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ABSTRACT
Objective: Given the prognostic significance of gait speed, there is insufficient evidence about possible functional determinants of gait speed 
in patients with heart failure with reduced ejection fraction (HFrEF). Therefore, the objective of this study was to investigate the functional 
determinants of gait speed in patients with HFrEF.
Methods: Fifty-nine patients with HFrEF participated in this cross-sectional study. Demographic and clinical characteristics were recorded. The 
gait speed was determined with a 4-meter walking test. Dyspnea perception was assessed with the modified medical research council (mMRC) 
scale. Functional capacity was evaluated with a 6-minute walk test (6MWT). The five times sit-to-stand (5-STS) test and the Berg Balance Scale 
(BBS) were used to measure functional mobility and balance. Physical activity was evaluated with the International Physical Activity 
Questionnaire (IPAQ) Short-Form.
Results: Gait speed was correlated with age (r=−0.368, p=0.004), NYHA functional class (r=−0.438, p=0.001), mMRC score (r=−0.422, p=0.001), 
6MWT (r=0.650, p<0.001), 5STS (r=−0.506, p<0.001), BBS (r=0.586, p<0.001), IPAQ (r=0.305, p=0.019) and IPAQ-Sitting time (r=−0.327, p=0.011). On 
multiple linear regression analysis, the 6MWT distance and BBS were independent determinants of the usual gait speed in patients with HFrEF, 
accounting for 44.4% of the variance. 
Conclusion: This study indicates that functional capacity and balance are independent functional determinants of gait speed in patients with 
HFrEF. 
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Determinants of gait speed in patients with heart failure with 
reduced ejection fraction

Introduction

Heart failure (HF) is a major health problem showing an 
upward trend and affecting approximately 26 million people 
worldwide (1). In addition to central factors such as decreased 
cardiac output and oxygen delivery, peripheral factors such as 
decreased leg blood flow, vascular permeability, and muscle 
oxygen diffusion capacity lead to exercise intolerance in patients 
with HF (2). Exercise intolerance is associated with decreased 
quality of life and a poor prognosis (3). Indeed, a distance of 
fewer than 300 m covered in the 6-minute walk test (6MWT) 
showing functional capacity is a prognostic marker for mortality 
in mild to moderate HF (4).

In the literature, it has been stated that gait speed, the value 
of which increases day by day, should also be considered as a 
functional “sixth vital sign” (5). In elderly people with cardiovas-
cular disease (CVD), gait speed has been shown to have a simi-
lar prognostic capacity as the 6MWT distance (6). In addition, 
gait speed is significantly associated with mortality and hospi-
talization in patients over 70 years of age with HF across a wide 
range of ejection fraction (EF) (7). Moreover, each 0.1 
m/s increase in gait speed is associated with a 17% reduced risk 
of all-cause mortality and a 9% decreased risk of readmission in 
older patients with acute HF (8).

Information about functional mobility and balance perfor-
mance is important in determining the level of function, changes 

https://orcid.org/0000-0002-0220-0642
https://orcid.org/0000-0002-0192-6740
https://orcid.org/0000-0001-8226-1543
https://orcid.org/0000-0001-9048-1116
https://orcid.org/0000-0002-9766-9717
https://orcid.org/0000-0003-3568-4476
https://orcid.org/0000-0003-4854-8035
https://orcid.org/0000-0001-8675-1937


over time, and health outcomes in the elderly people and the 
patient population living in the community (9-11). Increased gait 
speed was found to be one of the independent variables of func-
tional capacity during 6MWT in patients with HF (12). However, 
given the prognostic significance as well as an easy, reliable, 
precise and rapid measurement of gait speed, there is insuffi-
cient evidence for possible functional determinants of gait 
speed in HFrEF. Knowing the possible determinants of gait speed 
in patients with HFrEF will be useful in establishing appropriate 
rehabilitation programs to prevent functional decline and 
improve the independence level. Therefore, the objective of this 
study was to investigate the functional determinants of gait 
speed in patients with HFrEF.

Methods

This cross-sectional study was carried out at the Physical 
Therapy and Rehabilitation Department of Dokuz Eylül University. 
The patients with HFrEF were recruited from the outpatient 
clinic in the Cardiology Department of Dokuz Eylül University 
Hospital. In the study, individuals diagnosed with HFrEF accord-
ing to the 2016 European Society of Cardiology (ESC) Guideline 
of Heart Failure, and individuals who were functional class I, II, 
and III of the New York Heart Association (NYHA) were includ-
ed. Individuals with serious lung disease, arrhythmias, severe 
valvular heart disease, or anemia were excluded from the study. 
In addition, individuals with cognitive disorders; orthopedic 
problems that prevent walking; and neurological diseases such 
as stroke, parkinson, and multiple sclerosis were also excluded.

The study was performed according to the guidelines of the 
Declaration of Helsinki. The study protocol was approved by the 
Ethics Committee of Dokuz Eylül University (file number: 4722-
GOA; decision number: 2019/12-38; date: 08.05.2019). Written 
informed consent was obtained from all the participants includ-
ed in the study.

The etiologies, left ventricular EF, and functional classes of 
the participants were obtained from the clinical records. 
Comorbidities of individuals were questioned with Charlson 
Comorbidities Index (CCI) (13). Dyspnea perception of the par-
ticipants was evaluated with a modified medical research coun-
cil (mMRC) scale. The mMRC is a 5-item scale that evaluates 
dyspnea during daily activities, where zero indicated “no dys-

pnea when moving at low speeds or a slight uphill, except for 
intense exercise,” and four indicates “dyspnea when wearing 
or removing clothes at home” (14). The gait speed was deter-
mined with a 4-meter walking test (4MWT). The 4MWT consist-
ed of the participants starting to walk on command 2 m behind 
the starting line, starting the stopwatch the moment they cross 
the starting line and stopping the stopwatch the moment they 
cross the ending line. The participants were asked to walk at 
normal speed and maximum speed, and the gait speed was cal-
culated by dividing the walking distance by the time recorded by 
the stopwatch (15). Functional capacity was evaluated with 
6MWT, which was administered according to the American 
Thoracic Society guidelines. The participants were asked to 
walk as fast as possible for six minutes in the 30 m corridor. 
During the test, the standard expression “you are doing very 
well” was used to encourage the patient every minute, and the 
6-minute walking distance was recorded at the end of the test 
(16). The five times sit-to-stand (5-STS) test is an outcome mea-
sure used to determine mobility, functional lower limb/extremity 
strength, and balance capacity. The test was performed with the 
participants’ hips and knees flexed at 90º and feet in contact 
with the ground, sitting in a chair without arm support. The par-
ticipants were asked to get up and sit 5 times as quickly as pos-
sible and the time to complete the test was recorded (17). Berg 
Balance Scale (BBS) was used for clinical evaluation of bal-
ance. BBS is a 14-item scale that evaluates the functional bal-
ance and includes certain daily activities such as standing out 
of the chair, standing independently, stepping on the stairs, and 
standing on one leg. Each item of the scale gets a score between 
0 and 4. The highest score of the scale is 56, which indicated 
good balance (18). To evaluate the physical activity of the par-
ticipants, International Physical Activity Questionnaire Short-
Form (IPAQ-SF) was used. IPAQ-SF includes seven items that 
examine four activity levels, including vigorous intensity activity, 
moderate intensity activity, walking, and sitting for the past 
seven days (19). Mini-Mental State Examination (MMSE) was 
created as a short-term cognitive assessment tool. MMSE con-
sists of 11 items collected under five main headings (orientation, 
record memory, attention, calculation, and language). The high-
est score is 30 points, and the ideal threshold in the diagnosis of 
mild dementia was determined as 24 points (20).

Previous studies have found that the 6MWT distance was an 
independent determinant of usual gait speed in patients with 
COPD (R2=0.60, p<0.001) (21). The sample size for multiple linear 
analysis, according to the results of that study, was estimated as 
59 participants for seven predictors in the model, expected 
effect size of 0.4 the probability of type I error of 0.05, statistical 
power of 0.95, using G*Power software (version 3.1.9.2, 
Düsseldorf, Germany).

Statistical analysis
All data were analyzed using the Statistical Package for 

Social Sciences statistical software package (version 23.0, IBM 
Corp., Armonk, NY, USA). Skewness-Kurtosis tests and histo-
grams were used to check normality of distribution. Continuous 
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• There is a lack of evidence about functional determi-
nants of gait speed in patients with heart failure with 
reduced ejection fraction (HFrEF). 

• Functional capacity and balance are independent func-
tional determinants of gait speed in patients with HFrEF.

• Gait speed has the ability to predict poor exercise 
capacity in patients with HFrEF, making it an informative 
tool for patients with HFrEF.

HIGHLIGHTS



variables were presented as mean ± standard deviation, where-
as categorical variables were presented as number and percent. 
Pearson product moment correlation coefficients were used to 
assess the correlations between usual gait speed and following 
variables: age, body mass index, EF, NYHA, mMRC, 6MWT dis-
tance, IPAQ, IPAQ-sitting time, 5STS, BBS, and MMSE. Stepwise 
multiple linear analysis was used to identify the independent 
variables that had the most influence on gait speed. Significantly 
correlated variables (age, NYHA, 6MWT distance, IPAQ, IPAQ-
sitting time, 5STS, BBS) with usual gait speed were included in 
the regression model. NYHA and mMRC were collinear; there-
fore, only NYHA was used for modeling to avoid multicollinearity. 
In addition, receiver operating characteristic (ROC) curve analy-
sis was used to determine whether usual gait speed had dis-
criminative value for poor exercise capacity (6MWT <300 m). 
The cut-off value of gait speed corresponding to optimal sensi-
tivity and specificity was identified as the point on the ROC curve 
closest to the (0,1) point (22). Statistical significance was con-
sidered as p<0.05. 

Results

Fifty-nine patients with HFrEF who met the inclusion criteria 
were included in the study. The demographic and characteristic 
features in patients with HFrEF are summarized in Table 1. The 
etiologies of HF were ischemic heart disease (74.6%), hyperten-
sive heart disease (10.2%), and non-ischemic dilated cardiomy-
opathy (15.2%).

Correlations between usual gait speed and other parameters 
in patients with HFrEF are presented in Table 2. Usual gait speed 
was negatively correlated with age (r=–0.368, p=0.004), NYHA 
(r=–0.438, p=0.001), mMRC score (r=–0.422, p=0.001), 5STS (r=–
0.506, p<0.001), and IPAQ-sitting time (r=–0.327, p=0.011). Usual 
gait speed was positively correlated with 6MWT (r=0.650, 
p<0.001), BBS (r=0.586, p<0.001), and IPAQ (r=0.305, p=0.019).

Stepwise multiple linear regression model of the usual gait 
speed in patients with HFrEF is presented in Table 3. The 6MWT 
distance and BBS were independent functional determinants of 
the usual gait speed in patients with HFrEF, accounting for 44.4% 
of the variance. The regression model was confirmed as conve-
nient as F value was significant (F=24.136, p<0.001), the variance 
inflation factors (VIF) were less than 10, the Durbin Watson test 
value was close to 2, and residual distribution was random. The 
regression equation formula is [−0.912 + (0.001 × 6MWT 
distance{m}) + (0.024 × BBS {unit change})] in patients with 
HFrEF.

When the model was repeated excluding parameters that 
may establish a cause-effect relationship with gait speed 
(6MWT, 5-STS, BBS, and NYHA), the independent determinants 
of gait speed were age and mMRC score in patients with HFrEF, 
accounting for 23.2% of the variance (Table 4). The regression 
equation is [1.763 + (-0.008 × age{y}) + (-0.106 × mMRC score)] in 
patients with HFrEF. 

ROC curve analysis results are presented in Figure 1. Usual 
gait speed had discriminative value for poor exercise capacity 

(6MWT distance <300 m), with an AUC of 0.937 (p<0.001, 95% 
confidence interval 0.86-1.0). Usual gait speed of 0.7 m/s had a 
sensitivity of 88% and specificity of 70% for the prediction of 
poor exercise capacity in patients with HFrEF. 
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Table 1. Demographic and characteristic features in HFrEF

Characteristic Value

Age, years 65.2±10.8

Sex, male 47 (79.7)

BMI, kg/m2 28.5±3.9

EF, % 31.1±7.1

NYHA class

   I 12 (20.3)

   II 29 (49.2)

   III 18 (30.5)

CCI 2.5±0.9

mMRC score, 0–4 2.6±1.1

Usual 4-m gait speed (m/s) 0.93±0.3

Maximal 4-m gait speed (m/s) 1.3±0.3

6MWT distance, m 415.3±101.6

IPAQ, MET/h/week 668.6±763.1

IPAQ-Sitting, minutes/day 574.5±228.1

5-STS, s 12.9±3.3

BBS 52.8±3.6

MMSE 27.6±2.28
Data were expressed as mean ± SD or number (percentage).
BBS - Berg Balance Scale; BMI - body mass index; CCI - Charlson Comorbidities 
Index; EF - ejection fraction; HFrEF - heart failure with reduced ejection fraction; IPAQ 
- International Physical Activity Questionnaire; mMRC - modified medical research 
council scale; MMSE - mini mental state examination; NYHA - New York heart 
association; 5-STS - five times sit to stand test; 6MWT - 6 minute walk test

Table 2. Correlations between usual gait speed and other parameters

r P-value

Age, years -0.368 0.004*

BMI -0.114 0.390

EF 0.179 0.176

NYHA -0.438 0.001*

mMRC score -0.422 0.001*

6MWT distance, m 0.001* <0.001*

IPAQ, MET/h/week 0.305 0.019*

IPAQ-Sitting, minutes/day -0.327 0.011*

5-STS, s -0.506 <0.001*

BBS 0.586 <0.001*

MMSE 0.123 0.355
*Statistically significant difference (P<0.05)
BBS - Berg Balance Scale; BMI - body mass index; EF - ejection fraction; IPAQ - 
International Physical Activity Questionnaire; mMRC - modified medical research 
council scale; MMSE - mini mental state examination; NYHA - New York heart 
association; 5-STS - five times sit to stand test; 6MWT - 6 minute walk test



Discussion

The main finding of this study indicates that 6MWT distance 
and balance are functional determinants of usual gait speed in 
patients with HFrEF, accounting for 44.4% of the variance. When 
functional parameters that may establish a cause-effect rela-
tionship with gait speed were removed, age and perception of 
dyspnea were found to be independent determinants of usual 
gait speed. This study also demonstrates that usual gait speed is 
correlated with age, NYHA functional class, perception of dys-
pnea, functional mobility, and physical activity. Furthermore, we 
demonstrated that the usual gait speed of 0.7 m/s was a thresh-
old to predict poor exercise capacity in patients with HFrEF. 

The 4MWT, where gait speed is obtained, is a well-known 
assessment of multi-system wellbeing in older adults and COPD. 
It is a reliable, easy-to-understand, fast-performing, and inex-
pensive tool. This test can be performed by nonprofessional 
staff and in any clinical setting (15). Moreover, 4-m distance 
allows patients to achieve a constant walking speed without 
revealing cardiorespiratory symptoms (23).

The 6MWT is a valid, reliable, and well-tolerated test evaluat-
ing functional capacity in patients with HF. The distance walked 
over 6 minutes provides prognostic value that is similar to peak 
VO2 and VE/VCO2 slopes which are obtained from the cardiopul-
monary exercise test in patients with HF (24). In addition to func-
tional capacity, gait speed is another independent predictor of 
prognosis in both HF and other disease populations (6, 7). 
Karpman et al. (21) found the 6MWT distance one of the strongest 
determinants of gait speed in COPD. In accordance with previous 
studies, 6MWT distance was found to be one of the determinants 

of gait speed in our study. Therefore, we think that functional 
capacity contributes to gait speed in patients with HFrEF.

It is known that gait speed and balance control are related 
during walking in healthy elderly people (25). A previous study 
has suggested that the balance control evaluated with unilateral 
stance is impaired in HF (26). In addition, in our study, the mean 
BBS score of patients with HF was found to be lower than the 
elderly of similar ages living in the community (27). Therefore, 
patients with HF may experience ambulatory difficulty owing to 
both effort intolerance arising from cardiac dysfunction and 
impaired balance control during walking. On the basis of all of 
these, in our study where we investigated the relationship 
between gait speed and functional balance, we found balance 
as one of the determinants of gait speed. 

Older patients with HFrEF are at risk for adverse functional 
outcomes because of their mobility performance (26). According 
to our results, functional mobility is associated with gait speed. 
This finding confirms the relation between adverse functional 
outcomes and mobility in patients with HFrEF.

Physical activity is important in HF to improve prognosis, 
functional capacity, and quality of life (28). Physical inactivity is 
associated with higher all-cause and cardiac mortality in symp-
tomatic HF (29). The relationship between physical activity and 
usual gait speed has not been investigated in the HF population. 
We found that physical activity and sedentary time are associ-
ated with usual gait speed, but physical activity and sedentary 
time do not independently inform concerning gait speed accord-
ing to multivariate regression analysis. This result may be 
because IPAQ underestimates the sedentary time and overesti-
mates moderate-to-vigorous physical activity in HF (30).
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Figure 1. Receiver operating characteristic curve for predicting poor 
exercise capacity calculated by using usual gait speed
AUC - area under the curve; CI - confidence interval
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Table 3. Stepwise multiple linear regression model of the usual 
gait speed in HFrEF

Variable bb SE Beta VIF t P-value

Constant  -0.912  0.511 - - -1.784 0.08

6MWT 
distance, m

  0.001 0.000 0.468   1.829 3.535 0.001*

BBS 0.024 0.012 0.271 1.829 2.044 0.046*

*Statistically significant difference (P<0.05)
R=0.680, R2=0.463, adjusted R2=0.444 (F=24.136, P<0.001) 
b - unstandardized regression coefficient; SE - standard error; VIF - variance 
inflation factors; 6MWT - 6 minute walk test; BBS - Berg Balance Scale 

Table 4. Stepwise multiple linear regression model of the usual gait 
speed excluding functional parameters in HFrEF

Variable bb  SE Beta VIF t P-value

Constant 1.763 0.224 - - 7.853 <0.001*

Age, y –0.008 0.003 –0.291 1.048 –2.469 0.017*

mMRC score, 
(0–4)

–0.106 0.035 –0.360 1.048 –3.052 0.003*

*Statistically significant difference (P<0.05)
R=0.509, R2=0.259, adjusted R2=0.232 (F=9.776, P<0.001)
b - unstandardized regression coefficient; SE - standard error; mMRC - modified 
medical research council scale; VIF - variance inflation factors



Pulignano et al. (7) demonstrated that low gait speed is inde-
pendently associated with age, cognition, and LVEF in patients 
over 70 years of age with HF across a wide range of EF. In our 
study, contrary to previous studies, age, cognition, and LVEF were 
not independently associated with gait speed. These results may 
be owing to the fact that Pulignano et al. (7) classified their 
patients in three groups according to gait speed, whereas our 
study assessed all the patients as one group. In addition, our 
patients had a smaller mean age and only reduced EF.

Usual gait speed was highly discriminative to determine poor 
exercise capacity in our study similar to previous studies (6, 21). 
Karpman et al. (21) have found that the gait speed of 0.8 m/s is a 
cut-off for the prediction of poor exercise capacity in patients 
with COPD. In another study, Kamiya et al. (6) have reported that 
a gait speed of <0.9 m/s is a threshold for poor exercise capac-
ity in patients with CVD, with sensitivity and specificity values 
above 80%. According to our results, a gait speed of 0.7 m/s is an 
indicator of poor exercise capacity in patients with HFrEF, with a 
sensitivity of 88% and specificity of 70%. This finding is not sur-
prising considering Kamiya et al. (6) included patients with dif-
ferent cardiac diseases, including acute heart failure, cardiac 
surgery, acute coronary syndrome, and other clinical entities 
and performed their evaluation at hospital discharge. However, 
our study recruited only clinically stable patients with HFrEF 
from an outpatient clinic. Therefore, gait speed has great clinical 
importance, and the clinical status of the patients should be 
considered when interpreting it.

This study looked at the relationship between gait speed and 
functional outcomes, including NYHA, 6MWT distance, mobility, 
balance, and physical activity in patients with HF. The findings of 
this study may have substantial clinical implications. The 6MWT 
distance and balance, which are the determinants of gait speed, 
are modifiable. Therefore, these determinants should be taken 
into consideration when planning cardiac rehabilitation pro-
grams for patients with HFrEF.

Study limitations 
This study had some limitations, including the fact that our 

patients had NYHA I, II, and III functional classes and reduced 
LVEF; therefore, the generalizability of our findings to all HF 
populations is limited. Second, we considered the usual gait 
speed rather than fast gait speed because usual gait speed has 
an advantage in prognosis estimation. 

Conclusion

To the best of our knowledge, this is the first study investigat-
ing the possible functional determinants of the gait speed in 
patients with HFrEF. Our study indicates that functional capacity 
and balance are independent functional determinants of gait 
speed in HFrEF. Gait speed is discriminative to determine poor 
exercise capacity in patients with HFrEF.
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