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Abstract

Background Heart failure (HF) is a major complication of type 2 diabetes (T2D), with HF with preserved ejection
fraction (HFpEF) now representing the most frequent phenotype. However, its clinical profile, prognosis, and
treatment patterns compared with HF with reduced ejection fraction (HFrEF) remain insufficiently characterized.

Objectives To compare characteristics, outcomes, and longitudinal management of HFpEF versus HFrEF in T2D
patients. Methods: This prespecified subanalysis of the nationwide, prospective DIABET-IC cohort included 1517
patients with T2D recruited across 58 Spanish centers and followed for three years. HF phenotypes were defined
according to the 2016 ESC guidelines criteria. Baseline characteristics, outcomes (mortality, hospitalizations, and
progression), and therapeutic patterns were assessed.

Results At baseline, 490 patients had HF (50.2% HFrEF, 30.6% HFpEF, 19.2% HFmrEF). HFpEF patients were older, more
often female, and had higher prevalence of obesity, hypertension, and metabolic syndrome, whereas HFrEF was more
strongly associated with ischemic heart disease, prior ST-elevation myocardial infarction (STEMI), and conduction
disturbances. During follow-up, HFpEF was the predominant incident phenotype (46.6% of new cases), and 4.7%
progressed to HFrEF. Mortality was similarly elevated in both phenotypes; HF hospitalizations tended to be higher in
HFrEF, while acute coronary syndromes were more frequent in HFpEF. HFrEF patients more often received guideline-
directed therapies, whereas the pre-guideline era for HFpEF, with greater uptake of SGLT2 inhibitors over time, limited
used of GLP-1 receptor agonists. Notably, > 20% of HFpEF patients had natriuretic peptide levels below diagnostic
thresholds, highlighting underdiagnosis.

Conclusions HFpEF is the most frequent HF phenotype in the T2D population, with outcomes comparable to HFrEF
yet frequently underdiagnosed and undertreated. Improved screening strategies and broader adoption of evidence-
based therapies—particularly SGLT2 inhibitors—are urgently needed for this high-risk population.
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Research in context
‘What is currently known about this topic?

+ T2D markedly increases HF risk, with HFpEF now
predominant.

+ Diagnosis is often missed in obesity due to low
natriuretic peptides.

+ Evidence-based therapies are established for HFrEF,
while effective options for HFpEF have only recently
emerged with SGLT2i, GLP1RA, and finerenone.

‘What is the key research question?

+ What are the differences in prevalence, clinical
profile, prognosis, and treatment patterns between
HEpEF and HFrEF in patients with T2D in real-
world practice?

What is new?

+ HF affected ~40% of T2D patients, with HFpEF
being the leading incident phenotype.

+ HFpEF showed high comorbidities, arrhythmias, and
4.7% progression to HFrEE.

+ HFpEF was the predominant incident HF
phenotype in T2D and carried similar mortality
and HF hospitalization to HFrEF over follow-up. A
subset of HFpEF progressed to HFrEF, and > 20%
of HFpEF presented NT-proBNP below diagnostic

thresholds, highlighting under-recognition—
especially with obesity.

How might this study influence clinical practice?

+ Supports systematic HFpEF screening in T2D with
weight-independent biomarkers.

+ Reinforces HFpEF as high-risk and progressive.

+ Stresses the need to close the treatment gap by
expanding SGLT2i, GLP1RA use in routine care.

Introduction

Cardiovascular disease has long been the leading cause
of morbidity and mortality in type 2 diabetes (T2D)
patients, with myocardial infarction and stroke tradition-
ally considered the dominant complications. In recent
years, however, heart failure (HF) has emerged as the
most frequent and prognostically relevant cardiovascular
outcome in this population, conferring a two-to-five-fold
higher risk compared with individuals without diabe-
tes[1—4]. Current data indicate that up to 40% of patients
with T2D may develop HF, yet nearly one third of cases
remain underdiagnosed [3, 5, 6].

Contemporary evidence indicates that HFpEF is not
a benign phenotype. Large registries and nationwide
cohorts show a persistent burden of mortality and rehos-
pitalization across the EF spectrum, with a higher share
of non-cardiovascular deaths in HFpEF compared with
HFrEF [7-9].
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Among HF phenotypes, HF with preserved ejec-
tion fraction (HFpEF) has become the most prevalent
presentation in patients with T2D, particularly among
women, elderly patients, and those with obesity [6, 10—
12]. Importantly, HFpEF is not a benign condition as it
is associated with a large number of comorbidities—
including hypertension, atrial fibrillation, obesity, renal
dysfunction, and microvascular complications—together
with high rates of hospitalizations, arrhythmias, and even
progression to reduced Ejection Fraction (EF) in a sub-
set of patients [6, 12—16]. Despite this adverse profile,
diagnosis is often missed, since natriuretic peptides may
remain below diagnostic thresholds in obese individu-
als, leading to false negatives and delayed recognition [6,
17, 18]. Recent HFA-ESC guidance proposes age-tiered
NT-proBNP thresholds and a “heart-stress” screening
approach for at-risk patients (e.g., T2D), which may miti-
gate under-recognition despite obesity-related NP sup-
pression [19].

Therapeutic advances have markedly improved out-
comes in HF with reduced ejection fraction (HFrEF)
through the implementation of evidence-based therapies
such as renin—angiotensin system blockers, mineralo-
corticoid receptor antagonists, beta-blockers, and more
recently sodium-glucose cotransporter-2 inhibitors
(SGLT2i) [20-22]. Temporal trends reinforce this dispar-
ity: 1-year mortality declined in HFrEF but not in non-
HFrEF (HFpEF/HFmrEF) in contemporary cohorts, and
long-term projections still estimate substantial 10-year
risks in HFpEF/HFmrEF despite modern care[23, 24]. In
contrast, patients with HFpEF have historically remained
undertreated, with very low real-world uptake of car-
dioprotective antidiabetic drugs including SGLT2i and
glucagon-like peptide-1 receptor agonists (GLP1RA) [15,
20, 25-29]. Only recently have randomized trials dem-
onstrated the benefits of SGLT2i in HFpEF, leading to
updated international guidelines that now recommend
their use irrespective of diabetes status[6, 30—34]. Never-
theless, significant evidence practice gap persists in clini-
cal practice[25, 35].

Despite its growing prevalence, the clinical profile,
prognosis, and treatment patterns, HFpEF remains insuf-
ficiently characterized compared with HFrEF in patients
with T2D [5, 6, 15, 25, 34, 35]. Understanding these dif-
ferences is crucial to improve early detection, close
diagnostic gaps, and ensure timely initiation of disease-
modifying therapies.

The present study, a prespecified subanalysis of the
nationwide DIABET-IC cohort, sought to (i) compare
baseline characteristics of HFpEF and HFrEF in patients
with T2D, (ii) evaluate prognosis in terms of mortal-
ity, hospitalizations, and disease progression, and (iii)
describe longitudinal treatment patterns, with particular
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focus on cardioprotective therapies. These aims directly
address the contemporary gaps highlighted above.

Methods
Study design and participants
The DIABET-IC study was a nationwide, multicenter,
observational, and prospective cohort conducted in
Spain between May 2, 2018, and February 28, 2020, with
follow-up until June 30, 2022. It was prompted by the
Spanish Society of Diabetes (SED) and the Spanish Soci-
ety of Cardiology (SEC) and designed to reflect routine
clinical practice with a pragmatic, non-interventional
approach. After the baseline visit, patients were followed
for three years under standard-of-care conditions. The
main objective was to evaluate the prevalence and inci-
dence of heart failure in individuals with T2D [12, 15].
This manuscript reports a pre-specified sub-analysis of
the cohort, aimed at characterizing and comparing the
clinical, biochemical, and echocardiographic profiles of
patients with HFpEF versus HFrEF, evaluating prognosis
in terms of hospitalization and mortality, and describing
longitudinal treatment patterns with emphasis on dis-
ease-modifying therapies. Heart failure phenotypes were
defined according to the 2016 ESC guidelines criteria
[36]. Due to the small number of HFmrEF (Heart Failure
Mildly Reduced Ejection Fraction) cases, analyses were
restricted to comparisons between HFpEF and HFrEF.
Eligible participants were outpatients aged 18 years
or older with a diagnosis of T2D for at least one year, as
defined by the 2018 American Diabetes Association cri-
teria [37]. Patients with type 1 diabetes (T1D), end-stage
kidney disease (ESKD), or a life expectancy of less than
three years were excluded. Recruitment took place during
routine visits, without diagnostic or therapeutic interven-
tions mandated by the protocol. All participants provided
written informed consent. The study was approved by the
Ethics Committee of the Hospital Complex of Toledo on
March 28, 2018 (project identification code 243) and con-
ducted in accordance with the Declaration of Helsinki.

Variables, data sources, and measurement

At baseline, patients underwent a comprehensive evalu-
ation including medical history, physical examination,
electrocardiogram, and echocardiography. Demographic
variables included age and sex. Clinical assessments
recorded systolic and diastolic blood pressure (SBP and
DBP), heart rate (HR), and body mass index (BMI). Car-
diovascular risk factors and comorbidities were docu-
mented, including hypertension, dyslipidemia, atrial
fibrillation (AF), ischemic heart disease, peripheral artery
disease (PAD), cerebrovascular disease (CVD), chronic
kidney disease (CKD), obstructive sleep apnea (OSA),
and chronic obstructive pulmonary disease (COPD).
The Charlson comorbidity index was calculated for each
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patient. Information on pharmacological treatment for
diabetes and HF was obtained both at baseline and dur-
ing follow-up.

HF was defined as a prior hospitalization with a pri-
mary diagnosis of HF or fulfillment of the 2016 ESC
guidelines criteria [36]. Diagnosis required typical
symptoms in addition to echocardiography (ECHO), to
assess left ventricular ejection fraction (LVEF) and natri-
uretic peptide (NPs) levels abnormalities. In HFrEF, the
LVEF of<40% together with symptoms was sufficient.
In HEpEF a LVEF of>50% and a LVEF of 40-49% for
HFmrEF, both elevated N-terminal pro B-type Natri-
uretic Peptide (NT-proBNP) (>125 pg/mL) and evidence
of structural (left ventricular hypertrophy or left atrial
enlargement) or functional (diastolic dysfunction) abnor-
malities were required. All diagnoses were confirmed by
the site cardiologist.

Laboratory analyses included hemoglobin, fasting glu-
cose, HbAlc, lipid profile, serum creatinine, estimated
glomerular filtration rate (eFGR), urinary albumin-to-
creatinine ratio (ACR), and NT-proBNP. Coronary artery
disease (CAD) was defined as a history of myocardial
infarction, acute coronary syndrome (ACS), coronary
revascularization, or a documented stenosis>50%. PAD
was defined as the presence of lower extremity arterial
disease, and cerebrovascular disease as a history of isch-
emic or hemorrhagic stroke or carotid stenosis >50%.

Clinical outcomes during follow-up included hos-
pitalization for HF, ACS and cardiovascular mortality.
Final event analyses were restricted to participants with
baseline HF and are presented by phenotype (HFrEF vs
HFpEF); results are shown as percentages with accom-
panying event counts. All events were validated by
investigators and adjudicated according to standardized
definitions.

Statistical analysis

Continuous variables were expressed as mean+stan-
dard deviation or as median (interquartile range, IQR),
depending on distribution. Categorical variables were
presented as absolute and relative frequencies. Compari-
sons between groups were performed using the Student’s
t-test, ANOVA, or Kruskal-Wallis test for continuous
variables, and the chi-square test for categorical vari-
ables. When multiple comparisons were conducted,
p-values were adjusted using the Bonferroni correction.
A two-sided p-value<0.05 was considered statistically
significant.

Results

A total of 1517 patients with T2D were recruited between
January 2018 and December 2019 across 58 Spanish ter-
tiary hospitals, of whom 1249 (82.3%) completed the

Page 4 of 13

3-year study, totaling > 3747 person-years and yielding an
average follow-up of >2.47 years per participant.

At baseline, 490 patients presented with HF (50.2%
HFrEF, 19.2% HFmrEF, 30.6% HFpEF). By the end of
follow-up, HF prevalence increased to 548 cases (47.4%
HFrEF, 20.3% HFmrEF, 32.3% HFpEF) (Fig. 1a). Among
incident HF cases, HFpEF predominated (46.6 vs. 24.1%
HFrEF) (Fig. 1b). Systematic baseline screening identified
22 previously unrecognized HF cases, half correspond-
ing to HFpEF (Fig. 1c). Subsequent analyses focused on
HFpEF vs. HFrEF. Characteristics of the overall popula-
tion have been previously published [12, 13, 15, 28] and
are summarized in Supplementary Table S1.

Demographics and clinical profile

Compared with HFrEF, patients with HFpEF were signifi-
cantly older and more frequently women. They exhibited
higher rates of hypertension and metabolic syndrome,
along with higher BMI and systolic blood pressure at
baseline. In contrast, HFrEF patients were younger, pre-
dominantly male, and had slightly lower blood pressure
values. Duration of diabetes, renal function, lipid param-
eters, hemoglobin, and glycemic control did not differ
significantly between the groups (Table 1).

Social and educational characteristics

Analysis of social and educational variables revealed
marked differences across HF phenotypes (Supplemen-
tary Table S2). Both HFrEF and HFpEF patients were
less frequently employed compared with non-HF patients
(10.7% and 10.2 vs. 27.3%, p <0.001), with disability status
more prevalent in HFrEF (12.6%) than in HFpEF (6.6%)
or no HF (2.1%). HFpEF patients were less likely to live
with a partner (63.3 vs. 74.9%, p<0.001) and more likely
to cohabit with relatives (23.6 vs. 13.2%, p<0.001). Edu-
cational attainment also differed with HFpEF patients
being more frequently unlettered (6.2 vs. 2.0% in no HF,
p<0.001), and both HF groups having higher proportions
with only elementary level education.

Chronic diabetic complications

Diabetic nephropathy was significantly more common
in HFrEF and HFpEF compared to non-HF patients
(Table 2). Other chronic complications—including reti-
nopathy, neuropathy, and foot lesions—showed no HF-
related differences. HF was associated with higher stages
of CKD and higher Kidney Disease: Improving Global
Outcomes (KDIGO) risk categories (Supplementary
Table S3). Serious hypoglycemia remained rare and
hyperglycemic crises did not occur in any group.

Cardiovascular history
History of CVD was markedly more prevalent in HF
patients than in those without HF (Table 3). HFrEF
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patients had higher rates of prior cardiopathy, multives-
sel CAD, ST-elevation myocardial infarction (STEMI),
Ventricular Fibrillation (VF), and device therapy,
while HFpEF patients had higher prevalence of aortic

Page 5 of 13

Table 1 Baseline characteristics of T2D patients by HF subtype
(HFrEF, HFpEF)

Variables HFrEF HFpEF p-value
(n=246) (n=150)
Age (years) 67.9+9.73 70.5+£9.64 0.008
Sex (Male/Female) (%) 79.07/20.93) 63.27/36.73) <0.001
Charlson index 0.76+£0.94 0.82+1.01 NS
Age at diagnosis of T2D 61.71+1344  56.63+13.04 NS
(years)
T2D duration (years) 11 (6;16) 12(7,18) NS
Insulin dose (U) 45.14+32.65 44.73+33.98 NS
Hbalc (%) at baseline 745+136 7414144 NS
Weight (Kg) at baseline 82.65+£16.51 85.10+£16.02 NS
Smoking (%) 11.16 6.91 NS
Alochol (%) 744 545 NS
HTA (%) 77.67 88 0.002
Dyslipidemia (%) 78.14 81.82 NS
Metabolic syndrome (%) 3395 44.89 0.014
Weight (Kg) 82.34+17.34 8445+16.12 NS
BMI (Kg/m2) 29444522 30.75+5.81 0.03
WC (cm) 102.78+16.61 10549+16.21 NS
SBP (mmHg) 126.15+£20.05 132.57+1931 <0.001
DBP (mmHg) 7237+11.83  7359+£11.03 NS
Hemoglobin (g/dL) 13.88+19 1349+19 NS
Serum creatinine (mg/dL) 1.20+0.39 1.17+0.39 NS
eGFR (mL/min/1.73 m?) 66.1+234 64.7+234 NS
HbA,c (%) 7.19+£131 7294131 NS
Total cholesterol (mg/dL) 1453+36.5 156.2+36.5 NS
HDL-c (mg/dL) 414+118 421+118 NS
LDL-c (mg/dL) 74.9+303 815+303 NS
# Atherosclerotic territories  0.88+X 0.69+X NS
(mean)
HR (bpm) 7239+1281  7332+£1482 NS
COPD (%) 14.88 13.82 NS
SAHS (%) 15.81 20.73 NS
CKD (%) 3256 3527 NS
MAFLD (%) 561 9.82 NS
CHA2DS2-VASC scale 443+1.29 458+1.39 NS
HAS-BLED scale 2.14£1.06 236+1.09 NS

Categorical variables are presented as n (%); continuous variables as mean+SD
or median (IQR). (p<0.05). NS: non-statistical significance. List of abbreviations:
HF: Heart failure; HFrEF: Heart failure with reduced ejection fraction; HFpEF:
Heart failure with preserved ejection fraction; T2DM: Type 2 diabetes mellitus;
HTA:Hypertension; BMI:Body mass index; WC: Waist circumference; SBP: Systolic
blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; COPD: Chronic
obstructive pulmonary disease; SAHS: Sleep Apnea-hypopnea syndrome;
CKD: Chronic kidney disease; MAFLD: Metabolic associated fatty liver disease;
CHA2DS2-VASc scale: Stroke risk prediction tool for atrial fibrillation; HAS-BLED
scale: Bleeding risk prediction tool for atrial fibrillation

valvopathy, LV hypertrophy due to hypertension, AF,
and coronary stents. Rates of ACS were similar across
groups, whereas non—ST-elevation myocardial infarction
(NSTEMI) was less frequent in HFrEF than in HFpEF or
non-HF patients.
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Table 2 Prevalence of chronic diabetic complications by HF phenotype

Chronic complication No HF (1) (n=759) Total HF (n=490) HFrEF (2) (n=246) HFpEF(3)(n=150) p1vs2 plvs3 pvs3
Diabetic nephropathy (%)  24.67 39.70 37.21 43.64 0.01 0.01 NS
Diabetic retinopathy (%) 1491 12.20 1163 13.09 NS NS NS
Diabetic neuropathy (%) 528 583 6.05 545 NS NS NS
Diabetic foot (%) 1.72 355 372 327 NS NS NS

Categorical variables are presented as n (%). (p <0.05) NS: non-statistical significance

Table 3 Cardiovascular history among groups

History / Event

No HF (1) (n=759) Total HF (n=490) HFrEF (2) (n=246) HFpEF (3)(n=150) p1vs2 p1vs3 p2vs3

Previous cardiopathy (%) 57.05 95.32
CVD (%) 43.52 83.70
CVD atherosclerosis (%) 4373 5942
CAD (%) 37.04 5248
Affected vascular territories (> 1) (%) 7.53 16.13
ACS (%) 7153 73.66
NSTEMI (%) 38.98 36.17
STEMI (%) 32.54 3748
Coronary stents (%) 70.85 67.87
Cerebro vascular disease (%) 6.87 10.20
PAD (%) 8.06 15.10
Aortic arteriopathy (%) 8.17 13.68
Hypertrophy cardiac disease (%) 3.09 449
Restrictive cardiac disease (%) 0.00 0.84
Congenital cardiopathy (%) 1.16 0.84
Aortic valvulopathy (%) 9.72 1561
LV hypertrophy due to HTA (%) 2222 20.21
AF (%) 21.25 41.83
VF (%) 18.75 27.69

99.53 92.00 <0.001 <0001 <0.001
91.63 7745 <0.001 <0.001 <0.001
67.91 5273 <0.001 0.010 <0.001
61.86 45.09 0.001 0019  0.001
18.60 14.18 <0001 0002  0.003
75.76 72.00 NS NS NS
30.30 40.80 0.036 NS NS
4545 31.20 0.036 NS NS
60.61 73.60 0.037 NS 0.027
11.16 945 0.039 NS NS
15.35 14.91 0.001 0.001 NS
14.42 13.09 0.006  0.002 NS
4.67 435 NS NS NS
1.40 040 0.014 NS NS
1.40 0.40 NS NS NS
9.35 20.55 NS <0.001 <0.001
10.75 2767 <0.001 NS <0.001
38.24 44.66 <0001 <0.001 NS
44.44 14.49 0.033 NS 0.025

Categorical variables are presented as n (%). (p < 0.05). NS: non statistical significance. List of abbreviations: CVD, cardiovascular disease; CAD, coronary artery disease;
ACS: Acute coronary syndrome; PAD, peripheral arterial disease; HTA, hypertension; HF, heart failure; HFrEF, HF with reduced ejection fraction; HFpEF, HF with
preserved ejection fraction; NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction; LV, Left ventricular; AF, Atrial fibrillation; VF,

Ventricular fibrilaltion

Antidiabetic therapy

At baseline, metformin was the most frequently pre-
scribed drug, used more in non-HF patients than in HF
subtypes (Fig. 2a). SGLT2i and GLP1RA were more com-
mon in non-HF and HFrEF groups, while pioglitazone
use was rare. Insulin use was lower in HFrEF compared
with both HFpEF and non-HF groups (Fig. 2b). Over
follow-up, SGLT2i and GLP1RA use increased, sulfonyl-
ureas declined, and insulin use remained stable. At final
follow-up, SGLT2i was more frequently prescribed in
HFrEF, while GLP1RA and metformin remained more
common in non-HF patients (Fig. 2c).

Antihyperlipidemic therapy

Statins were widely used across all HF phenotypes at
baseline and follow-up, with ezetimibe less frequently
prescribed in HFpEF. Proprotein Convertase Subtilisin/
Kexin Type 9 inhibitors (PCSK9i) were rarely used, while
fibrates were slightly more common in HFrEF (Supple-
mentary Figures S4 a-b).

Heart failure therapy

Baseline HF therapy differed significantly between
phenotypes (Fig. 3a). HFrEF patients more frequently
received guideline-recommended therapies, including
loop diuretics, beta-blocker (BBs), Mineralocorticoid
Receptor Antagonists (MRAs), and sacubitril/valsartan.
HFpEF patients showed intermediate prescription rates.
By the end of follow-up, treatment patterns were largely
maintained, with HFrEF patients continuing the high-
est use of evidence-based therapies and HFpEF patients
exhibiting intermediate use (Fig. 3b).

HF biomarkers and echocardiogram

NT-proBNP levels were significantly higher in HF
patients compared with non-HF patients at baseline and
follow-up (Fig. 4a). HFrEF patients consistently showed
the highest levels, whereas HFpEF patients had interme-
diate elevations. LVEF remained stable in non-HF and
HFpEF patients, while it improved in HFrEF patients; 7
HFpEF patients (4.7%) progressed to HErEF (Fig. 4b).
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Electrocardiography

Electrocardiographic characteristics differed signifi-
cantly across the three groups (no HF, HFrEF, and
HFpEF). Sinus rhythm predominated in patients without
HF (90.4%) but was significantly less frequent in HFrEF
(65.6%) and HFpEF (62.2%) (p<0.001 for all pairwise
comparisons). Atrial fibrillation (AF) was more common
in HFpEF (30.0%) and HFrEF (19.5%) compared with the
no HF group (7.5%) (p<0.001). Atrioventricular block
(AVB) was uncommon and occurred at similar rates
across groups (3.1% in no HEF, 2.3% in HFrEF, and 3.0%
in HFpEF), with no significant differences. Pacemaker
implantation was more frequent in HFrEF (13.9%) com-
pared to HFpEF (4.8%) and no HF (1.5%) (p<0.001 for
all comparisons). Regarding conduction abnormalities,
left bundle branch block (LBBB) was significantly more
prevalent in HFrEF (21.9%) than in HFpEF (12.6%) and
no HF (3.1%) (p<0.001), whereas right bundle branch
block (RBBB) was slightly more common in no HF (7.7%)
than in HFrEF (5.6%) and HFpEF (4.4%), without statisti-
cal significance. Overall, conduction and rhythm distur-
bances were more frequent in HF, particularly in HFrEF.

Final clinical events
During follow-up, event rates did not differ significantly
between phenotypes.

HF-related hospitalizations were slightly more frequent
in HFrEF than in HFpEF, whereas new ACS episodes
were numerically higher in HFpEF. Cardiovascular-
related deaths were marginally more common in HFrEFE.
Absolute event numbers and percentages are shown in
Fig. 5 (a—c). No statistically significant differences were
observed for any outcome between HFpEF and HFrEF.

Summary of phenotype differences

Detailed comparison of HFpEF vs. HFrEF, including
demographics, cardiovascular profile, arrhythmias, bio-
markers, LVEF trajectory, renal comorbidity, and out-
comes, is summarized in Supplementary Table S5.

Discussion

This sub-analysis of the DIABET-IC study provides
novel insights into HF in T2D, particularly regarding
prevalence, incidence, and prognosis across HF pheno-
types. HFpEF emerges as the most frequent and incident
form, with outcomes comparable to HFrEF. In this pre-
guideline era, when HFpEF-specific disease-modifying
therapies were not yet available, medication patterns
show lower use of disease-modifying agents in HFpEF
compared with HFrEF; by the end of follow-up, SGLT2
inhibitor uptake increased, consistent with emerging
evidence and updated recommendations, but still lower
used compared to HFrEF, underscoring the urgent need
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for improved recognition and management in this high-
risk population.

In our study, HF was highly prevalent, affecting nearly
40% of outpatients, with HFpEF emerging as the most
frequently newly diagnosed and incident phenotype.
At baseline, HFpEF accounted for 30.6% of all HF cases
and nearly half (46.6%) of incident HF during follow-up,
whereas HFrEF represented 50.2% of prevalent HF but
only 24.1% of new cases. Over three years, the cumulative

incidence of HF was 7.6% (~3 cases per 100 person-
years), underscoring the high cardiovascular burden in
this population [13, 15]. Although prevalence estimates
vary across populations and methodologies, similar
trends have been reported in European and U.S. cohorts,
where HFpEF is consistently identified as the predomi-
nant phenotype in T2D, particularly among older and
obese individuals [5, 14, 38-40]. Collectively, these
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findings reinforce HFpEF as the dominant and emerging
form of HF in this high-risk population.

The clinical profiles of HF phenotypes observed in
DIABET-IC were consistent with contemporary Span-
ish cohorts: HFpEF clustered with cardiometabolic
traits—female sex, obesity, hypertension, AF, and CKD—
whereas HFrEF was more strongly linked to ischemic
heart disease [41]. Despite these distinct characteristics,
outcomes were similarly poor. In the MAGGIC meta-
analysis, prognosis worsened progressively across the
EF spectrum, with HFrEF showing the highest risk and
HFpEF somewhat lower, though still adverse [11]. How-
ever, in our cohort of patients with T2D, outcomes were
comparably poor in HFpEF and HFrEF, with both phe-
notypes showing similarly elevated risks of mortality and
HF hospitalization relative to T2D patients without HF
[8, 11]. Notably, recent data from Anguita-Gamez et al.
in a contemporary general population cohort also found
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no significant differences in 1-year outcomes across EF
categories, suggesting that the prognostic gradient tra-
ditionally described may be less pronounced in current
clinical practice [14]. Together, these findings reinforce
that HFpEF is far from benign, particularly in T2D, and
should be recognized as a major prognostic marker.

Contemporary evidence confirms that HFpEF remains
a high-risk phenotype despite therapeutic gains in HFrEF.
In the nationwide Swede HF analysis, Settergren et al.
(2024) showed that although cardiovascular death still
predominates overall, the adjusted risk of non-cardio-
vascular death increases with higher EF, with HFpEF
exhibiting more non-CV deaths than HFrEF over 5 years
[7]. Stolfo et al. (2022) further demonstrated a persistent
burden across the EF spectrum, with HFpEF enriched
for all-cause and non-CV hospitalizations and mortality
compared with matched controls [8]. In time-trend data
from Japan’s WET-HF registry, Nakamaru et al. (2023)
reported that age-adjusted 1-year mortality declined in
HFrEF but not in non-HFrEF, underscoring slower out-
come gains for HFpEF [23]. Complementing these obser-
vations, a U.S. model calibrated to contemporary HFpEF/
HFmrEF trials by Sun et al. [24] estimated that~37%
of patients will be hospitalized for HF and ~26% will
experience cardiovascular death within 10 years despite
standard care[24]. These findings align with the state-of-
the-art review by Borlaug et al. [9] highlighting persis-
tently adverse outcomes and substantial multimorbidity
in HFpEF[9]. Consistent with this modern literature, our
T2D cohort showed similar mortality and HF hospitaliza-
tion in HFpEF and HFrEF (differences non-significant),
likely reflecting event scarcity and the heavy non-CV
burden in HEpEEF. These patterns also align with our prior
DIABET-IC analysis, where higher KDIGO risk catego-
ries tracked with greater HF burden in T2D, supporting
a shared cardiorenal-metabolic risk gradient relevant to
HFpEF prognosis. However, data on CKD progression
and stroke were not available for the present analysis, and
results are therefore limited to HF hospitalization, ACS,
and cardiovascular death.

Therapeutic patterns diverged markedly between HF
phenotypes. In our cohort, HFrEF patients more fre-
quently received guideline-directed therapies such as
MRAs, sacubitril/valsartan, and beta-blockers, whereas
phenotype-specific options for HFpEF were limited and
remained under used. Cardioprotective antidiabetic
drugs, including SGLT2i and GLP1RA, were lower uptake
in the pre-guideline era, despite growing evidence of ben-
efit in reducing HF hospitalizations [22, 26, 27, 31, 34],
and current ESC guidelines now recommending SGLT?2i
as first-line therapy in HFpEF irrespective of diabetes
status [34]. These findings are consistent with Anguita
et al., who documented lower use of guideline therapies
and SGLT2i in HFpEF compared with HFrEF [14], and
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are further confirmed by the RED-HEART registry [25].
Beyond SGLT2i, the FINEARTS-HF trial demonstrated
that finerenone significantly reduced HF hospitaliza-
tions and cardiovascular death in HFpEF [42] and recent
pooled analyses from SELECT, FLOW, STEP-HFpEF, and
STEP-HFpEF DM trials further show that semaglutide
reduces the risk of the composite endpoint of cardio-
vascular death or HF events and worsening HF events
alone in patients with HFpEF, highlighting its potential
as an efficacious therapy in this population with limited
treatment options [43]. Collectively, these data under-
score both the therapeutic advances and persistent gaps
in HFpEF management, emphasizing the urgent need
for improved implementation strategies, particularly in
patients with T2D. However, therapy patterns should be
interpreted in the context of the pre-guideline era for
HFpEF, when phenotype-specific disease-modifying
options were not yet available. The observed increase
in SGLT?2 inhibitors toward study end mirrors contem-
poraneous changes in practice. Emerging agents such as
finerenone became available after our study period and
are discussed strictly as post-study developments.

Diagnostic challenges in HFpEF remain consider-
able, particularly in patients with T2D and obesity.
Elevated BMI, highly prevalent in this population, sup-
presses natriuretic peptide (NP) secretion and clear-
ance, reducing the sensitivity of BNP and NT-proBNP
and increasing the risk of false negatives [18, 44, 45]. In
our cohort, over 20% of HFpEF patients had NP values
below conventional diagnostic thresholds, highlighting
the potential for underdiagnosis. ECHO, while central
to HF evaluation, may also be limited in this setting [5,
18, 46], emphasizing the need for weight-independent
biomarkers and advanced imaging tools to improve early
detection and risk stratification. These diagnostic limi-
tations have important clinical consequences, as high-
risk patients may remain unrecognized and deprived of
timely, evidence-based therapies. In our cohort, this gap
was associated with rising NT-proBNP levels, stable or
declining LVEF, and progression to HFrEF in nearly 5%
of cases during follow-up. Collectively, these findings
underscore that HFpEF in T2D is a dynamic and progres-
sive phenotype that is prone to deterioration when insuf-
ficiently recognized and managed.

Building on these diagnostic gaps, Bayes-Genis et al.
(2023)[19]—a Heart Failure Association (ESC) clinical
consensus—provide practical NT-proBNP algorithms
across settings: in the ED, 300 pg/mL rules out HF and
age-adjusted rule-in thresholds of 450/900/1800 pg/mL
(<50/50-74/ =275 y) apply without additional adjustment
for sex, BMI, renal function, AF, or LVEF; in the outpa-
tient setting, 125 pg/mL rules out HF, with age-tiered
rule-in thresholds of 125/250/500 pg/mL (<50/50—
74/275 y) and >2000 pg/mL flagged for expedited triage.
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The statement also introduces “heart-stress” screen-
ing for asymptomatic high-risk patients (e.g., T2D)
with rule-out 50 pg/mL and rule-in 75/150/300 pg/mL
(<50/50-74/ 275 y). Adopting these weight-independent
cut-points and workflows could improve early HFpEF
recognition in T2D and standardize referral for echocar-
diography and follow-up.

While not designed to introduce new therapies, this
nationwide, prospective analysis delivers granular,
phenotype-level data for patients with T2D in routine
care—spanning clinical characteristics, ECG features,
real-world treatment patterns in the pre-guideline era,
and hard outcomes. These country-level insights can help
shape Spain’s HF strategies in T2D (screening, referral,
and implementation of evidence-based therapies) and
generate hypotheses for confirmatory studies in other
regions.

Conclusions

In summary, HF is highly prevalent in patients with T2D,
with HFpEF emerging as the most frequent and incident
phenotype, and is a high-risk, dynamic, and progressive
condition. Despite this, HFpEF is often underdiagnosed
due to obesity-related limitations in NP measurement
and frequently undertreated, despite evidence support-
ing the use of SGLT2 inhibitors, GLP1 receptor agonists,
and finerenone to improve outcome. The development of
weight-independent biomarkers and advanced imaging,
coupled with timely initiation of evidence-based thera-
pies, is essential for early diagnosis, improved outcomes,
and prevention of disease progression in this high-risk
population.
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