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Introduction: As an essential factor affecting life prognosis and rehospitalization in patients 
with chronic heart failure, exercise tolerance is a significant outcome of cardiac rehabilitation. 
Heart failure with preserved ejection fraction (HFpEF) from reduced diastolic capacity has 
recently increased among patients with chronic heart failure. This study evaluates the factors 
indicating exercise tolerance in patients with HFpEF from various perspectives, including 
cardiac and skeletal muscle functions.

Materials and Methods: The subjects were 31 patients with HFpEF who underwent cardiac 
rehabilitation. The exercise tolerance was assessed using a 6-min walking test. Physical 
function, physical activity, body composition test, baseline characteristics, blood data, and 
echocardiography results were extracted from medical records to identify the indicators of 
exercise tolerance. 

Results: Gait speed significantly differed in exercise tolerance for HFpEF patients (β=0.75, 
P<0.01). Unlike heart failure with reduced ejection fraction (HFrEF), HFpEF was not 
significantly different in brain natriuretic peptide levels and cardiac function. 

Conclusion: Gait speed indicates exercise tolerance in HFpEF patients; however, its 
pathological course differs from heart failure with reduced ejection fraction, suggesting that it 
is poorly related to brain natriuretic peptide, a biomarker for heart failure and cardiac function.
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Introduction

ardiac rehabilitation for patients with 
chronic heart failure is recommended as 
a Class I treatment in international guide-
lines. It improves the quality of life (QoL) 
and life prognosis and prevents rehospital-

ization [1, 2]. In heart failure, exercise tolerance is an 
important indicator that strongly influences rehospital-
ization and life prognosis [3-5]. Although it is impaired 
in heart failure due to the disruption of the compensa-
tory mechanism of the cardiac pump function, periph-
eral skeletal muscle function, and not cardiac function, 
defines exercise tolerance [6-8]. Accordingly, exercise 
tolerance in patients with chronic heart failure is widely 
used as a simple indicator in clinical practice because it 
correlates with physical functions, such as grip strength 
and lower limb muscle strength [9, 10]. Significant cor-
relations have also been reported with muscle mass and 
physical activity [11, 12].

In recent years, heart failure with preserved ejection 
fraction (HFpEF), in which the left ventricular ejection 
fraction is preserved and diastolic failure is the leading 
cause of heart failure, has been increasing. HFpEF is the 
most common heart failure in the elderly, and its preva-
lence and life prognosis are comparable to heart failure 
with reduced ejection fraction (HFrEF), in which the 
left ventricular ejection fraction is reduced [13]. How-
ever, unlike HFrEF, there is no established standardized 
treatment for improving life prognosis in patients with 
HFpEF. Exercise training for HFpEF has been reported 
to improve cardiorespiratory fitness and QoL [14]. Fur-
thermore, outpatient cardiac rehabilitation intervention 
with a comprehensive multi-professional rehabilitation 
team has been reported to enhance life prognosis and re-
hospitalization rates [15]. Studies on exercise tolerance 
in HFpEF have reported that decreased skeletal muscle 
oxygen utilization and anatomical quality of muscle (de-
creased slow-twitch muscle fibers and capillary density) 
were associated with decreased exercise tolerance, in 
contrast to cardiac function [16, 17]. In the future, car-
diac rehabilitation focusing on exercise therapy may be 
an effective treatment for HFpEF.

Nevertheless, it is difficult to routinely perform car-
diopulmonary exercise testing and assess the anatomical 
quality of the muscles for exercise tolerance assessment 
in clinical practice. Moreover, no previous studies have 
examined the factors that served as indicators of exercise 
tolerance in patients with HFpEF from various perspec-
tives, including cardiac and skeletal muscle function, 

physical activity, and muscle mass. Hence, this study 
evaluates these factors based on clinically available data.

Materials and Methods

The subjects were 31 patients with HFpEF who un-
derwent cardiac rehabilitation at Kumamoto University 
Hospital between March 2020 and March 2021. The 
control group was 27 patients with HFrEF. The classi-
fication of chronic heart failure was based on the Eu-
ropean Society of Cardiology guidelines. HFpEF was 
defined as having heart failure symptoms and a left ven-
tricular ejection fraction of 50% or higher. The diagnosis 
of diastolic dysfunction was evaluated based on a report 
by Nagueh et al. [18]. Meanwhile, the severity was clas-
sified based on a report by Anderson et al. [19]. HFrEF 
was then defined as a left ventricular ejection fraction 
below 40%.

The exclusion criteria were having severe valvular 
disease, unstable angina, poorly controlled arrhythmia, 
which caused subjective symptoms or hemodynamic ab-
normalities, poorly controlled symptomatic heart failure, 
and inability to provide consent for participation in this 
study.

Baseline characteristics

Sex, age, body mass index (BMI), underlying cardiac 
disease, comorbidities, New York Heart Association 
(NYHA) class, blood biochemistry, echocardiogra-
phy, and body composition test results were extracted 
from medical records. Left ventricular ejection fraction 
(LVEF) was used as an index of contractility. The indices 
of diastolic capacity were the mean ratio of early dia-
stolic filling velocity to early diastolic minimal annular 
velocity (E/e’), the ratio of early diastolic left ventricle 
filling velocity to atrial filling velocity ratio (E/A) (only 
in sinus rhythm), septal and lateral wall e,’ left atrial vol-
ume index (LAVI), deceleration time (Dct), and tricuspid 
regurgitation velocity (TRV).

Body composition tests were conducted using dual-
energy x-ray absorptiometry (Hologic Co., Ltd.: QDR-
Discovery A). The muscle mass index was defined as 
the skeletal muscle mass index (SMI), and the fat mass 
index was expressed as the total fat percentage. Those 
with metal implants were excluded because the measure-
ments would be overestimated [20].
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Physical function

Exercise tolerance was assessed using the 6-min walk 
test, and the methods were based on the American Tho-
racic Society guidelines [21]. Muscle strength was eval-
uated by the grip strength (measuring equipment: Takei 
Scientific Instruments Co., T.K.K. 5401. JAPAN) and 
isometric knee extensor strength (measuring equipment: 
Hoggan Scientific LLC., microFET2). Grip strength was 
measured twice, alternately on the left and right side, 
with the arm in a standing posture and the arm naturally 
drooping. The average value of the better of the left and 
right recordings was adopted. Isometric knee extensor 
strength was performed sitting with the lower leg verti-
cal and hanging down. The sensor pad was placed on 
the anterior aspect of the distal lower leg. Measurements 
were taken twice, alternating left and right. The average 
value of the better of the left and right recordings was cal-
culated and corrected for the body weight. Balance abil-
ity was assessed by one-leg standing time, while frailty 
was assessed using the short physical performance bat-
tery (SPPB) and gait speed. The SPPB consisted of three 
sub-test scores (a five-times sit-to-stand test, gait speed, 
and standing balance performance), totaling 12 points 
(four points for each item). Gait speed was measured by 
measuring the time required for a 4-m section at normal 
walking speed; following the SPPB method, the value 
was converted to m/s. Muscle mass was assessed by 
upper arm and calf circumference, in addition to SMI. 
The average weekly high intensity (equivalent to 8.0 
metabolic equivalent of tasks [METs]), moderate inten-
sity (equivalent to 4.0 METs), walking (equivalent to 
3.3 METs), and total physical activity were assessed by 
the international physical activity questionnaire (IPAQ), 
short version. The results were shown as the product of 
intensity/ METs and frequency (days/week). Based on 
the results of the body composition tests and physical 
function assessment, sarcopenia was classified accord-
ing to the diagnostic criteria of the Asian working group 
for sarcopenia 2019 [22].

Statistics analyses

The statistical analyses were performed using R soft-
ware, version 4.0.3 and SPSS software, version 20. The 
continuous variables were shown as Mean±SD, and 
categorical variables as numbers and percentages. A 
single regression analysis was performed with the 6-min 
walking distance as the objective variable to clarify the 
factors that were indicators of exercise tolerance with 
exercise tolerance. The items that showed statistically 
significant differences in the simple regression analysis 
were entered, and a multiple regression analysis was 

performed. The adjustment variables included sex, age, 
and BMI. In addition, an exploratory study comparing 
the two groups was conducted. Continuous variables 
were subjected to the student t-test and Mann-Whitney 
U test after confirming normality. The categorical vari-
ables were subjected to the Fisher exact test. The statisti-
cal significance was set at P<0.05.

Results

The baseline characteristics and results of the physical 
function assessment for both groups are shown in Table 
1. The mean values and prevalence of the factor char-
acteristics of the patients with HFpEF were 78.9±9.1 
years; 54.8% were female; 19.4% were obese; 11.2±2 
g/dL for anemia (hemoglobin value); 64.5% had hyper-
tension, and 61.3% had atrial fibrillation [23, 24]. The 
mean value of the 6-min walking distance for the indica-
tor of exercise tolerance was 235.5±122.3 m.

The results of the between-group comparison showed 
that age was significantly higher in the HFpEF group 
than in the HFrEF group. The blood data showed sig-
nificantly higher values for sodium and creatinine while 
considerably lower values for albumin, hemoglobin, 
and estimated glomerular filtration rate (eGFR) in the 
HFpEF group. Echocardiography showed significantly 
higher LVEF, Dct, interventricular septal thickness at 
end-diastole (IVSTd), and posterior left ventricular 
wall thickness in diastole in the HFpEF group. In either 
group, there were no significant differences in the sever-
ity of NYHA class, brain natriuretic peptide (BNP) lev-
els, and left ventricular diastolic capacity, representing 
the severity of heart failure.

The 6-min walking distance, SPPB, one-leg standing 
time, isometric knee extensor strength, and physical pa-
rameters related to gait were significantly lower in the 
HFpEF group compared to the HFrEF group. However, 
there were no significant differences in muscle mass and 
prevalence of sarcopenia. 

Factors related to exercise tolerance

The results for factors related to exercise tolerance are 
illustrated in Table 2. The factors significantly correlated 
with exercise tolerance of HFpEF in the single regres-
sion analysis were sex (β=0.38, P=0.04), locomotor dis-
eases (β=-0.65, P<0.01), hemoglobin (β=0.38, P=0.04), 
SPPB (β=0.75, P<0.01), gait speed (β=0.89, P<0.01), 
one-leg standing time (β=0.66, P<0.01), grip strength 
(β=0.72, P<0.01), isometric knee extensor strength 
(β=0.70, P<0.01), calf circumference (β=0.37, P=0.04), 
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Table 1. The baseline characteristics and physical function assessment

Variables
No. (%)/Mean±SD

P
HFpEF HFrEF

Male 14(45.2) 14(51.9) 0.79

Age (y) 78.9±9.1 69.4±14.4 0.01

BMI (kg/m2) 22.0±3.4 22.2±5.9 0.38

Etiolody

Isochemic 10(32.3) 10(37.0)

Cardiomyopathy 10(32.2) 13(48.1)

Hypertensive 4(12.9) 1(3.7)

Valvular 3(9.7) 1(3.7)

Arrhythmia 2(6.5) 2(7.4)

Other 2(6.5) 0(0)

NYHA class (I/II/III) 1(3.2)/10(32.3)/20(64.5) 0(0)/12(44.4)/15(55.6) 0.41

Comorbidities

Locomotor disorders 14(45.2) 9(33.3) 0.42

Cerebrovascular disease 4(12.9) 7(25.9) 0.31

Respiratory disease 6(19.4) 9(33.3) 0.24

Kidney disease 19(61.3) 12(44.4) 0.29

Diabetes mellitus 12(38.7) 7(25.9) 0.40

Hypertension 20(64.5) 11(40.7) 0.11

Atrial fibrillation 19(61.3) 15(55.6) 0.79

Coronary artery disease 15(48.4) 8(29.6) 0.18

Obesity (BMI >25) 6(19.4) 7(25.9) 0.75

Blood date

Sodium (mEq/L) 140.0±2.6 136.9±3.4 <0.01

White blood cells (103/μL) 5.9±1.9 6.4±2.4 0.42

 Hemoglobin (g/dL) 11.2±2.0 12.8±2.0 <0.01

Total cholesterol (mg/dL) 157.3±35.4 170.3±51.2 0.54

HDL cholesterol (mg/dL) 54.4±22.8 53.9±16.5 0.56

LDL cholesterol (mg/dL) 82.6±30.5 96.1±38.9 0.36

Triglyceride (mg/dL) 99.2±66.2 116.8±82.4 0.32

Albumin (g/dL) 3.2±0.4 3.5±0.4 0.02

Creatinine (mg/dL) 1.6±0.9 1.2±0.6 0.04

eGFR (mL/min/1.73 m2) 36.3±16.2 47.1±21.2 0.03

BNP (pg/mL) 255.9±203.0 307.5±255.7 0.55

CRP (mg/dL) 0.23±0.2 0.28±0.4 0.99
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Variables
No. (%)/Mean±SD

P
HFpEF HFrEF

Echocardiography

IVSTd (mm) 11.9±2.0 9.2±2.0 <0.01

PLVWd (mm) 11.3±2.0 8.8±1.8 <0.01

LVEF (%) 58.8±5.0 30.2±9.5 <0.01

E/e’ ratio 16.9±7.4 16.1±5.6 0.77

E/A ratio 1.3±0.8 1.3±0.9 0.77

Septal e’ (cm/s) 4.8±1.5 4.6±1.4 0.61

Lateral e’ (cm/s) 6.4±2.1 6.4±2.4 0.99

Dct (ms) 210.4±85.1 168.0±74.2 0.02

TRV (m/s) 2.5±0.5 2.5±0.4 0.95

LAVI (mL/m2) 61.1±36.2 62.6±23.5 0.38

Diastolic dysfunction grade 1/2/3 10(32.3)/15(48.4)/6(19.4) 13(48.1)/11(40.7)/3(11.1) 0.46

Body composition

SMI (kg/cm2) 5.9±1.7 6.2±1.3 0.61 

Total percentage fat (%) 21.0±8.2 22.2±5.8 0.60 

6 MWD (m) 235.5±122.3 302.9±106.1 0.02 

SPPB point 7.0±3.4 9.2±2.8 0.02 

Gait speed (m/s) 0.67±0.2 0.79±0.2 0.05 

One-leg standing time (s) 7.9±14.7 18.8±22.9 <0.01

Grip strength (kg) 17.5±7.9 21.8±9.9 0.06 

Isometric knee extension muscle 
strength (kgf/kg) 0.33±0.1 0.39±0.1 <0.01

Arm circumference (cm) 23.3±3.4 24.8±5.6 0.63 

Calf circumference (cm) 30.1±3.7 31.5±5.3 0.28 

IPAQ METs*day/week

Vigorous physical activity 2.6±14.6 35.5±184.7 0.94 

Moderate physical activity 317.3±1191.8 26.8±101.6 1.00 

 Walking physical activity 267.3±623.9 398.4±644.8 0.04 

 Total physical activity 587.3±1515.1 460.8±876.0 0.07 

Sarcopenia/severe sarcopenia 2(8.7)/7(30.4) 4(20.0)/5(25.0) 0.68 

Abbreviations: HFpEF: Heart failure with preserved ejection fraction; HFrEF: Heart failure with reduced ejection fraction; BMI: 
Body mass index; NYHA: New York heart association; eGFR: Estimated glomerular filtration rate; HDL: High-density lipo-
protein; LDL: Low-density lipoprotein; BNP: Brain natriuretic peptide; CRP: C-reactive protein; LVEF: Left ventricular ejection 
fraction; E: Early diastolic filling velocity; e’: Early diastolic myocardial velocity; A: Atrial diastolic velocity; Dct: Deceleration 
time; TRV: Tricuspid regurgitation velocity; IVSTd: Interventricular septal thickness at end-diastole; PLVWd: The posterior left 
ventricular wall thickness in diastole; LAVI: Left atrial volume index; SMI: Skeletal muscle mass index; 6MWD: 6-minute walk-
ing distance; SPPB: Short physical performance battery; IPAQ: International physical activity questionnaire; METs: Metabolic 
equivalents.
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and physical activity (all items). Considering multicol-
linearity, physical activity related to gait was chosen 
as the factor to be included in the multiple regression 
analysis of the IPAQ items. The results of the multiple 
regression analysis demonstrated that only gait speed 
significantly correlated with exercise tolerance (β=0.75, 
P<0.01). This study found no significant correlations be-
tween exercise tolerance in HFpEF and cardiac function, 
BNP levels, muscle mass, or sarcopenia.

The factors that define exercise tolerance in patients 
with HFrEF are illustrated in Table 3. In the single re-
gression analysis, the factors that significantly correlated 
with exercise tolerance were locomotor disease (β=-0.53, 
P<0.01), cerebrovascular disease (β=-0.45, P=0.01), 
BNP (β=-0.45, P=0.01), SPPB (β=0.78, P<0.01), gait 
speed (β=0.90, P<0.01), and grip strength (β=0.39, 
P=0.04). In the multiple regression analysis, the factors 
that significantly correlated with exercise tolerance were 
gait speed (β=0.65, P<0.01) and BNP (β=-0.21, P=0.03), 
which differed from the HFpEF, in that a significant dif-
ference was found between the BNP levels. 

The correlations between the 6-minute walking dis-
tance, gait speed, and BNP in each group are illustrated 
in Figure 1.

Discussion

This study evaluated the factors indicating exercise 
tolerance in patients with HFpEF from various perspec-
tives. The Japanese HFpEF is characterized by a lower 
BMI and prevalence of obesity compared to other re-
gions (JASPER: 23.9±4.7 kg/m2, GWTG-HF: 29 kg/m2) 
[25, 26].

The 6-minute walking distance of patients with HFpEF 
in this study was similar to or lower than that reported 
in previous studies [27-29]. This may be due to the high 
proportion of patients with severe diseases, such as sub-
jects who were noncompliant with the treatment due to 
the function of the university hospital in question. Gait 
speed significantly correlated with exercise tolerance in 
patients with HFpEF. In the past, gait speed showed a 
strong positive correlation (r=0.80, P<0.01) with 6-min-
ute walking distance in older cardiac patients with heart 

Figure 1. Correlation between 6-minute walking distance, gait speed, and brain natriuretic peptide in each group of heart fail-
ure with preserved ejection fraction and heart failure with reduced ejection fraction
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Table 2. Multiple regression analysis results in heart failure with preserved ejection fraction 

Variables
Simple Multiple

β P β P

Sex 0.38 0.04 -0.09 0.55

Age (y) -0.11 0.54 0.004 0.97

BMI (kg/m2) 0.003 0.98 -0.17 0.25

Comorbidities

Locomotor disorders -0.65 <0.01 -0.20 0.11

Cerebrovascular disease -0.13 0.50 

Respiratory disease 0.04 0.83 

Kidney disease -0.19 0.32 

Diabetes mellitus 0.07 0.72 

Hypertension 0.06 0.73 

Atrial fibrillation -0.09 0.62 

Coronary artery disease -0.10 0.60 

Obesity 0.18 0.34 

Blood date

Sodium (mEq/L) -0.06 0.73 

White blood cells (103/μL) 0.36 0.05 

 Hemoglobin (g/dL) 0.38 0.04 0.06 0.58

Total cholesterol (mg/dL) -0.005 0.97 

HDL cholesterol (mg/dL) -0.13 0.49 

LDL cholesterol (mg/dL) 0.06 0.75 

Triglyceride (mg/dL) 0.21 0.26 

Albumin (g/dL) 0.22 0.24 

Creatinine (mg/dL) -0.13 0.50 

eGFR (mL/min/1.73 m2) 0.17 0.38 

BNP (pg/mL) -0.27 0.14 

CRP (mg/dL) -0.05 0.77 

Cardiac echography

IVSTd (mm) 0.06 0.75 

PLVWd (mm) 0.11 0.56 

LVEF (%) -0.29 0.13 

E/e’ ratio 0.03 0.87 

E/A ratio 0.21 0.32 

Septal e’ (cm/s) 0.07 0.69 
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disease. It was useful as a reliable, sensitive, rapid, and 
simple risk stratification tool [30]. Therefore, it could 
also indicate exercise tolerance in patients with HFpEF. 
Furthermore, it has been reported to have a predictive 
value for all-cause mortality comparable to a 6-minute 
walking distance [30], suggesting that it could be a prog-
nostic indicator for HFpEF.

It has been previously reported that the cardiac function 
of HFpEF was not a determinant of exercise tolerance; 
that is, uptake oxygen content (VO2) was poorly related 
to left ventricular filling pressure and stroke volume dur-
ing exercise. Furthermore, calculated arterial-venous 

oxygenation difference was an independent predictor 
of peak VO2, and peripheral factors other than the heart 
were important for decreasing exercise tolerance [16, 
30]. Similarly, in the present study, HFpEF did not show 
a significant correlation between 6-minute walking dis-
tance and cardiac function.

There were no significant correlations between exer-
cise tolerance and muscle mass or sarcopenia in HF-
pEF. Of the patients with HFpEF with preserved muscle 
mass, 75% (9 out of 12) had reduced exercise tolerance 
(6-minute walking distance <300 m), while 60% (6 out 
of 10) of the patients with HFpEF with reduced muscle 

Variables
Simple Multiple

β P β P

Cardiac echography

Lateral e’ (cm/s) -0.03 0.84 

Dct (ms) -0.21 0.27 

TRV (m/s) 0.02 0.89 

LAVI (mL/m2) -0.28 0.14 

Body composition

SMI (kg/cm2) 0.25 0.24 

Total percentage fat (%) -0.23 0.29 

SPPB point 0.75 <0.01 -0.14 0.47

Gait speed (m/s) 0.89 <0.01 0.75 <0.01

One-leg standing time (s) 0.66 <0.01 0.07 0.65

Grip strength (kg) 0.72 <0.01 0.12 0.55

Isometric knee extension muscle 
strength (kgf/kg) 0.70 <0.01 0.006 0.97

Arm circumference (cm) 0.16 0.40 

Calf circumference (cm) 0.37 0.04 0.21 0.25

IPAQ 
(METs day/week)

Vigorous physical activity 0.43 0.02 

Moderate physical activity 0.42 0.02 

Walking physical activity 0.61 <0.01 -0.01 0.91

Total physical activity 0.59 <0.01

Sarcopenia -0.01 0.95 

Abbreviations: BMI: Body mass index; eGFR: Estimated glomerular filtration rate; HDL: High-density lipoprotein; LDL: Low-
density lipoprotein; BNP: Brain natriuretic peptide; CRP: C-reactive protein; LVEF: Left ventricular ejection fraction; E: Early 
diastolic filling velocity; e’: Early diastolic myocardial velocity; A: Atrial diastolic velocity; Dct: Deceleration time; TRV: Tri-
cuspid regurgitation velocity; IVSTd: Interventricular septal thickness at end-diastole; PLVWd: Posterior left ventricular wall 
thickness in diastole; LAVI: Left atrial volume index; SMI: Skeletal muscle mass index; 6 MWD: 6-minute walking distance; 
SPPB: Short physical performance battery; IPAQ: International physical activity questionnaire; METs: Metabolic equivalents.
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Table 3. Multiple regression analysis results in heart failure with reduced ejection fraction 

Variables
Simple Multiple

β P β P

Sex 0.21 0.29 -0.10 0.35

Age (y) -0.37 0.05 -0.16 0.37

BMI (kg/m2) 0.06 0.76 0.09 0.41

Comorbidities

Locomotor disorders -0.53 <0.01 -0.01 0.92

Cerebrovascular disease -0.45 0.01 -0.15 0.15

Respiratory disease -0.18 0.36 

Kidney disease 0.08 0.68 

Diabetes mellitus -0.01 0.64 

Hypertension -0.15 0.46 

Atrial fibrillation 0.17 0.39 

Coronary artery disease -0.29 0.14 

Obesity -0.006 0.97 

Blood date

Sodium (mEq/L) -0.13 0.52 

White blood cells (103/μL) 6.00 0.73 

 Hemoglobin (g/dL) 0.28 0.16 

Total cholesterol (mg/dL) 0.08 0.68 

HDL cholesterol (mg/dL) -0.19 0.33 

LDL cholesterol (mg/dL) 0.08 0.67 

Triglyceride (mg/dL) 0.22 0.27 

Albumin (g/dL) 0.15 0.46 

Creatinine (mg/dL) 0.03 0.87 

eGFR (mL/min/1.73 m2) 0.33 0.09 

BNP (pg/mL) -0.45 0.01 -0.21 0.03

CRP (mg/dL) 0.15 0.47 

Cardiac echography

IVSTd (mm) -0.12 0.55 

PLVWd (mm) -0.19 0.33 

LVEF (%) -0.09 0.65 

E/e’ ratio -0.07 0.70 

E/A ratio -0.09 0.72 

Septal e’ (cm/s) 0.38 0.05 

Lateral e’ (cm/s) 0.18 0.36 
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mass had reduced exercise tolerance. Recently, dyna-
penia has been proposed as a disease concept that, unlike 
sarcopenia, refers to a condition in which the skeletal 
muscle mass is maintained; however, physical function 
is impaired [32]. In our study, the proportion of patients 
with dynapenia who had impaired exercise tolerance 
was 100% (8 out of 8). In comparison, the proportion of 
patients with sarcopenia who had impaired exercise tol-
erance was 66% (6 out of 9). In other words, HFpEF was 
likely to have more exercise tolerance and physical func-
tion in patients, even if skeletal muscle mass was main-
tained. The total fat percentage, an index of fat mass, did 
not significantly correlate with exercise tolerance. The 

accumulation of adipose tissue due to obesity has been 
reported to be associated with decreased muscle function 
and exercise tolerance [33]. However, the HFpEF in Ja-
pan is smaller than in other regions, suggesting no asso-
ciation between fat mass and exercise tolerance [26, 27]. 

HFpEF showed no differences in muscle mass and 
the severity of sarcopenia compared with HFrEF; how-
ever, it demonstrates a decrease in exercise tolerance 
and physical function. Since age and physical inactivity 
significantly differ between the groups and are risk fac-
tors for dynapenia [34], HFpEF patients may be more 
susceptible to decreased muscle performance regard-

Variables
Simple Multiple

β P β P

Cardiac echography

Dct (ms) 0.05 0.78 

TRV (m/s) 0.22 0.26 

LAVI (mL/m2) 0.14 0.49 

Body composition

SMI (kg/cm2) 0.04 0.85 

Total percentage fat (%) 0.27 0.26 

SPPB point 0.78 <0.01 0.17 0.34

Gait speed (m/s) 0.90 <0.01 0.65 <0.01

One-leg standing time (s) 0.29 0.14 

Grip strength (kg) 0.39 0.04 -0.05 0.79

Isometric knee extension muscle strength (kgf/kg) 0.33 0.09 

Arm circumference (cm) 0.26 0.18 

Calf circumference (cm) 0.35 0.07 

IPAQ (METs*day/week)

Vigorous physical activity 0.19 0.35 

Moderate physical activity 0.29 0.14 

Walking physical activity 0.26 0.19 

Total physical activity 0.26 0.18 

Sarcopenia -0.28 0.23

Abbreviations: BMI: Body mass index; eGFR: Estimated glomerular filtration rate; HDL: High-density lipoprotein; LDL: Low-
density lipoprotein; BNP: Brain natriuretic peptide; CRP: C-reactive protein; LVEF: Left ventricular ejection fraction; E: Early 
diastolic filling velocity; e’: Early diastolic myocardial velocity; A: Atrial diastolic velocity; Dct: Deceleration time; TRV: Tri-
cuspid regurgitation velocity; IVSTd: Interventricular septal thickness at end-diastole; PLVWd: Posterior left ventricular wall 
thickness in diastole; LAVI: Left atrial volume index; SMI: Skeletal muscle mass index; 6 MWD: 6-minute walking distance; 
SPPB: Short physical performance battery; IPAQ: International physical activity questionnaire; METs: Metabolic equivalents.
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less of muscle mass. Similarly, previous reports have 
shown that HFpEF has more skeletal muscle mass than 
HFrEF but poorer physical function (grip strength and 
gait speed) [35]. 

HFpEF did not significantly correlate with exercise tol-
erance and BNP, a biomarker for heart failure severity, 
compared to HFrEF. The reason for this could be that 
the onset of heart failure in HFrEF was at a younger age 
than that in HFpEF and was based on decreased left ven-
tricular ejection fraction caused by myocardial damage. 
Meanwhile, in HFpEF, various factors, such as aging, 
physical inactivity, comorbidities [23, 36], and sex, had 
a long-term effect on exercise tolerance. Due to the long-
term effects of various factors, such as physical inactiv-
ity, comorbidities, and sex, HFpEF could be influenced 
by factors other than heart failure. Alternatively, many 
patients with HFpEF could have impaired exercise tol-
erance at the onset of heart failure. Furthermore, from 
a therapeutic standpoint, HFrEF is mainly treated with 
medication, such as beta-blockers and cardiac resyn-
chronization therapy, to improve circulatory dynamics. 
In contrast, although no standard treatment for HFpEF 
has been established, it has been reported that managing 
comorbidities other than heart disease was important for 
the prognosis [2, 37], suggesting that factors other than 
heart failure are essential.

The present study evaluated and clarified the factors 
that were indicators of exercise tolerance in patients with 
HFpEF from various perspectives. The results demon-
strated that gait speed was a simple clinical indicator of 
exercise tolerance in HFpEF, similar to previous reports. 
As a clinical application, we believe that the gait speed 
of HFpEF patients can be assessed as a screening tool 
and shared with many professionals.

Additionally, HFpEF was not associated with BNP, 
which is considered a biomarker of heart failure sever-
ity and cardiac function due to the different pathologi-
cal processes and characteristic factors from those of 
HFrEF. As prospects, the latest findings suggest that HF-
pEF can be classified into three subgroups according to 
the course of the disease [23]. Subsequently, it is neces-
sary to examine the differences in the characteristics of 
the physical function in each subgroup.

Conclusion

Gait speed is a simple clinical indicator of exercise tol-
erance in HFpEF patients. Exercise tolerance in HFpEF 
poorly correlates with the results of BNP, an indicator of 
heart failure severity and hemodynamics, and echocar-

diography, used to measure cardiac function. In HFpEF, 
skeletal muscle mass was not necessarily associated with 
exercise tolerance. Furthermore, compared to HFrEF, 
muscle strength may be reduced even if skeletal muscle 
mass is maintained.

Study limitations

This study has several limitations. First, this study had 
few cases at a single institution. Therefore, the general-
izability of our results is limited. Second, the results of 
echocardiography, commonly used in clinical practice, 
were used as an index of cardiac function. In the past, 
there was a report that the limiting factor of exercise tol-
erance in HFpEF was pulmonary artery pressure during 
exercise. Since echocardiography was only an index of 
resting circulation, it may not correlate with exercise tol-
erance.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of 
the Kumamoto University Hospital (No.: 1932). Suf-
ficient written and oral explanations were provided to 
the subjects and informed written consent was obtained. 
This study followed the code of ethics set by the Decla-
ration of Helsinki and all its future amendments or com-
parable standards.

Funding

This research did not receive any specific grant from-
funding agencies in the public, commercial, or not-for-
profit sectors. 

Authors' contributions

All authors contributed equally to preparing this article.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors would like to express their heartfelt grati-
tude to the cardiologists and therapists of the cardiac 
rehabilitation team of the Department of Rehabilitation 
Technology, Kumamoto University Hospital, for their 
cooperation in data collection.

Takeyoshi M, et al. Gait Speed as the Index of Exercise Tolerance in HFpEF. JMR. 2024; 18(1):93-105.

January 2024, Volume 18, Number 1

https://jmr.tums.ac.ir/index.php/jmr
https://www.kuh.kumamoto-u.ac.jp/en/
https://www.kuh.kumamoto-u.ac.jp/en/


104

References

[1] Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin 
MM, et al. 2016 ACC/AHA/HFSA focused update on new 
pharmacological therapy for heart failure: An Update of the 
2013 ACCF/AHA Guideline for the Management of Heart 
Failure: A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice 
Guidelines and the Heart Failure Society of America. Journal 
of the American College of Cardiology. 2016; 68(13):1476-
1488.[DOI:10.1016/j.jacc.2016.05.011] [PMID] 

[2] Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland 
JGF, Coats AJS, et al. 2016 ESC guidelines for the diagnosis 
and treatment of acute and chronic heart failure. The Task 
Force for the diagnosis and treatment of acute and chronic 
heart failure of the European Society of Cardiology. Euro-
pean Heart Journal. 2016; ;37(27):2129-200. [DOI:10.1093/eur-
heartj/ehw128] [PMID] 

[3] Myers J, Prakash M, Froelicher V, Do D, Partington S, At-
wood JE. Exercise capacity and mortality among men referred 
for exercise testing. The New England Journal of Medicine. 
2002; 346(11):793-801. [DOI:10.1056/NEJMoa011858] [PMID] 

[4] Arena R, Myers J, Aslam SS, Varughese EB, Peberdy MA. 
Peak VO2 and VE/VCO2 slope in patients with heart failure: 
A prognostic comparison. American Heart Journal. 2004; 
147(2):354-60. [DOI:10.1016/j.ahj.2003.07.014] [PMID] 

[5] Bittner V, Weiner DH, Yusuf S, Rogers WJ, McIntyre KM, 
Bangdiwala SI, et al. Prediction of mortality and morbidity 
with a 6-minute walk test in patients with left ventricular dys-
function. SOLVD Investigators. JAMA. 1993; 270(14):1702-7. 
[DOI:10.1001/jama.1993.03510140062030] [PMID] 

[6] Higginbotham MB, Morris KG, Conn EH, Coleman RE, Cobb 
FR. Determinants of variable exercise performance among pa-
tients with severe left ventricular dysfunction. The American 
Journal of Cardiology. 1983; 51(1):52-60. [DOI:10.1016/S0002-
9149(83)80010-1] [PMID] 

[7] Wilson JR, Martin JL, Ferraro N. Impaired skeletal muscle 
nutritive flow during exercise in patients with congestive 
heart failure: Role of cardiac pump dysfunction as determined 
by the effect of dobutamine. The American Journal of Cardiol-
ogy. 1984; 53(9):1308-15. [DOI:10.1016/0002-9149(84)90085-7] 
[PMID] 

[8] Jondeau G, Katz SD, Zohman L, Goldberger M, McCarthy 
M, Bourdarias JP, LeJemtel TH. Active skeletal muscle mass 
and cardiopulmonary reserve. Failure to attain peak aerobic 
capacity during maximal bicycle exercise in patients with se-
vere congestive heart failure. Circulation. 1992; 86(5)1351-6. 
[DOI:10.1161/01.CIR.86.5.1351] [PMID] 

[9] Izawa KP, Watanabe S, Yokoyama H, Hiraki K, Morio Y, 
Oka K, et al. Muscle strength in relation to disease severity 
in patients with congestive heart failure. American Journal 
of Physical Medicine & Rehabilitation. 2007; 86(11):893-900. 
[DOI:10.1097/PHM.0b013e318154b592] [PMID] 

[10] Clark A, Rafferty D, Arbuthnott K. Relationship between 
isokinetic muscle strength and exercise capacity in chronic 
heart failure. International Journal of Cardiology. 1997; 
59(2):145-8. [DOI:10.1016/S0167-5273(97)02934-3] [PMID] 

[11] Harrington D, Anker SD, Chua TP, Webb-Peploe KM, 
Ponikowski PP, Poole-Wilson PA, et al. Skeletal muscle func-
tion and its relation to exercise tolerance in chronic heart 
failure. Journal of the American College of Cardiology. 1997; 
30(7):1758-64. [DOI:10.1016/S0735-1097(97)00381-1] [PMID] 

[12] Izawa KP, Watanabe S, Oka K, Hiraki K, Morio Y, Kasa-
hara Y, et al. Relation between physical activity and exercise 
capacity of ≥5 metabolic equivalents in middle- and older-
aged patients with chronic heart failure. Disability and Reha-
bilitation. 2012; 34(23):2018-24. [DOI:10.3109/09638288.2012.6
67502] [PMID] 

[13] Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, 
Redfield MM. Trends in prevalence and outcome of heart 
failure with preserved ejection fraction. The New England 
Journal of Medicine. 2006; 355(3):251-9. [DOI:10.1056/NEJ-
Moa052256] [PMID] 

[14] Pandey A, Parashar A, Kumbhani D, Agarwal S, Garg J, 
Kitzman D, et al. Exercise training in patients with heart fail-
ure and preserved ejection fraction: Meta-analysis of rand-
omized control trials. Circulation. Heart Failur. 2015; 8(1):33-
40. [DOI:10.1161/CIRCHEARTFAILURE.114.001615] [PMID] 

[15] Kamiya K, Sato Y, Takahashi T, Tsuchihashi-Makaya M, 
Kotooka N, Ikegame T, et al. Multidisciplinary cardiac re-
habilitation and long-term prognosis in patients with heart 
failure. Circulation. Heart Failure. 2020; 13(10):e006798. 
[DOI:10.1161/CIRCHEARTFAILURE.119.006798] [PMID] 

[16] Dhakal BP, Malhotra R, Murphy RM, Pappagianopoulos 
PP, Baggish AL, Weiner RB, et al. Mechanisms of exercise in-
tolerance in heart failure with preserved ejection fraction: The 
role of abnormal peripheral oxygen extraction. Circulation. 
Heart Failure. 2015; 8(2):286-94. [DOI:10.1161/CIRCHEART-
FAILURE.114.001825] [PMID] 

[17] Kitzman DW, Nicklas B, Kraus WE, Lyles MF, Eggebeen J, 
Morgan TM, et al. Skeletal muscle abnormalities and exercise 
intolerance in older patients with heart failure and preserved 
ejection fraction. American Journal of Physiology. Heart and 
Circulatory Physiology. 2014; 306(9):1364-70. [DOI:10.1152/
ajpheart.00004.2014] [PMID] 

[18] Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, 
Dokainish H, Edvardsen T, et al. Recommendations for the 
evaluation of left ventricular diastolic function by echocardi-
ography: An update from the American Society of Echocar-
diography and the European Association of Cardiovascular 
Imaging. European Heart Journal. Cardiovascular Imaging. 
2016; 17(12):1321-60. [DOI:10.1093/ehjci/jew082] [PMID] 

[19] Andersen OS, Smiseth OA, Dokainish H, Abudiab MM, 
Schutt RC, Kumar A, et al. Estimating left ventricular fill-
ing pressure by echocardiography. Journal of the American 
College of Cardiology. 2017; 69(15):1937-48. [DOI:10.1016/j.
jacc.2017.01.058] [PMID] 

[20] Giangregorio ML, Webber CE. Effects of metal implants on 
whole-body dual-energy x-ray absorptiometry measurements 
of bone mineral content and body composition. Canadian As-
sociation of Radiologists Journal = Journal l'Association Ca-
nadienne des Radiologistes. 2003; 54(5):305-9. [PMID]

[21] ATS Committee on Proficiency Standards for Clinical Pul-
monary Function Laboratories. ATS statement: Guidelines 
for the six-minute walk test. American Journal of Respiratory 
and Critical Care Medicine. 2002; 166(1):111-7. [DOI:10.1164/
ajrccm.166.1.at1102] [PMID] 

[22] Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, 
Iijima K, et al. Asian Working Group for Sarcopenia: 2019 
consensus update on sarcopenia diagnosis and treatment. 
Journal of the American Medical Directors Association. 2020; 
21(3):300-7. [DOI:10.1016/j.jamda.2019.12.012] [PMID] 

Takeyoshi M, et al. Gait Speed as the Index of Exercise Tolerance in HFpEF. JMR. 2024; 18(1):93-105.

January 2024, Volume 18, Number 1

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/j.jacc.2016.05.011
https://www.ncbi.nlm.nih.gov/pubmed/27216111
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://www.ncbi.nlm.nih.gov/pubmed/27206819
https://doi.org/10.1056/NEJMoa011858
https://www.ncbi.nlm.nih.gov/pubmed/11893790
https://doi.org/10.1016/j.ahj.2003.07.014
https://www.ncbi.nlm.nih.gov/pubmed/14760336
https://doi.org/10.1001/jama.1993.03510140062030
https://www.ncbi.nlm.nih.gov/pubmed/8411500
https://doi.org/10.1016/S0002-9149(83)80010-1
https://doi.org/10.1016/S0002-9149(83)80010-1
https://www.ncbi.nlm.nih.gov/pubmed/6849267
https://doi.org/10.1016/0002-9149(84)90085-7
https://www.ncbi.nlm.nih.gov/pubmed/6711433
https://doi.org/10.1161/01.CIR.86.5.1351
https://www.ncbi.nlm.nih.gov/pubmed/1423946
https://doi.org/10.1097/PHM.0b013e318154b592
https://www.ncbi.nlm.nih.gov/pubmed/17873824
https://doi.org/10.1016/S0167-5273(97)02934-3
https://www.ncbi.nlm.nih.gov/pubmed/9158166
https://doi.org/10.1016/S0735-1097(97)00381-1
https://www.ncbi.nlm.nih.gov/pubmed/9385904
https://doi.org/10.3109/09638288.2012.667502
https://doi.org/10.3109/09638288.2012.667502
https://www.ncbi.nlm.nih.gov/pubmed/22458333
https://doi.org/10.1056/NEJMoa052256
https://doi.org/10.1056/NEJMoa052256
https://www.ncbi.nlm.nih.gov/pubmed/16855265
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001615
https://www.ncbi.nlm.nih.gov/pubmed/25399909
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006798
https://www.ncbi.nlm.nih.gov/pubmed/32986957
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001825
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001825
https://www.ncbi.nlm.nih.gov/pubmed/25344549
https://doi.org/10.1152/ajpheart.00004.2014
https://doi.org/10.1152/ajpheart.00004.2014
https://www.ncbi.nlm.nih.gov/pubmed/24658015
https://doi.org/10.1093/ehjci/jew082
https://www.ncbi.nlm.nih.gov/pubmed/27422899
https://doi.org/10.1016/j.jacc.2017.01.058
https://doi.org/10.1016/j.jacc.2017.01.058
https://www.ncbi.nlm.nih.gov/pubmed/28408024
https://pubmed.ncbi.nlm.nih.gov/14689806/
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1164/ajrccm.166.1.at1102
https://www.ncbi.nlm.nih.gov/pubmed/12091180
https://doi.org/10.1016/j.jamda.2019.12.012
https://www.ncbi.nlm.nih.gov/pubmed/32033882


105

[23] Cohen JB, Schrauben SJ, Zhao L, Basso MD, Cvijic ME, Li 
Z, et al. Clinical phenogroups in heart failure with preserved 
ejection fraction: Detailed phenotypes, prognosis, and re-
sponse to spironolactone.JACC. Heart Failure. 2020; 8(3):172-
84. [DOI:10.1016/j.jchf.2019.09.009] [PMID] 

[24]  Campbell RT, Jhund PS, Castagno D, Hawkins NM, 
Petrie MC, McMurray JJ. What have we learned about pa-
tients with heart failure and preserved ejection fraction from 
DIG-PEF, CHARM-preserved, and I-PRESERVE? Journal of 
The American College of Cardiology. 2012; 60(23):2349-56.
[DOI:10.1016/j.jacc.2012.04.064] [PMID] 

[25] Nagai T, Yoshikawa T, Saito Y, Takeishi Y, Yamamoto K, 
Ogawa H, et al. Clinical characteristics, management, and out-
comes of Japanese patients hospitalized for heart failure with 
preserved ejection fraction- a report from the Japanese heart 
failure syndrome with preserved ejection fraction (JASPER) 
Registry. Circulation Journal : Official Journal of The Japanese 
Circulation Society. 2018; 82(6):1534-45. [DOI:10.1253/circj.
CJ-18-0073] [PMID] 

[26] Teramoto K, Teng TK, Chandramouli C, Tromp J, Sakata 
Y, Lam CS. Epidemiology and clinical features of heart fail-
ure with preserved ejection fraction. Cardiac Failure Review. 
2022; 8:e27. [DOI:10.15420/cfr.2022.06] [PMID] 

[27] Eaton CB, Pettinger M, Rossouw J, Martin LW, Foraker R, 
Quddus A, et al. Risk factors for incident hospitalized heart 
failure with preserved versus reduced ejection fraction in 
a multiracial cohort of postmenopausal women. Circula-
tion. Heart Failure. 2016; 9(10):e002883. [DOI:10.1161/CIR-
CHEARTFAILURE.115.002883] [PMID] 

[28] Redfield MM, Anstrom KJ, Levine JA, Koepp GA, Borlaug 
BA, Chen HH, et al. Isosorbide mononitrate in heart failure 
with preserved ejection fraction. The New England Jour-
nal of Medicine. 2015; 373(24):2314-24. [DOI:10.1056/NEJ-
Moa1510774] [PMID] 

[29] Udelson JE, Lewis GD, Shah SJ, Zile MR, Redfield MM, 
Burnett J Jr, et al. Effect of praliciguat on peak rate of oxy-
gen consumption in patients with heart failure with pre-
served ejection fraction: The CAPACITY HFpEF randomized 
clinical trial. JAMA. 2020; 324(15):1522-31. [DOI:10.1001/
jama.2020.16641] [PMID] 

[30] Kanagala P, Arnold JR, Singh A, Chan DCS, Cheng ASH, 
Khan JN, et al. Characterizing heart failure with preserved and 
reduced ejection fraction: An imaging and plasma biomarker 
approach. Plos One. 2020; 15(4):e0232280. [DOI:10.1371/jour-
nal.pone.0232280] [PMID] 

[31] Kamiya K, Hamazaki N, Matsue Y, Mezzani A, Corrà U, 
Matsuzawa R, et al. Gait speed has comparable prognostic 
capability to six-minute walk distance in older patients with 
cardiovascular disease. European Journal of Preventive Car-
diology. 2018; 25(2):212-9. [DOI:10.1177/2047487317735715] 
[PMID] 

[32] Haykowsky MJ, Brubaker PH, John JM, Stewart KP, Mor-
gan TM, Kitzman DW. Determinants of exercise intolerance 
in elderly heart failure patients with preserved ejection frac-
tion. Journal of the American College of Cardiology. 2011; 
58(3):265-74. [DOI:10.1016/j.jacc.2011.02.055] [PMID] 

[33] Yamada M, Kimura Y, Ishiyama D, Nishio N, Abe Y, 
Kakehi T, et al. Differential characteristics of skeletal muscle 
in community-dwelling older adults. Journal of the Ameri-
can Medical Directors Association. 2017; 18(9):807.e9-807.e16. 
[DOI:10.1016/j.jamda.2017.05.011] [PMID] 

[34] Kitzman DW, Shah SJ. The HFpEF obesity phenotype: The 
elephant in the room. Journal of the American College of Car-
diology. 2016; 68 (2): 200-3. [DOI:10.1016/j.jacc.2016.05.019] 
[PMID] 

[35] Manini TM, Clark BC. Dynapenia and aging: An update.
The Journals of Gerontology. Series A, Biological Sciences and 
Medical Sciences. 2012; 67(1):28-40. [DOI:10.1093/gerona/
glr010] [PMID] 

[36] Konishi M, Kagiyama N, Kamiya K, Saito H, Saito K, 
Ogasahara Y, et al. Impact of sarcopenia on prognosis in pa-
tients with heart failure with reduced and preserved ejection 
fraction. European Journal of Preventive Cardiology. 2021; 
28(9):1022-9. [DOI:10.1093/eurjpc/zwaa117] [PMID] 

[37] Pandey A, Patel KV, Vaduganathan M, Sarma S, 
Haykowsky MJ, Berry JD, et al. Physical activity, fitness, 
and obesity in heart failure with preserved ejection frac-
tion. JACC. Heart Failure. 2018; 6(12):975-82. [DOI:10.1016/j.
jchf.2018.09.006] [PMID] 

Takeyoshi M, et al. Gait Speed as the Index of Exercise Tolerance in HFpEF. JMR. 2024; 18(1):93-105.

January 2024, Volume 18, Number 1

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/j.jchf.2019.09.009
https://www.ncbi.nlm.nih.gov/pubmed/31926856
https://doi.org/10.1016/j.jacc.2012.04.064
https://www.ncbi.nlm.nih.gov/pubmed/23141494
https://doi.org/10.1253/circj.CJ-18-0073
https://doi.org/10.1253/circj.CJ-18-0073
https://www.ncbi.nlm.nih.gov/pubmed/29576598
https://doi.org/10.15420/cfr.2022.06
https://www.ncbi.nlm.nih.gov/pubmed/35991117
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002883
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002883
https://www.ncbi.nlm.nih.gov/pubmed/27682440
https://doi.org/10.1056/NEJMoa1510774
https://doi.org/10.1056/NEJMoa1510774
https://www.ncbi.nlm.nih.gov/pubmed/26549714
https://doi.org/10.1001/jama.2020.16641
https://doi.org/10.1001/jama.2020.16641
https://www.ncbi.nlm.nih.gov/pubmed/33079154
https://doi.org/10.1371/journal.pone.0232280
https://doi.org/10.1371/journal.pone.0232280
https://www.ncbi.nlm.nih.gov/pubmed/32349122
https://doi.org/10.1177/2047487317735715
https://www.ncbi.nlm.nih.gov/pubmed/28990422
https://doi.org/10.1016/j.jacc.2011.02.055
https://www.ncbi.nlm.nih.gov/pubmed/21737017
https://doi.org/10.1016/j.jamda.2017.05.011
https://www.ncbi.nlm.nih.gov/pubmed/28676289
https://doi.org/10.1016/j.jacc.2016.05.019
https://www.ncbi.nlm.nih.gov/pubmed/27386774
https://doi.org/10.1093/gerona/glr010
https://doi.org/10.1093/gerona/glr010
https://www.ncbi.nlm.nih.gov/pubmed/21444359
https://doi.org/10.1093/eurjpc/zwaa117
https://www.ncbi.nlm.nih.gov/pubmed/33624112
https://doi.org/10.1016/j.jchf.2018.09.006
https://doi.org/10.1016/j.jchf.2018.09.006
https://www.ncbi.nlm.nih.gov/pubmed/30497652

