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Abstract

Background—In patients with HF and preserved ejection fraction (HFpEF), little is known 
about the characteristics of and outcomes in those with and without diabetes.
Methods—We examined clinical and echocardiographic characteristics and outcomes in the 
Irbesartan in Heart Failure with Preserved Ejection Fraction trial (I-Preserve), according to 
history of diabetes. Cox regression models were used to estimate hazard ratios (HR) for
cardiovascular outcomes adjusted for known predictors, including age, sex, natriuretic peptides, 
and comorbidity. Echocardiographic data were available in 745 patients and were additionally 
adjusted for in supplementary analyses.
Results—Overall, 1134 of 4128 patients (27%) had diabetes. Compared to those without 
diabetes, they were more likely to have a history of myocardial infarction (28% vs. 22%), higher 
BMI (31kg/m2 vs. 29kg/m2), worse Minnesota living with HF score (48 vs. 40), higher median 
NT-proBNP concentration (403 vs 320 pg/ml; all p<0.01), more signs of congestion but no 
significant difference in LVEF. Patients with diabetes had a greater left ventricular (LV) mass 
and left atrial area than patients without diabetes. Doppler E wave velocity (86 vs 76 cm/sec, 
p<0.0001) and the ratio of E/e' (11.7 vs 10.4, p=0.010) were higher in patients with diabetes.
Over a median follow-up of 4.1 years, cardiovascular death or HF hospitalization occurred in 
34% of patients with diabetes vs. 22% of those without diabetes; adjusted HR 1.75 (95% CI 
1.49-2.05) and 28% vs. 19% of patients with and without diabetes died; adjusted HR 1.59 (1.33-
1.91).  
Conclusions—In HFpEF, patients with diabetes have more signs of congestion, worse quality of 
life, higher NT-proBNP levels, and a poorer prognosis. They also display greater structural and 
functional echocardiographic abnormalities. Further investigation is needed to determine the 
mediators of the adverse impact of diabetes on outcomes in HFPEF, and whether they are 
modifiable.

Clinical Trial Registration—http://www.clinicaltrials.gov Unique Identifier NCT00095238 

Key-words: heart failure; diabetes mellitus; echocardiography

Ove a ed a o ow up o . yea s, ca d ovascu a dea o osp a a o occu ed
34% of patients with diabetes vs. 22% of those without diabetes; adjusted HR 1.7575 (((959595% % % CICICI 
1.49-2.05) and 28% vs. 19% of patients with and without diabetes died; adjusted HRHRHR 11.5.5.59 9 9 (1(1(1.3.3.33-3-3-

 1.91). 
Conclusions—In HFpEF, patients with diabetes have more signs of congestion, worse quality of
ife, higher NT-proBNP levels, and a poorer prognosis. They also display greater structural and 

functititionononalal eeechchchocoo arrddiographic abnormalities. Furtheher investigation n is neeeeded to determine the 
medidiiaata ors of thhhee e adaddvevv rsrsr e e e imimimpapapactctct oooff f didd abbete es on n n ououtctcommmeseses iin n n HFHFH PEPEEF,F,F  andnd whehehethththererer ttthey y y ararare e e
mooodidifiable.
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Clinical Perspective

What is new? 

Among individuals with heart failure and preserved ejection fraction (HFpEF), those 

with diabetes have more evidence of congestion and higher N-terminal pro B-type 

natriuretic peptide (NT proBNP) concentrations, compared to HFpEF patients without 

diabetes.

The former patients also reported worse health-related quality of life and had a higher 

risk of cardiovascular mortality and hospitalization. 

They also had more structural and functional echocardiographic abnormalities, 

including evidence of elevated left ventricular filling pressure which may, at least in 

part, mediate the adverse consequences of diabetes in patients with HFpEF.

What are the clinical implications? 

The study underlines the need for further investigation of which treatment approaches to 

both heart failure and diabetes might improve outcomes in patients with both conditions.  

The finding of more signs of congestion, higher NT proBNP levels and 

echocardiographic evidence of higher filling pressures in patients with diabetes, 

compared to those without, raises the possibility that more intensive diuretic therapy 

might be therapeutically helpful, although this hypothesis needs to be tested, 

prospectively, in a clinical trial.

What are the clinical implications?

The study underlines the need for further investigation of which treatment approaches to 

boboboththth hhheaee rt fffaia lure and diabetes might improvove outcomes inn patieientn s with both conditions. 

The findddinng g offf mmmorororee sisisigngngnss ofofof conongestioonn, hhiggheeer r r NTNTNT ppproroBNNBNPP leevvels aaandndnd 

echocaardrddiooggrapphhic evevevidence of hhigher ffillingng ppprereressssssurururesees in patienntts wwwith diabbbeetees,

cococompmpmpararared ttoo thhoose wiiithththououout,t,t, rrraiseees s s thththe e e popoposssibbillititity y y thththatatat mmmoro eee inini tensnsive ee dididiurururetetetiici  theherapypy 

i ht b th ti ll h l f l lth h thi h th i d t b t t d
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Introduction

Diabetes is common in patients with heart failure and preserved ejection fraction (HFpEF). It has 

been suggested that diabetes plays a central pathophysiological role in the development of 

HFpEF, although the exact mechanisms are debated and there are few comparative data on 

cardiac structure and function in HFpEF patients with and without diabetes.1-4 Also, while it is 

well known that diabetes is associated with worse outcomes in patients with heart failure and 

reduced ejection fraction (HFrEF), less is known clinical and echocardiographic characteristics 

of, and outcomes in, HFpEF patients with diabetes compared to those without.1-3 The importance 

of better understanding the relationship between diabetes and heart failure has been underscored 

by recent trials in patients with type 2 diabetes mellitus which have suggested that some drugs 

may increase the risk of heart failure (thiazolidinediones and possibly certain dipeptidyl-

peptidase-4 inhibitors)4-6 and others may decrease the risk (the sodium glucose cotransporter 2 

inhibitor empagliflozin).7 Three GLP-1 agonist trials have shown no clear cut effect on heart 

failure.8-10 The aforementioned trials largely reported incident heart failure and there are few data 

on the effect of anti-diabetes drugs in patients with established heart failure. One notable 

exception is a recent trial demonstrating no benefit of liraglutide in patients with HFrEF recently 

hospitalized with decompensation.11

 Although the type of HF affected by these treatments was not characterized in any of the 

trials mentioned, it is likely that many or even most cases were HFpEF.12 With this study we 

aimed to give clinicians a better understanding of the consequences of diabetes in patients with 

HFpEF and to give insight into potential pathophysiologic mechanisms and therapeutic targets 

for future research.

by recent trials in patients with type 2 diabetes mellitus which have suggested thatat sssomomome e e drdrdrugugugsss

may increase the risk of heart failure (thiazolidinediones and possibly certain dipeptidyl-

peptidase-4 inhibitors)4-6 and others may decrease the risk (the sodium glucose cotransporter 2 

nhiibibibitor empaaaglggliffflololoziin)n)n)...7 ThTT rerereeee GLGLGLP-11 agoniststs  triiaals hahahaveveve ssshohoh wnwnn nnnoo clleae r cucucut t t efefeffefefect ooon n heheheararartt t

faillururure.8-10 Thee e afaa ororemmeentiononnedee  trials laargely reeepporrtededd iiincncncidididenntt hearart faiiluure ee and therere ee arare few ddata

on the effect of antii-diai betes drugs in patients withh established heart failul re. OnO e notablb e 
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 In the present study, we examined the risk of adverse cardiovascular outcomes according 

to diabetes status adjusted for known risk factors in the Irbesartan in Heart Failure with 

Preserved Ejection Fraction trial (I-Preserve). In a subgroup of patients, a full echocardiographic

examination was performed13 which allowed a detailed comparison of cardiac structure and 

function in HFpEF patients with and without diabetes. 

Methods

I-Preserve was a randomized trial that examined the effects of the angiotensin II receptor 

antagonist, irbesartan, on morbidity and mortality in patients with HFpEF.14 The rationale, 

design, and findings from I-Preserve have previously been reported.14-16 Briefly, patients enrolled 

in the trial were 60 years of age and had HF symptoms and a left ventricular ejection fraction 

(LVEF) 

months were required to have current New York Heart Association (NYHA) class II, III, or IV 

symptoms and echocardiographic, electrocardiographic or chest X-ray findings supporting a 

diagnosis of heart failure and/or underlying cardiac disease. If they had not been recently 

hospitalized for HF, they were required to have ongoing class III or IV symptoms with the 

corroborative evidence described above. The corroborative evidence required was at least one of 

pulmonary congestion on a chest x-ray, left ventricular hypertrophy and/or an enlarged left 

atrium on an echocardiogram and left ventricular hypertrophy or left bundle branch block on an 

ECG. The details of these criteria have been described previously.14

 Angiotensin-converting enzyme (ACE) inhibitor therapy was limited to those patients 

with a specific indication other than hypertension (such as diabetes mellitus with complications 

and significant coronary or peripheral artery disease). In addition, only one third of randomized 

design, and findings from I-Preserve have previously been reported.14-16 Briefly, papaatititienenentststs eeenrnrnrolololled

n the trial were 60 years of age and had HF symptoms and a left ventricular ejection fraction 

LVEF) 

montntnthhhs were rereeqquq iririredd tto o o hahahaveee cccurururrererentn NNewe  Yororo k k HeH art t t AsAsA sososocicc atatioioon nn (N(NYHY A)A)A) clclclasasassss II, IIIII,I,I, ooor r r IVIVIV 

ympmpmptoms and d d eece hohocaarddiogrrraapa hic, elecctrrocardddioiogrraaphihihic c c ororo  chehhest XX-rayy ffinnndidid ngs suppppppoortting a 

diagnosis off heart ffailure and/or underlyiing cardid ac disease. If they had not beb en recently 
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patients at each site were permitted to be treated with an ACE inhibitor. Treatment by an 

angiotensin II receptor blocker (ARB) was prohibited although a patient could be enrolled if 

ARB treatment was discontinued at least 14 days earlier. Exclusion criteria included a systolic 

blood pressure <100mmHg or >160mmHg or a diastolic blood pressure >95mmHg despite 

antihypertensive therapy; a creatinine level >2.5mg/dl [221 ] or a potassium concentration 

>5.2 mmol/l. The ethics committee of each of the 293 participating sites in 25 countries 

approved the trial and all patients provided informed consent. Detailed echocardiographic 

measurements were made in a subset of 745 patients at baseline, as described previously.8 

Cardiovascular outcomes and all-cause mortality did not differ between patients randomly 

assigned to irbesartan or placebo.15

Outcomes

For this report, the primary outcome examined was the composite of cardiovascular death or HF 

hospitalization, as well as each of the components of this composite, separately. This composite 

was slightly different from the original primary outcome of I-Preserve which was all-cause 

mortality or protocol-specified cardiovascular hospitalization (HF, myocardial infarction, stroke, 

unstable angina, ventricular or atrial dysrhythmia) but in keeping with the primary composite 

outcome of most recent HF trials. We also report all-cause mortality. All deaths and 

hospitalizations were adjudicated by an independent end-point committee. 

Statistical analyses 

Baseline characteristics are presented as means with standard deviations for continuous variables 

and frequencies and percentages for categorical variables. Differences in baseline characteristics 

according to diabetes were assessed using a chi-squared test for categorical covariates and two-

sided t-tests and kruskall-wallis test, as appropriate. Tests for interactions between diabetes and 

assigned to irbesartan or placebo.15

Outcomes

For this repport, the primary outcome examined was the composite of cardiovascular death or HF 

hospspspitiitalization,nn  as s weww llllll aaasss eae chchch ooof f f thththe cocomponnnenentss oof ththhisisis cccomomompoossis tetet ,, seepap raaatetetelylyly. ThTT is cococompmpm ososositi e 

wasss ssls ightly difififfeff rerennt frrom thththe originall pprimaryryr  oututcooomememe ofof I-II PPreseerve wwhhih cchc  was aaalll-cacause

mortality or protocol-specified carddiovascular hhospitalization ((HF, myocardial infarctioi n, strokke,
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age, sex and ischemic etiology were performed but none were significant.  Incidence rates of the 

outcomes of interest are presented per 100 person-years, and the risks of HF hospitalization, 

cardiovascular death and the composite outcome were estimated as HRs in Cox regression 

models with those with no history of diabetes used as reference. The adjusted model included 

variables previously validated for the I-Preserve study16; age, sex, quality of life, hospitalization 

for HF in last 6 months, LVEF, heart rate, ischemic etiology, eGFR, NT-proBNP (log-

transformed), neutrophils (log-transformed), chronic obstructive pulmonary disease 

(COPD)/asthma, and previous myocardial infarction. The outcomes of interest were also 

assessed by cumulative incidence plots using the Nelson Aalen method. We also conducted 

competing risk analyses for all non-fatal events (and for CV death the competing risk of all-

cause death) using the Fine and Gray approach.for the subdistribution of a competing risk.17 As a 

supplementary analysis, we stratified patients with diabetes according to insulin use and non-use, 

respectively.

In patients with echocardiographic measurements available, we further adjusted for left 

ventricular (LV) systolic and diastolic properties as well as measurements of LV structure. These 

results are presented separately as a subgroup analysis. To explore the potential for overfitting of 

the model with echocardiographic data which was only available in a subset of patients we 

conducted sensitivity analyses. In the first, we removed end-systolic left atrial area and left 

ventricular mass from the model and in the second, we calculated a single continuous risk score 

variable from the previously described multivariable risk score for I-Preserve, and added this to a 

model with the echocardiographic measurements. We did not adjust for randomization arm as 

irbesartan had no effect on any outcome in I-Preserve, and no interaction with diabetes was 

found. All p values are two-sided, and a p value of <0.05 was considered significant. All 

competing risk analyses for all non-fatal events (and for CV death the competing rrisissk kk ofoff aallllll--

cause death) using the Fine and Gray approach.for the subdistribution of a competing risk.17 As a

upplementary analysis, we stratified patients with diabetes according to insulin use and non-use

espppeeectively.

In patienenents wwitth echoooccac rdiogrgg aphphic a measasa urrememenenentststs aavaaiilablele, wee ffururrttht er adjususu teedd for leeftft 

ventricular (L( V) systoliic and diastolic properties as well as measurements off LV V structure. ThThese
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analyses were performed separately using Stata version 14 (Stata Corp. College Station, Texas, 

USA). 

Results

Baseline characteristics

Overall, 1134 (27%) of 4128 patients enrolled in I-Preserve had a diagnosis of diabetes at 

baseline. The characteristics of patients with and without diabetes at baseline are shown in Table 

1. Patients with diabetes were slightly younger and had higher heart rate and body mass index 

(BMI), but not statistically different blood pressure and renal function. Furthermore, patients 

with diabetes had higher NT-proBNP, despite no difference in LVEF and prevalence of atrial 

fibrillation. They were more likely to have an ischemic etiology, were about twice as likely to 

have undergone percutaneous coronary intervention or coronary artery bypass grafting (20% vs. 

11%) and were more likely to have had a stroke. Although patients with and without diabetes did 

not differ in distribution of NYHA class, those with diabetes had a significantly worse quality of 

life as measured by the Minnesota Living with Heart Failure score.  Background use of 

medications was comparable, except for ACE inhibitor and lipid-lowering drugs, both of which 

were more common in patients with diabetes. Signs and symptoms of HF as well as 

electrocardiographic findings of left ventricular (LV) hypertrophy, left bundle branch block and 

atrial fibrillation/flutter did not differ significantly between those with and without diabetes at 

baseline.

Echocardiographic measurements

Of the 745 patients in the echocardiographic substudy, 187 (25%) had diabetes (Table 2). The 

echocardiographic data were incomplete, especially for certain measurements of diastolic 

with diabetes had higher NT-proBNP, despite no difference in LVEF and prevalenencecece ooof f f atatatriririalalal 

fibrillation. They were more likely to have an ischemic etiology, were about twice as likely to 

have undergone percutaneous coronary intervention or coronary artery bypass grafting (20% vs. 

11%)%)%) and wereee mmmororore lilil kekekelylyly to o o hahahaveveve hadd a strokekeke. AlAlthouououghghg pppataa ieenntn sss wiw thth anddd wwwititithohohout didid abababeteteteseses did

not t didid ffer in diistststribubutionon of NYNN HA classss, thosee e wiwithh dddiaiaiabebebetetet ss hhad aa signniificccaana tly wooorrsee qualityy of 

ife as measured byb  thhe Minnesota Living witi h HeH art Failure score.  Background d use of f
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function. We had a measurement of LVEF in all 745 patients, left atrial area in 696 and end-

systolic LV volume in 581 patients. E/A ratio was available in 647 patients but E/e ratio was 

available in only 515 patients. The baseline characteristics of this subset of patients are presented 

in Supplementary Table 1. The differences between patients with and without diabetes in this 

subset reflected those in the overall trial. 

In terms of LV structure, patients with diabetes had a larger end systolic dimension 

(3.3±0.7 vs. 3.2±0.7 cm, p=0.02), end-diastolic dimension (4.9 ±0.6 vs 4.8±0.6 cm, p=0.044) and 

greater LV mass (173±48 vs. 161±48 grams, p=0.004), but the relative wall thickness was 

similar (0.40±0.08 vs. 0.40±0.08, p=0.40). No significant differences were seen for LV systolic 

properties, although fractional shortening tended to be lower in diabetic patients (33±10% vs. 

35±10% p=0.09). 

Details of LV diastolic function are shown in Table 2. Early diastolic mitral inflow 

velocity (E) was significantly higher in patients with diabetes (86±32 vs 76±27 cm/sec, 

p=<0.0001), as was the ratio of E/e' (11.7 vs 10.4, p=0.001), where e' is the average of lateral and 

septal annular velocities by tissue Doppler. There were 27% of patients with diabetes and 14% of 

those without with an E/e'avg >14 (p=0.001) suggesting significantly more diastolic dysfunction 

among patients with diabetes.18 E/A was also higher among patients with diabetes (1.18±0.97 vs 

1.00±0.65, p=0.01). Left atrial area was greater (24±6 vs. 23±6 cm2, p=0.003), as were the 

proportion of individuals with an enlarged left atrium (75 vs. 66%, P=0.02), all compared to 

patients without diabetes.

Clinical Outcomes

The unadjusted rates of the composite endpoint of cardiovascular death and HF hospitalization 

and all-cause mortality were higher in patients with diabetes (Table 3 and Figure 1 and 2).

properties, although fractional shortening tended to be lower in diabetic patients ((33333±1±1±10%0%0% vvs.s.s  

35±10% p=0.09). 

Details of LV diastolic function are shown in Table 2. Early diastolic mitral inflow 

veloociccity (E) waawasss siiigngg ififficicicananantltt y y y hihihighghgherere  in n pap tientstst wwitth dididiabababeteteteseses (86866±3±3± 22 vsvs 76±±±27272  cmcmcm/seccc, , 

p=<0<0<0.0001), asss wwwasas thhee ratioo o of E/e' (1( 1.1.7 vs 1100.4,, pp=0=0=0.0.0.0010101)),  wwheeree e' iis thhhee e averaggge e of laterall aand

eptal annular velocitiei s by tissue DoD pplel r. ThThere were 27% off patients with diabbetes and 14% % o
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Over a median of 4.1 years of follow-up, the composite endpoint occurred in 391 of patients 

(34%) with diabetes compared with 662 of those without (22%), with event rates per 100 person 

years of 10.2 and 5.7, respectively. After adjustments for known predictive variables (see 

Methods), the hazard ratio (HR) for patients with diabetes, compared to those without, was 1.75 

(95% CI 1.49-2.05). Competing risk analyses gave comparable results (Supplementary Appendix 

Table 2). The pattern of higher risk associated with diabetes (HR 1.79 [1.28-2.51] for the 

composite endpoint) was also seen in the echocardiography subgroup, although this risk was no 

longer statistically significant (HR 1.45 [0.82-2.59]) after further adjustment for 

echocardiographic variables (see Methods and Table 4) possibly due to the smaller sample size.

The results of the sensitivity analyses of the models that included echocardiographic data 

showed similar results. 

Diabetes was associated with higher rates of all-cause death, as well as cardiovascular death and 

non-cardiovascular death. The elevated risks of these outcomes persisted after adjustments for 

known prognostic variables (Table 3). Mode of death according to the presence or absence of 

diabetes is depicted in Table 5. Pump failure and sudden cardiac death were more frequent in 

patients with diabetes, whereas rates of fatal myocardial infarction and stroke were similar.

HF hospitalization occurred in 253 patients (22%) with diabetes, compared to 408 patients (14%) 

without diabetes, yielding event rates per 100 person-years of 6.6 and 3.5, giving a diabetes/no 

diabetes adjusted hazard ratio of 1.77 (1.45-2.16). When repeat HF hospitalizations were 

included, 708 admissions occurred in those with diabetes and 468 in individuals without 

diabetes, resulting in event rates per 100 person-years of 9.3 and 5.7, respectively. The number 

and rates of admission to hospital for any reason, and for cardiovascular and non-cardiovascular

reasons separately, were also higher in individuals with diabetes compared to those without 

The results of the sensitivity analyses of the models that included echocardioogrgrrapapaphihihicc dadadatatata 

howed similar results. 

Diabetes was associated with higher rates of all-cause death, as well as cardiovascular death and 

nonn-ccac rdiovascccuuularara  deaeae thhh. ThThThee e elele evevevataa edd rrisks ofofof thehese oooutututcocoomemm ss ppepersrsr isi teted afffteteter r r adadadjujujustmemementntnts ss fofofor r

knowowown prognooostststic vvarriaiablesss ((T( able 3).) MMode ooof f deeaath h acacaccococ rddrdinng toto the ppreeeseeence orr aabsseence off 

diabetes is ded pictedd in TaT ble 5. Pump faiilure and sudden cardiac ded ath were more frequent in 
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(Table 3). Results stratified by use/non-use of insulin treatment in patients with diabetes are

shown in Supplementary Table 3, which displays a step-wise worsening, with the highest risk in 

patients with diabetes who were insulin-treated.

Adverse events 

Serious adverse events and drug discontinuation due to adverse events (excluding death) are 

listed in Supplementary Appendix Table 4. Overall, serious adverse events were rare, but 

increased potassium, chronic kidney disease and cough were more prevalent in patients with 

diabetes (all p-values<0.05). Drug discontinuation due to adverse events other than death was 

also more likely in patients with diabetes (23% vs. 17%, p-value 0.0008).  

Discussion

There is only one other report from a large clinical trial comparing the characteristics of, and 

outcomes in, HFpEF patients with and without diabetes mellitus.   However, in that publication 

from the Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity 

(CHARM) Programme, a LVEF cut-point of 40% was used, natriuretic peptides were not 

measured, echocardiography data were unavailable and health-related quality of life was not 

reported.5 In the present study we fill these gaps and describe a number of novel findings. We 

found that patients with diabetes, despite no statistically significant differences in age, sex 

distribution, and average LVEF, had a different pattern of comorbidity/etiology (more coronary 

heart disease/less hypertension), a higher median NT-proBNP (despite a greater prevalence of 

obesity), more evidence of congestion, worse quality of life, and more cardiac remodelling with 

higher LV mass and more evidence of diastolic dysfunction than patients without diabetes. 

Discussion

There is only one other report from a large clinical trial comparing the characteristics of, and ff

outccooomes in, HFHFHFpEEEF papapatititienene tss wwwititi h h h anaa d wiw thouuutt diababeteseses mmmelelellililituuss. HHowweverrr, ininn ttthahahat puuublblblicicicatatatioioion 

frommm the Candddesesesarrtaan inn Heaeaearrtr  failure: AAssessmemm nnt of f f ReReRedudductction inin Morortallil ttyt  and y mmmororbbidity d

CHARMR ) PrP ogramme, a LVEF cut-point of f 400% % was used, natriuretic peptidi es were not
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Additionally, we found that the relationship between diabetes and higher risk of cardiovascular 

outcomes persisted after adjustment for NT-proBNP. 

It was notable that despite a similar distribution of NYHA class and LVEF, variables 

commonly used to characterise the severity of heart failure, patients with diabetes had a higher 

(worse) Minnesota Living with Heart Failure score with values similar to those found in HFrEF 

patients with diabetes. The differential between HFpEF patients with and without diabetes in I-

Preserve (48 vs 40) was very similar to that seen in another study of the effects of 

phosphodiesterase-5 inhibition in HFpEF: patients without diabetes (n=123) had a mean score of 

42 vs patients with diabetes (n=93) who had a mean score of 47.19 This worse self-reported heart 

failure-related quality of life may have a number of explanations one of which may be the greater 

severity of congestion documented by edema, rales, and jugular venous distension in patients 

with diabetes (and supported by greater diuretic use, elevated natriuretic peptides and left atrial 

enlargement – see below). The phosphodiesterase-5 inhibitor trial mentioned above also found 

more edema in patients with diabetes and those patients had reduced functional capacity 

compared to patients without diabetes. That patients with diabetes exhibit more congestion may 

be relevant to the increased risk of heart failure with hypoglycemic drugs causing sodium and 

water retention (thiazolidinediones) and reduced risk with those acting as a diuretic (sodium-

glucose cotransporter-2 inhibitors).12,18 These findings might also help decide in which patients 

to target new treatments in HFpEF, depending on their mode of action. The substantially worse 

Minnesota Living with Heart Failure score in patients with HFpEF and diabetes also suggests 

that health-related quality of life may be a worthwhile endpoint in future trials in these patients.

 Also notable was the considerably higher median NT-proBNP concentration in patients 

with diabetes, especially given the greater prevalence of obesity which is associated with lower 

failure-related quality of life may have a number of explanations one of which maay y y bebebe thththee grgrgreaeaeate

everity of congestion documented by edema, rales, and jugular venous distension in patients 

with diabetes (and supported by greater diuretic use, elevated natriuretic peptides and left atrial

enlaargrgrgement – sesee e bebb looowww).).). ThThThee e phphphosososphphododiesterrrasa e-55 innhihihibibib tototor r r trriaiaal memem ntntioi neeedd d abababovovove alllsosoo fffouououndndnd 

morerere edema inn n ppap ttieentsts withh h diabetes aannd thosses  patatientntntsss hahahaddd reeduuceed fuunnctititioonal capappacacitity 

compared to patients without diabetes. ThT at patients with diabetes exhibib t more congestion may 
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natriuretic peptide concentrations.19 Again, there may be a number of explanations for this. 

Greater congestion, as alluded to above may be one. Impaired renal function (which was slightly 

more common in patients with diabetes) may be another. Atrial fibrillation was not more 

common in patients with diabetes but those patients did have more functional and structural 

cardiac abnormalities than patients without diabetes.

 The echocardiography sub-study from I-Preserve provides some of the most unique data 

in the present report. Specifically, patients with diabetes had slightly larger left ventricular 

dimensions and greater left ventricular mass compared to patients without diabetes. This last 

finding, along with the differences we found in mitral inflow and tissue Doppler measurements, 

suggest increased LV stiffness, impaired LV filling and higher left atrial pressure (supported by 

higher NT proBNP concentrations) in patients with diabetes compared to those without.20 The 

phosphodiesterase-5 inhibitor trial also reported echocardiographic findings which were largely 

consistent with ours although the differences between patients with and without diabetes were 

less often significant, possibly because of the small sample size. One community-based cohort 

study also reported that HFpEF patients with diabetes had a greater left ventricular mass and 

higher E/e’ than patients without diabetes.20 Collectively, however, the differences in diastolic 

function between patients with and without diabetes in our study and the other studies mentioned 

were relatively modest, despite the prevalent view that diastolic dysfunction is a pathognomonic 

feature of diabetes-related cardiac disease.  

 Finally, we found that HFpEF patients with diabetes had worse outcomes than HFpEF 

patients without diabetes. This was also true in the CHARM Programme and the Digitalis 

Investigators Group trial (DIG) ancillary study in patients with a LVEF >45% (285 of the 987 

patients had diabetes).7 In the Olmsted county epidemiological study, diabetes was 

uggest increased LV stiffness, impaired LV filling and higher left atrial pressure e (s(ssupupuppopoportrtrtededed bbby 

higher NT proBNP concentrations) in patients with diabetes compared to those without.20 The

phosphodiesterase-5 inhibitor trial also reported echocardiographic findings which were largely 

connsisisistent with hh ououoursrss altltlthohohougugu h h h thththe e e dididifff errene ces bebebetwweeen papapatitit enenentstt wwiiti h hh ana d d withththououout t t dididiabetete eseses wwwererere ee

essss oooften signiniififificaannt, possibbbllyl  becausee oof the smsms aalll saaampmpmplelle ssizze. OOne ccomommmmum nity-bbbaaseded cohortt 

tudy allso reported d that HFpEF patients withh diai beb tes had a greater left ventricullar mass and 
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independently predictive of death (and cardiovascular death) in a community heart failure cohort, 

irrespective of ejection fraction.21 However, unlike in these earlier trials we were able to adjust 

outcomes for NT proBNP levels. Despite adjustment for NT-proBNP as well as other prognostic 

variables, patients with diabetes were 1.5 to 2.0 times as likely to have an adverse clinical 

outcome. In contrast, we found that after additional adjustment for LV end-systolic volume, LV 

mass, E/e’, and left atrial area in the echocardiographic subgroup, the risk associated with 

diabetes was no longer statistically significant (Table 4), possibly due either to the smaller 

sample size of the echocardiographic subgroup or because adverse LV remodelling is an 

important mediator of the risk associated with diabetes. The excess risk associated with diabetes 

was seen for each of death and heart failure hospitalization and was apparent for both 

cardiovascular and non-cardiovascular death i.e. there was no specific type of event that seemed 

to be particularly increased in patients with diabetes. Adjustment for echocardiographic findings 

did not attenuate the risk of non-CV outcomes.

 Our study has a number of limitations. The analyses were retrospective rather than pre-

planned.  The diagnosis of diabetes was investigator-reported and not standardised. Although 

similar to that in DIG and CHARM trials, the prevalence of diabetes in I-Preserve was lower 

than in most more recent trials, presumably reflecting the steadily increasing prevalence of 

diabetes.2, 22  The small numbers of events in those with echocardiographic data may have led to 

“overfitting” of the model, although sensitivity analyses found similar results after removing 

variables from the model. Finally, patient selection in clinical trials limits the external validity of 

findings when extrapolating to a typical community population.

 In summary, among patients with HFpEF, those with diabetes have more signs of 

congestion, worse quality of life, higher NT-proBNP levels, greater structural and functional 

was seen for each of death and heart failure hospitalization and was apparent f for boboboththth 

cardiovascular and non-cardiovascular death i.e. there was no specific type of event that seemed 

o be particularly increased in patients with diabetes. Adjustment for echocardiographic findings

did nononot attenuatatatee e ththhe ee ririisksksk ooof ff nononon-n-n-CVCVCV oututcomes.s.s

Our stuuudydd hhas a nummmbbeb r of limiitaations.. TThee annnalalalysysysees wweree rretroospepeecttctive rathhheer thhan pre--

planned.d   Thhe diagnosis of diabetes was iinvestigator-reported and not standardised. AlA thoughh 
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echocardiographic abnormalities and worse outcomes than those without diabetes. Further 

investigation is needed to determine the mediators of the adverse impact of diabetes on outcomes 

in HFpEF, and whether they are modifiable.  
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Table 1. Baseline Characteristics stratified by presence of diabetes in I-Preserve

All patients
N=4128 

No diabetes
n=2994 

Diabetes
n=1134 

P-value

Age, mean – years 72 ± 7 72 ± 7 71 ± 7 0.0006
>/=65 years 1975 (48%) 1444 (48%) 531 (47%) 0.12
>/=75 years 1413 (34%) 1036 (35%) 377 (33%)

Female sex, no. (%) 2491 (60%) 1802 (60%) 689 (61%) 0.74
Race, no (%): <0.0001

Caucasian 3859 (94%) 2829 (95%) 1030 (91%)
Black 82 (2%) 47 (2%) 35 (3%)
Other 187 (4%) 118 (4%) 69 (6%)

Ejection fraction 59 ± 9 59 ± 9 60 ± 9 0.45
Body mass index 30 ± 5 29 ± 5 31 ± 6 <0.0001
Underweight (<18.5) 20 (1%) 20 (1%) 0 (0%) <0.0001
Normal (18.5-24.9) 624 (15%) 514 (17%) 110 (10%)
Overweight (25-29.9) 1744 (42%) 1311 (44%) 433 (38%)

1740 (42%) 1149 (38%) 591 (52%)
Symptoms
NYHA class 0.07

I 1 (0%) 0 (0%) 1 (0%)
II 870 (21%) 653 (22%) 217 (19%)
III 3144 (76%) 2264 (76%) 880 (78%)
IV 112 (3%) 76 (3%) 36 (3%)

Minnesota living with HF score 42 (28-58) 40 (27-55) 48 (30-55) <0.0001
Examination findings
Rales 1158 (28%) 811 (27%) 347 (31%) 0.0250
CXR congestion 1590 (39%) 1086 (36%) 505 (44%) <0.0001
Jugular venous distention 346 (8%) 229 (8%) 117 (10%) 0.0060
Edema 2255 (55%) 1609 (54%) 646 (57%) 0.0631
3rd heart sound 338 (8%) 227 (8%) 111 (10%) 0.0217
Heart rate /bpm 71 ± 10 71 ± 10 72 ± 10 <0.0001
Systolic blood pressure /mm Hg 136 ± 15 136 ± 15 137 ± 15 0.64
ECG findings
Left bundle branch block 336 (8%) 247 (8%) 89 (8%) 0.67
Left ventricular hypertrophy 1260 (31%) 934 (31%) 326 (29%) 0.13
QRS duration, (no pacemaker) 0.10 ± 0.05 0.10 ± 0.06 0.10 ± 0.06 0.1784
Atrial fibrillation/flutter 697 (17%) 497 (17% 200 (18%) 0.47
Laboratory measurements
NT-proBNP, median (Q1-Q3) 339 (134-964) 320 (128-945) 403 (154-1023) 0.0074
eGFR – l/min/1.73m2 70 (55-85) 70 (56-84) 69 (53-86) 0.3362
CKD (eGFR<60 l/min/1.73m2) 1363 (33%) 962 (32%) 401 (35%) 0.0488
Hemoglobin, g/dl 14.0 ± 1.5 14.1 ± 1.4 13.8 ± 1.6 <0.0001

Ove we g ( 5 9.9) 7 ( %) 3 ( %) 33 (38%)
1740 (42%) 1149 (38%) 591 (52%)

Symptoms
NYHA class 0.07

I 1 (0%) 0 (0%) 1 (0%)
II 870 (21%) 656553 (22%) 217 (1(19%)
IIIIIII 3144 (76%) 222264 (76%) 8880 (7(78%)
IVIVIV 111112 2 2 (3(( %)% 7676 (3%3%%))) 36336 (3%%)

MiMiMinnnnesota livingngng wwiith HHFH  scoorre 42 (28--558) 4040 (27277--555555)) 448 (30-5555)) <0<0< .000001
Examamamination n n fififindndinngss
RRalles 11115858 (2(288%8 ) 81818 11 (2(2(27%))) 3433 7 7 ((31%1%)) 00.0202250505
CXR ti 1590 (39%) 1086 (36%) 505 (44%) 0 0001
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Anemia (<11 women/ <13 men) 514 (13%) 161 (5%) 119 (11%) <0.0001
Neutrophils, cells/μL (Q1-Q3) 4.3 (3.4-5.3) 4.2 (3.3-5.2) 4.6 (3.7-5.6) <0.0001
Medical history, no. (%)
HF hospitalization within 6 
months

1816 (44%) 1294 (43%) 522 (46%) 0.1042

Ischemic etiology 1036 (25%) 710 (24%) 326 (29%) 0.0009
Hypertensive etiology 2622 (64%) 1960 (66%) 662 (58%) <0.0001
Myocardial infarction 969 (23%) 655 (22%) 314 (28%) <0.0001
Stable angina pectoris 1652 (40%) 1217 (41%) 435 (38%) 0.1804
Unstable angina pectoris 315 (8%) 197 (7%) 118 (10%) <0.0001
Hypertension 3650 (88%) 2625 (88%) 1025 (90%) 0.0150
Atrial fibrillation 1209 (29%) 868 (29%) 341 (30%) 0.50
Stroke 399 (10%) 263 (9%) 136 (12%) 0.002
COPD/Asthma 391 (10%) 262 (9%) 129 (11%) 0.0101
PCI or CABG 548 (13%) 327 (11%) 221 (20%) <0.0001
ICD 12 (0%) 6 (0%) 6 (1%) 0.08
Pacemaker 252 (6%) 168 (6%) 84 (7%) 0.0314
Medication, no. (%)
Any diuretic 3418 (83%) 2462 (82%) 956 (84%) 0.11
Loop diuretic 2150 (52%) 1480 (50%) 670 (59%) <0.0001
ACE inhibitor 1033 (25%) 615 (21%) 418 (37%) <0.0001
Beta-blocker 2427 (59%) 1774 (59%) 653 (58%) 0.33
Calcium-channel blocker 1637 (40%) 1179 (39%) 458 (40%) 0.55
Long-acting nitrates 1108 (27%) 775 (26%) 333 (29%) 0.02
Mineralocorticoid antagonists 633 (15%) 451 (15%) 182 (16%) 0.43
Digoxin 561 (14%) 390 (13%) 171 (15%) 0.09
Lipid lowering drugs 1047 (25%) 667 (22%) 380 (34%) <0.0001
Antiplatelets, any 2416 (59%) 1723 (58%) 693 (61%) 0.04
Metformin 284 (7%) 0 (0%) 284 (25%) <0.0001
Other oral antidiabetic agents 544 (13%) 2 (0%) 542 (48%) <0.0001
Insulin 339 (8%) 0 (0%) 339 (30%) <0.0001

HF – heart failure, CXR – chest x-ray, bpm – beats per minute, eGFR – estimated glomerular filtration 
rate, CKD – chronic kidney disease, PCI – percutaneous coronary intervention, CABG  - coronary artery 
bypass graft, ICD – Implantable cardioverter defibrillator. NT-pro BNP was available for 3479 (84%) of 
patients and Minnesota living with HF for 3181 patients (77%). 

Medication, no. (%)
Any diuretic 3418 (83%) 2462 (82%) 956 (84%) 0.0.0 1111
Loop diuretic 2150 (52%) 1480 (50%) 670 (59%) <0.0001
ACE inhibitor 1033 (25%) 615 (21%) 418 (37%) <0.0001
Beta-blocckek r 2427 (59%) 1774 (59%) 653 (5( 8%) 0.33
Calclclciuiuium-chhananannenenel blbloocker 1637 (40%) 111179 (39%) 4458 (4(40%) 0.55
Looongngn -acting nitii rateess 11111080808 (2727%) 77775 (2(2(26%6%6%))) 3333333 (2(29%%))) 0.00 022
MMiMinnen ralocorticoid anntaagogog nisttts 6333 ((15%5%) 45451 (1(15%5%5%))) 1182 ((16%%%))) 0.0.433
Digogogoxixx n 56111 (1(( 4%4%4%) 39390 (1(1(13%) 1171 ((15%%%))) 0.0.0 099
LiLipipidd d lololoweririringngn ddruruugsgsg 10101047474 ((252525%)%%) 66666677 (2(2(22%2%2%))) 3833800 ((34%4%4 ))) <0<0 0.0000000 11
Antiplatelets any 2416 (59%) 1723 (58%) 693 (61%) 0 04
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Table 2. Echocardiographic data according to diabetes status

No diabetes
n=558 

Diabetes
n=187

p-value Normal 
Range 

Age 72±7 72±7 0.97
Female 351 (63%) 108 (58%) 0.21
LV structure

End-diastolic dimension, cm 4.8±0.6 4.9±0.6 0.044 4.0-6.0
End-diastolic volume, mL 93±38 98±38 0.15 80-180
End-systolic dimension, cm 3.2±0.7 3.3±0.7 0.02 2.0-4.0
End-systolic volume, ml 34±18 37±19 0.074 25-50
Septum wall thickness, cm 0.97±0.16 1.00±0.16 0.04 0.8-0.9
Mass g 161±48 173±48 0.004 80-140
Relative wall thickness 0.40±0.08 0.40±0.08 0.40 0.36-0.40
LV hypertrophy 384 (69%) 147 (79%) 0.01

LV systolic properties
Fractional shortening, % 35±10 33±10 0.09 30-45
Ejection fraction, % 64±9 63±10 0.13 55-75
Stroke volume, mL 59±24 61±25 0.405 50-70
S´ lateral 8.2±2.3 8.2±2.3 0.72 6-14

LV diastolic properties
Diastolic dysfunction 0.30

Grade I 194(38%) 54 (32%)
Grade II 28 (6%) 14 (8%)
Grade III 282 (55%) 95 (57%)
Grade IV 7 (1%) 4 (2%)
E, cm/sec 76±27 86±32 <0.0001 40-90
E/e´lateral ratio 9.5±3.9 10.5±5.9 0.03 4.5-11.5
E/e´averageratio 10.4±3.9 11.7±6.4 0.001 <10
A, cm/sec 82±25 84±28 0.41 40-100
E/A 1.00±0.65 1.18±0.97 0.01 0.6-1.4
E´ lateral annulus, cm/sec 9.1±3.5 9.4±3.2 0.35 7.0-11.5
E´ septal annulus, cm/sec 7.4±2.3 7.1±2.5 0.26 5.0-11.0
IVRT, ms 97±22 93±21 0.053 4.5-11.5
E deceleration time 217±78 211±75 0.38 60-130

Left atrial area, cm2 23±6 24±6 0.003 10-20
Enlarged left atria 366 (66%) 140 (75%) 0.02
Left atrial volume Index (LAVI) 44.1±17.8 46.8±19.1 0.15 16-34
RV systolic pressure 26±13 28±14 0.28 15-25

LV hypertrophy – LV mass>140 gram 

Ejection fraction, % 64±9 63±10 0.13 555555---757575
Stroke volume, mL 59±24 61±25 0.405 505050-707070
S´ lateral 8.2±2.3 8.2±2.3 0.72 6-14

LV diastolic properties
Diastolic dysfunction 0.30

Grrradadadeee III 194(38%) 54 (32%)
GrGrraada e II 282828 (6%%) 14144 (((8%8%%)))
GrGrG ade III 288822 2 (5555%) 95955 (57%)%)%)
GrGrGrada e IV 7 (1(1( %%) 444 (2(2(2%)%)%
E, cccm/m/m/seseeccc 767676±±2± 777 888666±3±3±3222 <0<0<0 0.0.0000000111 40-900
E/e´lateral ratio 9.5±3.9 10.5±5.9 0.03 4.5-11.5
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Table 3. Outcomes according to diabetes in I-Preserve

No. 
patients

No.
events

Event rate
per 100 py

Unadjusted HR Adjusted* HRs

CV death or HF 
hospitalization

No history of diabetes 2994 662 (22%) 5.7 (5.3-6.2) 1.00 (ref) 1.00 (ref.)
Diabetes 1134 391 (34%) 10.2 (9.2-11.3) 1.76 (1.55-1.99) 1.75 (1.49-2.05)

CV death
No history of diabetes 2994 393 (13%) 3.2 (2.9-3.5) 1.00 (ref.) 1.00 (ref.)
Diabetes 1134 220 (19%) 5.0 (4.4-5.7) 1.61 (1.36-1.89) 1.59 (1.28-1.96)

HF hospitalization
No history of diabetes 2994 408 (14%) 3.5 (3.2-3.9) 1.00 (ref.) 1.00 (ref.)
Diabetes 1134 253 (22%) 6.6 (5.8-7.5) 1.82 (1.55-2.13) 1.77 (1.45-2.16)

All-cause mortality
No history of diabetes 2994 567 (19%) 4.6 (4.2-5.0) 1.00 (ref.) 1.00 (ref.)
Diabetes 1134 314 (28%) 7.2 (6.4-8.0) 1.59 (1.39-1.83) 1.59 (1.33-1.91)

Non CV death
No history of diabetes 2994 174 (6%) 1.4 (1.2-1.6) 1.00 (ref.) 1.00 (ref.)
Diabetes 1134 94 (8%) 2.1 (1.8-2.6) 1.57 (1.22-2.02) 1.60 (1.14-2.25)

All-cause hospitalization
No history of diabetes 2994 1520 (51%) 17.3 (16.5-18.2) 1.00 (ref.) 1.00 (ref.)
Diabetes 1134 708 (62%) 26.2 (24.3-28.2) 1.45 (1.33-1.59) 1.51 (1.34-1.70)

CV hospitalization
No history of diabetes 2994 815 (27%) 7.8 (7.3-8.4) 1.00 (ref.) 1.00 (ref.)
Diabetes 1134 374 (33%) 10.7 (9.7-11.8) 1.33 (1.17-1.50) 1.34 (1.14-1.57)

Non-CV hospitalization
No history of diabetes 2994 699 (23%) 6.5 (6.0-7.0) 1.00 (ref.) 1.00 (ref)
Diabetes 1134 331 (29%) 9.2 (8.3-10.2) 1.37 (1.21-1.57) 1.41 (1.19-1.68)

HF – heart failure. CV-cardiovascular, Py- person-years, ref - reference
*adjusted for age, sex, quality of life, log NT-proBNP, eGFR, Heart rate, neutrophils, ejection fraction, 
hospitalization for HF in last 6 months, ischemic etiology, Hx myocardial infarction, Hx COPD/Asthma

No history of diabetes 2994 174 (6%) 1.4 (1.2 1.6) 1.00 (ref.) 1.00 (ref.ff )
Diabetes 1134 94 (8%) 2.1 (1.8-2.6) 1.57 (1.22-2..02022))) 1.1.1.606060 (((1.11 14

All-cause hospitalization
No history of diabetes 2994 1520 (51%) 17.3 (16.5-18.2) 1.00 (ref.) 1.00 (ref.ff )
Diabetes 1134 708 (62%) 26.2 (24.3-28.2) 1.45 (1.33-1.59) 1.51 (1.34

CV hospitalization
Nooo hhhisisistottoryryry ooof ff diababbetes 2994 815 (27%) 7.8 (7.3-8.4) 11.000 (ref.) 1.00 (ref.ff )
DiDiDiaaabetes 11343434 37374 (33%%%)) 10.777 (((99.777-11 8.8))) 1.1.333  (1...17171 ---1.1..50) 1.1.1.34344 (((1.14

Nooonnn-CV hospitaliizatiionnn
NoNoNo history of f f didd ababetees 29292994 69699 (23%%)) 6.555 (6(6(6.0.00--7.77 00) 11.000 ((rref.) 1.00 (reref)
DiDiDiabababetes 111111343 333331 (29%%%)) 9..222 (8.3-10101 .2) 11.337 (1(1(1.21-1...575757) 1.41 (1..19

HFHF – hehehearaa t ffafailililururee. CCVVV-cacacardrdioiovavascscsculllarrr, PyPy- ppep rsononon-yeyey aarars,ss rrefefef - reefefef rerr ncncn eee
*adjusted for age sex quality of life log NT-proBNP eGFR Heart rate neutrophils ejection fraction
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Table 4. Outcomes according to diabetes in I-Preserve (only patients with echocardiographic 
data)

No. patients No. events Event rate
per 100 py

Unadjusted HR Adjusted* HRs

CV death or HF 
hospitalization

No history of diabetes 558 96 (17%) 4.8 (3.9-5.9) 1.00 (ref.) 1.00 (ref.)
Diabetes 187 52 (28%) 8.8 (6.7-11.5) 1.79 (1.28-2.51) 1.45 (0.82-2.59)

CV death
No history of diabetes 558 44 (8%) 2.1 (1.5-2.8) 1.00 (ref.) 1.00 (ref.)
Diabetes 187 28 (15%) 4.1 (2.8-6.0) 1.99 (1.24-3.19) 1.84 (0.76-4.45)

HF hospitalization
No history of diabetes 558 61 (11%) 3.1 (2.4-3.9) 1.00 (ref.) 1.00 (ref.)
Diabetes 187 36 (19%) 6.1 (4.4-8.4) 1.94 (1.29-2.93) 1.55 (0.76-3.20) 

All-cause mortality
No history of diabetes 558 74 (13%) 3.5 (2.8-4.4) 1.00 (ref.) 1.00 (ref.)
Diabetes 187 43 (23%) 6.3 (4.7-8.5) 1.82 (1.25-2.65) 2.12 (1.07-4.18)

Non CV death
No history of diabetes 558 30 (5%) 1.4 (1.0-2.0) 1.00 (ref.) 1.00 (ref.)
Diabetes 187 15 (8%) 2.2 (1.3-3.7) 1.57 (0.85-2.93) 3.63 (1.08-12.20)

All-cause hospitalization
No history of diabetes 558 273 (49%) 17.8 (15.8-20.0) 1.00 (ref.) 1.00 (ref.)
Diabetes 187 115 (61%) 28.2 (23.5-33.8) 1.53 (1.23-1.90) 1.50 (1.04-2.18)

CV hospitalization
No history of diabetes 558 133 (24%) 7.2 (6.1-8.6) 1.00 (ref.) 1.00 (ref.)
Diabetes 187 54 (29%) 10.0 (7.7-13.1) 1.34 (0.98-1.84) 1.11 (0.63-1.96)

Non-CV hospitalization
No history of diabetes 558 140 (25%) 7.7 (6.5-9.1) 1.00 (ref.) 1.00 (ref.)
Diabetes 187 61(33%) 11.1 (8.7-14.3) 1.42 (1.05-1.92) 1.64 (1.01-2.67)

Py - person-years, ref – reference
*adjusted for age, sex, quality of life, log NT-proBNP, eGFR, Heart rate, neutrophils, ejection fraction, 
hospitalization for HF in last 6 months, ischemic etiology, Hx myocardial infarction, Hx COPD/Asthma , 
LV end systolic volume, LV mass, ejection fraction, E/E’ ratio, Left atrial area.

Non CV death
No history of diabetes 558 30 (5%) 1.4 (1.0-2.0) 1.00 (ref.)) 1.1.1.000000 ((ref
Diabetes 187 15 (8%) 2.2 (1.3-3.7) 1.57 (0.85-2.2.2 939393) 3.3.3 636363 (((1.1.1 000

All-cause hospitalization
No history of diabetes 558 273 (49%) 17.8 (15.8-20.0) 1.00 (ref.) 1.00 (ref
Diabetes 187 115 (61%) 28.2 (23.5-33.8) 1.53 (1.23-1.90) 1.50 (1.0

CV hhhososospipip tatatalililizazazationon
NoNoNo history off f dddiabababetesese 55555888 133 (2(2( 4%%)) 7.7.7 22 2 (6(6(6.1.. -8.8.66)6) 1.000 (((rerereff.f ))) 11.000000 ((ref
DiDiDiabetes 1818187 54 (2929%) 110.0 (((7.7.7.7-13..1) 1.343434 (0.9888---111.844) 1.1111 (((0.00 6

Nooonnn-CV hospipiitataaliizatiionn
NoNoNo hhhistoryy ooof f f ddid ababetees 555558 140 0 0 (2(25%%)) 7.7 (6(66.55. -9.11)) 1.000000 (ref.)) 1.00 (rref
DiDiababbetee es 18181877 61(3(3( 3%%%))) 11.11 ((88.8 777-14144.3)) 11.42422 ((1.0555-11.92922)) 11.6464 (11.1 00

Py person years ref reference
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Table 5. Mode of death according to diabetes in I-Preserve

No diabetes (n=2994) Diabetes (n=1134) p-value
Death
All causes 567 (19%) 314 (28%) <0.0001
Cardiovascular 393 (13%) 220 (20%) <0.0001

Pump failure 72 (2%) 53 (5%) 0.0001
Sudden cardiac death 144 (5%) 87 (8%) 0.0004
Myocardial infarction 32 (1%) 13 (1%) 0.83
Stroke 57 (2%) 19 (2%) 0.63
Other cardiovascular 85 (3%) 42 (4%) 0.15

Non-cardiovascular 174 (6%) 94 (8%) 0.004
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Figure Legends

Figure 1. Cumulative incidence plot for composite endpoint of cardiovascular death or HF 

hospitalization according to history of diabetes 

Figure 2. Cumulative incidence plot for all-cause mortality according to history of diabetes 
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SUPPLEMENTAL MATERIAL 

Supplementary Table 1:   Baseline Characteristics stratified by history of diabetes among patients 

with full echocardiographic examination 

 All patients 

n=745 

No diabetes 

n=558 

Diabetes 

n=187 

P-value 

Age, mean – years  72±7 72±7 72±7 0.9747 

>/=65 years 480 (64.4%) 271 (49%) 83 (44%) 0.6070 

>/=75 years 265 (36%) 194 (35%) 71 (58%)  

Female sex, no. (%) 459 (62%) 351 (63%) 108 (58%) 0.2102 

Race, no (%):    0.0248 

Caucasian 713 (96%) 537 (96%) 176 (94%)  

Black 12 (2%) 5 (1%) 7 (4%)  

Other 20 (3%) 16 (3%) 5 (3%)  

Ejection fraction 60±9 60±9 60±9 0.5429 

Body mass index 30±5 29±5 32±5 <0.0001 

Underweight (<18.5) 2 (0%) 2 (0%) 0 <0.0001 

Normal (18.5-24.9) 105 (14%) 92 (17%) 13 (7%)  

Overweight (25-29.9) 302 (41%) 239 (43%) 63 (34%)  

Obese (≥30) 336 (45%) 225 (40%) 111 (59%)  

Symptoms     

NYHA class    0.8429 

II 164 (22%) 120 (22%) 44 (24%)  

III 560 (75%) 422 (76%) 138 (74%)  

IV 21 (3%) 16 (3%) 5 (3%)  

Minnesota living with HF, median 40 (27-54) 39 (27-52) 43 (26-58) 0.2623 

     

Examination findings     

Rales 182 (24%) 140 (25%) 42 (23%) 0.4689 

CXR congestion 287 (39%) 205 (37%) 82 (44%) 0.0837 

Jugular venous distention 65 (9%) 43 (8%) 21 (11%) 0.1367 

Edema 448 (60%) 332 (60%) 116 (62%) 0.5402 

3
rd

 heart sound 41 (6%) 32 (6%) 9 (5%) 0.6323 

Heart rate /bpm 70±10 69±10 71±11 0.0937 

Systolic blood pressure /mm Hg 136±15 136±14 137±15 0.4641 

     

ECG findings     

Left bundle branch block  48 (6%) 37 (7%) 11 (6%) 0.7183 

Left ventricular hypertrophy 210 (28%) 161 (29%) 49 (26%) 0.4858 

QRS duration  0.10±0.06 0.10 ± 0.06 0.10 ± 0.07 0.2645 

Atrial fibrillation/flutter  106 (14%) 74 (13%) 32 (17%) 0.1921 

     

Laboratory examinations     

NT-proBNP, median (Q1-Q3) 299 (129-916) 272 (114- 801) 415 (177-1237) 0.0021 

eGFR - l/min/1.73m
2
, median (Q1-Q3) 70 (56-84) 70 (56-84) 70 (56-83) 0.6748 

CKD (eGFR<60 l/min/1.73m
2
) 239 (32%) 179 (32%) 60 (32%) 0.9986 

Hemoglobin, g/dl 14.0±1.4 14.1±1.4 13.7±1.5 0.0020 

Anemia (Hb<11 Women <13 Men) 76 (11%) 48 (9%) 28 (16%) 0.0029 

Neutrophils, cells/µL (Q1-Q3)  4.0 (3.3-5.0) 4.5 (3.5-5.6) 0.0003 



     

Medical history, no. (%)     

HF hospitalization within 6 months 308 (41%) 218 (39%) 90 (48%) 0.0295 

Ischemic etiology 150 (20%) 105 (19%) 45 (24%) 0.1215 

Hypertensive etiology 529 (71%) 408 (73%) 121 (65%) 0.0282 

Myocardial infarction 148 (20%) 103 (19%) 45 (24%) 0.1215 

Stable angina pectoris 277 (37%) 218 (39%) 59 (32%) 0.0656 

Unstable angina pectoris 58 (8%) 41 (7%) 17 (9%) 0.4413 

Hypertension 683 (92%) 507 (91%) 176 (94%) 0.1628 

Atrial fibrillation 192 (26%) 136 (24%) 56 (30%) 0.1315 

Stroke/TIA 77 (10%) 53 (10%) 24 (13%) 0.1947 

PCI or CABG 98 (13%) 68 (12%) 30 (16%) 0.1769 

ICD 0 0 0 NA 

Pacemaker 50 (7%) 31 (6%) 19 (10%) 0.0294 

     

Medication, no. (%)     

Any diuretic 614 (82%) 455 (82%) 159 (85%) 0.2785 

Loop diuretic 371 (50%) 256 (46%) 115 (62%) 0.0002 

ACE-I 227 (31%) 145 (26%) 82 (44%) <0.0001 

Beta-blocker 468 (63%) 356 (64%) 112 (60%) 0.3388 

Calcium-channel blocker 331 (44%) 243 (44%) 88 (47%) 0.4031 

Long-acting nitrates 173 (23%) 129 (23%) 44 (24%) 0.9083 

Mineralocorticoid antagonists 120 (16%) 85 (15%) 35 (19%) 0.2621 

Digoxin 65 (9%) 42 (8%) 23 (12%) 0.0453 

Lipid lowering drugs 179 (24%) 121 (22%) 58 (31%) 0.0097 

Antiplatelets, any 434 (58%) 325 (58%) 109 (58%) 0.9914 

Metformin 53 (28%) 0 (0%) 53 (28%) <0.0001 

Other oral antidiabetic agents 92 (12%) 0 (0%) 92 (49%) <0.0001 

Insulin 47 (6%) 0 (0%) 47 (25%) <0.0001 

HF – heart failure, CXR – chest x-ray, bpm – beats per minute, eGFR – estimated glomerular filtration rate, CKD – 

chronic kidney disease, PCI – percutaneous coronary intervention, CABG  - coronary artery bypass graft, ICD – 

Implantable cardioverter defibrillator 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 2:  Comparison of results applying Cox regression and competing risk analyses 

 Event rate 

per 100 py 

Unadjusted HR Unadjusted 

SHR (comp 

risk) 

Adjusted HR Adjusted SHR 

(Comp risk) 

CV death or HF hospitalization      

No history of diabetes 5.7 (5.3-6.2) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Diabetes 10.2 (9.2-11.3) 1.76 (1.55-1.99) 1.73 (1.53-1.96) 1.75 (1.49-2.05) 1.73 (1.45-2.02) 

      

CV death      

No history of diabetes 3.2 (2.9-3.5) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Diabetes 5.0 (4.4-5.7) 1.61 (1.36-1.89) 1.58 (1.34-1.86) 1.59 (1.28-1.96) 1.54 (1.24-1.91) 

      

HF hospitalization      

No history of diabetes 3.5 (3.2-3.9) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Diabetes 6.6 (5.8-7.5) 1.82 (1.55-2.13) 1.75 (1.49-2.04 1.77 (1.45-2.16)  1.69 (1.37-2.08) 

      

All-cause mortality      

No history of diabetes 4.6 (4.2-5.0) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Diabetes 7.2 (6.4-8.0) 1.59 (1.39-1.83) NA 1.59 (1.33-1.91) NA 

      

Non CV death      

No history of diabetes 1.4 (1.2-1.6) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Diabetes 2.1 (1.8-2.6) 1.57 (1.22-2.02) 1.48 (1.15-1.90) 1.60 (1.14-2.25) 1.50 (1.07-2.09) 

      

All-cause hospitalization      

No history of diabetes 17.3 (16.5-18.2) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Diabetes 26.2 (24.3-28.2) 1.45 (1.33-1.59) 1.42 (1.30-1.55) 1.51 (1.34-1.70) 1.46 (1.29-1.64) 

      

CV hospitalization      

No history of diabetes 7.8 (7.3-8.4) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Diabetes 10.7 (9.7-11.8) 1.33 (1.17-1.50) 1.29 (1.14-1.46) 1.34 (1.14-1.57) 1.29 (1.10-1.52) 

      

Non-CV hospitalization      

No history of diabetes 6.5 (6.0-7.0) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Diabetes 9.2 (8.3-10.2) 1.37 (1.21-1.57) 1.32 (1.16-1.51) 1.41 (1.19-1.68) 1.36 (1.14-1.62) 

HR – Hazard ratio, SHR – Sub hazard ratios, CV –cardiovascular, HF – heart failure 

 

 

 

 

 

 

 

 



Supplementary Table 3   Outcomes stratified by use of insulin in patients with diabetes 

 

 

 

 

 

 No. 

patients 

No. 

 events 

Event rate 

per 100 py 

Unadjusted HR Adjusted* HR 

CV death or HF hosp.      

No history of diabetes 2994 662 (22%) 5.7 (5.3-6.2) 1.00 (ref) 1.00 (ref) 

Diabetes - non-insulin 795 256 (32%) 9.2 (8.1-10.4) 1.59 (1.37-1.83) 1.71 (1.43-2.04) 

Diabetes insulin treated 339 135 (40%) 12.9 (10.9-15.3) 2.20 (1.83-2.65) 1.85 (1.44-2.40) 

      

CV death      

No history of diabetes 2994 393 (13%) 3.2 (2.9-3.5) 1.00 (ref.) 1.00 (ref.) 

Diabetes - non-insulin 795 145 (18%) 4.6 (3.9-5.4) 1.48 (1.22-1.79) 1.55 (1.22-1.97) 

Diabetes insulin treated 339 75 (22%) 6.0 (4.8-7.6) 1.94 (1.51-2.48) 1.67 (1.19-2.33) 

      

HF hospitalization      

No history of diabetes 2994 408 (14%) 3.5 (3.2-3.9) 1.00 (ref.) 1.00 (ref.) 

Diabetes - non-insulin 795 160 (20%) 5.7 (4.9-6.7) 1.59 (1.32-1.91) 1.70 (1.36-2.13) 

Diabetes insulin treated 339 93 (27%) 8.9 (7.3-10.9) 2.41 (1.93-3.02) 1.94 (1.42-2.65) 

      

All-cause mortality      

No history of diabetes 2994 567 (19%) 4.6 (4.2-5.0) 1.00 (ref.) 1.00 (ref.) 

Diabetes - non-insulin 795 205 (26%)  6.5 (5.7-7.5) 1.45 (1.24-1.70) 1.53 (1.25-1.88) 

Diabetes insulin treated 339 109 (32%)  8.8 (7.3-10.6) 1.96 (1.60-2.41) 1.76 (1.32-2.33) 

      

Non CV death      

No history of diabetes 2994 174 (6%) 1.4 (1.2-1.6) 1.00 (ref.) 1.00 (ref.) 

Diabetes - non-insulin 795 60 (8%) 1.9 (1.5-2.5) 1.37 (1.04-1.86) 1.48 (1.00-2.18) 

Diabetes insulin treated 339 34 (10%) 2.7 (2.0-3.8) 2.03 (1.40-2.93) 1.95 (1.15-3.32) 

      

All-cause hospitalization      

No history of diabetes 2994 1520 (51%) 17.3 (16.5-18.2) 1.00 (ref.) 1.00 (ref.) 

Diabetes - non-insulin 795 459 (58%) 22.2 (20.2-24.3) 1.25 (1.13-1.39) 1.35 (1.18-1.55) 

Diabetes insulin treated 339 248 (73%) 39.0 (34.4-44.1) 2.09 (1.83-2.39) 2.04 (1.70-2.46) 

      

CV hospitalization      

No history of diabetes 2994 815 (27%) 7.8 (7.3-8.4) 1.00 (ref.) 1.00 (ref.) 

Diabetes - non-insulin 795 252 (32%) 9.9 (8.7-11.2) 1.24 (1.08-1.43) 1.37 (1.15-1.63) 

Diabetes insulin treated 339 121 (36%) 12.7 (10.7-15.2) 1.56 (1.29-1.89) 1.27 (0.97-1.65) 

      

Non-CV hospitalization      

No history of diabetes 2994 699 (23%) 6.5 (6.0-7.0) 1.00 (ref.) 1.00 (ref) 

Diabetes - non-insulin 795 204 (26%) 7.6 (6.7-8.8) 1.16 (0.99-1.35) 1.16 (0.94-1.42) 

Diabetes insulin treated 339 127 (37%) 13.7 (11.5-16.3) 2.00 (1.65-2.41) 2.28 (1.76-2.95) 



Supplementary Table 4  Serious adverse events and drug discontinuation according to diabetes 

 No diabetes 

(n=2994) 

Diabetes  

(n=1134) 

p-value 

Serious Adverse events    

Increased potassium 8 (1%) 13 (2%) 0.0027 

Hypotension 33 (2%) 18 (2%) 0.5666 

Chronic kidney disease 64 (4%) 55 (7%) 0.0004 

Dizziness 13 (1%) 7 (1%) 0.7428 

    

Drug discontinuation due to 

adverse event (not death) 

289 (17%) 178 (23%) 0.0008 

 

 

 


