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Background: The study aimed to investigate the relationship between the aerobic exercise intensity
determined by 6-minute walking distance (6MWD) and its counterpart based on anaerobic threshold (AT) in
chronic heart failure (CHF) individuals for exploring suitable means for CHF exercise rehabilitation.
Methods: We retrospectively analyzed data in patient with CHE, who performed cardiopulmonary exercise
test (CPET) and 6-minute walking test (6(MWT) uniformly. Anthropometric characteristics, left ventricular
ejection fraction (LVEF), and multiple parameters of 6SMWT and AT were collected.

Results: The results of the analysis revealed that the 6MWD was correlated with the AT positively
[CHF group: r=0.433, heart failure with reduced ejection fraction (HFrEF) group: r=0.395, heart failure
with intermediate ejection fraction (HFmEF) group: r=0.477, heart failure with preserved ejection fraction
(HFpEF) group: r=0.445; all P<0.05]. The regression analysis showed that the linear equation model
developed can predict exercise intensity based on AT (EIAT) by exercise intensity based on 6MWD
(EI6MWD), the aerobic exercise intensity based on AT and 6MWD respectively, of CHF patients.
Conclusions: There is a correlation between EIGMWD and EIAT. 74.6-87.4% of EI6MWD in patients
with CHF is equivalent to EIAT. It is feasible to establish the aerobic exercise intensity of patients with CHF
equivalent to AT based on 6MWD.
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Introduction quality of life, as well as reduce medical expenses (7-12).

. . . . The main type of exercise for heart failure is aerobic
Heart failure is the end stage of various heart diseases yP

which has rising morbidity and mortality continue (1,2) exercise, and suitable intensity of aerobic exercise is crucial

and the prevalence increasing with age (3-5), and it is one for the effective therapy. Thus, its exercise intensity is the

of the major global health problems (6). Compared with key element. Anaerobic threshold (AT) is directly measured
traditional medical treatment, appropriate physical activity by the cardiopulmonary exercise test (CPET). It has been
and exercise training can improve exercise endurance, proved safe and effective to establish aerobic exercise
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intensity by the AT (13).

CPET is considered the “gold standard” for assessing
aerobic capacity. Peak oxygen uptake (peak VO,) and AT are
frequently assessed CPET variables in chronic heart failure
(CHF) (14). Unfortunately, the cost of the examination,
complicated operation and difficult analysis may render the
CPET unfeasible for primary hospitals.

Six-minute walking test (6MWT), as a kind of
submaximal test, which is simple, low-cost and convenient
to administer without the need of sophisticated equipment
(15,16), objectively evaluates a patient’s functional
capacity (17). Moreover, 6MW'T has been proved to be
suitable for prescribing exercise intensity in most people
with chronic obstructive pulmonary disease (COPD),
and 80% 6MW'T average speed is likely to result in
training benefits in some cases (18). Since it can assess
cardiopulmonary function, prescribe exercise intensity,
6MW'T has been used as part of assessment for CHF
patients (19).

Due to great limitations of CPET, 6MW'T is suitable for
basic hospitals. Unfortunately, the study of the AT exercise
intensity in patients with CHF has not been established
with 6MWD. Therefore, this study aimed to investigate
the relationship between 6MWD and AT, explore the
feasibility of applying 6MWD to determine the aerobic
exercise intensity that matched with AT in patients with
CHE. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-265).

Methods
Study population

The study originated from a retrospective chart analysis of
CHF and non-CHF people, who had completed CPET and
6MW'T performed at the Cardiac Rehabilitation Center of
Tongji Hospital in Shanghai, from June 2016 to December
2018. CHF patients meet the criteria as follows: aging from
18 to 75 years old, having heart failure symptoms and signs
remaining stable for more than 2 weeks, B-type natriuretic
peptide (BNP) >35 pg/mL or N-terminal pro-BNP (NT-
pro BNP) >125 pg/mL, and having left ventricular systolic
or diastolic dysfunction (6). Inclusion criteria of non-
CHF people are as follows: aging from 18 to 75 years
old, CPET and 6MWT were completed in the Heart
Rehabilitation Center of Shanghai Tongji hospital, no
symptoms and signs of heart failure and no abnormalities in
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left ventricular systolic or diastolic function. Patients with
pulmonary disease, early acute coronary syndrome (within
2 days), unstable angina, uncontrolled hypertension, high
atrioventricular block, acute myocarditis and pericarditis, or
symptoms of aortic stenosis severe hypertrophic obstructive
cardiomyopathy, acute systemic disease, intracardiac
thrombosis were excluded (20). A steady staff team
consisting of a well-informed sole-duty cardiologist and
two experienced physiotherapists was needed in the process,
where the cardiologist was responsible for diagnosis and
worked with physiotherapists to conduct 6MWT and
CPET safely. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013) and
was approved by the Ethics Committee of Tongji Hospital
Affiliated to Tongji University [LL(H)-08-04]. Informed
consent was taken from all the patients.

The study involving 941 patients aged 18-75 years
that performed CPET between June 2016 and December
2018, and 711 patients who completed the 6MW'T within
1 day before and after the examination. Among them,
320 patients had echocardiographic data within 1 day
before the examination. Coupled with echocardiography,
a total of 107 patients had HF were screened by reviewing
medical records and testing system. Among them, 33
patients had ejection fraction (EF) <40% for heart failure
with reduced ejection fraction (HFrEF) and had HF
symptoms and/or signs, 23 patients had 50%> EF >40%
for heart failure with intermediate ejection fraction
(HFmEF) diagnosis, 51 patients had EF >50% for heart
failure with preserved ejection fraction (HFpEF) diagnosis.
Thirty-four cases were excluded (all EFs were >50% but
no data for diagnosis of diastolic heart failure) and one
case (no AT). Finally, check the electronic medical records
to improve detailed diagnosis, auxiliaSry examination,
body mass index (BMI) and drugs. Figure 1 is the flow
chart.

6MWD

6MWD was performed according to the guidelines
of the American Thoracic Society (17). The 6MW'T
was performed indoors, along a long, flat, and straight
corridor. Patients were instructed to walk back and forth
on a self-chosen walking speed. Running was not allowed.
If needed, patients were allowed to slow down the pace
or to stop, but were encouraged to resume walking as
soon as they were able to. The hallway is 30 meters long.
The length of the corridor is marked every 3 meters.
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Patients aged 18-75 years that
performed the CPET between June
2016 and December 2018

Y
Completed the BMWT within one day
before and after the CPET
(n=711)

Y
Performed echocardiogram within one

day before CPET
(n=320)

Y

Diagnosis of CHF
(n=107)

Y

HFrEF HFmEF HFpEF
(n=33) (n=23) (n=51)

Figure 1 Flow chart of the study. CPET, cardiopulmonary exercise
test; CHEF, chronic heart failure; HFrEF, heart failure with reduced
ejection fraction; HFmEE, heart failure with intermediate ejection

fraction; HFpEF, heart failure with preserved ejection fraction.

The turnaround points are marked with a cone (such as
an orange traffic cone). A starting line, which marks the
beginning and end of each 60-meter lap, is marked on
the floor using brightly colored tape. All patients were
guided by a uniform standard recording during the test.
According to the results, the intensity of aerobic exercise
is determined. Before and after the test, were measured.
The exercise intensity based on 6MWD (El ), is equal
to 6MWD x 10/1,000 (km/h). For example, the 6MWD
result of patient is 350 m, then the exercise intensity is
3.5 km/h.

Cardiopulmonary exercise testing

CPET was completed at cardiac rehabilitation center. In
this study we used the MasterScreen series of the lung
function test system produced by CareFusion of Germany,
the Cardiosoft motion test system produced by GE Medical
of Germany, and the Viasprint 150 electric bicycle produced
by ergoline of Germany. The revised Ramp10 program was
adopted, rest on the cycle for 3 minutes, cycle for 3 minutes
under no load, and then start from 0 J/second, increase 5 ]
every 30 seconds until the patient reaches a peak of exercise
or the end of exercise. Before and after the test, blood
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pressure, heart rate, pulse oxygen saturation and expired
gases were continuously monitored. Gas exchanged was also
analyzed during exercise: each exhaled gas is continuously
monitored by the pulmonary function test system after
the start of the patient test. The anaerobic metabolic
threshold was determined by the V-slope method (21). The
aerobic exercise intensity determined by AT was El,p, and
according to the results, the metabolic equivalent value was
obtained by converting the oxygen consumption amount of
one metabolic equivalent (1 MET =3.5 mL/kg/min), El,;+ =
(METS@AT-1) x 3.5 x 60/100 (km/h) (22).

Statistical analysis

Data entry was carried out using the excel (2016 version)
software. All analyses were performed using IBM Corp.
Released 2016. IBM SPSS Statistics for Windows, Version
24.0. Armonk, NY: IBM Corp software. The data are
expressed as mean = standard deviation (SD) when normally
distributed, and median (interquartile range) [M (P,s, P5)]
if non-normally distributed, and the count variables is
displayed by the ratio or composition ratio (%).

If the measurement data conform to the normal
distribution, the correlation analysis used the Pearson
accumulation correlation analysis between them. If not, the
Spearman analysis was used. Correlation analysis, between
the disordered variables (gender) and the measurement
data, was analyzed by independent sample T inspection; the
classification disorder (sex) was analyzed by chi-square test.
"Testing was performed two-sided, and statistical significance
was defined as P<0.05.

Results
Demographic and clinical characteristics

The baseline clinical patients’ characteristics are shown
in Table 1. In total,107 patients with CHF were enrolled
in the study, 95 males and 12 females were included, at a
median age of 62.00 years old, median height of 171.00 cm,
median weight 75.00 kg, median BMI of 25.71 kg/m”’.
The disease consisted of 71 cases of coronary heart disease
(CAD), 16 cases with dilated cardiomyopathy (DCM),
7 cases with hypertrophic cardiomyopathy (HCM),
5 cases with valvular heart disease, 8 cases with hypertension
(HBP). Heart failure classification: 33 patients with HFrEF
(31 males and 2 females), 23 patients with HFmEF (22 males
and 1 female), and 51 patients with HFpEF (42 males and
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Characteristics CHF group (n=107) HFrEF group (n=33) HFmEF group (n=23) HFpEF group (n=51)
Gender

Male, n (%) 95 (88.79) 31 (93.94) 22 (95.65) 42 (82.35)

Female, n (%) 12 (11.21) 2 (6.06) 1(4.35) 9 (17.65)
Age 62.00 (55.00, 66.00) 58.00 (45.50, 66.00) 60.00 (54.00, 70.00) 63.00 (58.00, 66.00)
Height (cm) 171.00 (166.00, 176.00) 172.00 (166.50, 176.00) 172.00 (168.00, 176.00) 170.00 (165.00, 175.00)
Weight (kg) 75.00 (66.00, 84.00) 72.00 (61.75, 87.50) 76.00 (69.00, 84.50) 75.00 (67.00, 80.00)
BMI (kg/m?) 25.71 (23.36, 27.60) 25.26 (22.01, 29.44) 25.80 (24.49, 27.28) 25.65 (23.36, 27.13)
LVEF, % 48.00 (38.00, 66.00) 33.00 (26.00, 35.50) 44.00 (42.00, 48.00) 66.00 (59.00, 70.00)

Disease, n (%)

CAD 71 (66.36) 16 (48.49)
DCM 16 (14.95) 14 (42.42)
HBP 8 (7.48) 2 (6.06)
HCM 7 (6.54) 0
Valvular disease 5(4.67) 1(3.03)

20 (86.96)
2 (8.70)
0
0
1(4.34)

35 (68.63)
0
6 (11.76)
7 (13.73)
3 (5.88)

The measurement data in the table are M (P,s, P;5). CHF, chronic heart failure; HFrEF, heart failure with reduced ejection fraction; HFmEF,
heart failure with intermediate ejection fraction; HFpEF, heart failure with preserved ejection fraction; BMI, body mass index; LVEF,
left ventricular ejection fraction; CAD, coronary heart disease; DCM, dilated cardiomyopathy; HBP, hypertension; HCM, hypertrophic

cardiomyopathy.

9 females).

6MWT and CPET results

The correlations between the VO,AT, peak VO,, load AT
and load peak in group HFrEF were significantly lower
than those in group HFpEF (P<0.05), whereas there were
no significant differences in 6MWD and VE/VCO, slope in
CHEF sub-groups (P>0.05) (Table 2).

Correlation between 6 MWD and AT

A single-factor linear correlation analysis was performed
between 6MWD and AT (Tuble 3). The results showed that
there were positive correlations between 6MWD and AT in
CHF and each CHF sub-group respectively. CHF group:
r=0.433, P<0.01; HFrEF group: r=0.395, P=0.023; HFmEF
group: r=0.477, P=0.021; HFpEF group: r=0.445, P=0.001.

Correlation between El,,,;, and EI

Multiple linear regression analysis was performed on
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CHF group and each sub-group. There was significant
correlation between Ely and Elgywp in each group (CHF
group: r=0.465, HFrEF group: r=0.428, HFmEF group:
r=0.600, HFpEF group: r=0.446, P<0.01). Among them,
Elrin CHF group was correlated with age (r=0.205) and
left ventricular ejection fraction (LVEF) (r=0.200) (P<0.05),
and El in HFrEF group was also correlated with age
(r=0.550, P=0.001). The following regression equations
were obtained: CHF group: El;= 0.810 x Elwp + 0.029 x
age + 1.863 x LVEF; HFrEF group: Ely; = 0.746 x Elywp +
0.067 x age; HFmEF group: Ely; = 0.766 x Elwp; HFpEF
group: Ely;= 0.874 x Elgywp (Tables 4,5).

Standardized regression coefficients between Elyyr, and
ElL,,

The U-test was utilized to compare the standardized
regression coefficients of Elgwp and Elyy (Table 6). The
results showed that the correlation coefficient between the
heart failure groups and the non-heart failure group was
statistically different (P=0.033), and the CHF sub-groups
were not statistically different (P>0.05). There is a moderate
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Table 3 Single factor linear correlation analysis results with AT

CHF group HFrEF group HFmEF group HFpEF group
Independent variable
r P r P r P r P
6MWD 0.433 0.000** 0.395 0.023 0.477 0.021 0.445 0.001

**, P<0.01. AT, anaerobic threshold; CHF, chronic heart failure; HFrEF, heart failure with reduced ejection fraction; HFmEF, heart failure with
intermediate ejection fraction; HFpEF, heart failure with preserved ejection fraction; 6MWD, 6-minute walking distance.

Table 4 Multiple linear regression analysis results with EI

Independent variable Ziz;:ziz? Standard error reg?ézgi(iirizz;;ﬁ:?ent t P F R®  Adjustment R?
CHF group

Constant -2.025 1.054 -1.920 0.058 14.345 0.295 0.274
Elguwo 0.810 0.147 0.465 5.514 0.000**

Age 0.029 0.012 0.205 2.359 0.020*

LVEF 1.863 0.797 0.200 2.336 0.021*

HFrEF group

Constant -3.204 1.646 -1.947 0.061 9.474  0.387 0.346
Age 0.067 0.018 0.550 3.764 0.001**

Elguwo 0.746 0.255 0.428 2.929 0.006**

HFmEF group

Constant 0.690 1.045 0.661 0.516  11.838 0.360 0.330
Elguwo 0.766 0.223 0.600 3.441 0.002**

HFpEF group

Constant 0.630 1.139 0.553 0.583 12.190 0.199 0.183
Elguwo 0.874 0.250 0.446 3.491 0.001**

*, P<0.05; **, P<0.01. AT, anaerobic threshold; El,;, exercise intensity based on AT, CHF, chronic heart failure; 6MWD, 6-minute walking
distance; Elguwo, €xercise intensity based on 6MWD; LVEF, left ventricular ejection fraction; HFrEF, heart failure with reduced ejection

fraction; HFmEF, heart failure with intermediate ejection fraction; HFpEF, heart failure with preserved ejection fraction.

positive correlation between 6MWD and AT in patients
with CHE.

Discussion

Previous studies were able to show the relationship between
6MWD and peak VO,. According to the Robert M. Ross
studies, there was an equation: peak VO, (mL/kg/min) =
4.948 + 0.023 x 6MWD (meters) (23). Furthermore, the
study of Adedoyin RA showed an equation might be useful
when sophisticated equipment is lacking: peak VO, =
0.0105 x 6MWD (meters) + 0.0238 x age (yr) — 0.03085 x

© Annals of Palliative Medicine. All rights reserved.

weight (kg) + 5.598 (24). In addition, previous study that
suggest the use of the 6MW'T to evaluate exercise capacity
in patients with heart failure is highly dependent on the
degree of functional impairment (25). Individuals who
peak VO, >25.2 mL/kg/min, 6MW'T VO, was significantly
lower compared with CPET peak VO,, whereas individuals
who peak VO, <17.5 mL/kg/min showed significantly
higher 6MWT VO, compared with CPET peak VO,.
However, the correlation between aerobic exercise intensity
of 6MWT and CPET has not been explored. In this study,
we discussed the relationship between Elgwp and Elyp,
detected by 6MWT and CPET respectively, and obtained
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Table 5 Excluded variables
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Group Constant Normalization coefficient t P
CHF group Gender 0.055 0.558 0.578
BMI -0.090 -0.915 0.363
HFrEF group Gender 0.031 0.168 0.868
BMI -0.095 -0.515 0.610
LVEF -0.007 -0.038 0.970
HFmEF group Gender 0.397 1.936 0.067
Age 0.022 0.098 0.923
BMI 0.166 0.755 0.459
LVEF 0.100 0.452 0.656
HFpEF group Gender 0.021 0.144 0.886
Age 0.090 0.629 0.532
BMI -0.177 -1.246 0.219
LVEF 0.219 1.554 0.127

CHF, chronic heart failure; HFrEF, heart failure with reduced ejection fraction; HFmEF, heart failure with intermediate ejection fraction;
HFpEF, heart failure with preserved ejection fraction; BMI, body mass index; LVEF, left ventricular ejection fraction.

Table 6 Comparison of standardized regression coefficients between EI6GMWD and EIAT

Group N
CHF group vs. HFrEF group 107 vs. 33
CHF group vs. HFmEF group 107 vs. 23
CHF group vs. HFpEF group 107 vs. 51
HFrEF group vs. HFmEF group 33 vs. 23
HFrEF group vs. HFpEF group 33 vs. 51
HFmEF group vs. HFpEF group 23 vs. 51

B z P
0.465 vs. 0.428 -0.816 0.207
0.465 vs. 0.600 -0.776 0.219
0.465 vs. 0.446 0.802 0.211
0.428 vs. 0.600 -0.816 0.207
0.428 vs. 0.446 -0.096 0.462
0.600 vs. 0.446 0.802 0.211

N is the number of cases, and B is the normalized regression coefficient. BMWD, 6-minute walking distance; Elgywpo, €xercise intensity
based on 6MWD; AT, anaerobic threshold; El,;, exercise intensity based on AT; CHF, chronic heart failure; HFrEF, heart failure with reduced
ejection fraction; HFmMEF, heart failure with intermediate ejection fraction; HFpEF, heart failure with preserved ejection fraction.

the specific equation between them as follows.

The results of this study showed that 6MWD and
AT were significantly correlated in patients with CHE.
There was no significant difference of case number, age
composition, and sex ratio among CHF sub-groups (P>0.05)
(Table 2). The AT and peak VO, of HFrEF patients were
lower than those of HFpEF patients (P<0.05). The exercise
tolerance of HFrEF patients was worse than HFpEF
patients. However, there was no significant difference in
VE/VCO,slope among sub-groups (P>0.05), indicating that
there was no significant difference in ventilation efficiency

© Annals of Palliative Medicine. All rights reserved.

among the sub-groups. The single factor linear regression
analysis showed that there were different degrees of positive
correlations between 6MWD and AT in the CHF group
and each CHF sub-group respectively. Further linear
regression analysis showed that the El; of CHF group
and each CHF sub-group were positively correlated with
Elwp, and the regression equation was obtained: (I) CHF
group: El ;= 0.810 x Elywp + 0.029 x age + 1.863 x LVEF;
(II) HFrEF group: EIAT = 0.746 x Elywp + 0.067 x age;
(IIT) HFmEF group: Elr= 0.766 x Elgmwp; V) HFpEF
group: Ely = 0.874 x Elwp. The previous equation
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showed that there was a positive correlation between
Elymwp and Elgy, and the linear equation model developed
can predict Ely; by Elywp, the aerobic exercise intensity
based on AT and 6MWD respectively, of CHF patients. In
other words, it is feasible to establish the aerobic exercise
intensity of patients with CHF equivalent to AT based on
6MWD, the distance of 6-minute walk test.

Exercise rehabilitation is gradually attracting the
attention of the world (26), and is recommended by the
American College of Cardiology at the class IA level (27).
The core of exercise rehabilitation in patients with heart
failure is exercise intensity. Our team's previous study (13)
showed that it is safe and effective for patients with heart
failure to exercise at the intensity of the AT. However,
the high cost of the technique and the examination is
mostly carried out in tertiary hospitals may limit access
to primary hospital. Therefore, it is urgent to explore a
suitable technique for easily formulating aerobic exercise
prescriptions for patients with heart failure in primary
hospital where there are a large number of heart failure,
so that patients with mild and/or stable heart failure can
obtain the same aerobic exercise rehabilitation as in tertiary
hospitals. 6BMWT is a sub-maximal exercise test and is easy
to conduct. The correlation between the exercise intensity
of 6MWT and CPET was studied in this study, and a
significant conclusion was preliminarily obtained. Thus, it is
feasible to use 6GMWTT to determine the exercise intensity.

We innovatively put forward the possibility of using
6MWD to develop the exercise intensity equivalent of the AT
in primary hospital, through the equations as follows, CHF
group: Elyr = 0.810 x Elgwp (km/h) + 0.029 x age (yr) +
1.863 x LVEF (%), HFrEF group: El = 0.746 x Elyuwp
(km/h) + 0.067 x age (yr), HFmEF group: Elyr= 0.766 x
Elywp (kn/h), HFpEF group: EL = 0.874 x Elyp, (ki/h).
The exercise intensity of CHF patients, determined by
6MWD, the distance of 6WMT, is equivalent to AT
intensity, which makes it possible for primary hospitals
to carry out safe and effective cardiac rehabilitation with

6MWT.

Study limitations

The present study has some limitations that should be
addressed. On the basis of strict inclusion criteria and
exclusion criteria, the sample size was small. However, these
findings are preliminary and must be evaluated in a larger
patient population. Thus, our team will carry out further
research to make the test results more convincing later.
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Furthermore, VO, of the blood system can be influenced,
such as hemoglobin, can lead to a decrease in VO, (27), and
creatinine can affect blood hydrogen ion and carbon dioxide
partial pressure (28). Therefore, these two indicators need
to be considered in the follow-up study.

In conclusion, we demonstrate that there is a correlation
between Elgwp and Ely. 74.6-87.4% of Elgywp in patients
with CHF is equivalent to Elr. Therefore, it is feasible to
use 6MWTT as a suitable technique for the rehabilitation
of patients with CHF in primary hospitals. However, these
findings should be further confirmed in a larger population.
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