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Abstract 

Existing risk prediction scores based on clinical and laboratory variables have been considered inaccurate in patients 
with Type 2 Diabetes Mellitus (T2DM). Circulating concentrations of natriuretic peptides have been used to aid in the 
diagnosis and to predict outcomes in heart failure. However, there is a growing body of evidence for the use of natriu-
retic peptides measurements, mainly N-terminal pro-B-type natriuretic peptide (NT-proBNP), as a tool in risk stratifica-
tion for individuals with T2DM. Studies have demonstrated the ability of NT-proBNP to improve outcomes prediction 
when incorporated into multivariate models. More recently, evidence has emerged of the discriminatory power of 
NT-proBNP, demonstrating, as a single variable, a similar and even superior ability to multivariate risk models for the 
prediction of death and cardiovascular events in individuals with T2DM. Natriuretic peptides are synthesized and 
released from the myocardium as a counter-regulatory response to increased cardiac wall stress, sympathetic tone, 
and vasoconstriction, acting on various systems and affecting different biological processes. In this article, we present 
a review of the accumulated knowledge about these biomarkers, underscoring the strength of the evidence of their 
predictive ability for fatal and non-fatal outcomes. It is likely that, by influencing the functioning of many organs, these 
biomarkers integrate information from different systems. Although not yet recommended by guidelines, measure-
ment of natriuretic peptides, and particularly NT-proBNP, should be strongly considered in the risk stratification of 
individuals with T2DM.

Keywords: Natriuretic peptides, Biomarkers, Diabetes, type 2, Risk assessment, Cardiovascular disease, Prognosis, 
Morbidity

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Individuals with diabetes mellitus (DM) are at a higher 
risk for cardiovascular disease (CVD) and death from 
any cause when compared to people without DM [1]. 
Different risk stratification models have been proposed 
for individuals with DM given their high heterogene-
ity [2]. Validated models such as the Framingham risk 
score (FRS), the United Kingdom Prospective Diabetes 

Study (UKPDS), The Systematic Coronary Risk Evalu-
ation (SCORE) project risk scores for fatal Coronary 
Heart Disease (CHD) and CVD, Diabetes Epidemiology 
Collaborative Analysis of Diagnostic Criteria in Europe 
(DECODE) showed limited ability to stratify the risk of 
mortality and cardiovascular events in individuals with 
DM [3, 4].

Cardiology and diabetes societies have suggested dif-
ferent approaches to address cardiovascular risk in 
individuals with Type 2 DM (T2DM). The European 
Society of Cardiology (ESC) and the European Asso-
ciation for the Study of Diabetes (EASD) have suggested 
that treatment decisions should be based on a 10-year 
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risk stratification model for fatal CVD adapted from the 
European Guidelines on CVD prevention in clinical prac-
tice [5]. The American Diabetes Association (ADA) 2022 
guidelines recommend the American College of Cardiol-
ogy (ACC)/American Heart Association (AHA) athero-
sclerotic cardiovascular disease (ASCVD) risk calculator 
(Risk Estimator Plus) as a useful tool to estimate the risk 
of ASCVD at 10  years [6]. These approaches have limi-
tations by not distinguishing important variables such as 
duration of disease, diabetes complications, and degree 
of glycemic control [6]. These guidelines, however, recog-
nize the potential benefits of incorporating new biomark-
ers in the risk stratification of patients with DM [6].

Natriuretic peptides (NP) are biomarkers of myocardial 
stress that have been used to aid in the diagnosis, assess-
ment of disease severity, and prognosis in heart fail-
ure (HF) [7, 8]. There is a growing body of evidence for 
using NP levels as a sensitive risk stratification tool also 
for individuals with T2DM. It is promising to use these 
biomarkers either as a single variable [9–12] or added 
to multivariate models [13, 14] in the prediction of CV 
events and death in individuals with T2DM. This review 
aims to discuss the physiological and pathophysiological 
mechanisms of NP and the potential clinical benefit of 
incorporating these biomarkers to improve the stratifica-
tion of risk of death and CV outcomes in individuals with 
T2DM.

Physiology and pathophysiology of natriuretic 
peptides
There are three main biologically active NP: atrial NP 
(ANP), brain NP (currently called B-type NP, BNP) and 
C-type NP (CNP) [15]. Under normal conditions, the 
main sites of synthesis and secretion of ANP and BNP 
are the cardiac atria. However, in pathological states, 
the ventricles start to produce and release higher con-
centrations of BNP. Although ANP are 50-fold greater, 
under physiological conditions, BNP has intensely more 
pronounced activity and, under pathological conditions, 
its plasma concentrations become 5–10 times greater 
than that of ANP [15]. ANP and BNP preferentially 
bind to the NP receptor A (NPRA). All three NP—ANP, 
BNP, and CNP—can bind to the NP receptor C (NPRC), 
which, because it lacks a catalytic domain of guanylyl 
cyclase, works as an NP scavenging receptor [15]. Bind-
ing of ANP and BNP to NPRA produces intracellular sec-
ond messenger cyclic guanosine monophosphate which 
activates effector molecules such as cGMP-dependent 
protein kinase, gated ion channels, and phosphodies-
terases to induce physiological actions in target tissues, 
including salt and water excretion, vasodilation, anti-
inflammation, anti-hypertrophy, anti-fibrosis, anti-apop-
tosis, immunosuppressive responses and inhibition of 

the renin–angiotensin–aldosterone system (RAAS) [16]. 
CNP is an autocrine and paracrine mediator released by 
endothelial cells and binds to the NP receptor B (NPRB) 
[15]. CNP acts predominantly on the endothelium play-
ing a significant role in vascular homeostasis and may 
influence coronary circulation, and blood pressure, in 
addition to actions on the central nervous system and 
bone growth [17].

BNP has a longer half-life (12 to 20 min) than ANP (0.5 
to 4 min) and exhibits more pronounced natriuretic and 
diuretic effects [15]. CNP, in turn, has very low plasma 
concentrations and a short half-life (2 to 3 min) [15]. NT-
proBNP, an inactive terminal molecule, despite being 
released in equimolar proportions to BNP, has greater 
plasma stability and a longer half-life (90 to 120  min), 
being considered the preferred laboratory marker [15].

Urodilatin is an intrarenal NP, synthesized in the renal 
cortical tubules around the collecting ducts, identified 
in the urine, but not in the blood, with paracrine action, 
via renal NPRA, in the regulation of sodium and water 
volume and inhibition of the RAAS [15]. Many other NP 
were found in venoms of different snake species, such 
as Dendroaspis NP (DNP) isolated from Dendroaspis 
angusticeps (green mamba), but not yet clearly evidenced 
in humans [18].

NP act in addition to the heart, arteries, and veins, in 
several regulatory mechanisms involving the kidneys, 
central nervous system, pancreas, liver, adipose tissue, 
and skeletal muscle, being, therefore, able to reflect a 
wide range of changes in physiological homeostasis [15, 
19].

NP in the regulation of energy metabolism 
and diabetes
The energy used in cardiac contractility is predominantly 
derived from the oxidation of fatty acids in mitochon-
dria, which are abundant in the myocardium. But the 
heart also uses additional energy sources, such as car-
bohydrates, lipids, amino acids, and ketone bodies [19]. 
In pathological cardiac hypertrophy, there is a reduction 
in fatty acid oxidation, and an increase in glucose uptake 
and glycolysis. In T2DM patients, insulin resistance lim-
its the entry of glucose into cardiomyocytes for energy 
generation, and there is also an increase in fatty acid oxi-
dation, lipid accumulation, and increased oxygen con-
sumption, which compromise cardiac function [19].

NP act in the regulation of energy balance by activat-
ing mitochondrial oxidative metabolism, lipid oxidation 
in skeletal muscle, thermogenic function of brown adi-
pose tissue, further promoting the browning of white adi-
pocytes, increased energy expenditure, and inhibition of 
food intake [19].



Page 3 of 13Malachias et al. Diabetology & Metabolic Syndrome           (2022) 14:64  

Under physiological conditions, NP increase insulin 
secretion and sensitivity. In humans, low plasma BNP 
concentrations have been associated with increased 
metabolic risk factors and T2DM while higher con-
centrations of NP, within the physiological range, were 
associated with a favorable body fat profile, with less vis-
ceral fat, reduced insulin resistance, and a lower risk of 
developing T2DM [19]. In situations of cardiac stress, as 
well as in several systemic pathological conditions, there 
is excessive production of ANP and BNP, as a compen-
satory mechanism [15]. The measurement of high con-
centrations of NP warns of CV instability, especially in 
individuals with T2DM [20–22].

Effect of clinical comorbidities on NP levels
Many clinical variables can affect the circulating levels of 
NP. The evaluation of NP concentrations should consider 
age, sex, clinical comorbidities, and pharmacotherapy.

Age, sex, and race
Circulating BNP concentrations increase progres-
sively with age and are significantly higher in women 
[23]. There may also be variations in NP concentrations 
related to race and ethnicity. African Americans have 
been shown to have lower levels of NT-proBNP than 
Caucasians [23, 24].

Obesity
The causes of the inverse association between NP and 
body mass index (BMI) are not definitively established. 
The clearance receptor NPRC and neutral endopepti-
dases are abundant in adipose tissue and may determine, 
respectively, increased clearance and degradation of BNP. 
However, peripheral clearance of NT-proBNP is not 
based on NPRC activity or neutral endopeptidase degra-
dation. Apparently, in people with high BMI values, there 
is less synthesis and release of NP in cardiomyocytes 
[25]. Many mechanisms corroborate such low concen-
trations of NP in obese individuals, including genetics, 
African ancestry, increased androgens in menopausal 
women, hyperinsulinemia, insulin resistance, and hyper-
cortisolism [25, 26]. As hyperinsulinemia is often seen in 
obese individuals, high insulin levels inhibit NP secretion 
and activity [26]. Low NP concentrations, in turn, can 
lead to insulin resistance, glucose intolerance, increased 
metabolically unhealthy adipose tissue, more fluid reten-
tion, and increased risk of developing T2DM, hyperten-
sion, and CVD [25–27].

Risk of new‑onset diabetes
NT-proBNP is inversely associated with the risk of devel-
oping new-onset T2DM. In the EPIC (European Prospec-
tive Investigation into Cancer and Nutrition)-Potsdam 

study, a population cohort, there was an inverse asso-
ciation between NT-proBNP concentrations and future 
risk of T2DM [28]. Similar observations were described 
in the ARIC (The Atherosclerosis Risk in Communities) 
study, in which the risk of incident diabetes was signifi-
cantly higher in participants with low NT-proBNP lev-
els (< 31  pg/mL) [29]. However, in the Malmö Diet and 
Cancer Study, lower levels of mid-regional ANP, but not 
NT-proBNP, predicted a higher risk for incident diabetes 
and larger longitudinal increases in fasting glucose con-
centrations [30].

Can measurements of NP guide treatment 
in patients with diabetes?
There is initial evidence about the usefulness of NP to 
guide therapy. In the PONTIAC (NT-proBNP selected 
prevention of cardiac events in a population of patients 
with DM without a history of cardiac disease) study, 
patients with T2DM without clinical evidence of CVD 
and with NT-proBNP levels above 125 pg/mL were ran-
domized to receive standard management or intensifica-
tion of primary prevention with inhibitors of RAAS and 
beta-blockers, revealing a significant reduction in hospi-
talization and death due to heart disease after 2 years in 
the intervention arm [31]. This suggests that patients with 
T2DM who have elevated NT-proBNP levels appear to 
benefit from intensified preventive treatment. However, 
since NT-proBNP elevation was an inclusion criterion, 
the PONTIAC study did not demonstrate whether the 
benefit of intensified treatment is larger in patients with 
T2DM and NT-proBNP elevation than in patients with 
T2DM who have normal NT-proBNP concentrations.

In a posthoc analysis of the ALTITUDE (The Aliskiren 
Trial in Type 2 Diabetes Using Cardiorenal Endpoints) 
trial, a significant interaction was observed between 
baseline NT-proBNP concentrations and the aliskiren 
treatment, suggesting a harmful effect of renin inhibitor 
relative to placebo in participants with the highest levels 
of NT-proBNP due to likely volume overload [32].

An increased risk of hospitalization for HF (HFH) has 
been observed among patients with T2DM and elevated 
NT-proBNP levels who received saxagliptin-based treat-
ment [40]. In the SAVOR (Saxagliptin Assessment of 
Vascular Outcomes Recorded in Patients with Diabetes 
Mellitus) trial, patients in the highest quartile of NT-
proBNP (333–46.627  pg/mL) had an increased absolute 
risk of HFH with saxagliptin use, when compared to 
those in the lowest quartiles [33].

In an analysis of the CANVAS (Canagliflozin Car-
diovascular Assessment Study), a baseline NT-proBNP 
≥ 125 pg/mL was a predictor of HFH, death from HFH/
CV, and all-cause death in high-risk patients with 
T2DM. Canagliflozin demonstrated greater reductions 
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in the absolute risk of CV outcomes in patients with 
NT-proBNP levels ≥ 125  pg/mL than in patients with 
lower concentrations of this biomarker. Mediation ana-
lyzes showed that 10.4% of the benefits of canagliflozin 
in reducing HFH were reflected in the reduction of NT-
proBNP [34].

The ongoing PONTIAC II, a prospective randomized 
trial, will evaluate the effect of high-dose RAAS antago-
nists and beta-blocker treatment in the primary preven-
tion of cardiac events in T2DM patients with no evidence 
of preexisting cardiac disease, focusing on the interac-
tion between NT-proBNP concentrations and treatment 
effects. Based on the PONTIAC I findings, the authors 
will attempt to demonstrate the superiority of treatment 
in reducing unplanned hospitalization or death from car-
diac events in patients with T2DM and with NT-proBNP 
> 125 pg/mL [35].

Another ongoing study, the APORT (Asian Diabetes 
Outcomes Prevention Trial), seeks to identify T2DM 
patients at high CV risk using elevated NT-proBNP 
(> 125  pg/mL) to assess intensified therapy with RAAS 
antagonists, beta-blockers, and sodium–glucose cotrans-
porter 2 (SGLT2) inhibitors in the primary prevention of 
CV events [36].

Impact of diabetes treatment on NP concentrations
Metformin
To identify predictors of increased serum NT-proBNP 
levels in patients with T2DM, a study that included 185 
patients treated with oral antidiabetic drugs and/or insu-
lin showed that, in multivariate analysis, metformin was 
a negative predictor of increased NT-proBNP [37]. How-
ever, a meta-analysis of four studies, that evaluated the 
effect of metformin on BNP concentrations in patients 
with T2DM and CHD, concluded that the difference 
between patients on metformin versus non-metformin 
therapy was negligible [38].

Pioglitazone
In a study involving 30 patients with T2DM without evi-
dence of HF, pioglitazone induced significant increases in 
BNP levels, and basal BNP levels above the upper normal 
limit were associated with significant additional increases 
in this biomarker concentration and a reduction in left 
ventricular ejection fraction [39]. In a subsequent study 
involving 44 patients, pioglitazone induced volume over-
load and an increase in NT-proBNP levels without, how-
ever, worsening the left ventricular function [40].

DPP4 inhibitors
In an analysis of 9 trials involving 3056 patients with 
T2DM, dipeptidyl peptidase-4 inhibitors (DPP-4i) 
showed no significant effect on modulating BNP or NT-
pro-BNP [41].

SGLT2 inhibitors
SGLT2 inhibitors may reduce NT-proBNP concentra-
tions in patients with T2DM [42, 43], although smaller 
studies have revealed conflicting results [44, 45]. In the 
DAPA-HF (Dapagliflozin And Prevention of Adverse Out-
comes in Heart Failure) trial, participants with T2DM 
had a significant decrease in NT-proBNP concentra-
tions in the dapagliflozin group, while the placebo group 
experienced a significant increase [46]. Dapagliflozin sig-
nificantly reduced BNP in patients with concentrations 
≥ 100 pg/mL, but not at lower levels in a study involving 
a small group of patients with T2DM and stable HF [46]. 
In EMPEROR-Reduced (Empagliflozin Outcome Trial in 
Patients with Chronic Heart Failure with Reduced Ejec-
tion Fraction), higher baseline NT-proBNP concentra-
tions were associated with a higher risk of adverse HF or 
renal outcomes [47]. Empagliflozin reduced NT-proBNP 
concentrations by 13% when compared to placebo, but 
the improvement in the composite endpoint of death and 
HFH occurred independently of the baseline NT-proBNP 
concentrations. The concentration of NT-proBNP after 

Table 1 The effects of clinical variables and pharmacotherapy 
on BNP and NT-proBNP concentrations

DPP-4i dipeptidyl peptidase-4 inhibitors, SGLT2 sodium–glucose cotransporter 2, 
GLP-1 RA glucagon-like peptide 1 receptor agonist, ACE angiotensin-converting 
enzyme

Clinical parameter Effect on 
circulating BNP/
NT-proBNP

Age Increase [23]

Female gender Increase [23]

African Americans Decrease [24]

Obesity Decrease [25–27]

Hypertension Increase [52]

Coronary heart disease Increase [53]

Left ventricular systolic dysfunction Increase [8, 54]

Atrial fibrillation Increase [55]

Renal insufficiency Increase [56]

Hepatic disease Increase [57]

Metformin Variable [37, 38]

Pioglitazone Increase [39, 40]

DPP-4i Unchanged [41]

SGLT2 inhibitors Decrease [42–47]

GLP-1 RA Variable [48, 49]

Sulfonylureas Increase [50]

Insulin Variable [37, 50, 51]

ACE inhibitors Decrease [58]

Beta-blockers Variable [59, 60]
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treatment with empagliflozin correlated better with sub-
sequent prognosis than did pretreatment levels [47].

GLP-1 RA
A small study with patients with T2DM and obesity 
showed that after 12 weeks of treatment with the gluca-
gon-like peptide 1 receptor agonist (GLP-1 RA) liraglu-
tide, there was a significant reduction in body weight, 
waist circumference, total fat, and lean mass, fat per-
centage, abdominal visceral adipose tissue areas (VAT), 
and subcutaneous adipose tissue areas (SAT), and that 
plasma concentrations of ANP and BNP increased signif-
icantly [48]. There were significant correlations between 
reductions in body composition and increases in plasma 
levels of ANP and BNP [55]. This is consistent with a pre-
viously observed inverse relationship between obesity 
and NP concentrations [34]. In patients with heart fail-
ure with reduced ejection fraction (HFrEF) and T2DM 
on the other hand, liraglutide decreased ANP and BNP 
significantly (27% and 25%, respectively), whereas no 
change was observed in patients without T2DM [49].

Sulfonylureas
One study found that increasing doses of sulfonylureas 
were positively associated with increasing concentra-
tions of NT-proBNP. However, patients on combination 
therapy with sulfonylureas and metformin had lower 
concentrations of NT-proBNP than those receiving sul-
fonylureas alone [50].

Insulin
In a cross-sectional study, women with gestational DM 
on insulin use had lower NT-proBNP circulating concen-
trations than those observed in women with gestational 
DM on medical nutritional therapy or in healthy preg-
nancies. Pregnant women using insulin had, however, a 
higher BMI [51]. In two other studies, insulin therapy did 
not correlate with changes in NT-proBNP concentrations 
[37, 50].

The effects of clinical variables and pharmacotherapy 
on BNP and NT-proBNP concentrations are summarized 
in Table 1.

NT‑proBNP in risk stratification
Patients without known CVD
The importance of NP in improving the prediction of 
CV events has been well demonstrated when these bio-
markers have been added to multivariate models. A 
meta-analysis by The Natriuretic Peptides Studies Collab-
oration involving 40 prospective studies from 12 coun-
tries and 95,617 general participants, with no history of 
CVD, demonstrated that NT-proBNP made an additional 

contribution to conventional risk factors [age, sex, smok-
ing, blood pressure, systolic blood pressure, history of 
diabetes, and high-density lipoprotein (HDL) cholesterol] 
in predicting 10-year risk of the composite of CHD and 
stroke, and the composite of CHD, stroke, and HF [61].

Abnormal NT-proBNP and high-sensitive Troponin T 
(hs-TnT) levels were able to distinguish individuals with 
T2DM at high or low CV risk in the ARIC study [14]. An 
analysis of 42 protein biomarkers in the SUMMIT (Sur-
rogate markers for micro-and macro-vascular hard end-
points for innovative diabetes tools) consortium involving 
individuals with T2DM without apparent CVD and con-
trols, NT-proBNP, high sensitivity troponin T (hs-TnT), 
and 4 other peptides revealed the ability to increase CV 
outcome prediction [62].

Patients with type 2 diabetes and CVD
Among 8401 dysglycemic subjects enrolled in the ORI-
GIN (Outcome Reduction with Initial Glargine Interven-
tion) trial, 59% with prior CVD, NT-proBNP stood out 
as the main predictor of CV events and death of the 237 
evaluated biomarkers [63]. The incorporation of NT-
proBNP into the multivariate base prediction model pro-
moted a 39% increase in the net reclassification index 
for 5-year cardiovascular risk prediction among T2DM 
patients enrolled in the ADVANCE (Action in Diabetes 
and Vascular Disease: Preterax and Diamicron Modified 
Release Evaluation) trial [64]. Furthermore, in patients 
with prediabetes or T2DM and concomitant chronic 
CHD with normal left ventricular ejection fraction, NT-
proBNP levels had a significant association with major 
adverse CV events (MACE), which was not observed 
in patients with CHD and normoglycemia [65]. In this 
study, adding NT-proBNP to the multivariate risk pre-
diction model, which included traditional risk factors, 
significantly increased the C statistic in patients with pre-
diabetes and T2DM [65].

Patients with type 2 diabetes and CKD
NT-proBNP above the median was a discriminator of 
an increased risk for CVD in patients with T2DM and 
microalbuminuria evaluated in the Steno-2 (Intensified 
Multifactorial Intervention in Patients with Type 2 Dia-
betes and Microalbuminuria) study [66]. In this study, 
it was observed that a 10  pg/mL decrease in plasma 
NT-proBNP during the first 2 years of intervention was 
associated with a 1% relative reduction in the primary 
composite outcome of CV death, MI, stroke, heart or 
leg revascularization procedures, and amputations [66]. 
The addition of NT-proBNP to a multivariate model 
improved the prediction of CV outcomes in patients with 
T2DM and macroalbuminuria enrolled in Sun-MACRO 
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(Sulodexide macroalbuminuria) [67]. In TREAT (Trial 
to Reduce Cardiovascular Events with Aranesp Therapy), 
which evaluated patients with T2DM, predialysis chronic 
kidney disease (CKD), and anemia, the addition of NT-
proBNP and troponin T to a multivariate model was 
associated with a net improvement of 17.8% in predicting 
CV outcomes [68].

The additive predictive value of NT-proBNP has been 
demonstrated when combined with the coronary artery 
calcium score (CAC) in patients with T2DM and micro-
albuminuria [69]. In adjusted continuous analysis, NT-
proBNP ≥ 45.2 ng/L and CAC ≥ 400 were equally strong 
predictors of the composite CV endpoint and death, and 
there was no interaction between them. While CAC was 
correlated with underlying ASCVD, NT-proBNP levels 
were strongly associated with myocardial dysfunction 
and, probably, other hemodynamic changes [69].

Mortality in type 2 diabetes
For mortality, some previous studies had also demon-
strated the ability of NP in improving the prediction of 
the multivariable models in patients with T2DM with or 
without CVD [13, 14, 63].

Tarnow et  al. showed that elevated circulating NT-
proBNP levels predicted overall and cardiovascular mor-
tality in T2DM patients who were followed at a tertiary 
clinic [70]. Bruno et  al. demonstrated that NT-proBNP 
was an independent predictor of short-term CV mortal-
ity risk in elderly people with type 2 diabetes, including 
those without preexisting CVD [71]. Recent evidence 
has revealed the high ability of NP as a single variable 
in predicting death and CV outcomes. In an analysis of 
the ELIXA (Evaluation of Lixisenatide in Acute Coronary 
Syndrome) trial, NP alone was as predictive as a multivar-
iable model for death in patients with T2DM recruited 

Fig. 1 NT-proBNP by itself predicted death as well as the 20 clinical and laboratory variables model. Death prediction models by deciles of 
predicted risk/deciles of NT-proBNP in high-risk patients with Type 2 Diabetes Mellitus. NT-proBNP: N-terminal pro-B-type natriuretic peptide; 
py = person/years; Base Model: formed by high sensitivity cardiac troponin, age, albumin, history of heart failure, heart rate, history of stroke, HbA1c, 
smoking, left ventricular hypertrophy on electrocardiogram (ECG), Q wave on ECG, history of atrial fibrillation, any bundle branch block on ECG, 
urine albumin-to-creatinine ratio, systolic blood pressure, sex, history of coronary heart disease, low-density lipoprotein cholesterol, estimated 
glomerular filtration rate, insulin use, and diastolic blood pressure, in decreasing order of  X2; n = 5509; v = variables. Error bars represent 95% 
confidence intervals (adapted and reproduced with permission from Malachias et al. [10])
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within 180 days after an acute coronary syndrome (ACS) 
[9].

NT‑proBNP in death and CVD prediction
We increased knowledge about the discriminatory abil-
ity of NT-proBNP as a single variable by analyzing 5509 
patients with T2DM and concomitant CVD, CKD, or 
both, who participated in the ALTITUDE trial [10]. We 
demonstrated that this cardiac biomarker alone was 
as predictive as a model composed of the 20 most sig-
nificant and relevant clinical and laboratory variables in 
assessing the risk of death from any cause (Fig.  1) and 
also for the composite CV outcome [CV of death, resus-
citated cardiac arrest, myocardial infarction (MI), stroke, 
or HFH] (Fig.  2) [10]. We also showed that these find-
ings were maintained even in a sensitivity analyses, when 
patients with a history of HF were excluded or even con-
sidering the two main inclusion criteria for the study, 
CVD or CKD, separately [10]. We further demonstrated 

that NT-proBNP increases the discriminatory strength 
for cardiovascular outcomes and death when added to 
the multivariate prediction model (Figs. 1 and 2) [10].

Subsequent analyses have proven the predictive ability 
for cardiovascular outcomes and death of NT-proBNP as 
a single variable among patients with T2DM. Prausmül-
ler et  al. [11] analyzed a real-world cohort of 1690 
patients with T2DM and demonstrated that NT-proBNP 
alone had a significantly better predictive ability for both 
CV death and all-cause death than the proposed risk 
stratification model by the ESC/EASD [72], as well as 
the SCORE risk estimate [73]. A recent post hoc analy-
sis of the ORIGIN biomarker study [12], which enrolled 
patients with dysglycemia, revealed that NT-proBNP as a 
single biomarker showed discriminatory ability similar to 
the INTERHEART (The Effect of Potentially Modifiable 
Risk Factors Associated with Myocardial Infarction) risk 
score [74] to predict CV events or death.

Fig. 2 NT-proBNP by itself predicted cardiovascular composite outcome as well as the 20 variables model. Cardiovascular composite outcome 
(cardiovascular death, resuscitated cardiac arrest, nonfatal myocardial infarction, stroke, or heart failure hospitalization) prediction models by 
deciles of predicted risk/deciles of NT-proBNP in high-risk patients with Type 2 Diabetes Mellitus. NT-proBNP: N-terminal pro-B-type natriuretic 
peptide; py = person/years; Base Model: formed by high sensitivity cardiac troponin, history of heart failure, age, albumin, low-density lipoprotein 
cholesterol, history of atrial fibrillation, history of stroke, systolic blood pressure, HbA1c, smoking, history of coronary heart disease, sex, urine 
albumin-to-creatinine ratio, any bundle branch block on electrocardiogram (ECG), diastolic blood pressure, insulin use, Q wave on ECG, heart rate, 
left ventricular hypertrophy on ECG, and estimated glomerular filtration rate, in decreasing order of  X2; n = 5509; v = variables. Error bars represent 
95% confidence intervals (adapted and reproduced with permission from Malachias et al. [10])
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Are we ready to use NT‑proBNP values in death 
and CV outcomes risk stratification?
Considering the great diversity of available predictive risk 
scores, their difficulties in use, and limited predictive abil-
ity, the idea of using a single biomarker, easy to measure, 
reproducible, and widely available for risk stratification of 
patients with T2DM, becomes attractive.

According to the new Universal Definition, HF should 
be diagnosed by signs and symptoms caused by structural 
or functional changes, such as dyspnea, and supported 
by high NP concentrations and/or objective evidence of 
pulmonary or systemic congestion of cardiogenic ori-
gin [8]. About 20–35% of patients with heart failure with 
preserved ejection fraction (HFpEF) have normal plasma 
NP concentrations, requiring other tools to establish the 
diagnosis [75]. However, NP concentrations are usually 
elevated in patients with HFrEF or even heart failure with 
mildly reduced ejection fraction (HFmrEF) [8]. Given the 
high prevalence of underdiagnosed HF in individuals with 
T2DM, the finding of elevated NT-proBNP may contrib-
ute to early diagnosis, as well as the identification of peo-
ple at higher risk of developing HF due to cardiac stress, in 
addition to its complications [9–12, 61–71].

Among unselected [11, 14, 74] or high-risk [9, 10] 
patients with T2DM, elevated NT-proBNP, generally 
> 125 pg/mL, was associated with an increased risk of CV 
outcomes and death. This cut-off point was well demon-
strated in an unselected cohort of T2DM patients, where 
NT-proBNP greater than or equal to 125 pg/mL was able 
to predict unplanned hospitalization for CV events or 
death in the short term of 12  months [76]. In addition, 
NT-proBNP < 125 pg/mL had a negative predictive value 
of 97.6% and a sensitivity of 0.795% to identify individuals 
who are not at intermediate risk for CV events [76].

In addition, in patients with recent ACS and T2DM, 
marked increases in BNP or NT-proBNP concentrations 
were observed in the months prior to HHF. These findings 
suggest that cardiac deterioration was progressing several 
months before HF, allowing early identification of the risk 
of decompensation and the need for hospitalization for 
HF through periodic monitoring of NP concentrations in 
high-risk T2DM patients [77].

Considering the negative predictive value of NT-proBNP 
< 125 pg/mL, this biomarker stands out as a useful tool for 
initial screening, allowing to distinguish individuals with 
T2DM at high risk of death and CV events from those at 
low risk. Life insurers have already identified the value of 
NT-proBNP measurements in discriminating the risk of 
death and use this variable to analyze applicants’ proposals 
to purchase policies [78].

Table  2 presents a summary of the main studies that 
demonstrated the ability of natriuretic peptides to predict 
death and CV outcomes in patients with T2DM.

Limitations
Although the benefit of using NT-proBNP and BNP in 
the context of HF has been demonstrated and, more 
recently, expanded to include risk stratification of patients 
with T2DM, some limitations to its use in clinical prac-
tice should be highlighted. NP may rise in the presence of 
anemia, CKD, advanced age, left ventricular hypertrophy, 
myocardial ischemia, atrial fibrillation, stroke, increased 
heart rate, volume overload, and drugs such as beta-block-
ers [18], while lower concentrations may occur in obese 
[32, 34] and African American individuals [31]. Therefore, 
interpretation of test results needs to take into considera-
tion several clinical characteristics as well as ongoing phar-
macotherapy. Most importantly, more data from dedicated 
trials are needed to ascertain whether patients with T2DM 
and elevated NP levels benefit from specific therapies to a 
larger extent than patients with T2DM who have normal 
NP levels.

Conclusions
Recent evidence of the discriminatory strength of NT-
proBNP as an independent predictor of death and CV 
outcomes calls attention to the possibility of broader 
use of this simple, easy to measure, and widely available 
resource to improve risk stratification, for patients with 
T2DM. Although more evidence is needed and this tool is 
not yet recommended by guidelines, the incorporation of 
NT-proBNP measurement should be strongly considered 
when evaluating patients with T2DM in clinical practice. 
Ongoing studies should better define the role of this bio-
marker in the assessment, follow-up, and treatment of 
patients with T2DM.
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operating characteristic; SAT: Subcutaneous adipose tissue; SAVOR: Saxagliptin 
Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus; 
SCORE: The Systematic Coronary Risk Evaluation; SGLT2: Sodium–glucose 
cotransporter 2; Steno-2: Intensified Multifactorial Intervention in Patients 
with Type 2 Diabetes and Microalbuminuria; SUMMIT: Surrogate markers for 
micro-and macro-vascular hard endpoints for Innovative diabetes Tools; T2DM: 
Type 2 diabetes mellitus; TREAT: Trial to Reduce Cardiovascular Events with 
Aranesp Therapy; UKPDS: The United Kingdom Prospective Diabetes Study; 
VAT: Visceral adipose tissue areas; Y: Years old.
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