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Abstract

Introduction: Risk stratification tools to identify patients with diabetes and prediabetes at
highest risk for heart failure (HF) are needed to inform cost-effective allocation of preventive
therapies. Whether a biomarker score can meaningfully stratify HF risk is unknown.

Methods: Participants free of cardiovascular disease from 3 cohort studies (ARIC, DHS, and
MESA) were included. An integer-based biomarker score included high-sensitivity cTn-T=6 ng/L,
NT-proBNP=125 pg/mL, hs-CRP=3 mg/L, and left ventricular hypertrophy by electrocardiogram,
with 1 point for each abnormal parameter. The 5-year risk of HF was estimated among participants
with diabetes and prediabetes across biomarker score groups (0-4).

Results: The primary analysis included 6,799 participants with dysglycemia (diabetes=33.2%,
prediabetes=66.8%). The biomarker score demonstrated good discrimination and calibration for
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predicting 5-year and 10-year HF risk among prediabetes and well as diabetes cohorts. The
5-year risk of HF among individuals with a biomarker score of <1 was low and comparable

to participants with euglycemia (0.78%). The 5-year risk for HF increased in a graded fashion
with increasing biomarker score with the highest risk noted among those with score = 3
(diabetes=12.0%; prediabetes=7.8%). The estimated number of HF events that could be prevented
with use of an SGLT-2 inhibitor per 1,000 treated individuals over 5 years was 11 for all
individuals with diabetes and ranged from 4 in the biomarker score = 0 group to 44 in the
biomarker score = 3 group.

Conclusions: Among adults with diabetes and prediabetes, a biomarker score can stratify HF

risk and inform allocation of HF prevention therapies.
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INTRODUCTION

Diabetes affects over 47 million adults in North America and is a well-established risk factor
for heart failure (HF).(1,2) Although the incidence of diabetes has plateaued in the US, rates
of prediabetes continues to grow.(1,3) Dysglycemia below diagnostic thresholds for diabetes
has also been associated with chronic myocardial injury and abnormal cardiac structure and
function(4,5) and higher risk of HF.(6) Thus, patients with diabetes and prediabetes are
important high-risk populations for effective and efficient HF prevention strategies.

Sodium-glucose cotransporter-2 inhibitors (SGLT-2i) reduce the risk of HF among patients
with prevalent diabetes.(7) Multi-specialty consensus recommendations and decision
pathways recommend SGLT-2i for select high-risk patients, particularly those with
established atherosclerotic cardiovascular disease (ASCVD).(8,9) However, there is little
guidance for prescription of these therapies for those without established ASCVD, and even
among patients with diabetes with clear indication for an SGLT-2i, prescription rates remain
low.(10) Given most (~75%) patients with diabetes do not have established ASCVD, and
the added cost of SGLT2i, effective risk stratification tools that accurately identify patients
with diabetes at the highest risk for HF may help allocate SGLT-2i to those patients who
are expected to derive the greatest absolute benefit. Moreover, such tools may help to also
identify patients with prediabetes who may benefit from HF prevention strategies.

While conventional HF risk prediction tools have largely relied on traditional cardiovascular
risk factors, there has been growing interest in incorporating blood- and electrocardiogram-
based biomarkers to improve risk prediction, particularly among individuals without
established cardiovascular disease (CVD).(11-14) Specifically, elevated levels of routinely
collected biomarkers of cardiac injury, stress, and systemic inflammation, as well as

left ventricular hypertrophy (LVVH) are associated with higher risk of HF among healthy
community dwelling adults.(13,15-17) Whether multiple biomarkers collectively can
meaningfully stratify risk of incident HF in a high-risk population of patients with

diabetes and prediabetes has not, to the best of our knowledge, been examined previously.
Accordingly, we evaluated the application of a biomarker-based risk score in adults with
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diabetes and prediabetes to identify those at highest risk for incident HF, which could be
used to inform the most cost-efficient use of effective preventive therapies, like SGLT-2i.

METHODS
Study population

Individual participant data were pooled from 3 epidemiologic cohort studies: Atherosclerosis
Risk in Communities (ARIC) study, Dallas Heart Study (DHS), and Multiethnic Study

of Atherosclerosis (MESA). The design, testing protocol, and HF event adjudication
procedures of each study have been described previously and detailed in the supplemental
methods.(18-20) Participants with a prevalent coronary heart disease, stroke, or HF and
those with missing data on biomarkers interest or traditional cardiovascular risk factors were
excluded. All participants provided written informed consent for study participation. The
coordinating centers for each of the cohort studies approved the present study.

Clinical variables & assessment of diabetes and prediabetes

Baseline covariates were assessed among participants from all 3 cohorts in standardized
examinations (Supplemental Methods).(18-20) Diabetes was defined using established
clinical criteria, in each of the 3 cohorts.(18-20) In ARIC (visit 2,1990-92) and DHS (visit
1,2000-2002), diabetes was defined as: 1) self-reported provider diagnosis; 2) self-reported
antihyperglycemic medication use; or 3) fasting plasma glucose (FPG)=126 mg/dL; or 3)
non-fasting plasma glucose =20 0 mg/dL.(21)’(22) In MESA (visit 1), diabetes was defined
according to either self-reported use of antihyperglycemic medication or FPG = 126 mg/dL.
(23) Prediabetes was defined by FPG of 100 to <126mg/dL among participants without
diabetes. Glycated hemoglobin levels were not available in DHS and MESA at their baseline
visits and thus, were not used to define glycemic status.

Biomarker measurements

We a prioriselected 4 cardiac and inflammatory biomarkers to include in the composite
biomarker score based on prior associations of each with incident HF.(13, 15-17) These
included high-sensitivity cardiac troponin-T (hs-cTnT), N-terminal pro-B-type natriuretic
peptide (NT-proBNP), high-sensitivity C-reactive protein (hs-CRP), and electrocardiogram-
based LVH (ECG-LVH, Sokolow-Lyon criteria) (detailed protocols for their measurement in
Supplemental Methods. Thresholds used to define elevated levels of hs-cTnT, NT-proBNP,
and hs-CRP were selected based on clinical practice limits of quantification and previously
established cut-points as follows: hs-cTnT=6 ng/L, NT-proBNP=125 pg/mL, and hs-CRP=3
mg/L.(13,14,24)

Outcome of interest: Incident heart failure

The primary outcome was incident HF. The HF adjudication protocols for each study are
detailed in the Supplemental Methods.
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Statistical analysis

Participant-level data across all 3 cohorts were pooled. Baseline characteristics were
compared among participants with diabetes versus prediabetes using chi-square test for
categorical variables and Kruskal-Wallis test for continuous variables. In the overall study
cohort, multivariable Cox proportional hazard models were constructed to evaluate the
independent association of biomarkers of interest (hs-cTnT, NT-proBNP, hs-CRP, ECG-
LVH) with the risk of incident HF. Separate models were constructed using categorical and
continuous measures of the biomarkers for the overall cohort and across subgroups with
diabetes and prediabetes. Models were constructed with serial adjustments for biomarkers of
interest alone (model-1) and demographics (age, sex, race), CV risk factors (smoking status,
BMI, systolic BP, diabetes/prediabetes status, total cholesterol, HDL-c, estimated glomerular
filtration rate [GFR], FPG), medication use (statin, anti-hypertensive medication), and study
cohort (model-2).

The biomarker score incorporated each of the 4 biomarkers (hs-cTnT[+], NT-proBNP[+], hs-
CRP[+], and LVH by ECG[+]) with 1-point for each abnormal biomarker, with a maximal
score of 4. Baseline characteristics and risk of HF were assessed across 4 biomarker score
groups: very low (score:0), low (score:1), intermediate (score:2), and high (score:3-4).

The association of the biomarker score with risk of HF was evaluated using the same
models described above. The discrimination and calibration performance of the biomarker
score alone in predicting 5-year and 10-year risk of HF were assessed and compared with

a clinical risk factor-based model that included covariates described in model 2 above.
Harrell concordance index (C-index) was calculated for assessment of model discrimination
and differences in C-indices between the biomarker score and clinical risk factor model
was evaluated using bootstrapping. The Grgnnesby and Borgan test was used to assess
calibration for the adjusted models.

The 5- and 10-year risk of incident HF was calculated for participants with diabetes and
prediabetes across the biomarker score groups using Kaplan-Meier estimates. The HF risk
among euglycemic individuals in the pooled cohort was included as a reference. Number

of HF events that could be prevented per 1,000 participants treated with an SGLT-2i for

5- and 10-years was calculated across biomarker score groups and prespecified subgroups
(age>65 years, 10-year ASCVD risk>10%) using previously reported relative risk reduction
estimate of 36% for SGLT-2i.(7) Number-needed-to-screen to prevent 1 HF event over 5-
and 10-years was calculated for each biomarker score group by dividing the corresponding
number-needed-to-treat by the prevalence of that score in the study population with diabetes.
Sensitivity analyses were performed to evaluate the 5- and 10-year risk of incident HF
across key subgroups stratified by BMI (< and = 30 kg/m?) and eGFR (< and = 60 mL/min/
1.73m?).

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., NC,
USA).
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The pooled cohorts included 17,360 participants (ARIC-51.2%, DHS-14.2%, MESA-34.6%)
(e-Figure-1). Among the 6,799 participants with dysglycemia (women:50.2%, Black:
28.8%), 33.2% had diabetes and 66.8% had prediabetes. Compared with those with
prediabetes, participants with diabetes were older, had higher burden of cardiovascular

risk factors, higher hs-cTnT and hs-CRP levels, and higher prevalence of ECG-LVH (e-
Table-1). During median follow-up of 17 years, 891 participants (13.1%) with dysglycemia
developed HF [diabetes: 19.9%(n=448); prediabetes: 9.8%(n=443)]. Among participants
with euglycemia, 5.5% developed HF during follow-up.

Predictors of HF risk among participants with diabetes or prediabetes

Association

Among individuals with dysglycemia, older age, male sex, prevalent diabetes (versus
prediabetes), smoking, higher systolic BP, BMI, FPG, and total cholesterol were each
independently associated with higher risk of HF (e-Table-2). Among biomarkers, elevated
levels of hs-cTnT, NT-proBNP, hs-CRP, and presence of ECG-LVH were each independently
associated with higher risk of HF in both unadjusted and adjusted models (Table-1). The
overall pattern of association of these biomarkers with risk of HF was largely comparable in
subgroups of individuals with diabetes and prediabetes. (e-Table-3).

of the biomarker score with risk of HF

Distribution of the biomarker score and baseline characteristics of participants with diabetes
and prediabetes across biomarker score groups are shown in e-Table-4. Among participants
with diabetes, 66.6% had very low to low biomarker scores (score <1), while 25.1% had

an intermediate (score=2) and 8.3% had a high biomarker score (score = 3). A similar
distribution pattern of biomarker scores was seen among participants with prediabetes,
where 79.7%, 16.2%, and 4.1% had a very low to low (score<l), intermediate (score=2),
and high biomarker score (score=3), respectively. Individuals with higher biomarker scores
were older, more commonly Black, and had higher systolic BP, BMI, and estimated risk of
ASCVD.

The cumulative incidence of HF increased in a graded fashion across increasing biomarker
score groups for individuals with diabetes as well as prediabetes (e-Figure-2). In
multivariable-adjusted Cox analysis, a significant graded association was observed between
biomarker score groups and risk of HF among participants with diabetes and prediabetes
independent of other potential confounders, with the highest risk noted among individuals in
the high score group (score=3) (Figure-1).

5-year and 10-year HF risk across biomarker score groups

The biomarker score demonstrated good discrimination and calibration for predicting 5-

and 10-year risk of HF in dysglycemia (e-Table-5). The discrimination performance of the
biomarker score alone was comparable to the clinical risk factor model for predicting 5- and
10-year risk of HF in diabetes and predicting 5-year risk of HF in prediabetes. For 10-year
HF risk in prediabetes, the discrimination performance of the biomarker score was modestly
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lower than that of the clinical risk factors model. Calibration was good for each of the HF
risk prediction models among participants with diabetes or prediabetes (p>0.05 for all).

The 5-year risk of HF among participants with diabetes and prediabetes with a biomarker
score of 0 or 1 was very low (diabetes: 0.85% to 1.29%; prediabetes: 0.49% to 0.67%) and
comparable to that observed among individuals with euglycemia (0.78%). The 5-year risk
of HF increased in a graded fashion across increasing biomarker score categories such that
individuals with diabetes and prediabetes in the high biomarker score group (=3) had 15-
and 10-fold higher risk of HF (vs. individuals with euglycemia), respectively (Figure-2).
Similarly, a similar pattern of graded increase was noted for 10-year HF risk estimates
across increasing biomarker score groups for individuals with diabetes and prediabetes. (e-
Figure-3). The graded 5- and 10-year risk of HF was similar in subgroup analyses stratified
by BMI and eGFR categories (e-Figure-4 and 5).

Among participants with diabetes, individuals with biomarker score of = 3 comprised 8.3%
of the population and accounted for 35.5% and 28.4% of all HF events within 5- and
10-years, respectively (Table-2). Similarly, among participants with prediabetes, individuals
with biomarker score of =3 comprised 4.1% of the population and accounted for 26.9% and
22.4% of all HF events within 5- and 10-years, respectively (e-Table-6).

For every 1,000 participants with diabetes treated with an SGLT-2i, the estimated humber of
HF events that could be prevented was 11 over 5 years and 30 over 10 years. When stratified
by the biomarker score, the number of HF events that could be prevented by SGLT-2i
increased across increasing score groups. In the high biomarker score group, SGLT-2i could
prevent 44 HF events over 5 years (vs. 4 or 5 HF events prevented in the 0 or 1 score groups,
respectively) and 103 HF events over 10 years (vs. 12 or 20 HF events prevented in the 0 or
1 score groups, respectively) per 1,000 treated participants. (Central Illustration, e-Figure-6).
The number-needed-to-screen to prevent 1 HF event over 5-years was 268 and 278 in the
intermediate (score=2) and high biomarker groups (score=3-4), respectively (e-Figure-7).
The number-needed-to-screen to prevent 1 HF event over 10 years are shown in e-Figure-8.

DISCUSSION

Among participants with dysglycemia without CVD, biomarkers of chronic myocardial
injury, neurohormonal stress, systemic inflammation, and L\VVH were independently
associated with higher risk of HF. Furthermore, a simple integer score based on the levels
of these biomarkers demonstrated good discrimination, calibration, and risk stratification
for predicting HF risk. Individuals with biomarker scores <1 had very low risk of HF
comparable with that observed among adults with euglycemia. In contrast, the risk of

HF was considerably higher among individuals with high biomarker scores (score =3).
Participants with diabetes with a high biomarker score represented <10% of the cohort but
accounted for 35% of HF events over 5-years. A biomarker score =3 identified individuals
with diabetes who were most likely to benefit from SGLT-2i for prevention of HF (Central
Illustration). Taken together, these findings underscore the potential utility of a biomarker-
based approach for HF risk stratification and allocation of HF prevention therapies among
patients with dysglycemia.
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Patients with diabetes, even those who achieve target levels of conventional risk factors,
including HbA1c<7%, face high HF risks.(25) Risk of HF increases across the glycemic
spectrum, even below diagnostic thresholds for diabetes.(26-28) Prediabetes is associated
with myocardial injury, subclinical cardiac dysfunction (stage B HF), and development

of clinical HF.(5,6,29,30) In contrast with prior studies,(31) prediabetes was associated
with higher risk of incident HF. This may be related to differences in study populations,
including age (older vs. younger) and heterogeneity in risk across groups stratified by
biomarkers. Additionally, the long 17-year median follow-up in the present study may have
been necessary to identify HF risk. Up to 10% of patients with prediabetes progress to
diabetes annually and this transition is associated with higher risk of CVD, including HF.
(32,33) Thus, prediabetes represents an early stage of dysglycemia that could be targeted for
prevention of HF screened using cardiac and inflammatory biomarkers.(6,23,34) We extend
these observations by incorporating biomarkers into a comprehensive and pragmatic risk
score.

Several strategies for predicting HF risk among patients with diabetes have been developed.
Previous studies created simple integer-based risk scores using readily available clinical
variables to stratify risk of HF.(11,12) However, these risk scores were developed among
clinical trial populations that included patients who had diabetes and prevalent CVD

such as ASCVD and HF. Furthermore, cardiac and inflammatory biomarkers were not
included in these risk scores. We build upon these prior studies by evaluating community-
dwelling adults without CVD and examined several biomarkers with established prognostic
importance. Additionally, we examined individuals with prediabetes who represent a large
and expanding proportion of the population with dysglycemia and are important targets

for implementation of HF prevention strategies.(1,6,29,30) Currently, there is limited
guidance regarding HF risk assessment in patients with prediabetes .(9) Our biomarker score
identified a 16-fold gradient of 5-year HF risk across increasing scores in prediabetes. A
high biomarker score was present in 4% of individuals with prediabetes and accounted for
27% of all HF events over 5 years. Thus, high biomarker score could identify such high-risk
individuals with prediabetes who may benefit from more aggressive management strategies
for HF prevention including intensive BP control and aggressive lifestyle modification.(35)

Incorporation of biomarkers for risk stratification can also guide implementation of
strategies for prevention of HF in patients with diabetes. Despite their demonstrated
efficacy of SGLT-2i,(9) therapeutic uptake has been slow,(10,36) likely in part related to
financial barriers. A more cost-efficient approach may help target preventive interventions
to individuals with diabetes at highest risk for HF. A high biomarker score was noted in
<10% of all individuals with diabetes but accounted for 35% of all HF events over 5-year
follow-up. These individuals identified with high biomarker scores would be expected

to derive significant benefits from a more aggressive approach to HF prevention that

may include initiation of effective but relatively costly therapies such as SGLT-2i. We
observed that SGLT-2 therapies would prevent 44 HF events over 5-years per 1,000
treated individuals with diabetes and high biomarker score. In contrast, treatment of all
participants with diabetes would prevent only 11 HF events per 1,000 treated individuals.
Future studies are needed to determine if a biomarker score-guided approach to allocation
of novel, effective pharmacotherapies for diabetes may be cost effective. Furthermore,
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while financial costs of these medications are expected to decline over time, targeting

these therapies to the highest risk individuals should lead to the largest absolute risk
reductions. Additionally, a biomarker-based approach to risk stratification may help inform
integration of these effective therapies into clinical practice. Glucagon-like peptide-1
receptor agonists (GLP-1RA) are a separate antihyperglycemic class of medications that
have also demonstrated cardioprotective benefits, particularly reductions in ASCVD events.
(37) Further studies are needed to identify individuals with diabetes who are at enriched risk
for ASCVD and may preferentially benefit from GLP-1RA.

Three-quarters of individuals with prediabetes and two-thirds of individuals with diabetes
had a low biomarker score that was associated with 5-year risk of HF that was lower than

or comparable with that for patients with euglycemia. The biomarker score-based approach
to risk stratification can help guide the treatment discussions and shared-decision making
process regarding implementation of potential HF preventive therapies among these low-risk
individuals.

Several limitations to our study are noteworthy. First, the study population may not represent
a contemporary cohort as these epidemiologic cohort studies began enrollment prior to the
availability of diabetes therapies like SGLT-2i. Because no participants were taking SGLT-2i
at the time of study enrollment, we were able to estimate the number of HF events that
could be prevented with initiation of an SGLT-2i. Second, biomarkers were assessed at

a single point in time and the contribution of changes in biomarker levels to risk of HF

was not assessed. However, a single assessment of the biomarker score provides a simple,
pragmatic approach to risk stratification. Third, the biomarker score did not incorporate
continuous measures of the biomarkers. While categorical biomarkers may miss important
information at the ends of the distribution, a categorical approach facilitates the ease of use
and may be more readily adopted. Fourth, LVH was assessed by electrocardiogram rather
than echocardiogram which was not consistently performed in each of the three cohorts.
Electrocardiogram testing is widely available and may be a pragmatic approach to risk
stratification. Data regarding measures of insulin resistance and other metabolic parameters
were not consistently collected across pooled cohorts; more detailed phenotyping of the
dysglycemic cohorts was thus not possible. Finally, HF event ascertainment differed across
cohort studies and ARIC included HF events based on ICD codes which are susceptible to
misclassification.(38,39).

In conclusion, among community-dwelling adults with diabetes and prediabetes without
prior CVD, a simple biomarker-based integer risk score can inform HF risk stratification.
Individuals with diabetes and prediabetes who had low biomarker scores had a low risk

of incident HF similar to those with euglycemia. Among individuals with diabetes and

high biomarker scores, the risk of HF was higher and prescription of SGLT-2i would be
expected to prevent a greater number of incident HF events. Future studies are needed

with measurement of these biomarkers to guide allocation of preventive therapies in clinical
practice.
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ABBRIVIATIONS

HF Heart failure

SGLT-2i Sodium-glucose cotransporter-2 inhibitors
ASCVD Atherosclerotic cardiovascular disease
LVH Left ventricular hypertrophy

ARIC Atherosclerosis Risk in Communities study
DHS Dallas Heart Study

MESA Multiethnic Study of Atherosclerosis

BP Blood pressure
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HDL-C high-density lipoprotein cholesterol
hs-cTnT high-sensitivity cardiac troponin-T
NT-proBNP N-terminal pro-B-type natriuretic peptide
hs-CRP high-sensitivity C-reactive protein
FPG Fasting plasma glucose
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PERSPECTIVES
Competency in medical knowledge:

A simple, integer, biomarker-based risk score can identify patients with diabetes and
prediabetes who are at an increased risk for incident heart failure.

Trandational outlook:

Future studies are needed to determine whether assessment of these biomarkers may
guide allocation of therapies to prevent heart failure in patients with diabetes and
prediabetes

JACC Heart Fail. Author manuscript; available in PMC 2024 July 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Pandey et al.

Page 14
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group Diabetes Prediabetes
Hazard ratio (95% ClI) Hazard ratio (95% CI)
Very low, score =0 Ref. l Ref. l
Low, score = 1 1.82 (1.31-2.53) - 1.40 (1.09-1.80) g -
Intermediate, score = 2 2.42 (1.71-3.43) —a— 1.83 (1.37-2.45) -
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Figure 1. Multivariable adjusted association of biomarker score groupswith risk of HF among
participantswith diabetes and prediabetes.

Covariates included demographics (age, sex, race), cardiovascular risk factors (smoking
status, body mass index, systolic blood pressure, total cholesterol, high-density lipoprotein
cholesterol, estimated glomerular filtration rate, fasting plasma glucose), medication use
(statin, anti-hypertensive medication), study cohort.

JACC Heart Fail. Author manuscript; available in PMC 2024 July 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Pandey et al.

5-year Kaplan Meier
estimate for HF risk

Page 15

15+

104
5_
0-
Diabetes Prediabetes
Very low, Low, Intermediate, High,
_ = _ — _
score =0 score = 1 score = 2 score = 3-4

Figure 2. 5-year Kaplan Meier estimatesfor heart failurerisk among participantswith diabetes
and prediabetes stratified by biomarker score group.

The red dotted line represents the 5-year Kaplan Meier estimate for heart failure in
participants with euglycemia (0.78%).

JACC Heart Fail. Author manuscript; available in PMC 2024 July 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Pandey et al.

-)

Type 2 DM

Hs-cTnT>= 6 ng/L

/ NT-ProBNP>= 125

w - og/mi

™~
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HF events prevented per 1,000
participants treated for 5 years

B3 Very low,
score =0
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501

Biomarker score group

B Low, BB Intermediate, EE
score =1 score =2

HF prevention by SGLT-2
inhibitors

Central lllustration: Biomarker risk scoreto identify patient with diabeteswho are a high risk of

heart failure and may benefit from SGLT-2 inhibitors.

The black dotted line represents the number of HF events prevented per 1,000 participants
with diabetes, irrespective of biomarker score group, treated with an SGLT-2 inhibitor for
5 years (11 HF events). Based on a pooled analysis of SGLT-2 inhibitor cardiovascular
outcome trials, a 36% relative risk reduction in HF was used to calculate the absolute

risk reduction at 5-years.(7) Abbreviations: HF = heart failure; SGLT-2 = sodium-glucose

cotransporter-2.
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