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Knowledge on risk predictors of incident heart failure (HF) in patients with type 2 diabetes (T2D) is crucial given the frequent coexistence
of the two conditions and the fact that T2D doubles the risk of incident HF. In addition, HF is increasingly being recognized as an important
endpoint in trials in T2D. On the other hand, the diagnostic and prognostic performance of established cardiovascular biomarkers may
be modified by the presence of T2D. The present position paper, derived by an expert panel workshop organized by the Heart Failure
Association of the European Society of Cardiology, summarizes the current knowledge and gaps in evidence regarding the use of a series
of different biomarkers, reflecting various pathogenic pathways, for the prediction of incident HF and cardiovascular events in patients with
T2D and in those with established HF and T2D.
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Graphical Abstract

The identification of biomarkers for the accurate prediction of incident heart failure and cardiovascular events in patients with type 2 diabetes may
enhance patient management and at the same time inform clinical trials and indicate novel pathogenetic and therapeutic targets that may further
improve clinical practice.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Diabetes mellitus • Heart failure • Biomarkers • Cardiovascular risk • Cardiovascular
prevention

Introduction
Heart failure (HF) and type 2 diabetes (T2D) often coexist, while
the presence of one increases the incidence and clinical event
rates of the other.1,2 This association partly reflects the common
risk factors and pathogenetic mechanisms shared between the
two conditions. According to the regulatory guidance issued by
the US Food and Drug Administration in 2008, large outcome
trials of glucose-lowering drugs needed to include cardiovascular
(CV) death, non-fatal myocardial infarction and non-fatal stroke as
safety endpoints3; HF was not initially included as an mandatory
endpoint in these trials. Nevertheless, HF is increasingly becoming
recognized as an important endpoint in glucose-lowering drug
trials in patients with T2D, following the impressive outcomes of
studies on sodium–glucose cotransporter 2 inhibitors (SGLT2i).
These trials showed a consistent and substantial reduction of HF
hospitalization in patients with T2D and either CV risk factors
or established CV disease, a finding that has already led to the
successful repurposing of some of these agents as HF drugs.4

Evidence, however, on established and validated risk markers
for incident HF in T2D, required to inform the design of clinical
trials, is limited. The identification of biomarkers for the accurate
prediction of incident HF and CV events in patients with T2D
may thus inform clinical trials in T2D but also enhance patients’
management and potentially indicate novel pathogenetic and
therapeutic targets (Graphical Abstract). On the other hand, T2D is
known to worsen prognosis in patients with acute or chronic HF,
across the left ventricular ejection fraction spectrum, increasing ..
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.. mortality and hospitalization rates.5–7 The performance, however,

of established biomarkers for the prediction of CV risk in patients
with established HF may be modified by the coexistence of T2D.

The present position paper was the subject of an expert panel
workshop, organized by the Heart Failure Association (HFA) of the
European Society of Cardiology (ESC), with the aim to delineate
the role of biomarkers for the prediction of incident HF and CV
events in patients with T2D, as well as for the prediction of CV
outcomes in patients with established HF and T2D. This document
aims at (i) summarizing the existing evidence on biomarkers for the
prediction of incident HF in T2D and of CV events in T2D with and
without HF to inform clinical practice and the design of future trials;
(ii) reporting the main findings of a relevant HFA survey; and (iii)
identifying open issues to stimulate further research in the broader
field of CV disease and T2D.

Incidence of heart failure
in diabetes
Large cohort studies and meta-analyses have shown that the
presence of either T2D or HF doubles the incidence of the other.
In a meta-analysis of 30 population-based studies, the pooled risk
ratio (RR) for incident HF was 2.06 (95% confidence interval [CI]
1.73–2.46).8 Similarly, in a more recent meta-analysis of 74 studies,
the pooled RR for new-onset HF was 2.14 (1.96–2.34) and that
concerned both HF with preserved ejection fraction (HFpEF; RR
2.22 [2.02–2.43]) and HF with reduced ejection fraction (HFrEF;

© 2022 European Society of Cardiology



Biomarkers for heart failure in type 2 diabetes 3

RR 2.73 [2.71–2.75].9 In a cohort of 7953 individuals free of
baseline HF and diabetes mellitus (DM), the incidence of HF over
11 years in participants who had first developed T2D was 8.5% ver-
sus 3.8% in those without T2D (p< 0.001); the mean duration of
HF onset after T2D was 3.8± 2.5 years.10 Conversely, the 11- year
incidence of T2D in participants who had first developed HF was
11.8% versus 5.4% in those without HF (p< 0.001), with a mean
duration of T2D onset after HF of 2.4±1.8 years,10 confirming the
reciprocal relationship between the two conditions. Accordingly, in
a nationwide cohort study of 104 522 HF patients, the annual inci-
dence of new-onset diabetes following the first HF hospitalization
was approximately 2%, rising to 3% after 5 years of follow-up.11

There seems to be a gradual increase in the risk of HF with
increasing hyperglycaemia as expressed by blood glucose or
glycated haemoglobin (HbA1c) levels. The risk of HF increases
by 25% per each 20 mg/dl increase in blood glucose and by 8%
per each 1% increase in HbA1c.8,12 There is also evidence of an
increased risk for HF in individuals with pre-diabetes.8,13

Performance of biomarkers for
predicting incident heart failure
and cardiovascular events in
patients with diabetes
Cardiovascular biomarkers
In view of the above evidence, screening for HF would be par-
ticularly relevant in patients with T2D.14 Natriuretic peptides
and specifically B-type natriuretic peptide (BNP) and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) are the established
biomarkers for the diagnosis of HF.15 The value of natriuretic
peptides as screening tools for HF has been evaluated in patients
with DM. In the STOP-HF trial on 1368 asymptomatic individuals
with CV risk factors, BNP screening, measured by a point-of-care
assay, was able to detect stage B pre-HF both in patients with and
without DM, with similar diagnostic accuracy (area under the curve
0.75 [0.71–0.78] in T2D vs. 0.77 [0.72–0.82] in non-diabetics).16

Patients with T2D required only a slightly lower BNP threshold for
the same level of accuracy compared to those without DM. Thus,
to achieve ∼80% sensitivity with ∼60% specificity, the cut-off for
diabetics was 5 pg/ml lower than that in non-diabetics (20 pg/ml
vs. 25 pg/ml).

Given the increased CV and HF risk of patients with diabetes,
there is a need to evaluate the performance of established biomark-
ers of CV risk in these patients. In this context, in a secondary
analysis of the EXAMINE trial, on 5380 patients with T2D recov-
ering from an acute coronary syndrome, who were randomized to
alogliptin or placebo, of whom 28% also had baseline HF, a number
of biomarkers were evaluated as to their predictive value, includ-
ing NT-proBNP, high-sensitivity troponin I, adiponectin, growth
differentiation factor-15 (GDF-15), and galectin-3.17 Among these
biomarkers, NT-proBNP was the strongest predictor of the
composite primary endpoint of CV death, HF hospitalization,
subsequent NT-proBNP elevation or loop diuretics initiation
during a median follow-up of 18 months. Similarly, in another study ..
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.. of 3098 patients with DM, although several biomarkers, including
NT-proBNP, high-sensitivity troponin T (hs-TnT), high-sensitivity
C-reactive protein (hs-CRP) and interleukin-6, were associ-
ated with an increased risk for incident HF over 5 years after
adjustment for major risk factors, only NT-proBNP allowed a
meaningful improvement of HF prediction (greater improvement
in discrimination and reclassification) when added to a model of
conventional risk factors.18 A one-standard deviation increase
in NT-proBNP was associated with a three-fold higher risk of
incident HF.

The predictive value of the more recently introduced marker
of myocardial stress, mid-regional pro-A-type natriuretic peptide
(MR-proANP) has also been evaluated in T2D. In a study on
806 patients with T2D, 18% of whom also had HFpEF and 2%
HFrEF, a low plasma level of MR-proANP (<60 pmol/L) ruled out
successfully HFrEF with a negative predictive value of 99.7%.19

MR-proANP also predicted the incidence of CV events, including
CV death or HF hospitalization, myocardial infarction, coronary
revascularization, cardiac arrest, cerebrovascular disease and
peripheral artery disease.20 Patients with elevated MR-proANP
(≥60 pmol/L) and a history of HF had the highest incidence of
CV events, compared to those with HF and low MR-proANP or
those without HF, and thus MR-proANP had an additive value in
predicting outcomes in patients with T2D.

More evidence on the prognostic value of cardiac biomarkers in
patients with diabetes has been provided by CV outcome trials of
antidiabetic agents in patients with T2D and a history or increased
risk of CV disease. In the DECLARE-TIMI 58 trial on dapagliflozin
or placebo, higher baseline levels of NT-proBNP and hs-TnT were
associated with greater risk of CV death and hospitalization for
HF, as well as greater absolute risk reduction with dapagliflozin.21

In the SAVOR-TIMI 53 trial on saxagliptin or placebo, the risk of
hospitalization for HF associated with saxagliptin was even greater
in patients with higher NT-proBNP levels.22

Renal biomarkers
Renal dysfunction and chronic kidney disease represent key
complications of T2D and a common comorbidity in T2D and
HF. In an analysis of the previously mentioned EXAMINE trial of
5380 patients with T2D and a recent acute coronary syndrome,
a series of renal biomarkers including serum cystatin C, urine
neutrophil gelatinase-associated lipocalin (NGAL), urine kidney
injury molecule-1 protein (KIM-1) and urinary protein excretion,
were all significantly associated with the composite endpoint of
CV death, non-fatal myocardial infarction or non-fatal stroke over
18 months, independently of baseline estimated glomerular filtra-
tion rate (eGFR). However, only cystatin C remained significantly
associated with CV events in the multivariate analysis, including
the composite endpoint, all-cause death and HF hospitalization.23

In contrast, in a small study on 119 patients with T2D without
evidence of CV disease, NGAL was independently associated
with CV death or incident CV disease (coronary heart disease,
stroke, or peripheral artery disease) over a period of 9 years,24

while in another trial on 91 elderly patients with DM, urinary
KIM-1/creatinine ratio was independently associated with CV

© 2022 European Society of Cardiology
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death, but this was not the case for urinary NGAL/creatinine ratio
or urinary cystatin C/creatinine ratio.25

Biomarkers of endothelial function
Endothelial dysfunction is a key mechanism of CV involvement in
T2D and a common denominator in the pathophysiology of T2D
and HF, especially HFpEF, resulting from shared risk factors and CV
and non-CV comorbidities.26 In addition, markers of endothelial
dysfunction have been shown to predict future development of HF
in the general population.27 In a study on 119 patients with T2D
without known CV disease, functional markers of endothelial func-
tion, such as increased pulse wave velocity (>10 m/s) and decreased
flow-mediated dilatation (≤2.2%) were independently associated
with CV events including CV death, coronary heart disease, stroke
or peripheral artery disease over 9 years.24 In terms of circulating
biomarkers of endothelial function, another study on 128 patients
with T2D showed that vascular cell adhesion molecule-1 and vas-
cular endothelial growth factor (VEGF) were independently asso-
ciated with CV risk as estimated by the Framingham risk score and
the UKPDS calculators.28 Soluble E-selectin and factor XIIa were
further independently associated with the 10-year risk of coronary
heart disease or any CV disease, including HF, in another analysis
on 86 patients with T2D.29

Biomarkers of inflammation
and oxidative stress
Inflammation and oxidative stress are believed to play a key role
in the pathogenesis of HF and CV involvement in patients with
diabetes. In a multicentre study on 936 patients with DM, a series
of biomarkers of inflammation (interleukin-6, chemokine ligand
3, pentraxin-3, and hs-CRP) along with indices of endothelial
dysfunction (hepatocyte growth factor and VEGF-A) were asso-
ciated with incident CV events of atherosclerotic origin, without
including HF and only in patients with coexistent CV disease and
not in those without.30

Regarding oxidative stress, in a prospective cohort study
consecutively on 1468 patients with T2D, a series of oxidative
biomarkers failed to predict incident CV events including CV
death, non-fatal myocardial infarction or non-fatal stroke over a
median period of 64 months or provide incremental prognostic
value on top of a conventional risk prediction model.31 The
tested biomarkers included advanced oxidation protein products,
oxidative haemolysis inhibition assay, ischaemia-modified albumin,
total reductive capacity of plasma, fluorescent advanced glycation
end-products and carbonyls.

Biomarkers of glycaemic control
Poor glycaemic control with elevated levels of HbA1c has been
associated with increased risk for HF, although studies targeting
tight glycaemic control have generally failed to improve CV out-
comes in patients with T2D.32,33 Notwithstanding, these latter trials
did not use the more recent drugs that are now used, while the
number of hypoglycaemic events was quite high, which may have ..
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.. had an impact on outcomes, as discussed below.34 In the ARIC
study on 11 057 participants without T2D or HF at baseline, higher
HbA1c was an independent predictor of incident HF, with a base-
line HbA1c level of 6.0–6.4% being associated with a 40% higher
risk of HF compared to a HbA1c of 5.0–5.4%.35 Similar results
were obtained in the same study when evaluating 1827 partici-
pants with T2D but without HF at baseline; HbA1c was also an
independent predictor of incident HF, with 20% higher risk of HF
per 1% increase in HbA1c.36 Similarly, in a retrospective study of
4723 patients with T2D and HF, a HbA1c ≥9.0% was associated
with a 13% higher risk of all cause death and a 33% higher risk of
HF hospitalization compared to HbA1c of 8.0–8.9%.37

Glycaemic markers in the range of pre-diabetes may carry
an increased risk for future development of HF, even without
progression to diabetes. In a study on 336 709 individuals without
CV disease or type 1 diabetes in the UK Biobank, followed over a
median period of 11 years, individuals with pre-diabetes developed
at least one of the incident outcomes including atherosclerotic CV
disease, HF or chronic kidney disease, with only 12% of these
patients having developed T2D prior to the diagnosis of CV or renal
disease.13 The adjusted hazard ratios for HF were 1.07 (1.01–1.14)
for patients with baseline pre-diabetes and 1.25 (1.14–1.37) for
those with baseline diabetes. The risk for HF increased significantly
with a baseline HbA1c of 7.0% and higher. Increased levels of
HbA1c have also been associated with an increased risk of HF
hospitalization and CV death in patients with T2D and a recent
acute coronary syndrome in the ELIXA trial, independently of left
ventricular ejection fraction.38

Variability of glycaemic control has further been associated with
CV outcomes in patients with diabetes, and greater variability both
in the short and in the long term is associated with a higher risk of
adverse outcomes including CV events. In a prospective study of
8439 patients with HF, long-term HbA1c variability, expressed as
the standard deviation of serial measurements, was associated both
with incident CV disease, including HF, and chronic kidney disease
over a follow-up of 7 years, independently of mean HbA1c or other
confounders.39 In another prospective study of 902 patients with
T2D and HF, HbA1c was measured at least three times over a
period of 18 months and patients were subsequently followed
for 42 months.40 During follow-up, 60% of patients experienced
all-cause death or HF hospitalization. HbA1c variability, expressed
as either the standard deviation of serial measurements or as
the coefficient of variation, was an independent predictor of
the composite endpoint, regardless of HF phenotype (HFrEF, HF
with mildly reduced ejection fraction [HFmrEF] or HFpEF), in
multivariate models that also included BNP. Severe hypoglycaemia
has also been associated with an increased risk of incident HF in the
ACCORD trial.34 Accordingly, a U-shaped relationship between
HbA1c levels and both HF hospitalization and non-HF CV events
in patients with T2D and established atherosclerotic disease in the
TECOS trial, with a nadir around a HbA1c of 7%.41

Besides biomarkers of glycaemia, surrogates of poor glycaemic
control, have further been associated with an increased risk of
incident HF. Albuminuria has been independently associated with
left ventricular systolic and diastolic dysfunction, and diabetic
retinopathy with a two-fold higher adjusted risk of incident HF.42,43

© 2022 European Society of Cardiology
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Novel and alternative biomarkers
A more recently introduced biomarker of myocardial stress
that has been evaluated in patients with T2D is mid-
regional pro-adrenomedullin (MR-proADM), a surrogate of
adrenomedullin, a peptide inducing vasodilatation and natriuresis.
The prognostic value of MR-proADM was compared with that
of NT-proBNP in 1438 patients with T2D.44 Both biomarkers
were significantly associated with incident HF hospitalization
in multivariate analysis. However, MR-proADM had an additive
prognostic value on top of clinical risk factors but not when added
to a model containing NT-proBNP. Thus, MR-proADM did not
seem to contribute supplementary information for HF prediction
beyond NT-proBNP.

A study on 169 patients with T2D evaluated the prognostic value
of a series of alternative biomarkers including asymmetric dimethy-
larginine, a marker of endothelial dysfunction, endothelin-1, an
inflammatory marker and placental growth factor, another vascular
index, along with NT-proBNP.45 Among these biomarkers, only
NT-proBNP was significantly correlated with the risk of coronary
artery or cerebrovascular disease and the CV risk predicted
by calculators such as the ADVANCE, the UKPDS 2.0 and the
Framingham risk score.

The role of microRNAs (miRNAs) that are small, non-coding
RNA holding key roles in several processes affecting cell survival,
differentiation, proliferation and function, have further been pro-
posed as potential markers of CV risk in T2D.46 A series of different
miRNAs has been associated with the microvascular complica-
tions of the disease, namely retinopathy, nephropathy and neu-
ropathy. Specific circulating miRNAs have further been related
with microvascular manifestations including coronary and periph-
eral artery disease. Among the implicated miRNAs, overexpres-
sion of miR-21 has been associated with HF in patients with T2D
and inhibition of miR-21 is known to block cardiac and other
forms of fibrosis.47,48 In addition, the overexpression of miR-1
and miR-133a has been associated with myocardial steatosis, a
hallmark of diabetic cardiomyopathy, and therefore may serve as
potential markers for the early diagnosis of diabetic cardiomyopa-
thy.49 In pre-clinical studies, inhibition of miR-132 has been shown
to reduce blood glucose and improve metabolic status.50 Clinical
translation to patients with chronic HF is currently under investi-
gation and miR-132 inhibition provided beneficial cardiac effects in
a phase 1b study.51

Multi-marker models
In an analysis of 6799 participants with diabetes or pre-diabetes
without baseline CV disease from three cohort studies (ARIC,
DHS and MESA), investigators constructed a biomarker
score with 1 point attributed for each of the following:
NT-proBNP≥125 pg/ml, hs-TnT≥6 ng/L, hs-CRP≥3 mg/L and left
ventricular hypertrophy by electrocardiography.52 This biomarker
score successfully predicted the risk of incident HF, with a graded
increase in 5-year risk with increasing score and the highest risk
noted with scores of ≥3. Another study on 1290 patients with
T2D from two cohorts (SMART and EPIC-NL) evaluated a series
of 23 biomarkers addressing different pathogenetic pathways in an ..
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.. effort to improve CV risk prediction in T2D provided by traditional
risk factors.53 Among them, only NT-proBNP, osteopontin and
matrix metalloproteinase-3 were the only biomarkers significantly
associated with CV events, including HF, and were used to build a
multi-marker model that improved significantly the predictive per-
formance of traditional risk factors in both cohorts, although with a
limited number of patients being reclassified to a different risk level.

Other multi-marker models incorporate widely available clini-
cal parameters with or without the addition of laboratory mea-
surements. The WATCH-DM risk score, incorporating a list of
readily available clinical parameters, predicts accurately the 5-year
risk of incident HF in a community-based population with dysgly-
caemia;54 the addition of natriuretic peptides to the score param-
eters improved HF risk prediction more greatly in individuals with
low or intermediate risk than in those with high risk.54

In another study on 581 patients with T2D, a screening tool
incorporating simple clinical parameters concerning demographics,
history, symptoms and signs, had a good discriminative value for
detecting or excluding HF (C-statistic 0.82 [95% CI 0.79–0.86],
negative predictive value 88%).55 The addition of electrocardio-
gram or natriuretic peptides improved further its discriminatory
value. Similarly, the TIMI risk score for HF in diabetes, derived from
the SAVOR-TIMI 53 trial and validated using the DECLARE-TIMI
58 trial, combines clinical and laboratory parameters including
previous history of HF, atrial fibrillation or coronary artery disease,
an eGFR and albumin-to-creatinine ratio to predict the risk of
hospitalization for HF.56

Cardiovascular risk prediction
and duration of diabetes
Given the evolving pathophysiology of CV injury in patients with
DM, the prognostic value of biomarkers of CV risk may change
dynamically in the course of the disease. For this reason, a prospec-
tive study on 746 patients with T2D, followed for 60 months,
assessed the prognostic value of several biomarkers in relation to
the duration of diabetes.57 Indeed, the biomarkers that predicted
significantly the primary endpoint of death or unplanned CV hos-
pitalization, including HF hospitalization, changed according to the
duration of T2D; hs-TnT and GDF-15 were predictive in patients
with T2D lasting less than 7 years, NT-proBNP in those with T2D
duration of 7–12 years, NT-proBNP and urinary albumin to crea-
tinine ratio for duration of 12–22 years and only NT-proBNP for
duration of more than 22 years.

Performance of biomarkers for
predicting cardiovascular events
in patients with established heart
failure and diabetes
Chronic heart failure and diabetes
Evidence from the SwedeHF registry showed that NT-proBNP
levels were generally higher in HF patients with T2D com-
pared to those without T2D, particularly in patients with HFrEF

© 2022 European Society of Cardiology



6 P. Seferović et al.

and HFmrEF.6 A few studies have evaluated the performance
of CV biomarkers in patients with HFrEF or HFpEF and coex-
isting T2D. In a study of 1069 ambulatory patients with HF,
mostly HFrEF (mean ejection fraction 34± 13%), in whom 36%
also had T2D, a series of biomarkers were analysed, including
NT-proBNP, hs-TnT, galectin-3, hs-CRP, cystatin C, ST2, soluble
transferrin receptor (sTfR) and neprilysin.58 Although the levels
of most of these biomarkers were higher in patients with T2D,
after adjustment for age, sex, body mass index and eGFR, only
NT-proBNP, hs-TnT and sTfR levels remained significantly higher
in patients with T2D. All biomarkers were associated with an
increased risk of all-cause and CV death in patients with and
without T2D. However, in the multivariable analysis, only hs-TnT
and ST2 were independently associated with all-cause and CV
death in patients with both HF and T2D. In a secondary anal-
ysis of the PARADIGM-HF trial on 1907 patients with HFrEF,
40% of whom also had diabetes, TnT but not NT-proBNP was
higher in patients with T2D than in those without.59 TnT remained
independently predictive of worse outcomes in multivariate anal-
ysis including NT-proBNP and the two biomarkers had an addi-
tive value for predicting adverse prognosis in these patients. In
multivariable analyses, among patients with diabetes, those hav-
ing a TnT level ≥18 ng/L and a NT-proBNP >1342 pg/ml had
a 4.5-fold higher risk of CV death or HF hospitalization than
those with lower TnT and NT-proBNP values. The risk associated
with the above values was 4.2-fold higher among patients without
diabetes.59

In the TOPCAT trial, patients with HFpEF and diabetes had
lower eGFR and higher levels of hs-CRP, pro-collagen type III
amino-terminal peptide, tissue inhibitor of metalloproteinase-1
(TIMP-1), and galectin-3 than those with HFpEF but without
diabetes.60 In addition, these patients also exhibited larger lon-
gitudinal increases in the levels of hs-TnT over a 12-month
period than those without DM. Elevated pro-collagen type III
amino-terminal peptide and galectin-3 levels were associated
with an increased risk of the primary composite endpoint of CV
death, aborted cardiac arrest or HF hospitalization in patients
with diabetes, but not in those without. Patients with T2D
also showed a significantly greater reduction in hs-TnT and
TIMP-1 under treatment with spironolactone than those without
diabetes.

In a study of 366 patients with HF, the presence of T2D did
not have an impact on the concentrations or the predictive value
of MR-proAMD.61 The biomarker did not differ in patients with
and without T2D and was associated with all-cause death and
the composite of death or hospitalization irrespectively of the
presence of T2D.

Finally, in a study of 195 patients with chronic HF and 116
controls, plasma levels of soluble E-selectin and von Willebrand
factor were elevated in HF patients with T2D but not in those
without T2D.62 Increased levels of E-selectin were associated with
ischaemic events in patients with T2D but not in those without.
Whether the levels or the predictive value of other biomarkers
of endothelial dysfunction are also impaired by the coexistence of
T2D is not known. ..
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.. Acute heart failure and diabetes
Patients with acute HF and T2D may have a diverse biomarker
profile than those with acute HF without diabetes. In a network
analysis of 48 circulating biomarkers measured within 24 h of acute
HF admission in 2033 patients in the context of the PROTECT trial,
patients with acute HF and T2D differed from those with acute HF
without T2D in biomarkers of cardiomyocyte stretch (BNP), renal
function (NGAL, KIM-1), inflammation (tumour necrosis factor
alpha receptor 1, periostea) and angiogenesis (VEGF receptor 1,
angiogenin).63 In a study on 328 patients with acute HF, in contrast,
BNP concentration, both on admission and at discharge, was
similarly elevated in patients with T2D and pair-matched patients
without T2D.64 Despite any difference in biomarker profile among
acute HF patients with and without diabetes, natriuretic peptides
seemed to retain their performance in the presence of diabetes.
In a study on 145 patients with both HF and diabetes, seen in the
outpatient HF clinic after an acute episode of HF decompensation,
BNP was independently associated with CV events at 6-month
follow-up.65 A value of 200 pg/ml had 88% sensitivity and 71%
specificity, while a value of 500 pg/ml had 46% sensitivity and 89%
specificity to predict CV events at 6 months.

Heart Failure Association survey
on heart failure biomarkers
in diabetes
In association with the workshop which led to the development
of this position paper, the HFA developed and presented a ques-
tionnaire to its members. The questions asked are as detailed in
online supplementary Appendix S1. The survey explored the char-
acteristics and performance of biomarkers for HF prediction and
monitoring and in particular within a T2D population. There was
a lack of knowledge of any biomarker specifically being of value in
predicting new-onset HF within a T2D population. If a biomarker
in the future could be proven to be reliable for the prediction of
new-onset HF and/or HF hospitalizations within a T2D population,
this was found to be of considerable interest to the survey respon-
dents. If T2D patients shown to be at risk for HF by biomarkers
are subsequently proven to benefit from effective HF preven-
tive therapies such as SGLT2i, this was rated as of considerable
interest.

Conclusions, future needs
and open issues
Overall, there is a limited number of studies on the performance
of biomarkers for the prediction of HF in patients with T2D. More
studies have investigated the role of biomarkers for the prognosti-
cation of general CV risk, but without referring particularly to HF.
In addition, several studies provide data only for patients with dia-
betes and not comparative evidence versus non-diabetic patients.
According to the available evidence, among cardiac biomarkers,
it seems that natriuretic peptides maintain their diagnostic and
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prognostic value for HF and CV events in patients with T2D, and
they seem to outperform other candidate biomarkers for risk pre-
diction in these patients. The established thresholds of natriuretic
peptides seem to be rather adequate also for T2D patients, but the
issue of cut-offs for these and other biomarkers warrants further
investigation. More recently introduced biomarkers of myocardial
stress, including MR-proANP and MR-proADM, also seem to
perform well for HF prediction in T2D but their additive value
on top of conventional natriuretic peptides remains questionable,
particularly for MR-proADM, and further research in this regard
is needed. Regarding biomarkers of glycaemia, HbA1c level and
its longitudinal variability seem to predict incident HF and CV risk
in patients with T2D or even pre-diabetes, perhaps with additive
value on top of natriuretic peptides, an issue that requires further
investigation. Whether the predictive value of Hb1Ac alters when
a given patient progresses from pre-diabetes to uncomplicated or
complicated diabetes is not known, but the duration of diabetes
may modify the performance of biomarkers such as natriuretic
peptides. Evidence on biomarkers of endothelial or renal function
remains rather limited and inconclusive, while studies on markers
of inflammation or oxidative stress have focused only on purely
atherosclerotic CV events without reference to HF and have hith-
erto failed to provide proof of successful risk prediction. Among
novel biomarkers, miRNAs are emerging as potential early diagnos-
tic and predictive markers but also therapeutic targets and among
other CV manifestation of T2D, they may help in the delineation
and early identification of diabetic cardiomyopathy. Given the com-
plex pathophysiology linking HF and T2D, a multi-marker approach
that captures more than a single mechanism or pathway seems
an attractive option and initial evidence is promising but requires
further confirmation. It should also be taken into consideration
that the value of biomarkers to predict HF events or CV risk in
general may dynamically change over time, with NT-proBNP being
probably more accurate for patients with long-lasting T2D accord-
ing to a single study,57 although these findings need to be further
confirmed.

In patients with established HF, the coexistence of T2D may
modify the diagnostic and prognostic performance of biomarkers
and hitherto evidence in this issue also remains limited. In chronic
HF with T2D, cardiac troponins seem to be useful markers for
the prediction of CV risk and their potential additive value on
top of natriuretic peptides needs to be studied further. In HFpEF
with T2D, biomarkers of fibrosis such as pro-collagen type III
amino-terminal peptide, galectin-3 and TIMP-1 may have an impor-
tant role for the prediction of CV risk and of the response to
antifibrotic therapies. Endothelial dysfunction is a common denom-
inator in HF and T2D and biomarkers of endothelial dysfunction
may have a role in these patients that need to be investigated.
Finally, in acute HF with T2D small studies seem to confirm the
value of natriuretic peptides in this setting, but more evidence is
required.

The complex and multifactorial pathophysiology of CV involve-
ment in T2D may often lead to conflicting evidence, as shown by
studies reported herein. Therefore, more focus should be placed
on larger, prospective and more extensively adjusted studies and ..
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.. even more importantly on the confirmation of the hitherto findings
by ongoing research.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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