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Abstract: Introduction: The objective of our study was to evaluate the severity of diastolic dysfunction in patients
with heart failure with preserved ejection fraction (HFpEF), atrial fibrillation (AF) and type 2 diabetes mellitus (T2DM)
compared to those with HFpEF and AF without DM. Material and methods: This is an observational, prospective,
case-control study. We selected 720 patients with heart failure consecutively admitted between March 2019-December 2020, of whom 253 patients with AF. After applying the inclusion/exclusion criteria, 105 subjects remained
in the study. The patients were divided into two groups, according to the presence of T2DM: group A (39 patients
with T2DM, 37.14%), group B (66 patients without T2DM, 62.85%). 2D transthoracic echocardiography was performed in all patients. The study was approved by the Ethics Committee of the hospital. Statistical analysis was performed using R software, version 4.0.2. Results: Patients with HFpEF, AF, and T2DM had higher LV filling pressures
compared to those without DM (OR = 5.00, 95% CI: 1.77-15.19). Moreover, patients with insulin-requiring T2DM
(OR = 6.25, 95% CI: 1.50-25.98) had higher LV filling pressures than those treated with oral antidiabetic drugs (OR
= 4.44, 95% CI: 1.37-15.17). We demonstrated that patients with T2DM had higher E/e’ ratio (difference -2.78, P
0.0003, 95% CI: -4.24 to -1.31) and lower deceleration time (DT) (difference 23.04, P 0.0002, 95% CI: 11.10-34.97)
than those without T2DM. Conclusions: Patients with HFpEF, AF and T2DM have higher LV filling pressures than
those without T2DM, suggesting that the presence of T2DM leads to a more severe diastolic dysfunction.
Keywords: Heart failure with preserved ejection fraction, atrial fibrillation, diabetes mellitus, diastolic dysfunction,
left ventricular filling pressures

Introduction
Patients with type 2 diabetes mellitus (T2DM)
have an increased risk of cardiovascular complications, with a 4 to 5-fold higher risk to
develop heart failure (HF) [1-4]. T2DM is more
common in patients with heart failure with
preserved ejection fraction (HFpEF) than in
those with reduced ejection fraction (HFrEF)
[5-7]. Approximately 30-40% of patients with
HFpEF have T2DM [8, 9]. The association of
T2DM and HFpEF leads to a worse prognosis,
with a 70-80% higher risk of hospitalization
and mortality [10-16].
T2DM may lead to myocardial hypertrophy,
increased extracellular collagen deposits with
fibrosis, microangiopathy caused by accumula-

tion of mucopolysaccharides in the small vessels of the heart, disturbances of myocytes’
metabolism, and myocardial dysfunction [1723]. All these alterations are known as diabetic
cardiomyopathy.
In patients with HFpEF, T2DM leads to a systemic proinflammatory state and increased
oxidative stress in the endothelium of coronary microcirculation [24]. These pathological
changes are associated with a decreased
release of nitric oxide, reduced activity of protein kinase G in the cardiomyocytes, and myocardial stiffness [24].
T2DM, especially when associated with a poor
glycaemic control, is a risk factor for diastolic
dysfunction [25-28]. In patients with asymp-
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tomatic diastolic dysfunction, T2DM is a predictor of progression to chronic HF [29].
According to Poirier et al., patients with T2DM
initially develop diastolic dysfunction and in
more advanced stages systolic dysfunction
appears [30]. Approximately 75% of patients
with T2DM and diastolic dysfunction may be
asymptomatic [31].
HFpEF is more frequent in women with T2DM
and comorbidities, such as obesity, arterial
hypertension, atrial fibrillation (AF). At echocardiography, these patients have normal LVEF
and LV cavity dimensions, but a dilated left
atrium and increased stiffness of the LV walls,
causing elevated LV filling pressures [32, 33].
There are several pathophysiological mechanisms in T2DM that induce myocardial remodelling and dysfunction, such as hyperglycaemia, glucotoxicity, lipotoxicity, mitochondrial
dysfunction, autoimmunity, inflammation, activation of renin-angiotensin-aldosterone system, myocardial fibrosis, impaired myocardial
calcium metabolism, insulin resistance and
hyperinsulinaemia [17, 34, 35]. T2DM also determines increased oxidative stress because
of high levels of glycation products, free fatty
acids, leptin and glucose auto-oxidation [36].
The Candesartan in Heart Failure-Assessment
of MoRtality and Morbidity (CHARM) study
included 7,599 patients with symptomatic HF,
with or without T2DM, and concluded that the
risk of cardiovascular mortality and hospitalization for HF was 2-fold higher in patients with
LVEF >40% and T2DM than in those without
T2DM [13].
Patients with HFpEF frequently associate AF,
which is the most common sustained cardiac
arrhythmia in clinical practice, with significant
morbidity and mortality [37, 38]. Patients with
T2DM have a 34% higher risk of developing AF
compared to non-diabetic patients [39, 40].
Thus, HFpEF, AF and T2DM often coexist.
The ultrasound evaluation of diastolic function
in patients with AF is more difficult than in
those with sinus rhythm, and more advanced
ultrasound techniques, such as tissue Doppler,
are needed. The ratio between early passive
transmitral inflow velocity (E) and the mean
pulsed tissue Doppler velocity of the mitral
annulus-e’ (the media between septal e’ and
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lateral e’) represents an accurate method of
measuring LV filling pressures in patients with
sinus rhythm or AF [41]. Consequently, the E/e’
ratio can be a useful indicator of the severity of
diastolic dysfunction in patients with HFpEF,
with or without AF. The deceleration time (DT)
value of the E wave is another parameter that
may be used for assessing diastolic function in
patients with AF.
The objective of our study was to determine if
there is a link between the presence of T2DM,
treated with oral antidiabetics drugs (OAD) or
insulin, and the severity of diastolic dysfunction in patients with HFpEF and chronic AF. We
hypothesized that patients with HFpEF and
chronic AF who associate T2DM have a more
severe diastolic dysfunction and an increased
E/e’ ratio compared to those without T2DM.
The primary endpoint of this study was to
evaluate LV filling pressures in patients with
HFpEF, chronic AF, and T2DM compared to
those without T2DM. The secondary endpoint
was to determine if there are other factors that
may influence the LV filling pressures in the
study group.
Material and methods
Study population
This is an observational, prospective, casecontrol study. We recruited 702 consecutively
admitted patients with the diagnosis of chronic HF, hospitalized in the Internal Medicine
Clinic of the Clinical Emergency Hospital of
Bucharest, Romania, between March 2019
and December 2020. Of these patients, we
selected the patients with permanent AF,
respectively 253 patients.
The inclusion criteria in the study were age
more than 18 years old, diagnosis of HFpEF
and chronic AF, absence of regional LV motion
abnormalities, signed written informed consent to participate in the study.
The exclusion criteria were LVEF <50%, a suboptimal ultrasound view, recent myocardial
infarction or unstable angina (less than four
weeks before enrollment), other cardiac
rhythms than AF, type 1 DM, diet-controlled
T2DM, psychiatric disorders, corona virus disease 2019 (COVID-19). The study protocol is
shown in Figure 1.
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Figure 1. Selection of the patients included in the study. Note: HF-heart failure; AF-atrial fibrillation; LVEF-left ventricular ejection fraction; LV-left ventricular; MI-myocardial infarction; UA-unstable angina; T2DM-type 2 diabetes
mellitus; HFpEF-heart failure with preserved ejection fraction; OAD-oral antidiabetic drugs; IR-insulin-requiring.

After applying the inclusion and exclusion criteria, 105 patients with HFpEF and AF remained
in the study. This sample is representative for
the general population of patients with HFpEF
and AF.

tients were already diagnosed with T2DM before enrollment, but if T2DM was newly diagnosed, we reffered the patients to the diabetologist for investigations and confirmation of
diagnosis.

The diagnosis of HFpEF was based on the
presence of signs and symptoms of heart failure, LVEF ≥50%, elevated levels of natriuretic
peptides and at least one additional criterion
of relevant structural changes such as LV
hypertrophy and/or left atrial enlargement or
diastolic dysfunction [42].

The patients were divided in two subgroups,
according to the presence of T2DM: subgroup
A included 39 patients with T2DM (37.14%);
subgroup B included 66 patients without
T2DM (62.85%). From the 39 patients included in subgroup A, 26 were treated with OAD
and 13 were treated with insulin. Baseline demographics were obtained at inclusion in the
study.

The diagnosis of AF was made using a standard 12-lead electrocardiogram or automated
continuous monitoring of cardiac rhythm for
24-72 hours.
The diagnosis of T2DM was based on plasma
glucose level >126 mg/dL or haemoglobin A1c
≥6.5% and oral glucose tolerance test, if the
diagnosis was not clear [43]. Most of the pa-
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The study respected the ethical standards of
the Helsinki Declaration of 1975, as revised in
2008(5), as well as the national law. The study
was approved by the Ethics Committee of the
Clinical Emergency Hospital of Bucharest,
Romania (approval no 4714/24.05.2019). All
patients included in the study provided their
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Table 1. Baseline characteristics of patients with HFpEF and AF
No T2DM
(N = 66)
Age
Mean ± SD
Median (IQR)
Min-Max
Sex
M-number (%)
F-number (%)
Obesity
No-number (%)
Yes-number (%)
Mitral regurgitation
No-number (%)
Yes-number (%)
Mitral stenosis
No-number (%)
Yes-number (%)
Aortic regurgitation
No-number (%)
Yes-number (%)
Aortic stenosis
No-number (%)
Yes-number (%)
Hypertension
No-number (%)
Yes-number (%)
Coronary artery disease
No-number (%)
Yes-number (%)
Chronic kidney disease
No-number (%)
Yes-number (%)

T2DM
(N = 39)

All
(N = 105)

75.61 ± 12.70 73.85 ± 9.61 74.95 ± 11.63
78.50 (19.00) 73.00 (15.50) 77.00 (19.00)
47.00 to 94.00 64.00 to 93.00 47.00 to 94.00

50 U/L), glycaemia (75-110
mg/dL), troponin I (<5 ng/
mL), creatine kinase (55-170
U/L), creatine kinase-MB (1016 U/L), total cholesterol
(140-200 mg/dL), triglycerides (30-150 mg/dL).
Echocardiography

23/66 (34.84) 10/39 (25.64) 33/105 (31.42)
43/66 (65.16) 29/39 (74.36) 72/105 (68.58)
38/66 (57.57) 20/39 (51.28) 58/105 (55.23)
28/66 (42.43) 19/39 (48.72) 47/105 (44.77)
6/66 (9.09)
3/39 (7.69)
9/105 (8.57)
26/66 (39.39) 17/39 (43.58) 43/105 (40.95)
32/66 (48.48) 18/39 (46.15) 50/105 (47.61)
0/66 (0.00)
2/39 (5.12)
2/105 (1.9)
24/66 (36.36) 10/39 (25.64) 34/105 (32.38)
8/66 (12.12) 10/39 (25.64) 18/105 (17.14)
29/66 (43.93) 16/39 (41.02) 45/105 (42.85)
3/66 (4.54)
4/39 (10.25)
7/105 (6.66)
5/66 (7.57)
27/66 (40.9)

2/39 (5.12)
7/105 (6.66)
18/39 (46.15) 45/105 (42.85)

2D transthoracic echocardiography was performed in
all patients, using commercially available ultrasound
systems, Phillips CX50 or Vivid 9 machine. Conventional
measurements, such as LV
end-diastolic and end-systolic diameters and volumes,
left atrial diameter and volume, right atrium diameter
and area, right ventricle diameter, were obtained. LVEF
was calculated in the apical
4- and 2-views, using the
modified Simpson’s biplane
method. Valvular pathologies
were evaluated using color,
pulse and continuous Doppler.

For evaluating the diastolic
dysfunction, E/e’ ratio and
22/66 (33.33) 10/39 (25.64) 32/105 (30.47)
deceleration time of the E
10/66 (15.15) 10/39 (25.64) 20/105 (19.04)
wave (DT) were used. Pulse
Doppler was used to mea23/66 (34.84) 11/39 (28.2) 34/105 (32.38)
sure E wave velocity and DT,
9/66 (13.63) 9/39 (23.07) 18/105 (17.14)
and tissue Doppler to deterNote: T2DM-type 2 diabetes mellitus; SD-standard deviation; IQR-inter quartile
mine e’ velocity, in order to
range; Min-minimum; Max-maximum; M-males; F-females.
evaluate the E/e’ ratio, that
correlates well with intracarwritten informed consent to participate in this
diac pressure. Therefore, LV filling pressures
study.
increase proportionally with the increase of the
E/e’ ratio. E/e’ ratio >15 and and DT <130 milLaboratory tests
liseconds were considered abnormal [41, 44].
Blood tests were performed in all patients
enrolled in the study: complete cell blood count (leukocytes 4,000-9,000/µL; haemoglobin
12.6-17.2 g/dL; platelets 150.000-350.000/
µL), creatinine (0.7-1.4 mg/dL), blood ureea
nitrogen (19-43 mg/dL), serum sodium (137145 mmol/L), serum potassium (3.5-5 mmol/L),
aminotransferases (aspartate aminotransferase 14-50 U/L; alanine aminotransferase 10567

Statistical analysis
Statistical analysis was performed using R software, version 4.0.2. To evaluate the influence
of T2DM and other clinical and demographic
variables on the LV filling pressures, a simple
binomial univariate logistic regression was used to assess the independent predictors for
increased LV filling pressure. The dependent
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Table 2. Predictors of increased LV filling pressure in patients
with HFpEF and AF ± T2DM
No T2DM
T2DM OAD
T2DM IR
T2DM
No
Yes
Age
Sex
F
M
Obesity
No
Yes
Mitral regurgitation
No
Yes
Mitral stenosis
No
Yes
Aortic regurgitation
No
Yes
Aortic stenosis
No
Yes
Hypertension
No
Yes
Coronary artery disease
No
Yes
Chronic kidney disease
No
Yes

Coefficient (β) p-value
OR [95% CI]
REFERENCE
1.49
0.0134 4.44 [1.37 to 15.17]
1.83
0.0102 6.25 [1.50 to 25.98]

Results
REFERENCE
1.60
0.02

0.0032 5.00 [1.77 to 15.59]
0.2247 1.02 [0.98 to 1.07]

REFERENCE
0.008

0.9880 1.008 [0.32 to 2.85]

REFERENCE
0.38

0.4470

1.47 [0.54 to 4.05]

REFERENCE
-0.70

0.2810

0.49 [0.14 to 1.98]

REFERENCE
0.84

0.4990 2.33 [0.10 to 25.65]

REFERENCE
0.84

0.1040 2.32 [0.83 to 6.48]

REFERENCE

-

0.58 [0.18 to 1.71]

REFERENCE
-0.47

0.5122

0.62 [0.16 to 3.03]

REFERENCE
1.51

0.0043 4.53 [1.62 to 13.26]

REFERENCE
1.58

0.0032 4.86 [1.70 to 14.24]

Note: OR-odds ratio; CI-confidence interval; T2DM-diabetes mellitus; OAD-oral
antidiabetics; IR-insulin-requiring.

variable (“output”) was the presence or absence of increased LV filling pressure and the
independent variables (“input”) were the clinical and demographic individual factors of the
patients. Normally distributed data were expressed as mean ± standard deviation. Data
deviating from normal range were expressed
as median. The individual values of E/e’ ratio
and DT were also compared in patients with
T2DM versus non-diabetics. The Two Sample
Welch T test two-sided was used to determine
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the differences of E/e’ ratio and
DT between the two subgroups
of patients, respectively with or
without T2DM. A value of P<0.05
was considered to be statistically
significant.

The baseline characteristics of
the patients are shown in Table
1, including age, sex and comorbidities.
Evaluation of the predictors of
increased LV filling pressure
Patients with HFpEF, AF, and
T2DM had higher LV filling pressures compared to those without
T2DM (OR = 5.00, 95% CI: 1.7715.19). Moreover, in subgroup
A, patients with insulin-requiring
T2DM (OR = 6.25, 95% CI: 1.5025.98) had higher LV filling pressures than those treated with
OAD (OR = 4.44, 95% CI: 1.3715.17) (Table 2). The predictors
of increased LV filling pressure
are summarized in Figure 2.
The multiple logistic regression
with backward selection algorithm demonstrated that independent predictors for increased LV filling pressures are T2DM
under treatment with OAD compared to the absence of T2DM
(OR = 5.40, 95% CI: 1.53-20.57),
and insulin-requiring T2DM compared to the absence of T2DM
(OR = 7.56, 95% CI: 1.62-37.58)
(Table 3).

Other factors that lead to increased LV filling pressure were coronary artery disease (OR = 4.53, 95% CI: 1.6213.26) and chronic kidney disease (OR = 4.86,
95% CI: 1.70-14.24) (Table 2).
Evaluation of echocardiographic data in patients with T2DM
Comparing the E/e’ ratio and DT of E wave in
patients with T2DM versus non-diabetics, we
observed higher values for E/e’ (Table 4) and
respectively lower values for DT (Table 5) in
Am J Cardiovasc Dis 2021;11(5):564-575
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Figure 2. Predictors for increased LV filling pressure in patients with HFpEF and AF. Note: LV-left ventricular; HFpEFheart failure with preserved ejection fraction; AF-atrial fibrillation; DM-IR-insulin-requiring diabetes mellitus; CKDchronic kidney disease; CAD-coronary artery disease; OAD-oral antidiabetic drugs.

Table 3. Multiple logistic regression with backward
selection algorithm in patients with HFpEF and AF
No T2DM
T2DM OAD
T2DM IR

Coefficient (β)
REFERENCE
1.68
2.02

p-value
0.0097
0.0101

OR [95% CI]
5.40 [1.53 to 20.57]
7.56 [1.62 to 37.58]

Note: OR-odds ratio; CI-confidence interval; T2DM-type 2 diabetes
mellitus; OAD-oral antidiabetic drugs; IR-insulin-requiring.

Table 4. Comparison of E/e’ ratio values between
patients with HFpEF and AF ± T2DM
E/e’
Mean ± SD
Median (IQR)
Min to Max

No T2DM (n = 66)
10.35 ± 3.62
8.50 (7.00)
6.00 to 17.00

T2DM (n = 39)
13.13 ± 3.65
15.00 (7.50)
6.00 to 17.00

Note: E/e’ ratio-ration between early passive transmitral
inflow velocity (E) and the pulsed tissue Doppler velocity of
the mitral annulus (e’); T2DM-type 2 diabetes mellitus; SDstandard deviation; IQR-inter quartile range; Min-minimum;
Max-maximum.

Table 5. Comparison of DT values between patients with HFpEF and AF ± T2DM
DT
Mean ± SD
Median (IQR)
Min to Max

No T2DM (n = 66)
T2DM (n = 39)
200.35 ± 26.95
177.31 ± 31.13
203.00 (13.75)
196.00 (58.00)
132.00 to 251.00 130.00 to 220.00

Note: DT-deceleration time of E wave; T2DM-type 2 diabetes
mellitus; SD-standard deviation; IQR-inter quartile range; Minminimum; Max-maximum.

patients with T2DM compared to non-diabetics. Moreover, patients with still normal LV filling pressures and T2DM had elevated values
than non-diabetics.
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Using a Two Sample Welch T test twosided, statistically significant differences
were obtained between E/e’ ratio (difference -2.78, P 0.0003, 95% CI: -4.24 to
-1.31) and DT values (difference 23.04,
P 0.0002, 95% CI: 11.10 to 34.97) in
patients with HFpEF and AF ± T2DM.
Discussion
The primary and secondary endpoints of this
study were hypothesized on the basis of the
well-known relationship between HFpEF, AF
and T2DM. Taking into account that several
previous trials revealed that diabetic patients
with HFpEF have a more severe diastolic dysfunction [1, 13, 14, 45], our study focused on
patients with HFpEF and AF, with the purpose to
investigate the impact of T2DM on diastolic
function in these patients. Our results show
that patients with insulin-requiring T2DM have
even higher LV filling pressures than those
treated with OAD, suggesting that the severity
of diastolic dysfunction is related to the severity
of T2DM.
In patients with HFpEF and sinus rhythm, E/A
ratio was used to determine the stage of diastolic dysfunction, and additionally E/e’ ratio
was used for evaluating LV filling pressure. In
patients with AF, E/A ratio cannot be used and
the evaluation of diastolic dysfunction is more
challenging. In our study, E/e’ ratio was applied,
as an accurate indicator of LV filling pressure,
even in patients with AF, and correlates well
with LV filling pressure determined by invasive
methods [46].
Am J Cardiovasc Dis 2021;11(5):564-575
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The present study demonstrated that patients
with HFpEF and AF plus T2DM have a greater
E/e’ ratio than those without T2DM, correlating with higher LV filling pressures and a more
advanced diastolic dysfunction. DT of the E
wave, as another ultrasound indicator of higher LV filling pressures, was determined, and
proved to be lower in diabetic patients.

diastolic function [46]. These authors revealed
that diastolic dysfunction with an elevated E/e’
ratio in diabetic patients is related with HF
development: for every unit increase in E/e’
ratio, the risk of developing HF increased by
3%. Also, diastolic dysfunction was associated
with higher risk of AF development and mortality [46].

Also, we demonstrated that among patients
who have still normal LV filling pressures, those
with T2DM have higher E/e’ ratio than those
without T2DM. T2DM may be considered a risk
factor for diastolic dysfunction progression.

According to Kristensen et al., patients with
HFpEF and T2DM have a more advanced diastolic dysfunction, with higher LV filling and
E/e’ ratio, in addition to more pronounced
signs of congestion, higher NT-proBNP levels,
worse quality of life and prognosis [5]. This
study enrolled 4,128 patients with HFpEF, of
whom 27% had T2DM (1,134 patients) [5].
Among patients with HFpEF, those with T2DM
had a higher risk of hospitalization for HF and a
greater rate of overall and cardiovascular mortality compared to those without T2DM [5].

The impact of T2DM in patients with HF was
evaluated in several other studies. According to
a study by Aguilar et al., that included 987
patients with HF and LVEF >45%, of whom 285
(28.9%) with T2DM, diabetic patients have an
increased LV and arterial stiffness, and higher
rated of diastolic dysfunction with impaired
relaxation, with a very important role in the
pathophysiology of HFpEF [14]. Myocardial fibrosis, increased levels of extracellular collagen, neurohormonal and calcium disturbances
seem to be some of the pathophysiological
mechanisms leading to diastolic dysfunction in
diabetic patients [17-23].
The trial of MacDonald et al. included 7,599
patients with HF (HFrEF or HFpEF) and concluded that patients with HFpEF and T2DM have a
high risk of hospitalization for HF, even higher
than those with HFrEF [13]. The hypothesis proposed in this study was that T2DM may represent the primary cause of cardiac dysfunction
in some patients with HFpEF or, in those who
already had HFpEF before developing T2DM,
the pathophysiological processes may be more
deleterious for diastolic function than for systolic function [13]. Thus, as our results have
also revealed, T2DM has an important impact
on the evolution of HFpEF.
From et al. studied 1,760 patients with T2DM,
of whom 411 patients (23%) had preclinical diastolic dysfunction, defined as an E/e’ ratio >15,
without a previous diagnosis of HF [46]. The
diabetic patients with diastolic dysfunction
included in this study were more frequent females, older and with comorbidities, such as
arterial hypertension or coronary artery disease, had more frequently left atrium dilation
and increased LV mass than those with normal
570

The Phosphodiesterase-5 Inhibition to Improve
Clinical Status and Exercise Capacity in Diastolic Heart Failure (RELAX) study included 216
stable patients with HFpEF, of whom 93 with
T2DM [1]. Although patients included in this
study had similar systolic and diastolic function, no matter the T2DM status, patients with
T2DM had higher LV filling pressures compared
to non-diabetics [1].
The study realized by Van Heerebeek et al.
focused on the pathophysiological changes
that appear in the myocardium of diabetic
patients [47]. These authors analyzed the LV
endomyocardial biopsy samples of 28 patients
with HFpEF, of whom 16 with T2DM, and 36
with reduced LVEF, of whom 10 with T2DM, all
without coronary artery disease [47]. The study determined that patients with HFpEF and
T2DM have increased LV stiffness because of
higher cardiomyocyte resting tension compared to patients with HFpEF without T2DM
[47]. Furthermore, this study demonstrated that the increased cardiomyocyte resting tension
is caused by a deficit of phosphorylation of the
cytoskeletal or myofilamentary proteins, that
could be corrected by protein kinase A administration [47].
Fontes-Carvalho et al. enrolled 1,063 adults
aged over 45 years old, without prior myocardial infarction or myocardial revascularization,
significant valvular disease or type 1 DM, of
whom 23.7% with diastolic dysfunction [48].
Am J Cardiovasc Dis 2021;11(5):564-575
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Patients with metabolic syndrome or T2DM had
lower e’ velocity and higher E/e’ ratio compared
to those with normal glucose metabolism [48].
The prevalence of diastolic dysfunction was
progressively increasing, as follows: 16.3% in
patients without metabolic syndrome, 32.6% in
patients with metabolic syndrome, 36.6% in
patients with metabolic syndrome and T2DM
[48]. It was also noticed a trend for progressively lower e’ velocity and E/A ratio and higher
E/e’ ratio in patients with metabolic syndrome
and T2DM compared to those with metabolic
syndrome without diabetes, and to individuals
without metabolic syndrome [48].
The majority of the studies mentioned above
included patients with diastolic dysfunction,
with or without T2DM, and revealed that those
with T2DM have a more advanced diastolic
dysfunction, with higher LV filling pressures
than those without T2DM. Our study included
a special category of patients with HFpEF and
AF, excluding those with other cardiac rhythms,
and the results showed that the association of
T2DM in these patients leads to higher LV filling
pressures compared to patients without T2DM.
In our study, the secondary endpoint consisted
of the identification of other factors or comorbidities that may increase LV filling pressure.
The results revealed that coronary artery disease and chronic kidney disease are independent contributors to elevated LV filling pressures in the study population.
Coronary artery disease is present in about
40-55% of patients with HFpEF [49]. Myocardial ischemia may be the cause of HFpEF and
its optimal treatment may improve the outcome in patients with coronary artery disease
and HFpEF [49]. Patients with HFpEF may even
have detectable blood levels of cardiac troponin, thus, although they do not have an acute
coronary syndrome, they may have subclinical
cardiomyocytes injury and coronary microvascular dysfunction [50] that can be evaluated by
measuring the coronary flow reserve (CFR).
Taqueti et al. analyzed 201 patients without
prior history of coronary artery disease, who
were tested for suspected coronary artery disease by serum cardiac troponin level, transthoracic echocardiography and stress cardiac
positron emission tomography [50]. The study
demonstrated that in patients with symptoms
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of myocardial ischaemia, without obstructive
epicardial disease, reduced CFR is related with
diastolic dysfunction [50]. A CFR <2 and a E/e’
septal >15 were associated with a 5-fold higher
risk of hospitalization for HFpEF [50].
Patients with chronic kidney disease are at
high risk of cardiovascular death because of
coronary artery disease and HF, especially patients undergoing hemodialysis [51]. Diastolic
dysfunction is common in patients with chronic
kidney disease and is associated to an increased risk of mortality [52]. Moreover, diastolic
dysfunction appears prior to systolic dysfunction, both in patients with early stage kidney
disease and hemodialysis [53]. The study of
Franczyk-Skora et al. enrolled 118 patients
with chronic kidney disease and showed that
the severity of diastolic dysfunction varies proportionally with the severity of the renal disease [54].
An important finding of our study is that patients with HFpEF, AF and T2DM, even if they
may still have a normal LV filling pressure, have
a higher LV filling pressure compared to those
without T2DM. Moreover, our results show that patients with insulin-requiring T2DM have
greater LV filling pressure than those under
treatment with OAD, suggesting that the severity of T2DM correlates with the severity of the
diastolic dysfunction. Moreover, we identified
coronary artery disease and chronic kidney
disease as independent predictors of high LV
filling pressure.
The limitations of our study are the relatively
small number of patients included, and the
echocardiographical examination, that was
performed by several examiners, with possible
inter-individual differences in appreciating the
ultrasound data.
Future research may be focused on evaluating
the relationship between the duration of T2DM
and the severity of diastolic dysfunction in
patients with HFpEF and AF, and on determining if an earlier diagnosis of diastolic dysfunction in patients with T2DM may lead to a more
intensive treatment of T2DM, that may limit the
progression of diastolic dysfunction.
Conclusions
The current study demonstrated that patients
with HFpEF and AF plus T2DM have higher E/e’
Am J Cardiovasc Dis 2021;11(5):564-575
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ratio and lower DT, even if still in the normal
range, than those without T2DM. Consequently, we determined that patients with HFpEF, AF
plus T2DM have higher LV filling pressures and
a more severe diastolic dysfunction compared to patients with HFpEF, AF without T2DM.
Furthermore, our results show that patients
with insulin-requiring T2DM have even higher
LV filling pressures than those treated with
OAD, suggesting that the severity of diastolic
dysfunction in T2DM is related to worse control
of T2DM.
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Camelia Cristina
Diaconu, Department of Internal Medicine, University of Medicine and Pharmacy “Carol Davila”,
8 Calea Floreasca, Bucharest 014461, Romania.
Tel: +40 726 377 300; E-mail: drcameliadiaconu@
gmail.com

References
[1]

[2]
[3]
[4]

[5]

[6]

572

Lindman BR, Davila-Roman VG, Mann DL, McNulty S, Semigran MS, Lewis GD, Fuentes L,
Joseph SM, Vader J, Hernandez AF and Redfield MM. Cardiovascular phenotype in patients with heart failure and preserved ejection
fraction with or without diabetes: a RELAX trial
ancillary study. J Am Coll Cardiol 2014; 64:
541-549.
Kannel WB and McGee DL. Diabetes and cardiovascular disease. The framingham study.
JAMA 1979; 241: 2035-2039.
Kearney MT. Chronic heart failure and type 2
diabetes mellitus: the last battle? Diab Vasc
Dis Res 2015; 12: 226-7.
Teupe C and Rosak C. Diabetic cardiomyopathy
and diastolic heart failure - difficulties with relaxation. Diabetes Res Clin Pract 2012; 97:
185-194.
Kristensen SL, Mogensen UM, Jhund PS, Petrie MC, Preiss D, Win S, Kober L, McKelvie RS,
Zile MR, Anand IS, Komajda M, Gottdiener JS,
Carson PE and McMurray JJ. Clinical and echocardiographic characteristics 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 2017; 135: 724735.
Oktay AA, Akturk HK, Paul TK, O’Keefe
JH, Ventura HO, Koch CA, Lavie CJ, Feingold
KR, Anawalt B, Boyce A, Chrousos G, Herder

WW, Dungan K, Grossman A, Hershmann
JM, Hofland J, Kaltsas G, Koch C, Kopp P,
Korbonits M, McLachlen R, Morley JE, New
M, Purnell J, Singer F, Stratakis CA, Trence
DL and Wilson DP. Diabetes, cardiomyopathy,
and heart failure. 2020. https://www.ncbi.
nlm.nih.gov/books/NBK560257/ (accesed on
14.03.2021).
[7] Yap J, Tay WT, Teng TK, Anand I, Richards AM,
Ling LH, MacDonald MR, Chandramouli C,
Tromp J, Siswanto BB; ASIAN-HF (Asian Sudden Cardiac Death in Heart Failure) Registry
Investigators, Zile M, McMurray J and Lam
CSP. Association of diabetes mellitus on cardiac remodeling, quality of life, and clinical outcomes in heart failure with reduced and preserved ejection fraction. J Am Heart Assoc
2019; 8: e013114.
[8] Redfield MM, Chen HH, Borlaug BA, Semigran
MJ, Lee KL, Lewis G, LeWinter MM, Rouleau JL,
Bull DA, Mann DL, Deswal A, Stevenson LW,
Givertz MM, Ofili EO, O’Connor CM, Felker GM,
Goldsmith SR, Bart BA, McNulty SE, Ibarra JC,
Lin G, Oh JK, Patel MR, Kim RJ, Tracy RP,
Velazquez EJ, Anstrom KJ, Hernandez AF, Mascette AM and Braunwald E; RELAX Trial. Effect
of phosphodiesteterase-5 inhibition on exercise capacity and clinical status in heart failure
with preserved ejection fraction: a randomized
clinical trial. JAMA 2013; 309: 1268-1277.
[9] Campbell RT, Jhund PS, Castagno D, Hawkins
NM, Petrie MC and McMurray JJ. What have we
learned about patients with heart failure and
preserved ejection fraction from DIG-PEF,
CHARM-preserved, and I-PRESERVE? J Am Coll
Cardiol 2012; 60: 2349-56.
[10] Klapholz M, Maurer M, Lowe AM, Messineo F,
Meisner JS, Mitchell J, Kalman J, Phillips RA,
Steingart R, Brown EJ, Berkowitz R, Moskowitz
R, Soni A, Mancini S, Bijou R, Sehhat K, Varshneya N, Kukin M, Katz SD, Sleeper LA and Le
Jemtel TH. Hospitalization for heart failure in
the presence of a normal left ventricular ejection fraction: results of the New York heart failure registry. J Am Coll Cardiol 2004; 43: 14321438.
[11] Nieminen MS, Brutsaert D, Dickstein K, Drexler H, Follath F, Harjola VP, Hochadel M, Komajda M, Lassus J, Lopez-Sendon JL, Ponikowski
P and Tavazzi L; EuroHeart Survey Investigators; Heart Failure Association, European Society of Cardiology. EuroHeart Failure Survey II
(EHFS II): a survey on hospitalized acute heart
failure patients: description of population. Eur
Heart J 2006; 27: 2725-2736.
[12] Owan TE, Hodge DO, Herges RM, Jacobsen SJ,
Roger VL and Redfield MM. Trends in prevalence and outcome of heart failure with pre-

Am J Cardiovasc Dis 2021;11(5):564-575

Heart failure with preserved ejection fraction and atrial fibrillation

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

573

served ejection fraction. N Engl J Med 2006;
355: 251-9.
MacDonald MR, Petrie MC, Varyani F, Ostergren J, Michelson EL, Young JB, Solomon SD,
Granger CB, Swedberg K, Yusuf S, Pfeffer MA
and McMurray JJ; CHARM Investigators. Impact of diabetes on outcomes in patients with
low and preserved ejection fraction heart failure: an analysis of the candesartan in heart
failure: assessment of reduction in mortality
and morbidity (CHARM) programme. Eur Heart
J 2008; 29: 1377-85.
Aguilar D, Deswal A, Ramasubbu K, Mann DL
and Bozkurt B. Comparison of patients with
heart failure and preserved left ventricular
ejection fraction among those with versus
without diabetes mellitus. Am J Cardiol 2010;
105: 373-7.
Stoyanova D, Stratmann B, Schwandt A, Heise
N, Mühldorfer S, Ziegelasch HJ, Zimmermann
A, Tschoepe D and Holl RW; DPV Initiative.
Heart failure among people with type 2 diabetes mellitus: real-world data of 289,954 people from a diabetes database. Diabet Med
2020; 37: 1291-1298.
Meagher P, Adam M, Civitarese R, BugyeiTwum A and Connelly KA. Heart failure with
preserved ejection fraction in diabetes: mechanisms and management. Can J Cardiol 2018;
34: 632-643.
Seferovic PM and Paulus WJ. Clinical diabetic
cardiomyopathy: a two-faced disease with restrictive and dilated phenotypes. Eur Heart J
2015; 36: 1718-1727.
Galderisi M. Diastolic dysfunction and diabetic
cardiomyopathy: evaluation by Doppler echocardiography. J Am Coll Cardiol 2006; 48:
1548-51.
Bella JN, Devereux RB, Roman MJ, Palmieri V,
Liu JE, Paranicas M, Welty TK, Lee ET, Fabsitz
RR and Howard BV. Separate and joint effects
of systemic hypertension and diabetes mellitus on left ventricular structure and function in
American Indians (the strong heart study). Am
J Cardiol 2001; 87: 1260-5.
Liu JE, Palmieri V, Roman MJ, Bella JN, Fabsitz
R, Howard BV, Welty TK, Lee ET and Devereux
RB. The impact of diabetes on left ventricular
filling pattern in normotensive and hypertensive adults: the strong heart study. J Am Coll
Cardiol 2001; 37: 1943-9.
Rutter MK, Parise H, Benjamin EJ, Levy D, Larson MG, Meigs JB, Nesto RW, Wilson PW and
Vasan RS. Impact of glucose intolerance and
insulin resistance on cardiac structure and
function: sex-related differences in the Framingham Heart Study. Circulation 2003; 107:
448-54.

[22] Boudina S and Abel ED. Diabetic cardiomyopathy revisited. Circulation 2007; 115: 3213-23.
[23] Tziakas DN, Chalikias GK and Kaski JC. Epidemiology of the diabetic heart. Coron Artery Dis
2005; 16 Suppl 1: S3-S10.
[24] Paulus WJ and Tschope C. A novel paradigm
for heart failure with preserved ejection fraction: comorbidities drive myocardial dysfunction and remodeling through coronary microvascular endothelial inflammation. J Am Coll
Cardiol 2012; 62: 263-271.
[25] Kishi S, Gidding SS, Reis JP, Colangelo LA, Venkatesh BA, Armstrong AC, Isogawa A, Lewis CE,
Wu C, Jacobs DR, Liu K and Lima JA. Association of insulin resistance and glycemic metabolic abnormalities with LV structure and function in middle age: the CARDIA study. JACC
Cardiovasc Imaging 2017; 10: 105-114.
[26] From AM, Scott CG and Chen HH. The development of heart failure in patients with diabetes
mellitus and pre-clinical diastolic dysfunction a
population-based study. J Am Coll Cardiol
2010; 55: 300-5.
[27] Galderisi M. Diastolic dysfunction and diabetic
cardiomyopathy. Evaluation by Doppler echocardiography. J Am Coll Cardiol 2006; 48:
1548-1551.
[28] Marwick TH, Ritchie R, Shaw JE and Kaye D.
Implications of underlying mechanisms for the
recognition and management of diabetic cardiomyopathy. J Am Coll Cardiol 2018; 71: 339351.
[29] Zhang L, Liebelt JJ, Madan N, Shan J and Taub
CC. Comparison of predictors of heart failure
with preserved versus reduced ejection fraction in a multiracial cohort of preclinical left
ventricular diastolic dysfunction. Am J Cardiol
2017; 119: 1815-1820.
[30] Poirier P, Bogaty P, Garneau C, Marois L and
Dumesnil JG. Diastolic dysfunction in normotensive men with well-controlled type 2 diabetes: importance of maneuvers in echocardiographic screening for preclinical diabetic
cardiomyopathy. Diabetes Care 2001; 24:
5-10.
[31] Boyer JK, Thanigaraj S, Schechtman KB and
Perez JE. Prevalence of ventricular diastolic
dysfunction in asymptomatic, normotensive
patients with diabetes mellitus. Am J Cardiol
2004; 93: 870-875.
[32] Fang ZY, Prins JB and Marwick TH. Diabetic
cardiomyopathy: evidence, mechanisms, and
therapeutic implications. Endocr Rev 2004;
25: 543-567.
[33] Maisch B, Alter P and Pankuweit S. Diabetic
cardiomyopathy - fact or fiction? Herz 2011;
36: 102-115.
[34] Jia G, Hill MA and Sowers JR. Diabetic cardiomyopathy: an update of mechanisms contrib-

Am J Cardiovasc Dis 2021;11(5):564-575

Heart failure with preserved ejection fraction and atrial fibrillation

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

574

uting to this clinical entity. Circ Res 2018; 122:
624-638.
Oktay AA, Akturk HK, Esenboğa K, Javed F, Polin NM and Jahangir E. Pathophysiology and
prevention of heart disease in diabetes mellitus. Curr Probl Cardiol 2018; 43: 68-110.
Lam CS. Diabetic cardiomyopathy: an expression of stage B heart failure with preserved
ejection fraction. Diab Vasc Dis Res 2015; 12:
234-238.
Chugh SS, Havmoeller R, Narayanan K, Singh
D, Rienstra M, Benjamin EJ, Gillum RF, Kim
YH, McAnulty JH, Zheng ZJ, Forouzanfar MH,
Naghavi M, Mensah GA, Ezzati M and Murray
CJ. Worldwide epidemiology of atrial fibrillation: a global burden of disease 2010 study.
Circulation 2014; 129: 837-847.
Westerman S and Wenger N. Gender differences in atrial fibrillation: a review of epidemiology, management, and outcomes. Curr Cardiol Rev 2019; 15: 136-144.
Stratmann B and Tschoepe D. Heart in diabetes: not only a macrovascular disease. Diabetes Care 2011; 34: S138-S144.
Low Wang CC, Hess CN, Hiatt WR and Goldfine
AB. Clinical update: cardiovascular disease in
diabetes mellitus: atherosclerotic cardiovascular disease and heart failure in type 2 diabetes
mellitus - mechanisms, management, and
clinical considerations. Circulation 2016; 133:
2459-2502.
Ommen SR, Nishimura RA, Appleton CP, Miller
FA, Oh JK, Redfield MM and Tajik AJ. Clinical
utility of Doppler echocardiography and tissue
Doppler imaging in the estimation of left ventricular filling pressures: a comparative simultaneous Doppler-catheterization study. Circulation 2000; 102: 1788-94.
Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid
CM, Adamopoulos S, Albert N, Anker SD, Atherton J, Böhm M, Butler J, Drazner MH, Michael
Felker G, Filippatos G, Fiuzat M, Fonarow GC,
Gomez-Mesa JE, Heidenreich P, Imamura T,
Jankowska EA, Januzzi J, Khazanie P, Kinugawa K, Lam CSP, Matsue Y, Metra M, Ohtani T,
Francesco Piepoli M, Ponikowski P, Rosano
GMC, Sakata Y, Seferović P, Starling RC, Teerlink JR, Vardeny O, Yamamoto K, Yancy C,
Zhang J and Zieroth S. Universal definition and
classification of heart failure: a report of the
Heart Failure Society of America, Heart Failure
Association of the European Society of Cardiology, Japanese Heart Failure Society and Writing Committee of the Universal Definition of
Heart Failure: endorsed by the Canadian Heart
Failure Society, Heart Failure Association of India, Cardiac Society of Australia and New Zealand, and Chinese Heart Failure Association.
Eur J Heart Fail 2021; 23: 352-380.

[43] Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, Federici M, Filippatos G,
Grobbee DE, Hansen TB, Huikuri HV, Johansson I, Juni P, Lettino M, Marx N, Mellbin LG,
Ostgren CJ, Rocca B, Roffi M, Sattar N, Seferovic PM, Sousa-Uva M, Valensi P and Wheeler DC. 2019 ESC guidelines on diabetes,
pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD. Eur
Heart J 2020; 41: 255-323.
[44] Ginghina C, Popescu BA and Jurcut R. Essential in echocardiography. In: Ginghina C, editor.
Bucharest: Antaeus Medical; 2013. pp. 47-74.
[45] Arques S. Clinical relevance of the spectral tissue Doppler E/e’ ratio in the management of
patients with atrial fibrillation: a comprehensive review of the literature. J Atr Fibrillation
2018; 11: 2038.
[46] From AM, Scott CG and Chen HH. The development of heart failure in patients with diabetes
mellitus and preclinical diastolic dysfunction: a
population based study. J Am Coll Cardiol
2010; 55: 300-5.
[47] van Heerebeek L, Hamdani N, Handoko ML,
Falcao-Pires I, Musters RJ, Kupreishvili K, Ijsselmuiden AJ, Schalkwijk CG, Bronzwaer JG,
Diamant M, Borbély A, van der Velden J,
Stienen GJ, Laarman GJ, Niessen HW and Paulus WJ. Diastolic stiffness of the failing diabetic
heart. Importance of fibrosis, advanced glycation end products, and myocyte resting tension. Circulation 2008; 117: 43-51.
[48] Fontes-Carvalho R, Ladeiras-Lopes R, Bettencourt P, Leite-Moreira A and Azevedo A. Diastolic dysfunction in the diabetic continuum:
association with insulin resistance, metabolic
syndrome and type 2 diabetes. Cardiovasc Diabetol 2015; 14: 4.
[49] Vanhecke TE, Kim R, Raheem SZ and McCullough PA. Myocardial ischemia in patients
with diastolic dysfunction and heart failure.
Curr Cardiol Rep 2010; 12: 216-222.
[50] Taqueti VR, Solomon SD, Shah AM, Desai AS,
Groarke JD, Osborne MT, Hainer J, Bibbo CF,
Dorbala S, Blankstein R and Di Carlo MF. Coronary microvascular dysfunction and future risk
of heart failure with preserved ejection fraction. Eur Heart J 2018; 10: 840-849.
[51] Go AS, Chertow GM, Fan D, McCulloch CE and
Hsu CY. Chronic kidney disease and the risk of
death, cardiovascular events, and hospitalization. N Engl J Med 2004; 351: 1296-1305.
[52] Kim MK, Kim B, Lee JY, Kim JS, Han BG, Choi
SO and Yang JW. Tissue Doppler-derived E/e’
ratio as a parameter for assessing diastolic
heart failure and as a predictor of mortality in
patients with chronic kidney disease. Korean J
Intern Med 2013; 28: 35-44.

Am J Cardiovasc Dis 2021;11(5):564-575

Heart failure with preserved ejection fraction and atrial fibrillation
[53] Otsuka T, Suzuki M, Yoshikawa H and Sugi K.
Left ventricular diastolic dysfunction in the
early stage of chronic kidney disease. J Cardiol
2009; 54: 199-204.

575

[54] Franczyk-Skora B, Gluba A, Olszewski R, Banach M and Rysz J. Heart function disturbances
in chronic kidney disease - echocardiographic
indices. Arch Med Sci 2014; 10: 1109-1116.

Am J Cardiovasc Dis 2021;11(5):564-575

