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Introduction

To determine the correlation between the results of the 6-minute walk test (6MWT) and peak oxygen
consumption (VO, .,) for populations of patients with chronic heart failure with pronounced clinical
and demographic differences; to study a possibility of indirect measurement of VO, ., based on the
results of 6MW T using the formulas available from the literature.

Two databases were analyzed: SO patientsincluded in the AEROFIT study (group A),and 31 patients from
the Almazov National Medical Research Center (group B). The inclusion criteria were the availability of
data from the cardiopulmonary stress test and the 6MWT. The possibility of predicting VO, ., was
calculated based on the results of SMWT using the formulas reported in the literature (L. P. Cahalin et al,,
1996; R. M. Ross et al., 2010; R.A. Adedoyin et al., 2010). The predictive accuracy of the models was
assessed using the coefficient of determination (R2). The relationship between functional and clinical-
demographic indicators was assessed using the Pearson or Spearman correlation analysis.

The study groups differed significantly in all parameters, except for the proportion of men and the mean
VO, .- Group B patients were 20 years younger than group A patients, had a lower left ventricular
ejection fraction (24.06+7.75 and 41.52+10.48 %, respectively; p<0.001), and covered a 130 m shorter
distance in the 6MWT. Despite the absence of a significant difference in VO, ., between groups A
and B (13.6 and 13.1 ml/kg/min, respectively; p=0.6581), 61% of group B patients and 20% of group
A belonged to Weber functional class IV. In group A, the 6MWT distance correlated closely with
VO, ... (R=0.78; p<0.01) and weakly with age (R=0.4) and body mass index (R=0.3). In group B,
the SMWT distance correlated only with VO, ., (R=0.77; p<0.01). For group A, the R. M. Ross et al.
model demonstrated high accuracy in determining the mean VO, ., value with a 0.06% prediction
error normalized to measured VO, .. For group B, none of the models showed satisfactory predictive
accuracy. The Ross and Cahalin models showed the best coefficients of determination for groups A
and B: Group A, Ross et al. (R?=0.58) and Cahalin et al. (R>=0.59); Group B, Ross et al. (R?>=0.59) and
Cahalin et al. (R?=0.6).

In two groups of patients with a statistically insignificant difference in the mean values of VO,,.,,,
the mean values of 6MWT distance were significantly different, although these indicators correlated
closely. The VO, ., prediction models showed satisfactory accuracy for estimation of mean VO, , but
poor accuracy for estimation of individual values. A better predictive accuracy is determined by similar
clinical and demographic characteristics between the training and testing populations, and likely also
by models based on larger, more diversified populations.
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life and ability to socialize [2-4]. Therefore, determining

Worsening exercise tolerance is one of the most exercise tolerance has become an important clinical and

important and earliest symptoms of heart failure (HF). research task.

The severity of functional impairment is an essential adverse In clinical practice, the two most commonly used

prognostic factor [1], determining patients’ quality of methods to determine exercise tolerance are the 6-minute
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walk distance (6MWD) test and the cardiopulmonary
exercise testing (CPET) [S, 6]. Despite the fact that
these two tests seem to solve the same problem, they are
distinguished by a fundamentally different approach to
setting and fixing load levels. The ease of performing for
both patient and healthcare professionals and interpreting
the 6SMWD test have contributed to its popularity. However,
unlike CPET, the 6MWD test does not have differential
diagnostic potential for load limiting factors. This test also
has a strong subjective component related to a particular
patient’s perception of his or her comfortable pace and
mental state, as it measures the distance a patient walks
in 6 minutes at a comfortable pace. Thus, the 6MWD test
reflects the patient’s ability to tolerate normal activities of
daily living.

Maximal oxygen uptake at maximal (VO,,.) or
submaximal (VOZPeak) exercise, determined by CPET, is
considered the gold standard for measuring the limit of
cardiorespiratory endurance and has good reproducibility

2 max.

[7]. Peak oxygen uptake (VO,,.,) reflects the overall
of the

and skeletal-muscular systems [8], is used to identify

functional status cardiovascular, pulmonary,

potential candidates for heart transplantation [9-11] and

provides objective data for prescribing and monitoring
the effectiveness of cardiac rehabilitation [ 12, 13]. Peak VO,
<14-15 (<10-13 in patients receiving beta-blockers) [14-
16] is an indicator of poor prognosis in both HF patients
with reduced left ventricular ejection fraction (LVEF)
and patients with preserved LVEF (HFpEF). The Weber
classification [17], which is still relevant and prognostically
valuable, was constructed using peak oxygen uptake data
(Table 1) [18]. The role of functional status assessment in
determining prognosis in patients with early HF and HFpEF
is particularly important. The NYHA classification has been
shown to be unreliable in assessing functional impairment
and poor at predicting mortality in patients with mild CHF
[19]. In patients with HFpEEF, the percentage of adequate
VO, ..
transplantation when analyzing S year survival in models

« was the strongest predictor of death and heart

adjusted for age, sex, and beta-blocker therapy (Wald
x*=15.0; hazard ratio (HR) for every 10%; P< 0.001) [20].
The prognostic value of the 6MWD test has also been
repeatedly confirmed. However, some studies have reported
negative results [1, 21-23]. CPET requires more time,
complex and expensive equipment, and is not as easy for
both patients and researchers in terms of the methodology

Central Illustration. Possibilities of Predicting Peak Oxygen Consumption
in Patients With Chronic Heart Failure According to the 6-Minute Walk Test
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Table 1. Peak oxygen uptake prediction models analyzed

Authors, paper Formula

Study cohort

R. M. Ross et al., 2010 [29]

VO, i = 4.948 +0.023 x 6MWD (m)

Pooled data from multiple studies

R. A. Adedoyin et al., 2010 [28]

VO, s = 5:598 +0.0105 X 6MWD (m) — 0.03085 X
body weight (kg) + 0.0238 x age (years)

Patients with CHF class II-1II

L. P. Cahalin et al., 1996 [27]

VO, s = 3.98 +0.03 x 6MWD (m)

Patients with severe CHF (class ITII-IV)

VO, ..., peak oxygen uptake; 6MWD, 6 minute walk distance; CHF, chronic heart failure.

of the procedure and interpretation of results. As a result,
the SMWD continues to be the most widely used functional
test in clinical and research practice due to its simplicity and
ease of access.

Many studies have examined the relationship between
6MWD and VO, ,, results. The correlation between these
two indicators varied from weak to strong in different
studies [21, 22, 24-26], but most studies showed a fairly
strong correlation. Given this, models attempting to
predict VO based on 6MWD results have been
proposed repeatedly. However, the high prediction

2 peak

accuracy of the model obtained on the training sample
and described in the articles does not guarantee good
performance on other samples because the degree of
correlation and variance of 6 MWD and VO, .,

be different in different patient groups. Several formulas

data may

have been reported in the literature for the indirect
based on the SMWD. We selected
3 formulas [27-29] that were calculated in a population of

determination of VO, .,
patients with CHF and tested their prognostic accuracy in
two patient populations that were as different as possible
in their clinical and demographic characteristics, having
previously analyzed the level of correlation between
6MWD and VO, ., data.

2 peak

Objective

Determine the degree of correlation between 6MWD
and VO, ..
significant clinical and demographic differences and explore

data in populations of CHF patients with

the possibility of indirectly determining VO from

2 peak
6MWD using formulas available in the literature.

Material and Methods

The data for this study come from two sources. The first
population is a database of patients who underwent
a screening visit in the AEROFIT study (Group A,
n=50). The second population is the patient database of
the Almazov National Medical Research Center (Group B,
n = 31). The presence of CPET and 6MWD data obtained
using the same methodology were inclusion criteria for
the study. Retrospective analysis of data from these patient
samples was conducted.

CPET was performed using a modified Bruce protocol.
During the CPET, all patients were instructed and

36

motivated to achieve the maximum tolerated exercise load.
Criteria were a respiratory efficiency of 1.10 or higher, or
16 out of 20 on the Borg scale. A 12-lead electrocardiogram
was recorded throughout the CPET, and a breath-by-breath
assessment was performed every 30 seconds.

Calculations were performed using formulas reported
. could be predicted

in the literature to determine if VO
from the SMWD results (Table 1).

2 peal

Statistical analysis of study results

The data are presented as the means * standard
deviations or the medians and interquartile ranges
depending on a type of their distribution. All quantitative
indicators and parameters are presented with 95%
confidence intervals (CI). The MOVER method was used
to calculate CI margins for differences and percentages.
The normality of data distribution was verified using
the D’Agostino-Pearson criterion. Group differences were
assessed using Student’s t-test for normally distributed
continuous variables, Mann-Whitney U-test for non-
normally distributed continuous variables, and chi-
squared test or Fisher’s exact test for categorical variables.
Univariate analysis of variance (ANOVA) or Kruskal-
Wallis test was used to compare more than 2 groups. For
statistically significant differences, a post hoc test with
Bonferroni correction was used to detect specific group
differences. Pearson or Spearman correlation analysis
was used to assess the relationship between functional
parameters and clinical and demographic parameters.
The critical level of significance was p=0.0S. In addition
to statistical significance, effect sizes were estimated:
coefficients of conjugacy for countable data and
standardized effect size for measured data. The coefficient
of determination R2 was used to assess the prediction
accuracy of the models.

The AEROFIT study protocol was approved by the local
ethics committee of the Medical Research and Educational
Center of the Lomonosov Moscow State University
(Minutes dated 16.05.2022). Coding was used to protect
patient privacy. The study was conducted in accordance
with international ethical conventions: the World Medical
Association’s Declaration of Helsinki, the International
Conference on Harmonization Good Clinical Practice
(ICH GCP) and the requirements of Russian legislation.
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The routine analysis was retrospective. No additional
studies were conducted. Both databases were anonymized.
They contained no personal patient information and only
the data needed to calculate the formulas.

Results

Table 2 provides a comparative analysis of patient clinical
and demographic characteristics and functional test data.

The study groups were statistically significantly different
in all parameters except percentage of male subjects and
mean VO, .. Group B patients were 20 years younger,
had a lower LVEF (24.06+7.75% and 41.52+10.48%,
respectively), and covered a mean 6MWD of 130 m less.
Furthermore, LV volumes were statistically significantly
different (see Table 2). The correlation analysis showed
that the VO, in group A was closely correlated with
the SMWD (R = 0.78). The MWD showed a statistically
significant weak negative correlation with age (R = 0.4) and
BMI (R=0.3).

Group B showed a strong positive correlation only with
the S MWD (R=0.77; p<0.01); the S MWD did not correlate
with any other clinical and demographic parameters.

The distribution of patients by severity of CHF according
to the Weber classification [17, 18] is shown in Figure 1.

Ascanbe seen, despite the lack of a statistically significant
difference in mean VO, ., between Groups A and B
(13.6 mL/kg/min and 13.1 mL/kg/min, respectively;
p=0.6581), 61% of patients in Group B were classified as IV,
i.e. the most severe functional class according to the Weber
classification, whereas there were only 20% of such patients
in Group A. In both groups, patients subdivided according
to the Weber classification differed statistically significantly
in the 6MWD (Tabl3). There were no statistically
significant differences in any of the other indicators. Thus,
for the same range of peak oxygen consumption, patients in
Group A traveled a statistically significantly greater distance
than patients in Group B.

The next part of the work was to determine the VO
for each patient in groups A and B using the formulas
developed by R. M. Ross, R. A. Adedoyin and L. P. Cahalin
and to analyze the prediction accuracy of these models
(Table 4-9, Figure 2).

2 peak

Discussion

We analyzed functional indices in two populations of
CHF patients who differed significantly in terms of age
and myocardial volume characteristics. Although patients
in Group B were almost 20 years younger than patients in

Table 2. Comparative analysis of patient clinical and demographic characteristics and functional test data

Parameter Group A (n=50) Group B (n=31) P
Age, mean, years 67.3 £10.04 47.06 £12.29 <0.001
Male patients, % 65.31 83.87 0.122
BMI, kg/m? 29.83 £5.039 26.65 £5.547 0.009
LVEF, % 41.52£10.48 24.06 £7.75 <0.001
LVESV, mL 73.5[49.8; 113.5] 180 [143; 264] <0.0001
LVEDV, mL 151.3£65.5 278.3+104.5 <0.0001
VO, .y mL/kg/min 13.6+4.8 13.1£4.0 0.658
6MWD, m 375 + 84.95 245+97.9 <0.001
Weber class, mean 2.86 3.45 <0.001

The data is presented as the medians and interquartile ranges (Me [25% percentile; 75% percentile]) if not otherwise specified. BMI, body mass
index; LVEEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LVEDYV, left ventricular end-diastolic volume;

VO, .y peak oxygen uptake; 6MWD, 6 minute walk distance.

Figure 1. Distribution of patients in groups A (A) and B (B) according to the Weber classification
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Table 3. Mean 6 MWD according to CHF
severity by the Weber classification, m

Weber class GroupA GroupB P
I(VO, ., > 20 mL/kg/min) 486 — —
11 (VO, ., 16-20 mL/kg/min) 431 372 <0.0001
III (VO, ., 10-16 mL/kg/min) 379 2827  <0.0001
IV (VO, .., < 10 mL/kg/min) 273.6 198.1  <0.0001

6MWD, 6 minute walk distance; CHF, chronic heart failure.

Group A, they walked a mean of 130 m less as measured by
the 6SMWD test. Although the mean VO, ., values were not
statistically significantly different (13.6£4.8 mL/kg/min
and 13.1#4.0 mL/kg/min, respectively; p=0.658), there
were more patients with more severe Weber class IV and
no patients with class I in Group B. It should be noted
that mean 6MWD results were statistically significantly
different not only between patients in Groups A and B, but
also within the same Weber class, ie., VO, ., range. This
aspect needs further discussion. The 6MWD traveled in
both groups did not correlate with LVEF, end-diastolic and
end-systolic volumes, which is consistent with the findings
of other investigators [30]. At the same time, an important
feature of the 6MWD test is that the patient chooses
his or her own comfortable walking pace. In addition, if

Table 4. Paired samples statistics for Group A

the upper limit of the distance range of a particular patient is
determined by his or her level of stable aerobic metabolism,
the lower limit is determined by mental characteristics and
the perception of one’s own physical capabilities. The known
intertest variability and the presence of a learning effect
when performing the 6MWD test are related to this feature
of this test [31]. In fact, the CHANCE study and other
studies have shown that perceived mental state, anxiety
and depressive symptoms, and subjective assessment
of quality of life are related to the 6MWD traveled. For
example, in the CHANCE study, patients in the severe
anxiety subgroup walked a shorter SMWD (217.3£70.4 m
versus 238.2+78.2 m; p=0.017). Although they also had
statistically significantly higher LVEF and did not differ by
CHE class. Group A patients had low mean levels of anxiety
and depression on the HADS score. Unfortunately, there are
no data on the mental state of Group B patients. However,
it can be assumed that the level of anxiety and depression is
high in young patients with severe CHF, which is supported
by data from other studies [ 32, 33]. The correlation between
the 6MWD and VO, ., data was higher in our study than
in the study by Maldonado-Martin et al. (2006), which
showed only a moderate correlation (r = 0.54) [34]. Among
the models evaluated in our study, the model developed
by Ross et al. had the highest expectations because it used

Measured and calculated VO, .,

using the formula Mean n Standard deviation Standard error
Pair 1 VO, i, measured 13.5608 50 4.73325 0.66279
L. P. Cahalin 15.2490 S50 2.52312 0.35331
Pair 2, VO, ., measured 13.5608 S0 4.73325 0.66279
R. M. Ross 13.5686 S0 1.94139 0.2718S5
Pair 3 VO, ..., measured 13.5608 50 4.73325 0.66279
R.A. Adedoyin 8.4196 S0 1.09527 0.15337

Table S. Pairwise sample correlations for Group A and the model’s coefficient of determination

Measured and calculated VO, .,

Coefficient of determination

using the formula " Correlation P of the model
Pair 1 VO, i, measured /L. P. Cahalin S0 0.765 0.000 0.59
Pair2 VO, .., measured/R. M. Ross S0 0.763 0.000 0.58
Pair 3 VO, ., measured /R. A. Adedoyin 50 0.588 0.000 0.35
Table 6. Paired samples criterion for Group A
Paired differences
95%confidence
Measured and calculated VO, peak i Prediction error dard interval for Student’s Significance
using the formula Prediction normalized to Standar, the difference ttest (two-tailed)
error error
measured VO,, % Lower Upper
limit limit
Pair 1 VO, .., measured/ L. P. Cahalin -1.688 12.45 0.45388  -2.59988 -0.77659  -3.720 0.001
Pair2 ~ VO,,,,, measured/R. M. Ross -0.008 0.06 0.48797 -0.98796  0.97228 -0.016 0.987
Pair3  VO,,,, measured /R. A. Adedoyin S.141 37.91 0.58596  3.96424  6.31811 8.774 0.000
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Table 7. Paired samples statistics for Group B
Measured and calculated VO, .,

using the formula Mean N Standard deviation Standard error

P 1 VO, s 13.1032 31 3.99153 0.71690

L. P. Cahalin 11.3368 31 2.93703 0.52751
P VO, o 13.1032 31 3.99153 0.71690

R. M. Ross 10.5884 31 2.25128 0.40434
P 3 VO, o 13.1032 31 3.99153 0.71690

R. A.Adedoyin 6.7984 31 1.15149 0.20681

Table 8. Pairwise sample correlations for Group B and the model’s coefficient of determination
Measured and calculated VO, ., . Coeﬂic‘ient.
using the formula Correlation P of determination
of the model

Pair 1 VO, ..., measured /L. P. Cahalin 0.772 >0.001 0.60
Pair 2 VO, .., measured/R. M. Ross 0.771 >0.001 0.59
Pair 3 VO, ..., measured /R. A. Adedoyin 0.673 >0.001 0.45

Table 9. Paired samples criterion for Group B

Measured and calculated VO, .,

Paired differences

95 %confidence interval Student’s Significance

using the formula Mean Standard Standard for the difference t-test (two-tailed)
deviation error
Lower Upper
Pair 1 VO, ..., measured /L. P. Cahalin 1.76645 2.54336 0.45680 0.83354 2.69936 3.867 0.001
Pair2 VO, peatcs measured/R. M. Ross 2.51484 2.67207 0.47992 1.53471 3.49496 5.240 0.000
Pair 3 VO, .., measured /R. A. Adedoyin 6.30484 3.32758 0.59765 5.08427 7.52540  10.549 0.000

data from 1,083 patients with various cardiovascular and
pulmonary diseases from 11 studies. In fact, the formula of
Ross et al [29] showed a very high prediction accuracy for
the mean VO, ., in Group A - the predicted mean VO, .,
using this formula was almost identical to the measured
mean VO, ... Completely different data were obtained in
group B, where the formulas of R. M. Ross and L. P. Cahalin
showed a similar low prognostic potential. The predicted
mean VO, .,
values, with a statistically significant difference between

« values were within 113-119% of the measured

predicted and actual values for all formulas. Regarding
the possibility of using the studied formulas to predict
individual VO, ,
did not show sufficient accuracy in our analysis, because

. values, we can state that these formulas

even models with the highest coefficient of determination
predicted no more than 60% of the data variability.

Thus, the results of our study showed that, despite
the relatively high level of correlation between 6MWD and
VO, data, mean 6MWD values may differ significantly in
a group of patients with comparable mean VO, ,,. These
data are further confirmation that 6MWD and CPET
are not complete substitutes. The 6MWD test, in which
the patient sets his or her own pace of movement, measures
the patient’s capacity for normal physical activity, and this
capacity is determined not only by the patient’s physical

ISSN 0022-9040. Kardiologiia. 2024;64(2). DOI: 10.18087/cardio.2024.2.n2551

condition, but also by the mental components of well-
being — the subjective assessment of one’s health and
physical abilities. Of course, this assessment can change
depending on one’s emotional state. Peak oxygen uptake, on
the other hand, is comparable to an individual’s maximum
functional reserve and therefore provides a more objective
assessment of an individual’s status.

Developing formulas for predicting peak oxygen uptake
using the 6MWD has important scientific and clinical
implications and is not just a mathematical task. Possible
solutions may be found on a variety of levels. For example,
increasing the training sample has been used quite successfully
in the Ross model - the larger the sample, the more accurate
the formula. Other approaches may attempt to find new
factors that explain the variance in 6MWD results. For
example, making adjustments for mental state that may
explain and compensate for lower than potentially possible
6MWD values for a given patient. The use of parameters that
assess the degree of exertion during 6 MWD, such as percent
of heart rate reserve, requires further investigation.

The assessment of functional capacity is necessary
to provide an objective and complete clinical portrait
of the patient. For both the physician and the patient,
functional status should serve not only as a marker of
prognosis, but also as a starting point for the prescription
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Figure 2. Scatter diagrams for calculated and measured VO, .,
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of rehabilitation methods and the increase of the motor
activity regimen. Even a small increase in functional

capacity is important for a better prognosis [23].

Limitations

Potential limitations of the study include the small
number of patients in the groups and possible differences
in CPET methodology due to the fact that Groups A and B

were recruited at different clinical centers.

Conclusion

Despite the relatively high level of correlation,
the information obtained from the 6 minute walk distance
test and the cardiopulmonary exercise test are not complete

substitutes for each other.

The formulas available in the literature for predicting peak
oxygen uptake from 6 minute walk distance test data do not
provide satisfactory accuracy for predicting individual data
but can probably be used to predict mean values in clinical
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trials. When used in clinical trials, preference should be
given to formulas that are derived from patient populations
that are comparable to the study population and that have
been developed on large and diverse patient populations.
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