. The strongest indicators of HHF risk were included in the score using integer weights. The score was externally validated in 7,251 placebo-treated patients in
DECLARE-TIMI 58 (Dapagliﬂozin Effect on CardiovascuLAR Events–Thrombolysis in
Myocardial Infarction 58). The effect of dapagliﬂozin on HHF was assessed by risk
category in DECLARE-TIMI 58.

The strongest indicators of HHF risk were NT-proBNP, prior HF, and hsTnT (each
P < 0.001). A risk score using these three variables identiﬁed a gradient of HHF
risk (P-trend <0.001) in the derivation and validation cohorts, with C-indices of
0.87 (95% CI, 0.84–0.89) and 0.84 (0.81–0.86), respectively. Whereas there was
no signiﬁcant effect of dapagliﬂozin versus placebo on HHF in the low-risk group
(hazard ratio [HR] 0.98 [95% CI 0.50–1.92]), dapagliﬂozin signiﬁcantly reduced
HHF in the intermediate-, high-, and very-high-risk groups (HR 0.64 [0.43–0.95],
0.63 [0.43–0.94], and 0.72 [0.54–0.96], respectively). Correspondingly, absolute
risk reductions (95% CI) increased across these latter 3 groups: 1.0% (0.0–1.9),
3.0% (0.7–5.3), and 4.4% (20.2 to 8.9) (P-trend <0.001).
CONCLUSIONS

We developed and validated a risk score for HHF in T2DM that incorporated NTproBNP, prior HF, and hsTnT. The risk score identiﬁes patients at higher risk of
HHF who derive greater absolute beneﬁt from dapagliﬂozin.

More than 400 million people have type 2 diabetes mellitus (T2DM) globally, and
the burden of diabetes-related cardiovascular complications is increasing (1). In
addition to its marked adverse impact on patient quality of life and health care utilization, heart failure (HF) is an especially prognostically important complication of
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Biomarker-Based Risk Score for HHF in T2DM

RESEARCH DESIGN AND METHODS
Study Populations

The SAVOR-TIMI 53 (Saxagliptin Assessment of Vascular Outcomes Recorded in
Patients with Diabetes Mellitus–Thrombolysis in Myocardial Infarction 53) and
DECLARE-TIMI 58 (Dapagliﬂozin Effect on
CardiovascuLAR Events–Thrombolysis in
Myocardial Infarction 58) trials were multinational, randomized, placebo-controlled

trials enrolling patients with T2DM and a
history of established atherosclerotic cardiovascular disease or multiple risk factors
for atherosclerotic cardiovascular disease.
SAVOR-TIMI 53 evaluated the cardiovascular safety and efﬁcacy of the dipeptidyl
peptidase-4 inhibitor saxagliptin (5 mg
daily) in 16,492 patients monitored for a
median of 2.1 years; baseline blood samples for biomarker assessment were collected in 12,310 patients (74.6%) (14). The
DECLARE-TIMI 58 trial evaluated the cardiovascular safety and efﬁcacy of dapagliﬂozin (10 mg daily) in 17,160 patients
monitored for a median of 4.2 years;
14,565 patients (84.9%) elected to participate in the nested prospective biomarker
substudy (8). In both studies, prior history
of HF was captured in the case record
form based on the history obtained by
the investigator and assessment of the
medical record.
For the present analyses, 6,106
patients with available baseline biomarker
data from the placebo arm of SAVORTIMI 53 served as the derivation cohort,
and 7,251 patients with available baseline
biomarker data from the placebo arm of
DECLARE-TIMI 58 served as the validation
cohort. The ethics committees at participating centers approved the protocols for
each trial. Written informed consent was
obtained from all patients. We encourage
parties interested in collaboration and
data sharing to contact the corresponding
author directly for further discussion.
Circulating Protein Biomarkers

Baseline blood samples were collected
on the day of randomization. Samples
were collected in EDTA anticoagulant
tubes, and isolated plasma was stored at
20 C or colder until shipped on dry ice
to the central laboratory, where plasma
was stored at 70 C or colder until
thawed for analysis at the TIMI Clinical
Trials Laboratory (Boston, MA). High-sensitivity troponin T (hsTnT) and N-terminal
prohormone of B-type natriuretic peptide (NT-proBNP) concentrations were
measured with immunoassays on the
cobas e 601 (Roche Diagnostics). The limit
of quantitation of the hsTnT assay is 6
ng/L, and the 99th percentile upper reference limit is 14 ng/L (15). The limit of
quantitation of the NT-proBNP assay is 50
pg/mL, and 125 pg/mL and 450 pg/mL
have both been used as thresholds for

risk stratiﬁcation in patients with
T2DM (13,16).
Clinical Outcomes

The primary outcome for this analysis
was HHF, which was prospectively collected and centrally adjudicated by the
TIMI Clinical Events Committee using
established, virtually identical deﬁnitions in both the SAVOR-TIMI 53 and
DECLARE-TIMI 58 trials (8,14). Speciﬁcally, HHF required 1) hospital admission for at least 12 h (SAVOR-TIMI 53)
or 24 h (DECLARE-TIMI 58), 2) objective
clinical manifestations of HF (e.g., physical examination ﬁndings, radiological
evidence of pulmonary congestion, elevated natriuretic peptide levels), and 3)
intensiﬁcation of HF therapies (e.g., intravenous diuretic or inotropic agents).
Statistical Methods

Log-transformed biomarker concentrations were entered into a multivariable
Cox regression model for HHF along with
the ﬁve clinical risk indicators included
in TRS-HFDM. UACR was also log-transformed, and all continuous variables were
included in the regression model as linear
terms. Of note, 20 additional candidate
risk indicators were considered in the
development of TRS-HFDM (age, sex, race,
BMI, duration of T2DM, glycated hemoglobin [HbA1c], baseline insulin use, history of diabetic retinopathy, history of
diabetic nephropathy, previous myocardial
infarction, established peripheral artery
disease, previous ischemic stroke, previous percutaneous coronary intervention,
previous coronary artery bypass grafting,
dyslipidemia, hypertension, current smoking, heart rate, systolic blood pressure,
and diastolic blood pressure); however,
these variables did not signiﬁcantly
improve discrimination of the clinical risk
model beyond the ﬁve clinical variables
that were included (10).
The strength of the association
between each of the seven variables
and risk of HHF in the saturated multivariable risk model was assessed based
on partial Wald x2 values. To develop
an optimized parsimonious risk model,
the model was narrowed to the strongest risk indicators. To estimate the relative prognostic information provided
by the more parsimonious three-variable biomarker-based model compared
with the comprehensive seven-variable
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T2DM because it is associated with a 4to 10-fold higher mortality risk compared
with those without HF (2,3). Despite the
signiﬁcance of this complication, assessing individual risk for HF in patients with
T2DM poses a challenge given the clinical heterogeneity of T2DM and complex
pathobiological processes connecting
T2DM and HF (4). At the same time, the
emergence of sodium–glucose cotransporter 2 (SGLT2) inhibitors, a class of glucose-lowering therapies that robustly
reduces the risk of incident and recurrent HF events in patients with T2DM
(5–9), has highlighted the potential value
of improved HF risk assessment in this
population in order to personalize prevention and treatment approaches.
The Thrombolysis in Myocardial Infarction (TIMI) Risk Score for Heart Failure in
Diabetes (TRS-HFDM) is a simple clinical
risk score that predicts the risk of hospitalization for heart failure (HHF) in
patients with T2DM (10). This practical
tool includes ﬁve clinical variables that
are routinely assessed in clinical practice—prior HF, coronary artery disease,
atrial ﬁbrillation, estimated glomerular
ﬁltration rate (eGFR), and urine albuminto-creatinine ratio (UACR) (10).
Beyond clinical risk proﬁling, multiple
studies have suggested that widely available circulating biomarkers of cardiovascular disease, including natriuretic
peptides and high-sensitivity cardiac
troponin, may forecast the risk of incident and recurrent HF events in patients
with T2DM (11–13). We therefore aimed
to improve HF risk assessment beyond
TRS-HFDM by developing and validating a
novel risk score incorporating these
prognostically important biomarkers. In
addition, we sought to evaluate whether
this score could identify high-risk
patients with T2DM, including patients
without a history of HF, who have the
greatest reduction in HHF risk with an
SGLT2 inhibitor.
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model, regressing ARR on risk score category. As an exploratory analysis, we
also assessed the relative and absolute
risk difference in HHF at 2 years with
saxagliptin versus placebo by modeled
risk category using the same approach
in the full SAVOR-TIMI 53 biomarker
cohort (N 5 12,176).
Statistical analyses were performed in
SAS 9.4 (SAS Institute, Cary, NC) and R
3.5.3 (R Foundation for Statistical Computing, Vienna, Austria) software. All P
values are two-sided unless otherwise
speciﬁed.
RESULTS
Biomarker Distributions and Baseline
Characteristics

The median baseline hsTnT and NTproBNP values in the 6,106 patients
in the derivation cohort were 11.9
(25th–75th percentiles, 8.1–18.5) ng/L
and 140 (25th–75th percentiles, 63–329)
pg/mL, respectively. The median baseline
hsTnT and NT-proBNP values in the 7,251
patients in the validation cohort were
10.2 (25th–75th percentiles, 6.9–15.4)
ng/L and 75 (25th–75th percentiles,
36–168) pg/mL, respectively. A history of
HF was documented in 13% of the
patients in the derivation cohort compared with 10% in the validation cohort.
Baseline characteristics of the derivation
cohort stratiﬁed by prespeciﬁed biomarker categories are shown in Table 1,
and those for the validation cohort
are shown in Supplementary Table 1.
Patients in the highest categories of
hsTnT and NT-proBNP were older and
had a greater burden of established cardiovascular and kidney disease at the
time of randomization. There were 168
HHF events in the derivation cohort and
251 HHF events in the validation cohort.
Of these, 57% were incident HHF events
in patients without a history of HF.
Development of a Biomarker-Based
Risk Score for HHF

In a multivariable risk model incorporating NT-proBNP, hsTnT, and the ﬁve
components of TRS-HFDM, the strongest
indicators of HHF risk were NT-proBNP,
prior HF, and hsTnT (each P < 0.001)
(Supplementary Fig. 1). These three variables, which accounted for 95.1% of the
prognostic information provided by the
full seven-variable model, were selected
for inclusion in the ﬁnal model. For ease

of clinical application, cut points for
NT-proBNP and hsTnT were used to
develop the ﬁnal risk score. Given the
direct monotonic relationships between
baseline biomarker concentration and
risk of HHF (Supplementary Fig. 2), multiple biomarker cut points were used to
capture these risk gradients rather than
a single cut point. The speciﬁc levels
were selected a priori framed by established clinical thresholds. Finally, integer
weights were assigned to each variable
in proportion to the magnitude of the
regression coefﬁcients in the multivariable model. The resulting integer score,
named the TIMI Biomarker Score for
Heart Failure in Diabetes, has a maximum value of 11 points (Table 2). Risk
categories were deﬁned based on the
distribution of HHF event rates across
integer risk scores in the derivation
cohort.
The biomarker-based integer risk score
identiﬁed a signiﬁcant gradient of HHF
risk (Fig. 1) and had a c-index of 0.87
(95% CI 0.84–0.89) for the prediction of
HHF in the derivation cohort. The internal
bootstrap validation suggested minimal
overﬁtting of the model (optimism-corrected c-index 0.87). In the external validation cohort, the score also had
excellent discrimination (c-index 0.84
[95% CI 0.81–0.86]), identifying a similar
gradient of HHF risk across risk categories
(Fig. 1). Furthermore, these risk assessments identiﬁed stable, approximately linear HHF risk out to at least a 4-year time
horizon in the external validation cohort
(Fig. 2). Finally, the biomarker-based integer risk score had excellent discrimination
for the composite of cardiovascular death
and HHF, the coprimary end point in
DECLARE-TIMI 58 (Supplementary Fig. 3).
In a sensitivity analysis restricted to
patients without prior HF (in whom the
maximum score was therefore only 9
points), there was a consistent gradient
of HHF risk (Supplementary Fig. 4), and
the c-indices for the biomarker-based
risk score were 0.84 (95% CI 0.81–0.88)
in the derivation cohort and 0.80 (95%
CI 0.77–0.83) in the external validation
cohort.
The score had nearly perfect calibration
in the external validation cohort, with a
Greenwood-Nam-D’Agostino statistic of
P = 0.93 (nonsigniﬁcant P values indicate
adequate calibration) (Supplementary Fig.
5). Finally, when the biomarker-based risk
score was compared with the clinical
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model (i.e., TRS-HFDM plus the circulating biomarkers), we approximated the
comprehensive model using an ordinary
least-squares model in which the estimated linear predictor from the comprehensive model was the outcome
variable and the three variables from
the parsimonious model were the covariates. For ease of clinical application,
each biomarker was modeled using categorical cut points framed by established clinical thresholds (hsTnT: <6 ng/L,
6 to <10 ng/L, 10 to <14 ng/L, and $14
ng/L; NT-proBNP: <50 pg/mL, 50 to <125
pg/mL, 125 to <450 pg/mL, and $450
pg/mL), and each covariate was assigned
an integer weight proportional to the
magnitude of the regression coefﬁcient
in the ﬁnal multivariable model. Risk categories were deﬁned based on the distribution of HHF event rates across integer
risk scores in the derivation cohort: low
risk (0–3 points), intermediate risk
(4–6 points), high risk (7–8 points),
and very high risk (9–11 points).
The risk score model was internally validated using 1,000 bootstrap samples and
was externally validated in 7,251 patients
from the placebo arm of DECLARE-TIMI
58. Discrimination was assessed using the
Harrell c-index. We performed a sensitivity
analysis restricted to patients without
prior HF to speciﬁcally assess the ability of
the risk score to discriminate incident HHF
risk. Calibration was assessed in the external validation cohort by calculating the
Greenwood-Nam-D’Agostino statistic and
by graphically comparing observed versus
predicted HHF event rates. To compare
the predictive performance of the biomarker-based risk score to the clinical variable-only risk score (TRS-HFDM) in the
external validation cohort, we compared
bootstrapped 95% CI for the respective cindices.
To compare absolute differences in
the treatment effect of dapagliﬂozin
versus placebo according to baseline
HHF risk in the full DECLARE-TIMI 58
biomarker cohort (N 5 14,548), we calculated the absolute risk reduction
(ARR) by subtracting the Kaplan-Meier
event rates for HHF at 4 years in
patients treated with dapagliﬂozin from
the Kaplan-Meier event rates for HHF at
4 years in patients treated with placebo
across each risk category. To assess the
trend of ARR in HHF with dapagliﬂozin
by baseline HHF risk, we used an
inverse-variance weighted least squares
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$14
(n = 2,430)
P value

<50
(n = 1,170)

NT-proBNP (pg/mL)
50 to <125
125 to <450
(n = 1,665)
(n = 2,121)

72 (64–78)
135 (124–145)
80 (74–86)

280 (44.2)
177 (28.0)
95 (15.0)
68 (10.7)
34 (5.4)
13 (2.1)
115 (18.2)
67 (10.6)
423 (66.8)
471 (74.4)
85 (13.4)

7.2 (3.6–12.5)
7.5 (6.8–8.5)
177 (28.0)
29 (4.6)
39 (6.2)
91 (80–98)
8 (4–19)

70 (63–78)
137 (126–146)
80 (73–86)

943 (55.5)
575 (33.8)
168 (9.9)
194 (11.4)
144 (8.5)
79 (4.6)
390 (22.9)
313 (18.4)
1,177 (69.3)
1,384 (81.4)
260 (15.3)

8.8 (4.4–14.8)
7.5 (6.9–8.6)
578 (34.0)
149 (8.8)
173 (10.2)
84 (71–94)
10 (5–30)

69 (62–76)
138 (125–147)
80 (71–85)

879 (65.5)
550 (41.0)
152 (11.3)
144 (10.7)
153 (11.4)
92 (6.9)
313 (23.3)
342 (25.5)
968 (72.1)
1,137 (84.7)
186 (13.8)

10.2 (5.2–15.9)
7.6 (6.9–8.7)
517 (38.5)
154 (11.5)
182 (13.6)
75 (62–89)
14 (6–51)

70 (62–78)
138 (125–149)
79 (70–85)

1,728 (71.1)
1,068 (44.0)
371 (15.3)
310 (12.8)
473 (19.5)
286 (11.8)
630 (25.9)
763 (31.4)
1,757 (72.3)
2,042 (84.1)
309 (12.7)

12.6 (6.8–20.2)
7.7 (7.0–8.9)
1,233 (50.7)
412 (17.0)
647 (26.6)
64 (47–80)
35 (10–178)

<0.001
0.007
<0.001

<0.001
<0.001
<0.001
0.207
<0.001
<0.001
<0.001
<0.001
0.014
<0.001
0.129

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
(44.9)
(26.8)
(12.2)
(10.9)
(4.9)
(0.9)
(21.5)
(8.3)
(69.8)
(78.6)
(18.0)
72 (66–80)
135 (124–144)
81 (74–87)

525
314
143
128
57
10
252
97
816
919
211

8.0 (4.1–13.3)
7.7 (6.9–8.8)
403 (34.4)
99 (8.5)
123 (10.5)
88 (75–96)
9 (5–29)

70 (63–78)
138 (125–147)
80 (73–86)

896 (53.8)
550 (33.0)
223 (13.4)
201 (12.1)
126 (7.6)
54 (3.2)
362 (21.7)
300 (18.0)
1,171 (70.4)
1,361 (81.7)
242 (14.5)

10.0 (5.3–15.7)
7.7 (6.9–8.8)
662 (39.8)
182 (10.9)
223 (13.4)
81 (68–93)
11 (5–38)
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$450
(n = 1,150)

P value

68 (62–76)
138 (127–149)
80 (70–85)

1,505 (71.0)
899 (42.4)
261 (12.3)
234 (11.0)
273 (12.9)
142 (6.7)
556 (26.2)
641 (30.2)
1,491 (70.3)
1,785 (84.2)
265 (12.5)

10.7 (5.4–18.3)
7.5 (6.9–8.5)
885 (41.7)
278 (13.1)
369 (17.4)
72 (57–86)
18 (7–70)

(78.6)
(52.8)
(13.8)
(13.3)
(30.3)
(23.0)
(24.2)
(38.9)
(73.7)
(84.3)
(10.6)
70 (63–78)
137 (123–148)
78 (70–85)

904
607
159
153
348
264
278
447
847
969
122

12.8 (6.8–20.3)
7.7 (6.9–8.7)
555 (48.3)
185 (16.1)
326 (28.3)
58 (43–76)
51 (14–279)

<0.001
<0.001
<0.001

<0.001
<0.001
0.497
0.200
<0.001
<0.001
0.003
<0.001
0.139
<0.001
<0.001

<0.001
0.029
<0.001
<0.001
<0.001
<0.001
<0.001

Categorical variables are shown as counts and percentages, and continuous variables are shown as medians with 25th–75th percentiles. Differences in baseline characteristics between biomarker strata
were evaluated with the Pearson x2 test for categorical variables and Kruskal-Wallis test for continuous variables.

Vital signs
Heart rate, bpm
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg

hsTnT (ng/L)
10 to <14
(n = 1,343)

61 (55–65)
63 (59–69)
65 (60–71)
67 (62–74)
<0.001
61 (56–66)
64 (59–69)
67 (61–72)
69 (63–74)
<0.001
389 (61.5)
746 (43.9)
378 (28.1)
511 (21.0)
<0.001
289 (24.7)
581 (34.9)
769 (36.3)
385 (33.5)
<0.001
447 (70.6)
1,350 (79.4)
1,101 (82.0)
1,997 (82.2)
<0.001
899 (76.8)
1,296 (77.8)
1,742 (82.1)
958 (83.3)
<0.001
30.3 (27.2–34.5) 30.8 (27.7–34.7) 30.7 (27.6–34.8) 30.8 (27.7–35.0) 0.218 31.1 (28.0–35.3) 30.8 (27.7–34.5) 30.5 (27.4–34.9) 30.4 (27.3–34.5) 0.004

6 to <10
(n = 1,700)

Biomarker-Based Risk Score for HHF in T2DM

Other comorbidities
Coronary artery disease
Prior myocardial infarction
Peripheral artery disease
Ischemic stroke
Prior heart failure
Atrial ﬁbrillation
Percutaneous coronary intervention
Coronary artery bypass grafting
Dyslipidemia
Hypertension
Current smoker

Diabetes history
Duration of T2DM, years
HbA1c, %
Baseline insulin use
Diabetic retinopathy
Diabetic nephropathy
eGFR, mL/min/1.73 m2
UACR, mg/g

Demographics
Age, years
Female sex
White race
BMI, kg/m2

<6
(n = 633)

Table 1—Baseline characteristics by established biomarker categories in the derivation cohort
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Table 2—TIMI Biomarker Score for Heart Failure in Diabetes in the derivation
cohort
Variable

b Coefficient

Points

Prior HF

2

Reference
0.441
1.241
2.155

0
1
2
3

NT-proBNP
<50 ng/L
50 to <125 ng/L
125 to <450 ng/L
$450 ng/L

Reference
1.460
2.598
3.704

0
2
4
6

Maximum possible score = 11 points
Integer weights were assigned to each variable in proportion to the magnitude of the
regression coefﬁcients in the multivariable model. The resulting integer score has a maximum value of 11 points.

variable-only risk score (TRS-HFDM) in the
external validation cohort, the biomarker-based risk score had superior
discrimination (c-index 0.84 [95% CI
0.813–0.859] vs. 0.78 [95% CI 0.751–
0.811]).
TIMI Biomarker Score for Heart
Failure in Diabetes and Clinical
Benefit of Dapagliflozin

When applied to the full biomarker
cohort from the DECLARE-TIMI 58 trial,
the TIMI Biomarker Score for Heart Failure in Diabetes identiﬁed signiﬁcant

gradients of HHF risk among dapagliﬂozin-treated patients (log-rank P-trend
<0.001). Patients in the low-risk group
had very low HHF event rates irrespective
of treatment group assignment (KaplanMeier estimates at 4 years 0.5%).
Moreover, dapagliﬂozin did not signiﬁcantly reduce HHF risk in this low-risk
group over the time horizon of the trial
(hazard ratio [HR] for dapagliﬂozin vs. placebo 0.98 [95% CI 0.50–1.92]). By contrast, patients in the intermediate-, high-,
and very-high-risk categories all derived
a signiﬁcant treatment beneﬁt from

TIMI Biomarker Score for Heart
Failure in Diabetes and Safety of
Saxagliptin

When applied to the full biomarker cohort
from the SAVOR-TIMI 53 trial, the TIMI
Biomarker Score for Heart Failure in Diabetes also identiﬁed a signiﬁcant gradient
of HHF risk among saxagliptin-treated
patients (log-rank P-trend <0.001).
Patients in the low-risk group had a very
low HHF event rate at 2 years, and saxagliptin treatment was not associated with
an increased risk of HHF in this group (HR
for saxagliptin vs. placebo 0.99 [95% CI
0.25–3.95]). Among patients in the intermediate-, high-, and very-high-risk categories, there was a higher risk of HHF in
patients treated with saxagliptin vs. placebo (HR 1.26 [95% CI 1.03–1.55]), with a
gradient of absolute risk increase according to risk category (P-trend for absolute
risk difference = 0.003) (Supplementary
Fig. 7).
CONCLUSIONS

Figure 1—Incidence rates of HHF by risk category in the derivation and validation cohorts. Risk
was categorized as low risk (0–3 points), intermediate risk (4–6 points), high risk (7–8 points),
and very high risk (9–11 points). Incidence rates of HHF are shown for each risk category. The
biomarker-based risk score identiﬁed a gradient of HHF risk with comparable incidence rates in
each cohort.

In this study, we developed and validated
a novel biomarker-based risk score for
predicting HHF in two large clinical trial
cohorts of patients with T2DM at high
atherosclerotic cardiovascular risk. The
score leverages the prognostic importance
of two widely available clinical biomarkers—hsTnT and NT-proBNP—and the
single clinical variable of prior HF. The
score performs very well when restricted
to patients without a history of HF
(effectively leveraging the prognostic
performance of the biomarkers alone),
demonstrating its value for forecasting
incident HF events. This biomarker-based
risk score is well-calibrated between
cohorts and further reﬁnes risk estimates
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1.078

hsTnT
<6 ng/L
6 to <10 ng/L
10 to <14 ng/L
$14 ng/L

dapagliﬂozin, with HRs of 0.64 (95% CI
0.43–0.95), 0.63 (0.43–0.94), and 0.72
(0.54–0.96), respectively. Although these
relative risk reductions were similar, the
absolute treatment beneﬁt from dapagliﬂozin was greater in those at higher baseline risk, with ARRs of 1.0% (95% CI
0.0–1.9), 3.0% (0.7–5.3), and 4.4% ( 0.2
to 8.9) at 4 years among patients in the
intermediate-, high-, and very-high-risk
categories, respectively (P-trend for ARR
<0.001) (Fig. 2). In a sensitivity analysis
restricted to patients without prior HF,
there was a consistent gradient of absolute treatment beneﬁt from dapagliﬂozin
(Supplementary Fig. 6).
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when compared with a clinical variableonly risk score. Furthermore, it identiﬁes
higher-risk individuals with and without
prior HF who derive greater treatment
beneﬁt from SGLT2 inhibitors with respect
to absolute reduction in risk of HHF over a
4-year time horizon. Results from these
analyses highlight a role for comprehensive
cardiovascular risk proﬁling in patients with
T2DM and provide a potentially helpful
decision support tool to clinicians who care
for patients with T2DM.
Biomarkers for HF Risk Assessment

The natriuretic peptides, including BNP
and its prohormone fragment NT-proBNP,
are the gold standard biomarkers for the
diagnosis and assessment of HF (17).
Most widely embraced for their role in HF
diagnosis (18,19), the natriuretic peptides
also predict incident and recurrent HF
events in patients with acute and chronic
HF syndromes, acute coronary syndromes,
stable atherothrombotic disease, and
even those without clinically overt cardiovascular disease (20–23).
Despite the primacy of the natriuretic
peptides for HF prognostication, elevated
concentrations of cardiac troponin, the
canonical biomarker of myocardial injury,
are also associated with increased HF risk
in patients with acute and chronic HF syndromes as well as pre-HF conditions such
as stable atherothrombotic disease (24,25).
On the basis of the available data, natriuretic peptides and cardiac troponin have
class I indications for risk assessment in current HF guidelines (26). Moreover, the

widespread use and availability of natriuretic peptide and cardiac troponin assays
make their application to clinical practice
particularly attractive.
As recognized by the American College
of Cardiology/American Heart Association
HF classiﬁcation system and the recent
Universal Deﬁnition and Classiﬁcation of
Heart Failure consensus statement, T2DM
is an “at risk for HF” disease state (“stage
A”) with a continuum of disease progression toward clinical HF (27,28). The mechanisms by which dysglycemia contributes
to HF pathogenesis include progressive
microangiopathy and endothelial dysfunction, which in turn lead to cardiomyocyte
stress and cardiomyocyte injury (1). Circulating biomarkers reﬂecting these subclinical myocardial structural changes thus
provide the opportunity to detect underlying disease progression better than do
clinical variables alone. The fact that NTproBNP and hsTnT emerged as stronger
indicators of incident and recurrent HHF
risk than most other clinical variables in
this analysis highlights this point.
Potential Application of the TIMI
Biomarker Score for Heart Failure in
Diabetes in Clinical Practice

Strategies for mitigating cardiovascular
disease risk in patients with T2DM have
traditionally focused on reducing atherothrombotic complications. By contrast,
the signiﬁcance of HF complicating T2DM
has been largely underappreciated, and
until recently, HHF has not been included
as a component of the primary end point

Limitations

Several limitations of this analysis deserve
mention. First, the biomarker-based risk
score was derived and validated in two
clinical trial cohorts with selected populations of patients with T2DM, which may
affect the generalizability of the results.
Reassuringly, despite the differences in
cardiovascular and kidney disease burden
between the derivation and external validation cohorts, the score was well calibrated and had excellent discrimination in
each, suggesting that the score performs
well in diverse populations of patients
with T2DM. Nevertheless, additional validation efforts in unselected communitybased cohorts would be valuable.
Second, patients with severe kidney
disease (i.e., eGFR <30 mL/min/1.73
m2) were excluded from both trials and
were therefore not represented in the
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Figure 2—Treatment effect of dapagliﬂozin by risk category predicted by the biomarker-based
risk score. ARR was calculated by subtracting the Kaplan-Meier event rates for HHF at 4 years
in patients treated with dapagliﬂozin from the Kaplan-Meier event rates for HHF at 4 years in
patients treated with placebo across each risk score category. There was a signiﬁcant gradient
of increasing ARR with increasing risk category.

of clinical trials enrolling patients with
T2DM (29,30). Furthermore, in contrast
to atherothrombotic risk, HF risk in
patients with T2DM persists even when
other cardiovascular risk factors (e.g.,
LDL-C and hypertension) are within therapeutic target ranges (31). As such, identifying and targeting HF risk is critical to
improving cardiovascular outcomes in the
global pandemic of T2DM.
The TIMI Biomarker Score for Heart
Failure in Diabetes offers a high-performing new tool for comprehensive cardiovascular risk assessment of patients with
T2DM. Expanding on the framework created by TRS-HFDM, this biomarker-based
risk score may allow clinicians to more
effectively counsel patients about their
HF risk and identify particularly strong
candidates with and without prior HF for
early initiation of SGLT2 inhibitors. It may
also be used to identify low-risk patients
in whom saxagliptin may be used safely.
While TRS-HFDM has the advantage of
using patient characteristics that can be
readily obtained from the medical record
of a typical patient with T2DM (and thus
does not require any additional testing),
the biomarker-based risk score offers
superior discrimination and better assessment of SGLT2 inhibitor-related HHF risk
reduction. In the era of precision medicine, these improvements lend support
to the value of biologically based risk
tools and the use of circulating biomarkers in the management of cardiovascular disease more broadly.
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derivation or validation cohorts. Since
the concentrations of both hsTnT and
NT-proBNP are affected by impaired
renal clearance, additional validation
studies would be needed to assess the
performance of the biomarker-based
risk score in patients with eGFR <30
mL/min/1.73 m2.
Third, this derivation of the biomarkerbased risk score uses cut points for the
high-sensitivity cardiac troponin assay and
natriuretic peptide assay used in this
study, which cannot automatically be
applied to other assays. Future studies
are needed to deﬁne analogous cut
points for BNP and assays for high-sensitivity troponin I (hsTnI).
Fourth, since prior history of HF was
not a qualifying condition for the SAVORTIMI 53 or DECLARE-TIMI 58 trials, this
variable relied on investigator report.
Fifth, the derivation cohort database
did not include echocardiographic data,
such as left ventricular ejection fraction,
so we did not include left ventricular ejection fraction as a candidate risk indicator
and did not separately model risk of HHF
with HF with reduced ejection fraction
versus with preserved ejection fraction.
Finally, SGLT2 inhibitors have pleiotropic metabolic and cardiorenal effects
favoring their use in broad populations,
including lowering HbA1c and systolic
blood pressure, promoting weight loss,
and slowing the progression of kidney
disease. It should therefore be emphasized that the biomarker-based risk
score predicts the beneﬁt of SGLT2
inhibitors with respect to HHF risk
reduction and is not designed to predict
other potential beneﬁts.
In conclusion, circulating biomarkers
improve HF risk assessment in patients
with T2DM, providing insight into cardiovascular disease progression and
severity. We developed and validated a
biomarker-based score for predicting
HHF risk in patients with T2DM that
incorporates NT-proBNP, hsTnT, and
prior HF. This simple biomarker-based
risk tool provides superior discrimination to a clinical variable-only risk tool
and identiﬁes higher-risk patients who
derive a greater absolute treatment
beneﬁt from SGLT2 inhibitors.
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