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Abstract
Background Most patients with heart failure with preserved ejection fraction (HFpEF) have a metabolic phenotype 
in which comorbidities including diabetes mellitus play an important role. Factors related to impaired glucose 
metabolism, such as kidney disease, may contribute to adverse clinical events. Albuminuria is an early marker of 
kidney disease. We assessed the prevalence of impaired glucose metabolism and albuminuria in HFpEF over time, and 
evaluated its prognostic implications.

Methods Consecutive patients referred to our outpatient clinic and diagnosed with HFpEF between March 2015–
November 2023 were included in this study. Patients with type 1 diabetes were excluded. Patients were stratified 
according to baseline glucose metabolism status (DM + for prediabetes and diabetes, or DM−) and albuminuria status 
(ALB+ or ALB− for albuminuria > 3.0 mg/mmol and normoalbuminuria, respectively). The primary outcome was a 
composite of HF hospitalizations (HFH) and all-cause mortality, and was analysed using multivariable-adjusted Cox-
regression models.

Results Among 332 patients with HFpEF (median age 77 years; 67% female), 121 (36.4%) were classified as DM−/
ALB−, 106 (31.9%) as DM+ /ALB−, 44 (13.3%) as DM−/ALB+, and 61 (18.4%) as DM+ /ALB+. Both baseline DM and 
ALB were independently associated with the primary outcome after approximately 3 years: adjusted hazard ratio 
(aHR) 1.93; 95% confidence interval (CI) 1.25–2.97 and 1.58; 95%CI 1.04–2.41, respectively. Patients in the DM+ /
ALB+ group showed the highest risk (aHR 2.85; 95%CI 1.57–5.15). After one year, DM/ALB status was re-evaluated in 
250 (75%) patients. New DM+ and ALB+ incidence was 3.9% and 22%in those at risk, respectively. Patients particularly 
changed ALB groups compared to baseline (n = 63, 25.2%); 27 (10.8%) patients recovered from albuminuria. At 3 years 
follow-up, the primary outcome mainly occurred in patients who consistently showed albuminuria (27.1%) or who 
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Introduction
Heart failure with preserved ejection fraction (HFpEF) is a 
cardiovascular syndrome with a rising prevalence, affect-
ing an estimated 30 million people globally [1]. The major-
ity of patients with HFpEF have a metabolic phenotype, 
characterized by comorbidities such as obesity, diabetes 
mellitus, and kidney disease [2]. Diabetes has been associ-
ated with HFpEF and increased risk of adverse outcomes 

[3–5]. Impaired glucose metabolism, which encompasses 
the continuum from normoglycemia to prediabetes to dia-
betes [6], may drive a significant portion of these prognos-
tic effects, as suggested by the Candesartan in Heart failure 
Assessment of Reduction in Mortality and morbidity pro-
gramme (CHARM) [3]. Still, data on the impaired glucose 
metabolism continuum and its association with adverse 
outcomes in HFpEF are scarce [7].

recovered from albuminuria (22.2%), and less so in patients who developed albuminuria after one year (13.9%) or who 
remained free of albuminuria (8.6%) (p = 0.008).

Conclusions DM and albuminuria are prevalent in HFpEF at baseline, and re-evaluation one year later still reveals 
new diagnoses. Both factors are independently associated with adverse outcomes. Albuminuria at any time point 
remains predictive of adverse outcomes in HFpEF.

Graphical abstract 

Research insights 

What is currently known about this topic? Diabetes mellitus is an important cardiovascular risk factor in patients 
with HFpEF, contributing to disease progression and worse outcomes. Albuminuria is a prognostic marker in heart 
failure patients and more prevalent in patients with diabetes

What is the key research question? What is prevalence of impaired glucose metabolism and albuminuria in HFpEF 
over time and how does this translate to prognosis?

What is new? Both DM and albuminuria each independently associated with worse prognosis in HFpEF. Screening 1 
year after HFpEF diagnosis yielded incidence rates of 3.9% and 10.8% for DM and prediabetes, respectively, and 22% 
for albuminuria. Albuminuria at any time point appeared prognostic in HFpEF, also when albuminuria recovered

How might this study influence clinical practice? Intermittent screening of HFpEF patients for abnormal glucose 
metabolism and albuminuria is warranted to optimize risk management

Keywords Diabetes mellitus, Albuminuria, Heart failure with preserved ejection fraction, Prognosis, Prevalence, 
Incidence
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Kidney disease, a common consequence of impaired 
glucose metabolism, may have a bigger impact on 
adverse outcomes than glucose metabolism status alone 
[8]. Recent studies have shown that the presence and 
magnitude of albuminuria are strong prognostic fac-
tors associated with HF progression and hospitaliza-
tions, irrespective of estimated glomerular filtration rate 
(eGFR) [9]. Albuminuria is considered an earlier marker 
of kidney disease than eGFR loss and it is also a marker of 
microvascular disease (MVD) [10]. As the current work-
ing hypothesis puts MVD as a cornerstone in HFpEF 
pathophysiology [11], albuminuria may be useful to mon-
itor disease progression in HFpEF.

Therapies targeting impaired glucose metabolism and 
albuminuria include sodium–glucose co-transporter 
protein 2 inhibitors (SGLT2i), which have showed to 
reduce HF hospitalizations [12–14]. Moreover, glucagon-
like peptide-1 receptor agonists (GLP-1RA) have shown 
promising results in diabetic and chronic kidney disease 
patients [15], with future studies awaiting to evaluate its 
effects in HF patients. A recent study suggests a potential 
benefit of combining these new therapies to decrease HF 
hospitalizations in HFpEF patients. [16]

Understanding the interplay between impaired glucose 
metabolism, albuminuria, and HFpEF is crucial to fur-
ther optimize employment of these therapies and explore 
other treatments to improve clinical outcomes. This 
study assessed the prevalence and incidence of impaired 
glucose metabolism and albuminuria in a prospective 
observational HFpEF cohort over time, and investi-
gated their associations with adverse events, to enhance 
insights into HFpEF metabolic phenotypes.

Methods
Study design
A retrospective analysis of a prospective observational 
cohort study was performed. The study was approved 
by the Institutional Review Board (NL76585.068.21) and 
performed according to the principles of the Declara-
tion of Helsinki. All patients provided written informed 
consent.

Study population
Consecutive patients referred to our outpatient HFpEF 
clinic and diagnosed with HFpEF between March 2015 
and November 2023 were prospectively included. All 
patients systematically underwent a comprehensive diag-
nostic work-up at baseline including clinical evaluation, 
echocardiography, biomarker analysis, exercise testing, 
pulmonary function assessment, and medical history 
review, as described previously [17, 18]. HFpEF diagno-
sis was based on the ESC HF guidelines with a consen-
sus of at least two experienced HF specialists [19, 20], 
and patients received guideline-based pharmacological 

treatment to optimize their individual cardiovascular 
health status. Patients were excluded if baseline measure-
ments for hemoglobin A1c (HbA1c) or urinary albumin-
to-creatinine ratio (UACR) were missing or assessed later 
than one year from baseline (Fig. 1). Patients with type 1 
diabetes were also excluded.

Patients were stratified by baseline glucose metab-
olism status (normoglycaemia: HbA1c < 42  mmol/
mol; prediabetes: HbA1c 42–47  mmol/mol; and DM: 
HbA1c > 47  mmol/mol or known diagnosis of DM) and 
albuminuria status (normoalbuminuria: albumin-cre-
atinine ratio (UACR) < 3.0  mg/mmol; microalbumin-
uria: UACR 3.0-30  mg/mmol; and macroalbuminuria 
UACR > 30 mg/mmol) to assess baseline prevalence.

Patients were included for the one year analyses if 
HbA1c and UACR were present one year later than base-
line, with a margin of 12 months.

Clinical outcomes
Patients were clinically monitored based on routine clini-
cal practice and were also reassessed at the outpatient 
clinic after one year by research design [18, 20]. Out-
comes were evaluated based on electronic health records 
and patient questionnaires with telephone follow-up 
consultations, as described previously [18]. The primary 
outcome was the composite of HF hospitalizations and 
all-cause mortality. Medication use was recorded at the 
time of the baseline outpatient visit (and thus already in 
use at this time), and after one year following the initial 
visit.

Statistical analysis
Patients were classified into four categories to overcome 
anticipated small subgroups: (1) DM+ /ALB+ (diabetes 
or prediabetes with either microalbuminuria or macroal-
buminuria), (2) DM−/ALB+ (normoglycemic with either 
microalbuminuria or macroalbuminuria), (3) DM+ /ALB− 
(diabetes or prediabetes with normoalbuminuria), and (4) 
DM−/ALB−(normoglycemic with normoalbuminuria). At 
one year follow-up, patients where again classified accord-
ing to their albuminuria and glycaemic state.

Differences in clinical characteristics between groups 
were assessed using the chi-square test for categorical 
variables or analysis of variance (ANOVA) for continu-
ous variables. Results from continuous variables were 
presented as medians and interquartile ranges, categori-
cal variables by frequencies and percentages. In addition 
to the baseline analysis, we conducted a one year trend 
analysis. Sankey plots were used to visualize the one 
year movement across groups. Patients moving from a 
DM+ subgroup to a DM− subgroup based on HbA1c lev-
els instead of clinical diabetes diagnosis were still consid-
ered DM+ at baseline as well as at one year follow-up.
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Kaplan–Meier analysis was employed to assess event-
free survival across the four baseline DM/ALB groups, 
using the log-rank test to evaluate group differences. 
Cox proportional hazards regression models were used 
to analyze the independent association of DM and albu-
minuria status with the composite outcome. The propor-
tional hazards assumption was verified using Schoenfeld 
residuals for individual variables and the overall model. 
The models included (1) a crude model, and (2) adjusted 
for age, female sex, and important clinical prognostic fac-
tors in HFpEF: NT-proBNP, eGFR, and atrial fibrillation 
[21, 22]. Since only eGFR had 4 missing values (1%) and 
the other covariates had no missing values, a complete-
case analysis was conducted, excluding individuals with 
missing eGFR in the corresponding Cox models.

To explore potential nonlinear relationships, a 
restricted cubic spline analysis was conducted (hazard 
ratio of the primary outcome as the dependent vari-
able, either UACR or HbA1c as the independent vari-
able). Four knots were positioned at the 5th, 35th, 65th, 
and 95th percentiles, as previously described [23, 24]. 
ANOVA-based tests for nonlinearity were performed 
using restricted cubic splines. Next, the potential 

interaction effect between DM and albuminuria was 
assessed in the final models.

Explorative causal mediation analysis was conducted 
using the R mediation package. Mediation analysis exam-
ines whether a third variable (mediator) explains the 
relationship between a cause (independent variable) and 
an effect (dependent variable). To evaluate whether and 
how albuminuria explains the relationship between DM 
and primary outcome, we conducted mediation analysis 
with HbA1c as the independent variable, albuminuria as 
the mediator, and mortality or HFH as the outcome. This 
analysis was conducted separately for both baseline albu-
minuria data and year 1 data. The analysis was performed 
using logistic regression and an exponential accelerated 
failure time model, with results computed across 1,000 
bootstrapped samples.

Furthermore, event analysis was performed from one 
year follow-up onwards to evaluate prospective outcomes 
based on the four DM/ALB subgroups during re-evalua-
tion one year after diagnosis. All statistical analyses were 
performed using R software (version 4.3.1). A two-sided 
p-value of < 0.05 was considered statistically significant.

Fig. 1 Study flow chart. All patients of the baseline cohort were included for survival analyses until loss-to-follow-up. Measurements were closely timed; 
for HbA1c, the median was 9 days (interquartile range 8–9 days), and for UACR, the median was 8 days (interquartile range 1–9 days) from baseline visit. 
Only patients of the 1 year cohort were included in temporal prevalence and incidence of DM/ALB and the accompanied survival analyses. HFpEF: heart 
failure with preserved ejection fraction, T1DM: type 1 diabetes mellitus, HbA1c: hemoglobin A1c, UACR: urinary albumin-creatinine ratio
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Results
Baseline
This study included 332 individuals with HFpEF from 
our outpatient clinic (Fig.  1). Median age was 76  years 
and two-thirds were female (Table  1). Hypertension 

was present in most patients and obesity in almost half. 
Normoglycaemia was found in 165 (49.7%) patients, 
44 (13.3%) had prediabetes (HbA1c 42–47  mmol/
mol), and 123 (37%) had diabetes at baseline. Micro-
albuminuria was found in 89 (26.8%) patients and 

Table 1 Patient characteristics and baseline assessment
All DM−/ALB− DM+ /ALB− DM−/ALB+ DM+ /ALB+ p-value trend
332 121(36.4) 106(31.9) 44(13.3) 61(18.4)

Female sex n(%) 221 (66.6) 87 (71.9) 73 (68.9) 28 (63.6) 33 (54.1) 0.101
Age (year) 76.5 [72.1–80.3] 76.8 [72.4– 80.1] 76.5 [71.2– 80.8] 76.2 [72.6– 80.5] 75.9 [72.0– 78.9] 0.757
BMI (kg/m2)$, ††,^,* 29.3 [25.9–33.7] 28.1 [24.8– 31.2] 30.4 [27.1– 34.4] 27.3 [25.0– 31.1] 32.0 [28.4–36.7]  < 0.001
Smoking status† 0.013
Current smokern(%) 21 (12.3) 5 (8.3) 3 (6.0) 6 (18.8) 7 (24.1)
Previous smoker n(%) 91 (53.2) 29 (48.3) 32 (64.0) 12 (37.5) 18 (62.1)
Glucose metabolism status $$,††,^^,**  < 0.001
Normoglycaemia n(%) 165 (49.7) 121 (100.0) 0 (0.0) 44 (100.0) 0 (0.0)
Prediabetes n(%) 44 (13.3) 0 (0.0) 32 (30.2) 0 (0.0) 12 (19.7)
DM n(%) 123 (37.0) 0 (0.0) 74 (69.8) 0 (0.0) 49 (80.3)
Albuminuria status  < 0.001
Normal UACR n(%) 227 (68.4) 121 (100.0) 106 (100.0) 0 (0.0) 0 (0.0)
Microalbuminuria n(%) 89 (26.8) 0 (0.0) 0 (0.0) 39 (88.6) 50 (82.0)
Macroalbuminuria n(%) 16 (4.8) 0 (0.0) 0 (0.0) 5 (11.4) 11 (18.0)
Hypertension n(%) 250 (75.3) 91 (75.2) 79 (74.5) 37 (84.1) 43 (70.5) 0.454
Significant CAD* n(%) 62 (24.3) 15 (16.0) 17 (21.2) 10 (32.3) 20 (40.0) 0.008
Previous ACS n(%) 39 (11.7) 8 (6.6) 12 (11.3) 7 (15.9) 12 (19.7) 0.057
Previous PCI n(%) 54 (16.3) 16 (13.3) 17 (16.0) 9 (20.5) 12 (9.7) 0.606
Previous CABG n(%) 31 (9.3) 10 (8.3) 6 (5.7) 4 (9.1) 11 (18.0) 0.063
Stroke n(%) 29 (8.7) 11 (9.1) 11 (10.4) 3 (6.8) 4 (6.6) 0.815
AF n(%) 178 (53.6) 58 (47.9) 60 (56.6) 25 (56.8) 35 (57.4) 0.479
Sleep apnea n(%) 65 (19.6) 18 (14.9) 25 (23.6) 4 (9.1) 18 (29.5) 0.022
COPD n(%) 61 (18.4) 21 (17.4) 20 (18.9) 8 (18.2) 12 (19.7) 0.982
NYHA class n(%) 0.694
I 9 (2.7) 2 (1.7) 3 (2.8) 3 (6.8) 1 (1.7)
II 139 (42.0) 56 (46.3) 43 (40.6) 19 (43.2) 21 (35.0)
III 176 (53.2) 61 (50.4) 57 (53.8) 21 (47.7) 37 (61.7)
IV 7 (2.1) 2 (1.7) 3 (2.8) 1 (2.3) 1 (1.7)
Laboratory assessments
Hb (mmol/L) 8.2 [7.5–8.8] 8.4 [7.7–8.8] 8.1 [7.5–8.8] 8.2 [7.6–8.9] 8.0 [7.2–8.6] 0.088
HbA1c (mmol/mol)$$, ††,^^,** 41 [38–49] 38 [35–40] 48 [44–56] 38 [36–40] 49 [44–61]  < 0.001
UACR$,##, ††,^^,%% 1.5 [0.7–3.7] 0.8 [0.5–1.4] 1.1 [0.6–1.6] 6.5 [4.2–10.8] 7.1 [4.0–19.4]  < 0.001
eGFR (mL/min/1.73m2)%,† 55 [43–71] 62 [49–73] 53 [41–69] 56 [43–70] 48 [32–70] 0.006
NT-proBNP (pg/mL) 545 [258–1298] 488 [256–1108] 489 [256–1108] 684 [360–1592] 676 [332–1505] 0.080
Echocardiographic assessment
LVEF (%) 60 [57–64] 60 [57–64] 60 [57–64] 61 [58–64] 59 [56–63] 0.544
Peak e’ velocity LV lateral (cm/s)  9 [7–11] 9 [7–10] 9 [7–11] 8 [7–11] 9 [7–11] 0.988
Average E/e’ 11 [9–14] 10 [8–13] 11 [9–14] 12 [9–13] 11 [9–15] 0.112
LAVI (mL/m2) 45 [37–56] 46 [38–56] 41 [34–57] 48 [40–60] 45 [38–55] 0.118
LVMI (g/m2)†,% 78 [64–94] 76 [63–90] 78 [63–88] 84 [71–100] 85 [70–102] 0.003
Medication is detailed separately in Table 3. Bonferroni-corrected significant group differences are depicted between groups using a single symbol for p < 0.05 and 
a double symbol for p < 0.001;

*/**DM−/ABL+ versus DM+ /ALB+, #/## DM−/ALB+ versus DM−/ALB−, $/$$ DM−/ALB− versus DM+ /ALB−^/^^, DM+ /ALB− versus DM−/ALB+, %/%% DM+ /ALB− 
versus DM+ /ALB+, †/†† DM−/ALB− versus DM+ /ALB+.

ACS: acute coronary syndrome, AF: atrial fibrillation, BMI: body mass index, CAD: coronary artery disease defined as >70% coronary obstruction, CABG: coronary 
artery bypass grafting, COPD: chronic obstructive pulmonary disease, DM: diabetes mellitus, eGFR: estimated glomerular filtration rate, HbA1c: hemoglobin A1c, NT-
proBNP: N-terminal prohormone brain natriuretic peptide, LAVI: left atrial volume index, LVEF: left ventricle ejection fraction, LVMI: left ventricle mass index, NYHA: 
New York Heart Association, PCI: percutaneous coronary intervention, UACR: urinary albumin-creatinine ratio.
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macroalbuminuria in 16 (4.8%) patients. 59 patients did 
not have a diabetes diagnosis before their baseline visit 
(35.3% of DM+ patients, 17.8% of the total cohort). Pre-
diabetic patients mostly had normoalbuminuria (n = 32, 
72.7%), and less often microalbuminuria (n = 10, 22.7%) 
or macroalbuminuria (n = 2, 4.5%). Patients with diabe-
tes had a similar distribution in albuminuria, with most 
patients showing normoalbuminuria (n = 74, 60.2%), fol-
lowed by microalbuminuria (n = 40, 32.5%) and macroal-
buminuria (n = 9, 7.3%).

Subsequently, patients were categorized into four 
groups, with DM+ concerning both prediabetes and 
diabetes: DM−/ALB− (n = 121, 36.4%), DM+ /ALB− 
(n = 106, 31.9%), DM−/ALB+ (n = 44, 13.3%), and DM+ /
ALB+ (n = 61, 18.4%). Obesity was more prevalent in 
DM+ as compared to DM− (p < 0.001) (Table  1). Statin 
and calcium channel blocker (CCB) use differed signifi-
cantly among the four groups (p < 0.05), and were particu-
larly more frequent among DM+ /ALB+ patients. Patients 
in the DM−/ALB− group showed the highest eGFR and 
patients in the DM+ /ABL+ group the lowest, with the 
remaining groups showing intermediate values for eGFR 
(p = 0.006). Patients with ALB+ had higher left ventricular 
mass on echocardiography compared to ALB−.

Prognosis
At one year follow-up, 27 (8.1%) patients showed the pri-
mary outcome, with 17 (5.1%) patients who had at least 
one HF hospitalization event. The mortality rate at one 
year follow-up was 3.6% (n = 12).

After a median follow-up of 2.7 (1.8–4.4) years, the 
combined outcome of HF hospitalization and all-cause 
mortality was most prevalent in the DM+ /ALB+ group 
(n = 18, 29.5%), followed by DM−/ALB+ (n = 8, 18.2%), 
and DM+ /ALB− (n = 17, 16.0%), and the least preva-
lent in the DM−/ALB− group (n = 11, 9.1%) (log-rank 
p < 0.001) (Fig.  2). In further analysis, the DM−/ALB− 
group was used as the reference group and showed the 
highest survival rates. The DM+ /ALB+ group displayed 
the worst outcomes (HR 3.53, 95% CI 2.00–6.22). Inter-
mediate survival patterns were observed in the remaining 
groups.

Diabetes was associated with a consistently increased 
risk compared to individuals without diabetes across 
all models, with an HR in the crude model of 2.2 (95% 
CI 1.44–3.36) and after correction for confounders an 
adjusted HR (aHR) of 1.93 (95% CI 1.25–2.97), (Table 2). 
Prediabetes showed to be associated with an increased 
but non-significant risk, with HR 1.77 (95% CI 0.93–3.39) 
and aHR 1.47 (95% CI 0.76–2.83).

The restricted cubic spline plot of HbA1c (Fig.  3A) 
showed a significant non-linear relationship between 
HbA1c and the crude HR (p for nonlinearity = 0.020), 
showing a positive HR onwards from approximately 

41 mmol/mol, which falls below the prediabetic range of 
HbA1c range of 42–47 mmol/mol. Hence, the data may 
be suggestive of prognostic relevance of HbA1c levels in 
HFpEF from prediabetic range onwards. Albuminuria 
was associated with a consistently increased risk of the 
primary outcome across all models (crude HR: 1.76; 95% 
CI 1.18–2.64, aHR 1.58; 95% CI 1.04–2.41) (Table 2). The 
restricted cubic spline plot of UACR (Fig.  3B) showed 
that as UACR increases, the predicted HR rises, with a 
slight non-linear pattern (p = 0.083). A positive HR was 
found onward from a UACR of approximately 1.5.

No significant interaction was found between DM sta-
tus and albuminuria for their association with adverse 
outcomes: interaction term HR 1.04; 95% CI 0.44–2.48, 
aHR 0.93; 95% CI 0.39–2.25 in the crude model and fully 
adjusted model, respectively. No significant violations of 
the proportional hazards assumption were observed for 
any of the tested models (p > 0.05).

Temporal changes
A total of 250 (75.3%) patients had records available on 
both HbA1c and UACR at one year follow-up, enabling 
analysis of DM and ALB subgroups one year from baseline 
visit. New diabetes was found in 3.9% (based on the popu-
lation at risk, n = 154), while new prediabetes was found in 
10.8% (of 120 patients at risk), and new albuminuria in 22% 
(of 164 patients at risk).

A total of 81 patients (32.4%) transitioned to a differ-
ent DM/ALB subgroup one year after their baseline visit 
(Fig. 4). Patients particularly changed ALB groups com-
pared to baseline (n = 63, 25.2%).

The majority of patients with DM− at baseline 
remained in the same subgroup after 1  year, with 14 
patients (11.7%, 5.6% of study population at one year) 
transitioning to the DM+ group, of which most were 
newly diagnosed prediabetic (n = 13, 92.9%) and one 
(7.1%) newly diagnosed diabetic (5.2% and 0.4% of study 
population at one year, respectively). Among 96 patients 
with DM+ at baseline (either known diagnosis or diag-
nosed at the baseline visit based on HbA1c), 23 (24%) 
patients showed HbA1c values corresponding with nor-
moglycaemia, suggesting adequate glycemic control at 
one year follow-up.

For albuminuria status, most patients with ALB− 
remained in the same subgroup (n = 128, 78%), while 36 
individuals (22% of initial ALB− group, 14.4% of study 
population at one year) transitioned to the ALB+ sub-
group. Among patients with ALB+ at baseline, 27 (31.4%) 
recovered to ALB− at one year follow-up.

Temporal changes and prognosis
Within the DM+ group, the prevalence of the primary 
outcome was similar in those with and without glycemic 
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control at one year follow-up (HbA1c < 42  mmol/L) 
(n = 97 and n = 21, respectively, log-rank test p = 0.820.

At three years follow-up, the primary outcome 
occurred in 16 (27.1%) of those who consistently showed 
albuminuria, 6 (22.2%) of patients with recovery of albu-
minuria, 5 (13.9%) who newly developed albuminuria, 
and 11 (8.6%) who remained free from albuminuria 
(Fig.  5, Supplemental Table  1). Comparing outcomes at 
maximum follow-up between specific subgroups showed 
no significant difference between those who recovered 
from albuminuria and those who consistently showed 
albuminuria (log-rank Bonferroni-corrected p = 1.000), or 
those who developed albuminuria (log-rank Bonferroni-
corrected p = 1.000). Patients remaining free from albu-
minuria over time showed the best event-free survival, 
also compared to those recovering from albuminuria 
(log-rank Bonferroni-corrected p = 0.037). At one year 
follow-up, NT-proBNP levels were lowest in patients 
who remained in ALB− throughout time (374 [211–
899 pg/mL), were higher in those recovering from albu-
minuria (743 [299–1480] pg/mL), those who remained in 
ALB+ over time (771 [410–560] pg/mL), and highest in 
patients who with developed albuminuria over time (844 
[420–1328] pg/mL) p < 0.001).

Causal mediation analysis indicated a weak mediation 
effect of albuminuria on DM on the primary outcome 

(mediation proportion 5.3%, 95% CI 0–19%, p = 0.10) 
(Fig. 6). The mediating effect of albuminuria at one year 
was further attenuated compared to baseline albuminuria 
(mediation proportion: 5.5%, 95% CI 0–23%, p = 0.16).

Medication use
Data on medication usage was available in part of the 
study population. Missing cases were omitted when cal-
culating proportions. Between baseline and one year 
follow-up, the use of sodium–glucose co-transporter 2 
inhibitors (SGLT2i) showed a clear increase over time 
(0.9% to 12.9%), while angiotensin-converting enzyme 
inhibitors (ACEi) or angiotensin receptor blockers (ARB) 
were slightly less often in use (63.6% to 60.5%) (Table 3). 
In patients who transitioned from ALB+ to ALB− after 
one year follow-up, ACEi and ARB prescriptions were 
slightly lower at one year compared to prior the base-
line visit (46.7% instead of 59.3%) and SGLT2i were pre-
scribed more often (6.7% instead of 0%, respectively), 
though the number of available datapoints was limited 
(Supplemental Table 2).

Discussion
The studied HFpEF cohort included 332 patients from 
our outpatient clinic. New diabetes mellitus was found in 
one in six HFpEF patients at baseline. Impaired glucose 

Table 2 Cox regression models of the primary outcome, diabetes and albuminuria combined groups, diabetes, and albuminuria
Crude model Fully adjusted model

DM DM 2.20 (1.44–3.36) 1.93 (1.25–2.97)
Age (per 1 year) 1.03 (0.99–1.06)
Female sex 0.56 (0.37–0.85)
NT-proBNP (per 10 pg/mL) 1.00 (1.00–1.03)
eGFR (per 100 mL/min/1.73m2) 0.89 (0.78–1.00)
AF 1.19 (0.77–1.84)

Albuminuria Albuminuria 1.76 (1.18–2.64) 1.58 (1.04–2.41)
Age 1.03 (0.99–1.07)
Female 0.58 (0.38–0.88)
NT-proBNP (per 100 pg/mL) 1.00 (1.00–1.03)
eGFR (per 10 mL/min/1.73m2) 0.88 (0.78–1.00)
AF 1.28 (0.83–1.97)

By subgroup DM−/ALB− reference reference
DM+ /ALB− 2.08 (1.20–3.61) 1.93 (1.10–3.36)
DM−/ALB+ 1.62 (0.79–3.32) 1.58 (0.77–3.26)
DM+ /ALB+ 3.53 (2.00–6.22) 2.85 (1.57–5.15)
Age 1.05 (1.02–1.08) 1.03 (1.00–1.07)
Female sex 0.58 (0.38–0.86) 0.59 (0.39–0.89)
NT-proBNP (per 100 pg/mL) 1.02 (1.01–1.03) 1.00 (1.00–1.03)
eGFR per 10 mL/min/1.73m2) 0.82 (0.74–0.92) 0.90 (0.80–1.02)
AF 1.49 (0.99–2.25) 1.22 (0.79–1.89)

Values are depicted in hazard ratios with 95% confidence intervals. The crude model includes unadjusted univariable analyses. Confounder covariates are included 
only in the final model to minimize redundancy. The fully adjusted model includes the covariates age, sex, atrial fibrillation, eGFR, and NT-proBNP. The covariates 
body mass index, significant coronary artery disease, and sleep apnea were not associated with adverse outcomes in either of the presented models.

AF: atrial fibrillation, ALB: albuminuria, DM: diabetes mellitus, eGFR: estimated glomerular filtration rate, NT-proBNP: N-terminal prohormone brain natriuretic 
peptide.
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metabolism (prediabetes and diabetes) and albuminuria 
were both independent predictors of adverse outcomes, 
with impaired glucose metabolism as the strongest 
predictor. Re-evaluation after one year revealed new 
impaired glucose metabolism and albuminuria in up to 
one in five patients. Cross-over between subgroups was 
prevalent during follow-up, mostly from DM−/ALB+ to 
DM−/ALB−, suggesting an adequate effect of inter-
ventions responsible for the resolution of albuminuria. 
Still, albuminuria at any given timepoint appeared to be 
associated with more adverse outcomes and higher NT-
proBNP levels during follow-up.

Until now, studies combining glucose metabolism sta-
tus as well as albuminuria in patients with HFpEF are 
scarce. Selvaraj et al. showed a significant association 
between the presence of diabetes and changes in UACR 
after multivariable adjustment [25]. They found that albu-
minuria was significantly and independently associated 
with their primary outcome, a composite of cardiovascu-
lar death, aborted cardiac arrest, or HF hospitalization. 
In their multivariable analyses, diabetes was adjusted for 
and not considered a separate covariate, omitting evalu-
ation of the effects of diabetes besides albuminuria. Katz 
et al. reported an increasing prevalence of DM alongside 
rising UACR values, as well as an association between 
increasing UACR and their composite endpoint of car-
diovascular hospitalisation or death [26]. This association 
was not significant after adjusting for cardiovascular risk 
factors, including diabetes mellitus, as well as brain natri-
uretic peptide. In the current study, albuminuria was sig-
nificantly associated with the primary outcome, in both 
with and without concomitant diabetes. Yet, diabetes was 
associated with a higher risk of adverse events, compared 
albuminuria. In addition, the absence of statistical sig-
nificance in the interaction term of DM and albuminuria, 
and no relevant mediator effects on outcome and diabe-
tes from albuminuria at any time point, again underline 
the independency of diabetes and albuminuria as prog-
nostic determinants in HFpEF.

Impaired glucose metabolism in HFpEF
The relevance of impaired glucose metabolism for the 
development and progression of HFpEF may occur prior 
to clinical DM, and is a noteworthy treatable risk fac-
tor. The development of HFpEF due to impaired glucose 
metabolism may result from altered microvascular func-
tion and increased oxidative stress through free radical 
release, leading to metabolic derangements and reduced 
myocardial energy efficiency. Both of these factors may 
contribute to diastolic dysfunction and the metabolic 
profile characterizing HFpEF [27, 28]. Previous reports 
found a prevalence of prediabetes in HFpEF around 
18–54% and DM around 25–44%, which was associ-
ated with increased morbidity and mortality rates [3, 
27, 29–31]. The current study aligns with these findings. 
Moreover, the current results showed an association with 
adverse outcomes beyond HbA1c levels of 41  mmol/
mol—which is even slightly below the accepted HbA1c 
range for prediabetes. Differences in patient selection 
might explain the aforementioned range of DM preva-
lence in HFpEF across studies. More fundamentally, the 
varying degree of awareness of HFpEF and the subse-
quent diagnostic challenge may introduce an uncertain 
degree of selection bias in these studies. The current 
study cohort included patients from our HFpEF outpa-
tient clinic in which systemic screening of comorbidi-
ties takes place routinely, which may have contributed to 
detection of cardiovascular risk factors such as impaired 
glycose metabolism in this patient population.

Since around one in six patients with diabetes in the 
present study did not have their diagnosis before the 
baseline visit, active screening for impaired glucose 
metabolism in patients receiving an HFpEF diagnosis is 
warranted, as is also recommended by the European HF 
guidelines [20]. At one year follow-up, we still frequently 
newly diagnosed prediabetes and DM, suggesting that 
annual screening for DM in HFpEF is important to opti-
mize cardiovascular risk factor management in order to 
optimize clinical outcomes.

Albuminuria in HFpEF
Albuminuria likely plays a significant role in disease pro-
gression in HFpEF, is easily assessed, and can be treated. 
The current cohort showed an albuminuria prevalence 
based on spot urine of one in three, which falls within 
earlier reported ranges [3, 26]. Albuminuria is known to 
correlate with renal insufficiency, cardiovascular disease, 
and an increased mortality risk, both in the general pop-
ulation as well as in diabetic and HF patients [32]. More-
over, the association between albuminuria and end-stage 
renal disease has been established across all categories 
of eGFR. In HFpEF patients in particular, albuminuria 
is thought to be the result of persistent microvascu-
lar dysfunction and systemic endothelial inflammation, 

Fig. 4 Sankey plot for crossover of groups at one year follow-up. ALB+: 
albuminuria, ALB−: normoalbuminuria, DM+: diabetes mellitus, DM−: 
normoglycaemia
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translating to endothelial dysfunction in the kidneys 
[34, 35], and associated with left and right ventricular 
remodeling [26]. The presence of albuminuria might not 
be attributable solely to the presence of comorbidities 
including hypertension or diabetes, since the prevalence 
of microalbuminuria was found to be 6.6% in a general 
population without these known cardiovascular risk fac-
tors [36], while UACR ≥ 30 can be found in 23.9% and 
21.7% of patients with diabetes and hypertension, respec-
tively. [37] Venous congestion could also lead to albu-
minuria in HF due renal venous congestion leading to 
reduced renal blood flow [38], which might be the reason 
why patients more easily recovered from albuminuria to 
normoalbuminuria during follow-up in the present study.

Regardless of the timepoint, albuminuria was associ-
ated with more adverse outcomes in the present study. 
The association between baseline albuminuria and 
clinical outcomes in HFpEF has been assessed in a lim-
ited number of studies [3, 25, 39]. Jackson et al. found 

a gradual increased risk of mortality and heart failure 
hospitalizations in increasing values for UACR [39]. The 
Treatment of Preserved Cardiac Function Heart Failure 
with an Aldosterone Antagonist (TOPCAT) trial showed 
similar results. In addition, a 50% reduction in UACR 
was found to be associated with an almost 10% decrease 
in the risk of HF hospitalization and all-cause mortality, 
suggesting an inverse correlation between the extent of 
albuminuria and the risk of worse clinical outcomes [25]. 
A recent trial with a non-steroidal MRA in HFpEF, finere-
none, demonstrated improved outcomes and reduced 
albuminuria, but it has not yet been proven that reducing 
albuminuria was a strong mediator to improve outcomes 
[40, 41]. The relationship between albuminuria and clini-
cal outcomes using cubic spline analysis in the present 
study also showed a gradual upward trend and an associ-
ation with the primary outcome at UACRS levels within 
the normoalbuminuria range (UACR < 3.0) as defined by 
Kidney Disease: Improving Global Outcomes (KDIGO) 

Table 3 Medication use before the first outpatient clinic visit (T0) and after one year follow-up (T1)
All
(n = 332)

DM−/ALB−
(n = 121)

DM+ /ALB−
(n = 106)

DM-/ALB+ 
(n = 44)

DM+ /ALB+ 
(n = 61)

p-value

T0 ACEi/ARB 208 (63.6) 74 (62.2) 71 (68.3) 26 (59.1) 37 (61.7) 0.667
MRA 44 (13.5) 14 (11.8) 13 (12.5) 7 (15.9) 10 (16.7) 0.769
SGLT2i 3 (0.9) 2 (1.7) 1 (1.0) 0 (0.0) 0 (0.0) 0.631
BB 232 (70.9) 80 (67.2) 77 (74.0) 29 (65.9) 46 (76.7) 0.428
Loop diuretic† 192 (58.7) 58 (48.7) 64 (61.5) 26 (59.1) 44 (73.3) 0.015
CCB† 137 (41.9) 35 (29.4) 47 (45.2) 23 (52.3) 32 (53.3) 0.004

T1 ACEi/ARB 98 (60.5) 37 (59.7) 30 (65.2) 17 (58.6) 14 (56.0) 0.873
MRA 23 (14.3) 7 (11.5) 8 (17.8) 2 (6.7) 6 (24.0) 0.242
SGLT2i 21 (12.9) 5 (8.1) 10 (21.7) 3 (10.0) 3 (12.0) 0.192
BB 107 (66.0) 41 (65.1) 35 (77.8) 13 (43.3) 18 (75.0) 0.014
Loop diuretic† 106 (65.0) 30 (47.6) 38 (82.6) 20 (66.7) 18 (75.0) 0.001
CCB† 62 (38.0) 20 (32.3) 14 (30.4) 16 (53.3) 12 (48.0) 0.110

Values are depicted in n (%). Missing values were omitted from the analysis. P-values are determined using the Chi-squared test.

ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, BB: beta blocker, CCB: calcium channel blocker, MRA: mineralcorticoid receptor 
antagonist, SGLT2i: sodium–glucose co-transporter 2 inhibitor, T0: baseline visit, T1: visit 1 year after baseline.

†Bonferroni-corrected significant group difference p < 0.05 for DM−/ALB− versus DM+ /ALB+.

Fig. 6 Mediation analysis
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[42], which was also applied in the current study for the 
classification of albuminuria. These results suggest that, 
in HFpEF, a clinically relevant extent of albuminuria 
might be present in the now-considered normal range of 
albuminuria. Similar findings have been reported, i.e., a 
high-normal range of UACR (1–2.9; versus UACS < 0.5) 
already associated with incident HF (aHR 1.91) in the 
ARIC population study [43]. Moreover, recovery from 
albuminuria was not associated with improved outcomes 
in the present study, in contrast to the TOPCAT trial 
[25], possibly because MRA prescription was infrequent 
in our cohort. Our data suggest that once albuminuria is 
present, adequate therapeutic measures are required to 
reduce adverse outcomes. Future studies should aim to 
assess clinical outcomes in HFpEF across the spectrum of 
albuminuria and glucose metabolism and evaluate which 
effective intervention actually translates to improved 
clinical outcomes. It is recommendable to take absolute 
UACR values and glucose metabolism into account, to 
ultimately define a relevant cut-off value for prognostica-
tion and intervention in HFpEF.

Medical treatment signals
When focusing on medication use throughout the study 
timeframe, a few trends were observed. Those with mac-
roalbuminuria at baseline were more likely to receive 
CCB and in case of concomitant DM, loop diuretics, as 
compared to those with normoalbuminuria. Within the 
subgroup of patients who recovered from albuminuria to 
normoalbuminuria in one year, the number of ACEi/ARB 
and MRA prescriptions remained largely unaffected, 
and outcomes were similar in those who continued to 
have albuminuria during follow-up. In the current study, 
SLGT2i were increasingly prescribed during follow-up, 
although absolute frequencies were low. As discussed in 
the previous paragraph, the albuminuria-reducing effect 
of MRAs may be a mechanism by which patients incur 
less HF hospitalizations and all-cause mortality [25, 44]. 
The mechanism by which the use of MRAs leads to a 
reduction of albuminuria remains incompletely under-
stood. This effect is probably, at least in part, the result 
of the antihypertensive effects of MRAs, although the 
reduction in UACR in spironolactone users persisted 
after adjusting for systolic blood pressure change [25]. 
Important to note is that the use of either ACEi or ARB 
at one year follow-up was also associated with a decrease 
of UACR in the study by Selvaraj et al [25]. This could 
have contributed to the presented outcomes, since ACEi 
and ARBs, collectively referred to as renin–angiotensin–
aldosterone system inhibitors, confer to the most com-
monly applied therapy for albuminuria. Unfortunately, 
their study was underpowered to conduct a mediation 
analysis.

In addition to ACEi, ARB, thiazide diuretics [45], and 
more recently embedded in European guidelines, SGLT2i, 
are part of pharmacologic treatments to reduce albumin-
uria. The latter have become an integral part of HF treat-
ment, chronic kidney disease, and/or type two diabetes 
[14, 46]. A recent review and meta-analysis including 15 
trials showed that SGLT2i use is associated with fewer 
HF hospitalizations as well as a decreased cardiovascu-
lar mortality risk in patients with HF, type 2 diabetes, 
and chronic kidney failure [47]. Another meta-analysis 
focused on the effects of SGLT2i on albuminuria and 
found an approximate 25% decrease in UACR in normo-
albuminuria, and up to 35–40% in patients with micro- 
or macroalbuminuria [48]. The responsible mechanism is 
believed to include anti-inflammatory effects, decreased 
production of reactive oxygen species, improvement of 
endothelial function, lowering blood pressure, promot-
ing favorable cardiac remodeling, and lowering blood 
glucose in those with hyperglycaemia [49–53]. More 
specifically, SGLT2i lower the intraglomerular pressure 
through restoration of tubuloglomerular feedback, con-
tributing directly to a decrease in albuminuria [54]. These 
synergistic effects explain the beneficial effect of SGLT2i 
across the entirety of the aforementioned patient popu-
lation. The current study included merely a few patients 
using SGLT2i, thereby omitting analysis of its clinical 
effects in our study population. This is explained by the 
fact that most of the study timeframe took place prior to 
SGLT2i being incorporated into European guidelines on 
the treatment of HF.

Study limitations
When interpreting the results of the current study, 
some limitations should be taken into account. Inher-
ently to the study design, including patients who have 
been referred to our HFpEF outpatient clinic by another 
healthcare professional, selection bias cannot be 
excluded. The study population concerned ambulatory 
patients and ambulatory measurements, limiting gener-
alizability to findings for patients with acute decompen-
sated heart failure. Third, the current study consisted of 
relatively small groups, lacking sufficient statistical power 
to detect subtle differences between subgroups, e.g., pre-
diabetes and macroalbuminuria. Similarly to medication 
use, small absolute numbers of prescriptions and in this 
case additional missing records omitted the ability to 
identify trends and an association with clinical outcomes.

Conclusions
Impaired glucose metabolism and albuminuria are preva-
lent in HFpEF at baseline, and re-evaluation one year 
later still reveals new diagnoses. Both factors are asso-
ciated with adverse outcomes. Albuminuria at any time 
point is associated with adverse outcomes, regardless of 
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recovery from albuminuria one year later. It is to be elu-
cidated in future studies whether treatments in patients 
with HFpEF reduce adverse outcomes through alteration 
of glucose metabolism or albuminuria, to optimize tar-
geted therapies in HFpEF.
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