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Objective: To explore the correlation between characteristics of myocardial energy
expenditure (MEE) and the degree of diastolic dysfunction in patients of heart failure
with preserved ejection fraction (HFpEF) and its clinical significance.

Methods: 125 consecutive patients diagnosed with HFpEF in the Department of
Cardiology, Affiliated Zhongshan Hospital of Dalian University from January 2018 to
October 2018 were enrolled. According to the degree of diastolic dysfunction, patients
were divided into group A (8 ≤ E/e’ ≤15) and group B (E/e’> 15), and MEE was calculated,
patients finished 1-year clinical follow-up.

Results: The level of MEE in group A was significantly lower than that in group B (p < 0.05).
During 1-year follow up, MEE over 3145.69 kcal/systole was associated with increased
risk of death as compared to patients with MEE less 3145.69 kcal/systole, and in patients
with MEE over 101.68 kcal/min than in patients with MEE less than 101.68 kcal/min.

Conclusion: There is a significant correlation between MEE and diastolic dysfunction and
MEE over 3145.69 kcal/systole as well as MEE over 101.68 kcal/min are linked with
increased risk of 1-year mortality in HFpEF.
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INTRODUCTION

Heart failure (HF) is a severe manifestation of various heart diseases, associated with high rate of
mortality and re-hospitalization. The worldwide prevalence of HF is 1.0–2.0%, ≥10% among
people with age over 70ys is (Kuschyk et al., 2018). Heart failure with preserved ejection fraction
(HFpEF) has focus on increasing attention worldwide, which accounts for around half of
hospitalized patients with HF and the clinical features may be distinct from those with Heart
failure with reduced ejection fraction (HFrEF). Further efforts are needed to better characterize
HFpEF patients. Increased myocardial stiffness induced diastolic function-related abnormalities is
generally considered to be the principal pathophysiological mechanism of HFpEF, in addition,
following factors are found to contribute to the pathogenesis of HFpEF: left atrial enlargement and
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pulmonary hypertension, plasma volume expansion, systemic
microvascular inflammation, cardiometabolic functional
abnormalities, and cellular (titin)/extracellular (fibrosis)
structural abnormalities (Lam et al., 2018). Recent studies
have implied that myocardial energy expenditure (MEE)
abnormality might also be an important determinant of HF,
which serves not only a cause but also an aggravated factor of HF
(McKirnan et al., 2019). Several clinical studies defined the role
of MEE in HFrEF patients and its clinical significance (Mann,
2017; Mehmet et al., 2017; Bhatt and Butler, 2018), but the
present study aimed to explore the myocardial energy
consumption in patients with HFpEF. Cardiac magnetic
resonance wave method, metabolomics and noninvasive
echocardiography could be used to define MEE.
Echocardiography could reveal subclinical HF and predict
risk of subsequent events and tension time index (TTI) has
been recognized as the most accurate and direct myocardial
oxygen consumption index via non-invasive echocardiogram,
that is MEE (Sarnoff et al., 1958; Shimizu et al., 1991). As a
widely applicable measure, echocardiography is used to evaluate
myocardial mechanics. Echocardiography-based data and
calculation of MEE are both available and feasible. The
present study aimed to investigate the correlation between
MEE and the diastolic dysfunction and its clinical
significance in HFpEF patients.

Study Population
Patients who were admitted to the Department of Cardiology of
Affiliated Zhongshan Hospital of Dalian University and
diagnosed as HFpEF from January 2018 to October 2018 were
selected to participate in the study. The study protocol was
approved and carried out in accordance with
recommendations of the ethic committee of Affiliated
Zhongshan Hospital of Dalian University. The total of 125 of
enrolled participates have signed the informed consents in
accordance with the Declaration of Helsinki (World Medical
Association, 2013). They were divided into group A (8 ≤ E/e’≤15,
n = 69, aged 70.90 ± 10.97 years, 46.4% males) and group B (E/e’
>15, n = 56, aged 71.98 ± 10.39 years, 50% males).

The peak blood flow (E) at the early stage of mitral valve
diastole was measured according to the color Doppler
echocardiogram. Left ventricular ejection fraction (LVEF) was
measured at 1 year follow-up. The primary endpoint is the all-
cause mortality at the 1-year follow-up.

Inclusion Criteria
HFpEF was defined according to 2016 ESC Guidelines for the
diagnosis and treatment of acute and chronic HF
(Ponikowski et al., 2016): 1) HF symptoms and/or signs;
2) LVEF≥50%; 3) Elevated levels of natriuretic peptides
and at least one additional criterion: a. Left ventricular
hypertrophy and left atrial enlargement b. abnormal
diastolic function. We defined the diastolic dysfunction as
follows: Patients met one of the following echocardiographic
criteria were defined as diastolic dysfunction: LAVI >34 ml/
m2, septal E/e’ ratio>15, and TRVmax>2.8 m/s (McMurray
et al., 2012; Nagueh et al., 2016).

Exclusion Criteria
1) Unable to express medical history and co-examination due to
unconsciousness, mental retardation or vague speech; 2)
Combined with malignant hypertension, acute myocardial
infarction, aortic dissection, severe arrhythmia (ventricular
tachycardia, atrial fibrillation, atrial flutter, severe
tachyarrhythmia or bradycardia) or pacemaker implant; 3)
Various congenital heart diseases; 4) Heart valve disease,
pericardial disease, hypertrophic cardiomyopathy; 5) Take
medicine that improves myocardial energy metabolism in the
past 3 months (trimetazidine, coenzymeQ10); 6) Those who have
serious diseases of other systems, such as malignant tumors, liver
cirrhosis, renal failure, and bleeding diseases.

Research Method
Patient’s morning height (H): The patient stood upright on the
floor of the height meter on bare foot, with the heel, metatarsal
bone, and the midpoint of shoulder blades abutting on the height
meter post. The level plate of the altimeter was moved to the top
of the patient’s head. The recorder’s line of sight was flushed with
the lowest point of the upper edge of the patient’s tragus and the
lower edge of the orbit. Measurement was recorded the value in
meters.

Morning weight (W): The patient took off clothes and socks,
stood on the weight scale, and the value was recorded in
kilograms.

Laboratory parameters, including blood lipid, fast blood
glucose, glycated hemoglobin and N-terminal pro-brain
natriuretic peptide (NT-proBNP) were obtained in all
participants. Tandem mass spectrometry was used to detect
valine, leucine, and free carnitine with peripheral blood
collected by dried blood spot method. Blood pressure, heart
rate, electrocardiogram and 6-min walking test (6MWT) were
measured after hospital admission.

All the echocardiographic parameters including left
ventricular ejection fraction (LVEF), peak blood flow (E) in
early mitral valve diastole, early mitral annulus velocity (e’),
stroke volume (SV), tricuspid regurgitation velocity (TR
velocity), ventricular septal thickness (IVSD), left
ventricular posterior wall systolic thickness (PWTs) and
diastolic thickness (PWTd), left ventricular end-systolic
diameter (LVIDs), end-diastolic diameter (LVIDd) were
measured with PHILIPS EPIQ7 ultrasound system, E/e’ as
well as left ventricular short axis shortening rate (FS%) was
calculated. Aortic valve ejection time (ET) was measured by
Doppler blood flow spectrum in three continuous cardiac
cycles, and the average value was obtained. The mean
arterial pressure (MAP), cardiac output (CO), cardiac index
(CI), left atrial volume index (LAVI), left ventricular mass
index (LVMI), left ventricular end-systolic peripheral wall
stress (cESS) were calculated, and MEE was calculated by
related formula (Devereux et al., 1986; Palmieri et al., 2003;
Dokainish et al., 2004; Paulus et al., 2007; Palmieri et al., 2008;
Galderisi, 2011). A skilled and experienced echocardiography
doctor was appointed to perform the examination on the
whole participants in this study to ensure the quality of the
examination.

Frontiers in Physiology | www.frontiersin.org April 2022 | Volume 13 | Article 6558272

Wang et al. Myocardial Energy Expenditure with HFpEF

https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


BSA � 0.006 × H + 0.0128 × W − 0.153

LVMI� 0.8×1.04 × [(LVIDd + IVSD+PWTd)3−LVIDd3]+0.6
BSA

cESS �
SBP × (LVIDS/2)2 × {1 + (LVIDs/2 +PWTs)2

(LVIDs/2+PWTs/2)2}
(LVIDs/2 + PWTs)2−(LVIDs/2)2

MEE (kcal/min) = MEE (kcal/systole) × HR = cESS × LVET ×
LVSV × HR × 4.2 × 10–4

Statistical Analysis
The continuous variables were reported as the mean ± standard
deviation (SD) and the categorical variables were expressed as the
number of patients and percentages. Kolmogorov-Smirnov tests
were used to assess the normality of the data distribution. The
comparisons between groups were performed with t test (for
continuous variables), Mann-WhitneyU test (for non-parametric
variables). Spearman’s correlation analysis. Receiver operating
characteristics (ROC) curve analysis was carried out to investigate
the efficacy of MEE and Metabolomics in predicting end point
and the best cut-off values were determined on the basis of
Youden index. Based on these cut-off values, patients were
divided into two groups for each parameter. Kaplan–Meier

curve analysis was used for event-free survival analysis in
between these groups. Statistical significance was defined as
p < 0.05. Data was analyzed with SPSS 25.0 software.

RESULTS

The clinical data of the whole participates was shown in Table 1.
It was shown as both group A (8 ≤ E/e’≤15) and group B (E/e’
>15), The two groups were matched with demographic, clinical
and data of laboratory examination (p > 0.05).

The data of echocardiography parameters and MEE was
presented in Table 2. The MEE per systole (3944.74 ± 2119.06
vs. 4611.67 ± 1875.28 kcal, p = 0.013) and MEE per minute
(123.01 ± 65.47 vs. 144.83 ± 70.80 kcal, p = 0.040) were lower in
group A than in group B; MEE was positively correlated with NT-
proBNP (r = 0.202, p = 0.027) and negatively correlated with the
6-min walking distance (r = −0.305, p = 0.001) (Table 3).
However, there was no difference in sex and age between the
two groups (p > 0.05). MEE per minute in overweight (BMI≥24)
group was higher than the other group (142.01 ± 76.37 vs.59.99 ±
6.95/116.00 ± 41.37 kcal, p < 0.05), MEE per minute was lower in
mild degree HF group (6MWT>450) than in moderate degree HF
group (150<6MWT≤450) (106.61 ± 46.33 vs.149.03 ± 72.51 kcal,
p < 0.05) (Table 4); During 1 year follow-up, LVEF was higher in
group A than in group B (64.77% ± 4.74 vs. 62.04% ± 6.39, p =
0.033). Additionally, LVEF were lower than baseline in both two
groups (64.97% ± 4.57 vs. 64.77% ± 4.74, p < 0.05) and (64.88% ±
4.59 vs. 62.04% ± 6.39, p < 0.05) (Table 2; Figure 1); In ROC
analysis, MEE (kcal/systole) cut-off value of 3145.69 had 84%
sensitivity and 42% specificity for prediction of composite end-
point (AUC = 0.63, p = 0.013) (Table 5; Figure 2). All the subjects
were divided into group 1 and 2 again based on the MEE cut off
value 3145.69 (Group 1: 38 patients, MEE <3145.69 kcal/systole;
Group 2: 87 patients, MEE >3145.69 kcal/systole). Kaplan-Meier
analysis according to the long-term event-free survival revealed
that occurrence of events was lower in Group 1 compared to
Group 2 (p = 0.019) (Figure 3); MEE (kcal/min) cut-off value of
101.68 has 75% sensitivity and 45% specificity for prediction of
composite end-point (AUC = 0.61, p = 0.040) (Table 5; Figure 2).
The study population was divided into Group 1’ and Group 2’
based on the MEE cut off value 101.68 (Group 1’: 45 patients,
MEE <101.68 kcal/min; Group 2’: 80 patients, MEE >101.68 kcal/
min). Kaplan-Meier analysis according to the long-term event-
free survival revealed the lower occurrence of events in Group 1’
compared with Group 2’ (p = 0.008) (Figure 4).

DISCUSSION

Data released in 2012 shows that the prevalence of HF in
developed countries will increase by 46% by 2030, and the
incidence of HF will double for every 10-year increased in age
(Roger et al., 2012). Several previous studies have shown that the
HFpEF patients account for half or more of the total HF patients,
and their mortality are no less than those with HFrEF (Campbell
et al., 2012). Cardiomyocyte necrosis and fibrosis might also

TABLE 1 | The baseline characteristics and laboratory parameters of study
population.

Variables A B p

Age(y) 70.90 ± 10.97 71.98 ± 10.39 0.570
Male gender, n (%) 32（46%） 28（50%） 0.687
Hypertension, n (%) 25（36%） 35（63%） 0.820
Diabetes mellitus, n (%) 14（20%） 11（20%） 0.441
Coronary heart disease, n (%) 9（13%） 15（27%） 0.290
BMI (kg/m2) 25.60 ± 4.23 25.74 ± 3.69 0.945
BSA (m2) 1.73 ± 0.19 1.74 ± 0.19 0.941
MAP (mmHg) 95.27 ± 9.84 99.01 ± 12.41 0.197
HR (time/min) 75.77 ± 15.06 74.07 ± 14.30 0.471
6MWT(M) 426.09 ± 163.68 373.66 ± 137.34 0.054
TG (mmol/L) 1.53 ± 1.28 1.59 ± 1.13 0.650
CHO (mmol/L) 4.70 ± 1.80 4.40 ± 1.36 0.276
HDL-C (mmol/l) 1.27 ± 0.52 1.15 ± 0.35 0.144
LDL-C (mmol/l) 2.61 ± 1.02 2.51 ± 0.94 0.439
FBG (mmol/L) 6.78 ± 3.01 6.73 ± 3.04 0.984
GHb(%) 6.70 ± 1.91 6.60 ± 1.46 0.901
NT-proBNP(pg/ml) 889.92 ± 651.19 903.21 ± 668.61 0.197
Antiplatelet, n (%) 27（39%） 22（39%） 0.800
β-blockers, n (%) 24（35%） 18（32%） 0.702
Statins, n (%) 41（59%） 36（64%） 0.256
CCB, n (%) 28 (41%) 20 (36%) 0.301
ACEI/ARB, n (%) 32 (46%) 36 (61%) 0.069
Valine (umol/l) 128.09 ± 29.23 125.59 ± 31.56 0.492
Leucine (umol/l) 105.76 ± 33.78 103.45 ± 31.51 0.768
Free carnitine (umol/l) 41.00 ± 35.74 37.48 ± 31.03 0.335

Data were shown as Mean ± Standard Deviation, Group A: 8 ≤ E/e’≤15 (n = 69), Group
B: E/e’>15 (n = 56), Statistical significance was defined as p < 0.05, BMI, body mass
index; BSA, body surface area; MAP, mean arterial pressure; HR, heart rate; 6MWT,
6 min walk test; TG, triglyceride; CHO, cholesterol; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; FBG, fast blood glucose; NT-
proBNP, N-terminal pro-brain natriuretic peptide; CCB, calcium channel blocker; ACEI,
angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker.
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contribute to insufficient energy supply and utilization disorder,
which could be another important pathomechanism of HF. The
disturbance on myocardial energy metabolism might also be an
important determinant responsible for the continuous
progression of HFpEF, Detection and monitoring of MEE
might thus be of particularly importance in the early screening
for HFpEF patients with increased risk of poor prognosis.

Some experts pointed out that MEE increased significantly
with the decrease of LVEF and the increase of cardiac function
grade, and was closely related to the NT-proBNP level (Cetin
et al., 2018; Chen et al., 2019a). It is necessary to focus on cardiac
energy metabolism in patients with HFpEF. Some non-invasively
Techniques including PET, MRI and echocardiography have
been used to assess MEE, Echocardiography is specially easy
available and well follow-up instrument for calculation of MEE.
In our study, we have inserted the function formula and
algorithm software into the echocardiography device to
simplify the computation.

Our preliminary study findings demonstrated that E/e’
ratio, cESS (Kdyne/cm2), MEE (Kcal/systole), MEE (Kcal/
min) in E/e’ >15 group is significantly higher than that in
8 ≤ E/e’≤15 group. LAVI values and TR velocity in E/e’ >15
group had a tendency of higher than that in 8 ≤ E/e’≤15 group.
For HFpEF patients, MEE is significantly correlation with the
degree of diastolic dysfunction. The results suggested that the
worse the diastolic function of HFpEF, the more energy
consumption per minute and even per stroke is, In other
words, the augmented myocardial oxygen and energy
consumption, together with aggravated neurohumoral

TABLE 2 | The baseline Echocardiogram measurements of study population.

Variables A B p

CO(L/min) 4.43 ± 1.72 4.30 ± 1.55 0.691
CI(L/min*m2) 2.50 ± 0.88 2.46 ± 0.91 0.664
LVEF (%)-baseline 64.97 ± 4.57 64.88 ± 4.59 0.746
-1-year follow-up 64.77 ± 4.74△ 62.04 ± 6.39△ 0.033
SV(ML) 74.52 ± 16.04 73.27 ± 16.85 0.769
TR velocity (m/s) 2.47 ± 0.63 2.64 ± 0.63 0.098
LVFS (%) 35.45 ± 5.45 34.50 ± 4.26 0.514
LAVI (ml/m2) 34.37 ± 5.69 36.24 ± 6.96 0.078
LVMI(g/m2) 121.16 ± 34.78(M)110.56 ± 22.92(F) 123.34 ± 42.51(M)130.18 ± 41.57(F) 0.894(M)0.079(F)
E/e’ ratio 12.07 ± 2.31 21.75 ± 7.59 0.000
cESS（Kdyne/cm2） 171.62 ± 74.79 203.50 ± 72.68 0.002
MEE（Kcal/systole） 3944.74 ± 2119.06 4611.67 ± 1875.28 0.013
MEE（Kcal/min） 123.01 ± 65.47 144.83 ± 70.80 0.040

Data were shown as Mean ± Standard Deviation, Group A: 8 ≤ E/e’≤15 (n = 69), Group B: E/e’>15 (n = 56), Statistical significance was defined as p < 0.05, △p < 0.05 vs. Baseline, CO,
cardiac output; CI, cardiac index; LVEF, left ventricular ejection fraction; SV, stroke volume; TR, tricuspid valve; LVFS, left ventricular fraction shortening; LAVI, left atrial volume index; LVMI,
left ventricular mass index; E/e’, peak blood flow (E) in early mitral valve diastole/early mitral annulus velocity (e’); cESS, circumferential end-systolic wall stress; MEE, myocardial energy
expenditure.

TABLE 3 | The correlation between MEE and multiple variables.

Variables r p

E/E′ 0.145 0.107
6MWT(m) −0.305 0.001
NT-proBNP(pg/ml) 0.202 0.027
LVMI(g/m2) 0.091 0.325
LVEF (%) −0.171 0.057

Statistical significance was defined as p < 0.05, MEE, myocardial energy expenditure,
6MWT, 6-min walking test; LVMI, left ventricular mass index; LVEF, left ventricular
ejection fraction.

TABLE 4 | Subgroups of MEE.

Variables MEE (kcal/min)

Gender,n (%) Male (48%) 126.53 ± 68.01
Female (52%) 138.57 ± 68.97

Age,n (%) ≤65 (33%) 137.56 ± 89.03
66~79 (38%) 123.66 ± 48.52
≥80 (29%) 139.98 ± 65.31

BMI,n (%) <18.5 (2%) 59.99 ± 6.95
18.5~24 (30%) 116.00 ± 41.37△

≥24 (68%) 142.01 ± 76.37△*

6MWT, n (%) ≤150 (4%) 150.28 ± 116.46
150~450 (58%) 149.03 ± 72.51
>450 (32%) 106.61 ± 46.33#

Data were shown as Mean ± Standard Deviation, statistical significance was defined as
p < 0.05, △p < 0.05 vs. BMI<18.5, *p < 0.05 vs. 18.5 ≤ BMI<24, #p < 0.05 vs.
150<6MWT≤450, MEE, myocardial energy expenditure; BMI, body mass index, 6MWT,
6-min walking test.

FIGURE 1 | The basiline and the 1 year follow-up LVEF of participants.

Frontiers in Physiology | www.frontiersin.org April 2022 | Volume 13 | Article 6558274

Wang et al. Myocardial Energy Expenditure with HFpEF

https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


activity might coexist in HFpEF patients with severely
diastolic dysfunction, which may further lead to the
depletion of cardiac energy reserves in HFpEF patients and
establish the vicious circle of above unfavorable features in
HFpEF patients.

After 1 year follow-up, Both 8 ≤ E/e’≤15 and E/e’ >15 patients
had lower LVEF than that in baseline. Which indicated a
continuous deleterious nature of HFpEF. In the early stage of
HF, the metabolism of myocardial energy substrate is nearly
normal, while in the advanced stage, the utilization of fatty acid to
oxidize myocardium decreased and the utilization of glucose
changed. In other words, in the early stage of HFpEF, the
metabolism of myocardial energy substrate is probably normal,
but in advanced stage, with increased myocardial oxygen and
energy consumption, abnormal MEE might reflect the
progressive systolic deterioration in HFpEF patients
(Taegtmeyer et al., 2016; Fillmore et al., 2018).

Heart is an organ with high activity and energy consumption.
The heart muscle movement, either relaxes or contracts, needs
sufficient energy supply. The MEE in this study was negatively
correlated with the 6-min walking distance and positively
correlated with NT-proBNP. MEE reflects the severity of heart
failure in patients with ejection fraction-preserved heart failure.
This study expands the evidence that accurate assessment of MEE
is helpful to reflect the severity of HF and guide clinical
medication. (Valvular heart disease will interfere with the
volume loading and hemodynamic factors, so we excluded
these patients, and renal failure patients due to the influence
of cardiorenal syndrome, BNP is not accurate).

TABLE 5 | The comparison of area under ROC curve of MEE and metabolomics.

AUC p Value Cutoff Sensitivity (%) Specificity (%) SD 95% CI

MEE (Kcal/systole) 0.63 0.013 3145.69 84 42 0.05 (0.53, 0.73)
MEE (Kcal/min) 0.61 0.040 101.68 75 45 0.05 (0.51, 0.71)
Valine (umol/l) 0.46 0.492 178.56 9 96 0.05 (0.36, 0.57)
Leucine (umol/l) 0.49 0.768 68.65 93 13 0.05 (0.38, 0.59)
Free carnitine (umol/l) 0.45 0.335 19.46 96 6 0.05 (0.35, 0.55)

MEE, myocardial energy expenditure; AUC, area under the curve; SD, standard deviation; CI, confidence interval.

FIGURE 2 | ROC curve of MEE (cal/systole), MEE (Kcal/min), Valine
(umol/l), Leucine (umol/l) and Free carnitine (umol/l).

FIGURE 3 | Kaplan–Meier survival curve of participants. Demonstrating
long-term all-cause mortality among patients groups specified based on
myocardial energy expenditure cut-off value 3145.69 kcal/systole. MEE
myocardial energy expenditure.

FIGURE 4 | Kaplan–Meier survival curve of participants. Demonstrating
long-term all-cause mortality among patients groups specified based on
myocardial energy expenditure cut-off value 101.68 kcal/min. MEE
myocardial energy expenditure.
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In the study of Chen (Chen et al., 2019), branched amino
acids (valine, leucine, isoleucine) are abnormal amino acids,
and their increases can increase the risk of cardiovascular
disease, while free carnitine is an essential substance for
fatty acid metabolism. Any activity that leads to abnormal
energy metabolism can lead to cardiac mechanical systolic and
diastolic dysfunction, and then induce ventricular remodeling.
When heart energy metabolism is abnormal, heart function
will deteriorate (Guzun et al., 2011). In our study, 8 ≤ E/e’≤15
patients had a tendency of higher values (valine, leucine, free
carnitine) than E/e’ >15 group. Diastolic patients in the gray
area produce sufficient amounts of ATP by using their
enhanced metabolism. From a different point of view, a
boosted energetic metabolism in patients with 8 ≤ E/e’≤15
resulted in a depletion of metabolic capacity of myocardium
leading to a progressive deterioration in more advanced
patients with HfpEF. On the grounds, these results suggest
that patients who diastolic dysfunction in gray area (8 ≤
E/e’≤15) need more attention.

However, We found that compared with metabolomics, the
method of MEE measured by echocardiogram could reflect the
degree of diastolic dysfunction of patients with HFpEF better,
and also has predictive value. What’s more, this study reflect
that patients with HFpEF who are elderly, overweight, female
sex population spend more MEE, suggesting that elderly, obese
and female patients should undergo more detailed screening,
to improve the detection rate of HFpEF. This conclusion same
as found that women, African American, obese, and
hypertensive have more HFpEF patients, and upregulated
genes in oxidative phosphorylation pathways in HFpEF
were associated with obesity (Choi et al., 2018; Hahn et al.,
2020).

Although some drugs known to have remodeling effect in
the myocardial tissue (Toh et al., 2016) which could increase
glucose oxidation rate and reduce myocardial oxygen
consumption delay HFpEF progression. Calcium channel
blockers reduce the intracellular calcium concentration and
improve the active diastolic function of cardiomyocytes. The
patients enrolled received various medication shown Table 1
is insufficient to explore the impact of various drug used on
diastolic function profile in this study. Future studies are
warranted to address this issue.

The worse the diastolic function, the greater the
myocardial energy consumption to maintain the heart
function to some extent. HFpEF trials like VICTORIA
(Armstrong et al., 2020), EMPEROR-Preserved (Baseline
Characteristics, 2016), PARAGON-HF (Ferrari et al., 2020),
TOPCAT (McMurray and O’Connor, 2014), I-PRESERVE
(McMurray et al., 2014), CHARM-Preserved (Hermann
et al., 2004) often did not measure MEE and further
clinical studies are wanted to validate if adding MEE as
measurement index could match the observed clinical
changes induced by the intervention. What’s more, we will
extend the follow-up time and collect treatment options for
patients includes the medication status of the underlying
disease to provide effective information for further future
follow-up. Recently hospitalized HFpEF patients have a two to

three fold increased risk of cardiovascular death. It is same as
our 1 year follow-up data. In ROC analysis, MEE displayed a
higher AUC than other parameters. Therefore, we postulate
that MEE might be a valuable predictor of prognosis in HFpEF
patients.

The latest study defined Diastolic dysfunction (DD) severity
with three predominant parameters (i.e. LAVi, septal E/E′, and
TRVmax) is for and predicting the outcome in HFmrEF and
HFrEF patients with various cardiac rhythms. Severe DD
serves as an independent determinant for all-cause
mortality for both HFmrEF and HFrEF patients after
adjustment of clinical and other echocardiographic
covariates. This finding might be interpreted as a hint for
DD being the ‘straw that breaks the camel’s back’ for CV death
in HFrEF, but not in HFmrEF patients. MEE might be a part of
mechanism (Liu et al., 2021). As a simple, feasible and
noninvasive way to evaluate MEE, we showed that
echocardiogram-derived MEE correlates well the severity of
diastolic dysfunction in patients with HFpEF. MEE might thus
be used as a clinical parameter to monitor the HFpEF patients
and serves as a biomarker of risk stratification for the
prognosis of HFpEF.

LIMITATIONS

The deficiency of this study is that the 1 year follow up data is
limited to LVEF and mortality, without detailed diastolic
function MEE calculations, and It is to note that the number
of enrolled patients is relatively small and from a single medical
center in our study, and future studies with large patient cohort
are needed to validate present findings. Patients were followed
up for a long time to observe the clinical symptoms, cardiac
function classification, objective biochemical, echocardiogram
indicators and quality of life. In this study all-cause mortality
was analyzed during follow-up and cardiovascular mortality,
MACE and HF rehospitalization data were not collected during
follow-up, future studies is required to overcome this study
limitation.

It is of importance to observe the serial changes of MEE
parameters and explore the impact dynamic MEE changes on
outcome of HFpEF patients and observe the impact of medication
on these parameters and the dynamic prognostic implication of theses
parameters, the upcoming study in our center will address this issue.
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