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Abstract

Aim The potential effects of diabetes duration and glycemic control on ejection fraction (EF) in patients with heart failure
(HF) remain unclear. We investigated the impact of diabetes duration and glycemic control on ejection fraction (EF), along-
side other risk factors, in HF patients with type 2 diabetes mellitus (T2DM).

Materials and methods This single-center retrospective study included 1265 patients who were admitted and discharged
with a diagnosis of HF between January 2010 and January 2022, all of whom had a known diagnosis of T2DM prior to
admission. The patients included in the study were divided into two groups: those with heart failure and reduced ejection
fraction (HFrEF, EF <40%) and those with or mid-range or preserved ejection fraction (HFmrEF +HFpEF, EF >40%).
Results Among the 1265 patients, 697 had HFrEF. The duration of diabetes was significantly longer (13 vs. 7 years,
»<0.001) and HbAlc levels were higher (8.4+1.6% vs. 7.7£1.5%, p<0.001) in the HFrEF group. Multivariable analysis
identified diabetes duration (OR 2.23, p<0.001), hypertension (OR:6.62, p<0.001), and the use of oral antidiabetic agents
(OR 0.74, p=0.042) as independent predictors of reduced EF. Prolonged diabetes duration was associated with a reduction
in EF (AUC=0.780, p<0.001). Conversely, although glycemic control was poorer in the HFrEF group, it was not an inde-
pendent predictor of EF.

Conclusion Prolonged diabetes duration significantly reduces EF, among HF patients with T2DM, independent of glycemic
control and other risk factors. While poor glycemic control was more prevalent in HFrEF patients, it did not independently
affect EF.
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Introduction risk factors in diabetes are categorized as cardiac and non-

cardiac [5].

Diabetes significantly increases the risk of heart failure
(HF), with affected individuals facing a two- to four-fold
higher risk than non-diabetics [1, 2]. HF in diabetes primar-
ily results from ischemic heart disease (IHD), hypertension,
hyperglycemia, obesity, and myocardial-related factors.
Prolonged diabetes duration, aging, high body mass index
(BMI), and chronic kidney disease (CKD) further contrib-
ute to HF risk [3, 4]. Notably, myocardial dysfunction can
develop in diabetic patients even without IHD or hyperten-
sion due to complex pathophysiological mechanisms. HF
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The prevalence of diabetes in HF patients remains con-
sistent regardless of left ventricular ejection fraction (EF)
[6, 7]. Diabetes is significantly associated with worse out-
comes in HF, with the highest risk observed in heart failure
with reduced ejection fraction (HFrEF) [5, 6]. Regardless of
HF phenotype, patients with both HF and diabetes have a
50-90% higher cardiovascular (CV) mortality rate, includ-
ing death from worsening HF, compared to those without
diabetes [8].
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Individuals with type 2 diabetes mellitus (T2DM) have
higher lifetime risk of developing IHD, stroke, HF, atrial
fibrillation, and peripheral artery diseases, as well as cardio-
vascular disease (CVD). Additionally, many patients with
CVD remain undiagnosed T2DM [5-7]. Considering the
significant impact of early-onset diabetes and CVD on prog-
nosis, screening for diabetes in CVD patients and assessing
cardiovascular risk in individuals with diabetes is of great
importance for managing CV and kidney diseases [4, 9]. An
important change in the new ESC guideline revision is the
introduction of a CVD risk calculator (SCORE2-Diabetes
Risk Score) aimed at estimating risk among individuals
with type 2 diabetes who do not have established CVD, HF,
or CKD. The guideline also highlights a significant relation-
ship between the duration of diabetes and the prevalence,
severity, mortality, and morbidity of CVD (HF, [HD, AF,
sudden cardiac death) [5]. Previous studies have demon-
strated the adverse effects of prolonged diabetes duration
and poor glycemic control on myocardial function [5, 6].
However, studies that clearly elucidate the independent
effects of these two factors on ejection fraction (EF) are
limited. Therefore, this study evaluates the effects of dia-
betes duration and glycemic control on EF and investigates
other potential risk factors associated with EF reduction in
patients with heart failure.

Materials and methods

In this single-center retrospective study, 1265 (47.5%) of
a total of 2658 patients who were hospitalized with a diag-
nosis of HF, treated and discharged between January 2010
and January 2022, who met the study criteria were included.

Inclusion Criteria: (a) Patients admitted and treated for
decompensated HF, who survived and were discharged.
(b) Patients with known T2DM prior to the index hospital-
ization, with stress hyperglycemia ruled out according to
relevant guideline criteria during hospitalization and post-
hospital follow-up.

Exclusion Criteria: Patients without known diabetes at
baseline or diagnosed with diabetes after the HF diagnosis
were excluded. Additionally, patients who did not attend
regular follow-ups, had severe organ dysfunction, meta-
static malignancy, or were pregnant were excluded from the
study.

Patient data were collected from electronic medical
records and clinical databases. Personalized, evidence-based
treatments were administered at regular intervals. Patients
were classified into HF subgroups based on EF (HFrEF,
HFmrEF, and HFpEF) and further analyzed in two groups
(EF £40% and EF >40%). Diabetes duration was recorded.
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The study complied with the Declaration of Helsinki and
received Institutional Review Board (IRB) approval.

Definitions

HF was categorized by reduced EF (HFrEF), mid-range EF
(HFmrEF) and preserved EF (HFpEF). HF diagnosis was
based on the Framingham score (2 major criteria or 1 major
and 2 minor criteria) and evidence of systolic or diastolic
dysfunction on Doppler echocardiograph. Patients with
signs or symptoms of HF and a left ventricular (LV) ejec-
tion fraction (EF) <40% were considered to have HF with
reduced EF (HFrEF). Patients with signs or symptoms of
HF, LVEF between 40% and 49% were considered to have
HF with mid-range EF. Patients with signs or symptoms of
HF, LVEF >50%, and evidence of diastolic LV dysfunction
were considered to have HF with preserved EF (HFpEF)
[10]. Diastolic dysfunction was defined by the ratio of pas-
sive transmitral LV inflow velocity to tissue Doppler imag-
ing velocity of the medial mitral annulus during passive
filling (E/e’), with a ratio >15 considered to be dysfunc-
tion. The NYHA functional classification has been used to
describe the severity of symptoms and exercise intolerance
[11].

Diabetes was defined as HbAlc greater than or equal to
47.5 mmol/mol (6.5%), self-reported physician-diagnosed
diabetes mellitus type 2 or current use of antidiabetic medi-
cations [12]. The definition of duration of diabetes was
derived from the question: “What was your age when the
diabetes was first diagnosed?”. International Classification
of Diseases (ICD) codes in the national database or hospital
system were used for the patients’ initial diabetes diagnoses.
At baseline, self-reported DM history was combined with
ICD codes to identify DM.

Transthoracic echocardiography

Data regarding transthoracic echocardiography reports were
taken from studies which had been performed using a Philips
iE33 echocardiography machine and X5 transducer (Philips
Healthcare, Andover, MA, USA) with the patient in the left
lateral decubitus position. The standard evaluation included
M-mode, 2-D, and Doppler studies according to the recom-
mendations of the American Society of Echocardiography.
LV ejection fraction was calculated from apical four and
two chamber views by manually tracing end-diastolic and
end-systolic endocardial borders, using Simpson’s method
[13].
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Statistical analysis

All statistical tests were conducted using the Statistical
Package for the Social Sciences 25.0 for Windows (SPSS
Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was
used to analyze normality of the data. Continuous data are
expressed as mean +SD, and categorical data are expressed
as percentages. Chi-square test was used to assess differ-
ences in categorical variables between groups. Student’s
t-test or Mann Whitney U test was used to compare unpaired
samples as needed. Univariate and multivariate logistic
regression analysis were used to identify independent vari-
ables of reduced EF development. After performing univari-
ate analysis, significantly obtained variables were selected
into the multivariate logistic regression analysis with the
stepwise method. The results of univariate and multivari-
ate regression analyses were presented as odds ratio with
95% CI. For the duration of diabetes, receiver operating
characteristic (ROC) curves were obtained and the optimal
values with the greatest total sensitivity and specificity in
the prediction of reduced EF development were selected.
Significance was assumed at a 2-sided p< 0.05.

Results

Table 1 outlines the demographic and clinical characteristics
of the study cohort, stratified by ejection fraction. The cohort
comprised 697 patients with heart failure and reduced ejec-
tion fraction (HFrEF, EF <40%) and 568 patients with pre-
served or mid-range ejection fraction (HFmrEF +HFpEF,
EF >40%).

The mean age of patients with HFrEF was 66.9 £11.5
years, compared to 66.1 +11.5 years for patients with
HFmrEF +HFpEF, with no significant difference observed
(p=0.231). Male predominance was seen in both groups,
with 63.7% and 61.8% males in the HFrEF and HFmrEF
+HFpEF groups, respectively (p= 0.520). Smoking status
did not significantly differ between the two groups (p=
0.820).

In terms of clinical variables, patients with HFrEF had
a longer mean duration of diabetes compared to those with
HFmrEF + HFpEF (13 vs. 7 years, p< 0.001) (Fig. 1). Addi-
tionally, HFrEF patients had a significantly lower mean ejec-
tion fraction (EF) compared to HFmrEF +HFpEF patients
(33.2 £4.8% vs. 50.8 £6.3%, p< 0.001). BMI did not differ
between groups (p= 0.122). New York Heart Association
(NYHA) functional class was also significantly different
between the groups, with patients in the HFmrEF + HFpEF
group having a lower mean NYHA class compared to those
in the HFTEF group (2.0 +0.7 vs. 2.2 +0.7, p=0.016). There
were no significant differences between the groups in terms

of left atrial (LA) diameter, pulmonary artery systolic pres-
sure (PASP), systolic and diastolic blood pressure and mor-
tality rates.

Regarding medical history, hypertension was more prev-
alent among HFrEF patients compared to HFmrEF +HFpEF
patients (78.2% vs. 53.3%, p< 0.001). Conversely, the prev-
alence of ischemic heart disease, atrial fibrillation, hyper-
lipidemia, chronic kidney disease, cerebrovascular disease,
and chronic obstructive pulmonary disease (COPD) did not
significantly differ between the groups. Regarding treat-
ment, there were no significant differences in the utilization
of angiotensin-converting enzyme inhibitors (ACEi)/angio-
tensin receptor blockers (ARB), angiotensin receptor-nepri-
lysin inhibitors (ARNI), beta-blockers, sodium-glucose
transport protein 2 (SGLT-2) inhibitors, mineralocorticoid
receptor antagonists (MRA), digoxin, oral anticoagulants,
ivabradine, or statins between the two groups. However,
HFTEF patients were more likely to receive diuretics com-
pared to HFmrEF +HFpEF patients (64.5% vs. 58.8%, p=
0.046). Laboratory findings revealed a significantly higher
mean glycated hemoglobin (HbA1c) level in HFTEF patients
compared to HFmrEF +HFpEF patients (8.4 £1.6% vs. 7.7
+1.5%, p< 0.001). Troponin levels were also significantly
higher in HFrEF patients compared to HFmrEF +HFpEF
patients (32 vs. 23 ng/dl, p= 0.010), whereas there were no
significant differences in other laboratory variables includ-
ing fasting glucose, creatinine, eGFR, total cholesterol,
HDL-cholesterol, uric acid, sodium, potassium, albumin,
hemoglobin, and N-terminus pro-B-type natriuretic peptide
(NT-ProBNP) levels between the groups (Table 1).

Logistic regression was carried out by univariate and
multivariate analyses to predict occurrence of reduced EF
in heart failure patients. Age, gender, smoking status, BMI,
NYHA class, diabetes duration, troponin levels, creatinine
levels, hemoglobin levels, HbAlc levels, uric acid levels,
pulmonary artery systolic pressure (PASP), presence of
ischemic heart disease, hypertension, chronic kidney dis-
ease (CKD), atrial fibrillation, use of specific medications
such as ACEi/ARB, ARNI, beta blockers, SGLT-2 inhibi-
tors, MRA, digoxin, diuretics, oral antidiabetic agents, and
insulin therapy were evaluated in univariate analysis. Vari-
ables such as NYHA class, diabetes duration, HbA1c levels,
hypertension, MRA, diuretics and oral antidiabetic agents
usage were re-evaluated in multivariate analysis. Diabe-
tes duration (OR:2.23, p< 0.001), hypertension (OR:6.62,
p<0.001) and oral antidiabetic agents usage (OR:0.74, p=
0.042) were determined as the independent predictors of
reduced EF development (Table 2).

The specificity and sensitivity of the diabetes dura-
tion predicting the development of reduced EF in heart
failure patients were evaluated by ROC analysis (Fig. 2).
The area under the curve (AUC) was measured as 0.780
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Table 1 The demographic
and clinical data of the study
population

HFrEF Heart failure with
reduced ejection fraction; EF
Ejection fraction; HFmrEF
Heart failure with mid-range
EF; HfpEF Heart failure with
preserved EF; BMI Body mass
index; NYHA New York Heart
Association; LA Left atrium;
PASP pulmonary artery sistolic
pressure; COPD Chronic
obstructive pulmonary disease;
ACEi Angiotensin-converting
enzyme inhibitors; ARB
Angiotensin receptor blocker;
ARNI Angiotensin Receptor-
Neprilysin Inhibitor; SGLT-2,
Sodium-Glucose Transport
Protein 2; MRA Mineralocorti-
coid receptor antagonist; HbAlc
Glycated hemoglobin; N7-
ProBNP N-terminus pro-B-type
natriuretic peptide
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Variables (EF <£40), (EF >40), P value
n=697 n= 1568
Age (years) 66.9 +11.5 66.1 £11.5 0.231
Male, n(%) 444 (63.7) 351 (61.8) 0.520
Smoker 395 (56.7) 325(57.3) 0.820
BMI (kg/m?) 26.5 +4.1 27.2+3.8 0.122
NYHA Class 22407 2.0+0.7 0.016
Diabetes duration (years), mean (min-max) 13 (1-41) 7 (1-22) <0.001
Ejection fraction (%) 33.2+4.8 50.8 £6.3 <0.001
LA diameter (mm) 44.8£6.0 43.8+£59 0.132
PASP (mmHg) 39.7+19.9 36.9+19.5 0.549
Systolic blood pressure (mmHg) 123.5+£19.6 127.4 £20.7 0.351
Diastolic blood pressure (mmHg) 75.6 £12.5 74.8 £12.6 0.267
Death, n(%) 106 (15.2) 91 (16.0) 0.682
Medical History, n(%)
Ischemic heart disease 567 (81.3) 460 (80.9) 0.817
Atrial fibrillation 201 (28.8) 178 (31.3) 0.355
Hyperlipidemia 384 (55.1) 293 (51.6) 0.234
Hypertension 545 (78.2) 303 (53.3) <0.001
Chronic kidney disease 135 (19.4) 108 (19.0) 0.886
Cerebrovascular disease 81 (11.6) 72 (12.7) 0.603
COPD 80 (11.5) 65 (11.4) 0.985
Treatment
ACEi/ARB 532 (76.4) 437 (76.9) 0.841
ARNI 66 (9.4) 45(7.9) 0.864
Beta blocker 574 (82.4) 482 (84.9) 0.254
SGLT-2 Inhibitors 165 (23.7) 139 (24.5) 0.741
MRA 275 (39.5) 254 (44.4) 0.067
Digoxin 52 (7.5) 42 (7.4) 0.971
Oral anticoagulant 218 (31.3) 180 (31.7) 0.858
Ivabradin 27 (3.9) 12 (2.1) 0.073
Diuretics 450 (64.5) 334 (58.8) 0.046
Statin 482 (69.2) 383 (67.4) 0.512
Oral antidiabetic agent 578 (82.9) 501 (88.2) 0.046
Insulin therapy 122 (17.5) 92 (16.1) 0.415
Cardiac device therapy 69 (9.9) 47 (8.3) 0.329
Laboratory Findings
Fasting glucose (mg/dl) 146.6 £51.3 142.5+52.6 0.352
HbAlc (%) 84+1.6 7.7+1.5 <0.001
eGFR 66.9+15.9 68.4+17.8 0.114
Total cholesterol ((mg/dl)) 189.2 £48.3 197.3 £45.6 0.601
HDL cholesterol ((mg/dl)) 43.5+12.7 42.6£12.0 0.677
Creatinine (mg/dl) 1.1£0.9 1.1£0.8 0.897
Uric Acide (mg/dl) 5.9+2.0 5.8+2.1 0.779
Sodium (mmol/1) 139.4 £4.1 139.1 £4.0 0.178
Potassium (mmol/l) 4.4+0.5 4.5+0.5 0.505
Albiimin (g/dl) 3.7+09 3.8+0.8 0.238
Hemoglobin (g/dl) 125+1.9 12.7+2.2 0.226
Troponin (ng/dl) mean (min-max) 32 (1-42300) 23 (1-30400) 0.010
NT-ProBNP (pg/ml) mean (min-max) 1096 (63-26347) 867 (62-35000) 0.518
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Fig. 1 Diabetes duration according to ejection fraction

Table 2 Univariate and multivariate logistic regression analyzes to identify independent predictors of reduced EF in heart failure patients
Variables Univariate Multivariate

OR 95%Cl p value OR 95%Cl p value
Age 1.00 0.99-1.01 0.231
Gender 1.08 0.86-1.36 0.485
Smoker 1.02 0.82-1.28 0.817
BMI 0.95 0.90-1.01 0.122
NYHA class 1.19 1.03-1.37 0.017 1.19 0.99-1.43 0.060
Diabetes duration 2.98 1.75-6.21 <0.001 2.23 1.20-4.27 <0.001
HbAlc 1.30 1.21-1.39 <0.001 1.05 0.96-1.15 0.269
Troponin 1.00 0.99%1.01 0.393
Creatinine 1.04 0.91-1.19 0.513
Hemoglobin 0.96 0.91-1.02 0.227
Uric acide 1.00 0.95-1.06 0.779
PASP 1.00 0.99-1.00 0.541
Hypertension 3.13 2.45-4.00 <0.001 6.62 4.81-9.11 <0.001
Ischemic heart disease 0.96 0.77-1.21 0.772
CKD 0.97 0.73-1.29 0.873
Atrial fibrillation 1.12 0.88-1.43 0.334
ACEi/ARB 1.03 0.79-1.34 0.779
ARNI 0.94 0.49-1.79 0.864
Beta blocker 1.20 0.88-1.62 0.233
SGLT-2 Inhibitors 1.04 0.80-1.35 0.741
MRA 1.24 0.99-1.55 0.059 0.81 0.61-1.07 0.143
Digoxin 0.99 0.65-1.51 0.971
Diuretics 1.26 1.00-1.57 0.042 0.88 0.65-1.20 0.441
Oral antidiabetic 0.73 0.59-0.92 0.008 0.74 0.56-0.98 0.042
Insulin therapy 0.86 0.60—1.23 0.415

EF Ejection fraction; BMI Body mass index; NYHA New York Heart Association; HbAIc Glycated hemoglobin; PASP pulmonary artery sistolic
pressure; CKD Chronic kidney disease; ACEi Angiotensin-converting enzyme inhibitors; ARB Angiotensin receptor blocker; ARNI Angioten-
sin Receptor-Neprilysin Inhibitor; SGLT-2 Sodium-Glucose Transport Protein 2; MRA Mineralocorticoid receptor antagonist
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Fig.2 The ROC curves for diabetes duration

(0.754-0.805), p< 0.001. Diabetes duration was determined
to have a cut-off value of 8.5 years with 75% sensitivity and
70% specificity. In addition, the predictive value of reduced
EF according to the duration of diabetes of the patients was
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determined by logistic regression analysis. The probabil-
ity of reduced EF depending on the duration of diabetes is
shown in Fig. 3.

Discussion

This study is the first to investigate the impact of diabetes
duration and glycemic control on ejection fraction among
a population of heart failure (HF) patients with T2DM, in
addition to other risk factors. This study demonstrates that
the duration of diabetes reduces EF in patients with heart
failure, underscoring the need for early diagnosis and inter-
vention. Reducing cardiovascular risk in the management
of diabetes is also of critical importance. These findings
advocate for the implementation of more comprehensive
cardiovascular assessment and treatment strategies in clini-
cal practice, taking into account the long-term effects of dia-
betes. Moreover, the early introduction of cardioprotective
treatment options in diabetic patients may contribute to the
prevention of heart failure development.

Diabetes mellitus independently impairs cardiac function
and increases HF risk [5]. Diabetic myocardial damage first
affects diastolic function, followed by systolic dysfunction.
Significant diastolic dysfunction occurs around four years
after diabetes onset, regardless of coronary artery disease or

o'......

0 10 20

30 40 50

DM duration (month)

Fig. 3 The predictive level of reduced ejection fraction group based on the duration of diabetes mellitus
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hypertension. Systolic dysfunction may also develop over
time [14, 15].

Prolonged diabetes duration is associated with a higher
risk of heart failure (HF), independent of age, blood sugar
control, and coronary heart disease, and a study on type 2
diabetes found that while both diabetes duration and age at
diagnosis were linked to macrovascular events and mor-
tality, only diabetes duration was independently related to
microvascular events [5—7, 16]. Previous studies, such as
the CARDIA and ARIC studies, provide valuable insights
into the relationship between diabetes and heart failure.
While these studies emphasize the role of HbAlc and dia-
betes duration, they fail to consider other factors that could
further clarify the pathophysiology of heart failure in dia-
betic patients (17,18). Studies have shown that the duration
of diabetes, alone or with other risk factors, increases the
risk of heart failure (HF) [17, 18]. Recent ESC guidelines
identify prolonged diabetes duration as a risk factor for HF,
emphasizing integrated care, early screening, and person-
alized treatment to reduce cardiovascular risks. Strategies
like SGLT-2 inhibitors and comprehensive cardiovascular
assessments align with these recommendations, highlight-
ing the clinical relevance of our study’s findings [5].

Poor glycemic control and longer diabetes duration are
linked to increased cardiovascular disease (CVD) risk and
mortality. Poor glycemic control is specifically associated
with intracranial atherosclerotic stenosis, coronary heart dis-
ease (CHD), stroke, HF, and premature death [19, 20]. HF
incidence rises with worsening glycemic control in diabetes
mellitus (DM) patients. A study reported an 8% increase in
HF risk per 1% rise in HbAlc, while another found higher
HF-related hospitalization rates with poor glycemic control
[20, 21]. Research in the UK suggested that poor glycemic
control, alone or with factors like diabetes duration, con-
tributes to HF development [18]. These findings indicate
that inadequate glycemic control in patients with diabetes
is not only a significant risk factor for cardiovascular dis-
ease (CVD) but is also directly linked to the development of
heart failure and an increased rate of hospitalizations.

The lack of a significant association between HbA1c lev-
els and EF in our study may appear to contradict the exist-
ing literature. However, this discrepancy may arise from the
methodological limitations of our study and the context of
the measures used. While HbA 1c¢ typically reflects glycemic
control over the past 2-3 months, chronic complications of
diabetes, such as microvascular changes, may show a more
pronounced relationship with long-term glycemic control.
The observed higher use of oral hypoglycemic agents in
our study suggests that participants may have experienced
poorer glycemic control in the past, which could have led
to more pronounced microvascular effects over time. In this
context, the inability of HbAlc to predict EF is not solely a

reflection of current glycemic control, but could be related
to more complex biological interactions and mechanisms.
This issue remains an area that warrants further explora-
tion through in-depth comparisons with other studies in the
literature [22, 23]. Moreover, this study primarily focuses
on commonly used predictors such as HbAlc and diabetes
duration. However, other potential biomarkers and factors
may also influence cardiac function. For instance, glycemic
variability, fasting insulin levels, and inflammatory mark-
ers (e.g., CRP, IL-6) could be associated with heart failure
development and the decline in EF (14,15).These factors
may provide a more comprehensive understanding of the
cardiovascular effects of diabetes, and further investigation
into these markers is recommended in future studies.

The prolonged duration of diabetes can significantly
contribute to a decline in EF in patients with heart failure
through a range of interconnected mechanisms. Chronic
hyperglycemia, along with the development of insulin resis-
tance, plays a central role in the progression of endothelial
dysfunction, which promotes vascular stiffness and athero-
sclerosis. These changes can impair coronary blood flow
and myocardial perfusion, leading to myocardial ischemia.
Over time, this ischemia causes left ventricular remodeling,
which ultimately reduces cardiac output and contributes
to a decline in EF. In addition to these vascular changes,
prolonged hyperglycemia results in the accumulation of
advanced glycation end-products (AGEs) in myocardial
tissue. AGEs have been shown to promote fibrosis, which
not only impairs myocardial contractility but also reduces
myocardial compliance, further contributing to heart fail-
ure progression. Furthermore, diabetes induces significant
metabolic disturbances, including altered lipid metabolism,
which can exacerbate cardiac dysfunction. This dysregu-
lated metabolism, coupled with chronic hyperglycemia,
promotes a state of persistent inflammation and oxidative
stress, which accelerates myocardial damage [24-27]. The
coexistence of diabetes and heart failure establishes a det-
rimental cycle, where each condition aggravates the other.
Diabetes exacerbates myocardial function through meta-
bolic and structural changes, whereas heart failure impairs
glucose control and metabolic regulation, ultimately result-
ing in a progressive decline in EF. This interaction between
diabetes and heart failure underscores the critical need for
early intervention and comprehensive management to miti-
gate the progression of both conditions and enhance patient
outcomes [25-29].

Our study has several limitations. The first is that it is
retrospective and single-center in nature. The second limita-
tion is related to the assessment of glycemic control, which
was based on fasting blood glucose measurements and other
glycemic readings, such as HbAlc, taken during hospital
admission. A more accurate estimation of glycemic control
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could have been achieved by considering values prior to
hospitalization. As a result, we may have underestimated
the true relationship between glycemic control and ejection
fraction (EF). Future research should investigate the effects
of glycemic variability on EF in more detail. Third, in eval-
uating the age at diabetes onset in our study, we attempted
to address this limitation by using International Classifica-
tion of Diseases (ICD) codes available in national databases
or hospital systems, in addition to asking patients about the
time of their diabetes diagnosis.

In conclusion, our findings indicate that prolonged diabe-
tes duration significantly reduces EF, independent of other
existing risk factors. However, poor glycemic control did
not show a significant effect on EF. These results emphasize
the significance of early screening and cardiovascular risk
management in preventing the development of heart failure
in patients with a prolonged duration of diabetes. In future
studies, prospective and multicenter investigations involv-
ing patients with diverse demographic characteristics would
be valuable for assessing the generalizability of the find-
ings. Furthermore, evaluating the validity of these results in
patients from different regions and ethnic groups is essential
for establishing the international applicability of the study.

Acknowledgment None.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Tiirkiye (TUBITAK).

Data availability Data supporting the findings of this study are avail-
able from the corresponding author on request.

Declarations
Conflict of Interest All the authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1.  Kannel WB, McGee DL (1979) Diabetes and cardiovascular dis-
ease: the Framingham study. JAMA 241:2035-2038

2. vanMelle JP, Bot M, De Jonge P, De Boer RA, van Veldhuisen DJ,
Whooley MA (2010) Diabetes, glycemic control, and new-onset

@ Springer

10.

11.

12.

15.

16.

17.

heart failure in patients with stable coronary artery disease: data
from the heart and soul study. Diabetes Care 33:2084-2089
Seferovi¢c PM, Paulus WJ (2015) Clinical diabetic cardiomyopa-
thy: a two-faced disease with restrictive and dilated phenotypes.
Eur Heart J 36:1718-1727

Maack C, Lehrke M, Backs J, Heinzel FR, Hulot J-S, Marx N
et al (2018) Heart failure and diabetes: metabolic alterations
and therapeutic interventions: a state-of-the-art review from the
translational research committee of the heart failure Association—
European society of cardiology. Eur Heart J 39:4243-4254

Marx N, Federici M, Schiitt K, Miiller-Wieland D, Ajjan RA,
Antunes MJ, ESC Scientific Document Group (2023) 2023 ESC
guidelines for the management of cardiovascular disease in
patients with diabetes. Eur Heart J 44:4043—4140

Chioncel O, Lainscak M, Seferovic PM, Anker SD, Crespo-Leiro
MG, Harjola VP et al (2017) Epidemiology and one-year out-
comes in patients with chronic heart failure and preserved, mid-
range and reduced ejection fraction: an analysis of the ESC heart
failure Long-Term registry. Eur J Heart Fail 19:1574-1585
Johansson I, Dahlstrom U, Edner M, Nésman P, Ryden L, Nor-
hammar A (2018) Type 2 diabetes and heart failure: characteristics
and prognosis in preserved, mid-range and reduced ventricular
function. Diab Vasc Dis Res

Kristensen SL, Mogensen UM, Jhund PS, Petrie MC, Preiss D,
Win S et al (2017) Clinical and echocardiographic characteris-
tics and cardiovascular outcomes according to diabetes status
in patients with heart failure and preserved ejection fraction: a
report from the I-Preserve trial (Irbesartan in heart failure with
preserved ejection Fraction). Circulation 135:724-735

Dauriz M, Targher G, Laroche C, Temporelli PL, Ferrari R, Anker
S et al (2017) Association between diabetes and 1-year adverse
clinical outcomes in a multinational cohort of ambulatory patients
with chronic heart failure: results from the ESC-HFA heart failure
long-term registry. Diabetes Care 40:671-678

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach
A, Bohm M et al (2021) 2021 ESC guidelines for the diagno-
sis and treatment of acute and chronic heart failure. Eur Heart J
42:3599-3726

Paulus WIJ, Tschope C, Sanderson JE et al (2007) How to diag-
nose diastolic heart failure: a consensus statement on the diagno-
sis of heart failure with normal left ventricular ejection fraction
by the heart failure and echocardiography associations of the
European society of cardiology. Eur Heart J 28:2539-2550
American Diabetes Association (2017) 2. Classification and diag-
nosis of diabetes. Diabetes Care 40(Suppl 1):S11-S24

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A,
Ernande L et al (2015) Recommendations for cardiac chamber
quantification by echocardiography in adults: an update from the
American society of echocardiography and the European associa-
tion of cardiovascular imaging. Eur Heart Journal-Cardiovascular
Imaging 16(3):233-271

From AM, Scott CG, Chen HH (2010) The development of heart
failure in patients with diabetes mellitus and pre-clinical dia-
stolic dysfunction a population-based study. J Am Coll Cardiol
55:300-305

From AM, Scott CG, Chen HH (2009) Changes in diastolic
dysfunction in diabetes mellitus over time. Am J Cardiol
103:1463-1466

Zoungas S, Woodward M, Li Q, Cooper ME, Hamet P, Harrap S
et al (2014) Impact of age, age at diagnosis and duration of diabe-
tes on the risk of macrovascular and microvascular complications
and death in type 2 diabetes. Diabetologia 57:2465-2474

Noh M, Kwon H, Jung CH, Lee SW, Lee JY, Kim MJ et al (2019)
Impact of diabetes duration on heart failure in Korean patients
without clinical cardiovascular disease. Medicine 98:¢14742


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Acta Diabetologica

18.

19.

20.

21.

22.

23.

Yang HH, Li FR, Chen ZK, Zhou MG, Xie LF, Jin YY et al (2023)
Duration of diabetes, glycemic control, and risk of heart failure
among adults with diabetes: A cohort study. J Clin Endocrinol
Metab 108:1166-1172

Bahtiyar G, Gutterman D, Lebovitz H (2016) Heart failure: a
major cardiovascular complication of diabetes mellitus. Curr
Diab Rep 16:116

Lind M, Olsson M, Rosengren A, Svensson A M, Bounias I,
Gudbjornsdottir S (2012) The relationship between glycaemic
control and heart failure in 83,021 patients with type 2 diabetes.
Diabetologia 55:2946-2953

Iribarren C, Karter AJ, Go AS, Ferrara A, Liu JY, Sidney S et
al (2001) Glycemic control and heart failure among adults with
diabetes. Circulation 103:2668-2673

Lavine SJ, Prcevski P (2023) The effect of glycemic control on
left ventricular function in clinical and experimental diabetes.
CJC Open 5:728-738

Sartore G, Ragazzi E, Caprino R, Lapolla A (2023) Long-term
HbAlc variability and macro-/micro-vascular complications in
type 2 diabetes mellitus: a meta-analysis update. Acta Diabetol
60:721-738

Authors and Affiliations

Omer Dogan'

24.

25.

26.

27.

28.

29.

Boudina S, Abel ED (2007) Diabetic cardiomyopathy revisited.
Circulation 115:3213-3223

Paolillo S, Marsico F, Prastaro M, Renga F, Esposito L, De Mar-
tino F et al (2019) Diabetic cardiomyopathy: definition, diagno-
sis, and therapeutic implications. Heart Fail Clin 15:341-347
Kemp CD, Conte JV (2012) The pathophysiology of heart failure.
Cardiovasc Pathol 21:365-371

Marwick TH, Ritchie R, Shaw JE, Kaye D (2018) Implications of
underlying mechanisms for the recognition and management of
diabetic cardiomyopathy. ] Am Coll Cardiol 71:339-351

Reis JP, Allen NB, Bancks MP, Carr JJ, Lewis CE, Lima JA et al
(2018) Duration of diabetes and prediabetes during adulthood and
subclinical atherosclerosis and cardiac dysfunction in middle age:
the CARDIA study. Diabetes Care 41:731-738
Echouffo-Tcheugui JB, Zhang S, Florido R, Hamo C, Pankow JS,
Michos ED et al (2021) Duration of diabetes and incident heart
failure: the ARIC (Atherosclerosis risk in Communities) study.
JACC Heart Fail 9:594-603

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

- Hasan Ali Barman’ - Ebru Serin? - Abdullah Omer Ebeoglu’ - Adem Atici® - Ridvan Turkmen’ -

Ibrahim Temel' - Isilay Kok' - Omer Gok’ - Ipek Aydin' - Pelinsu Elif Ozkan' - Ali Nayir' - Melike Kaya' - Cem Kurt' -
Aylin Altun’ - Kursad Oz* - Isil Uzunhasan’ - Murat Kazim Ersanli’ - Rasim Enar' - Sait Mesut Dogan'

>4 Omer Dogan

omrdgn123@gmail.com

Hasan Ali Barman
drhasanali@hotmail.com

Ebru Serin
serin.ebru@hotmail.com

Abdullah Omer Ebeoglu
ebeoglu995@gmail.com

Adem Atici
adematicil 0@gmail.com

Ridvan Turkmen
turkmenridvan0@gmail.com

Ibrahim Temel
ibrhmtemel@gmail.com

Isilay Kok
isilaykk@gmail.com
Omer Gok
dr.omergok@gmail.com

Ipek Aydin
dripekaydin@hotmail.com
Pelinsu Elif Ozkan
hunkarpelinsu@gmail.com
Ali Nayir
ali.nayir@iuc.edu.tr

Melike Kaya
melikekaya52@hotmail.com

Cem Kurt
cem-kal@hotmail.com

Aylin Altun
aylinaltunmd@gmail.com

Kursad Oz
drkursadoz@gmail.com

Isil Uzunhasan
isil.uzunhasan@istanbul.edu.tr

Murat Kazim Ersanli
mersanli@gmail.com

Rasim Enar
dr.rasimenar@gmail.com

Sait Mesut Dogan

smdogan@yahoo.com

Department of Cardiology, Institute of Cardiology, Istanbul
University-Cerrahpasa, Istanbul, Turkey

Department of Cardiology Istanbul, Sisli Hamidiye Etfal
Education and Research Hospital, Istanbul, Turkey

Faculty of Medicine, Department of Cardiology, Goztepe
Training and Research Hospital, Istanbul Medeniyet
University, Istanbul, Turkey

Department of Cardiovascular Surgery, Institute of
Cardiology, Istanbul University-Cerrahpasa, Istanbul, Turkey

@ Springer


http://orcid.org/0000-0003-2279-6110

	﻿The impact of diabetes duration and glycemic control on ejection fraction in heart failure patients
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Definitions

	﻿Transthoracic echocardiography
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


