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Abstract: Walking tests, such as the 6-min walk test (6MWT), are popular methods of estimating
peak oxygen uptake (VO;peak) in clinical populations. However, the strength of the distance vs.
VO, peak relationship is not strong, and there are no equations for estimating ventilatory threshold
(VT), which is important for training prescription and prognosis. Since the 6MWT is often limited
by walking mechanics, prediction equations that include simple additional predictors, such as the
terminal rating of perceived exertion (RPE), hold the potential for improving the prediction of
VO;max and VT. Therefore, this study was designed to develop equations for predicting VO, peak
and VT from performance during the 6MWT, on the basis of walking performance and terminal RPE.
Clinically stable patients in a cardiac rehabilitation program (N = 63) performed the 6tMWT according
to the American Thoracic Society guidelines. At the end of each walk, the subject provided their
terminal RPE on a 620 Borg scale. Each patient also performed a maximal incremental treadmill
test with respiratory gas exchange to measure VO,peak and VT. There was a good correlation
between VO,peak and 6MWT distance (7 = 0.80) which was improved by adding the terminal RPE
in a multiple regression formula (6MWT + RPE, R? = 0.71, standard error of estimate, SEE = 1.3
Metabolic Equivalents (METs). The VT was also well correlated with walking performance, 6t MWT
distance (r = 0.80), and was improved by the addition of terminal RPE (6MWT + RPE, R? = 0.69,
SEE = 0.95 METs). The addition of terminal RPE to 6MWT distance improved the prediction of
maximal METs and METs at VT, which may have practical applications for exercise prescription.

Keywords: physical fitness; internal load; RPE; performance

1. Introduction

Exercise capacity is an important quantitative expression of the ability to perform
muscular activity. Specifically, the peak oxygen uptake (VO,peak), used when there is no
confirmatory test to prove that a single-measured VO,peak is equivalent to the classical def-
inition of VO;max, and the ventilatory threshold (VT) are well correlated with performance
in individuals capable of performing prolonged heavy exercise [1-3]. As an integrator of
the elements of the Fick equation, VO, peak is a strong index of overall cardio-pulmonary
function [4], and a very strong predictor of survival in clinical populations [5-8]. Similarly,
VT, although a physiologically complex concept [9], has come to be recognized as a better
measure of exercise capacity than VO,peak relative to the ability to carry out daily activi-
ties [2,3]. It has also been shown to be an important prognostic marker [10,11]. Normally,
cardiopulmonary exercise testing (which is technically demanding) [12] is required to
measure VOypeqx and VT. directly However, cardiopulmonary exercise testing is normally
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only conducted for the purpose of exploring the differential diagnosis of dyspnea or to
determine if there is a multi-organ system explanation of exercise intolerance.

Traditionally VO,peak and VT are measured in the laboratory, during incremental
exercise, on either a treadmill or cycle ergometer, with direct measurement of respiratory
gas exchange and/or lactate accumulation [12,13]. However, the technical requirements
for performing such evaluations are considerable. A variety of predictive equations for
VO,peak have been developed [14-16]. Although providing reasonable accuracy, they
typically require maximal effort exercise testing, which can be challenging and unpleas-
ant for patients and present at least some safety concerns [17]. Accordingly, a number
of less technically demanding methods based on real-world ambulatory patterns have
arisen [6,7,18-22] which are widely deployed in the fitness and clinical exercise physiology
communities. In particular, the 6-min walk test (6MWT) in clinical populations [6,7] and
the Rockport 1-mile walking test [21] and the 2-km walking test [22] in fitness populations
have shown utility in terms of predicting VO,peak. Recent data have also suggested that
the VT may be predicted from incremental exercise tests based on simple performance
measures [23-26].

In some of the waking tests used to predict functional capacity, the analytic strategy
is based on starting with a population estimate, with that estimate adjusted for walking
performance and with further adjustments made on the basis of terminal heart rate (HR)
(e.g., smaller reductions in points on the basis of shorter walking times or lower terminal
HR). Some equations [21,22] also adjust on the basis of other variables such as age, sex,
height, weight, or body mass index (BMI). This solution is attractive and relatively simple,
with independent studies demonstrating good estimates of VO,peak compared to walking
performance alone [23].

However, because of the wide interindividual variability in the HR response and
maximal HR, and of the profound effect of many medications on the HR response, it would
be desirable to find a method of replacing the HR measure in these prediction equations.
Eston et al. [20] have suggested that the progression of the rating of perceived exertion
(RPE) during incremental exercise can be used as a tool for predicting VO, peak. Following
this line of thinking, Alamji et al. [23] have suggested that the RPE could also be used to
predict VT.

Given that simple walking tests such as the 6MWT are much more assessable to the
exercising community than laboratory-based tests, and that most training takes place at
intensities just below the VT [3], this study was designed to determine whether data from
the 6MWT, with walking performance and terminal RPE as predictor variables, could be
used to develop adequate prediction equations for VO,peak and VT.

2. Materials and Methods

The subjects for the study were 63 adult volunteers. All were participants in either a
Phase II cardiac rehabilitation program or a community-based exercise program, designed
for the primary and secondary prevention of cardiovascular disease. Diagnoses for patients
were conventional: stable angina pectoris (1 = 2), post myocardial infarction (n = 22), post
revascularization surgery (n = 18), post percutaneous intervention (n = 14), stable heart
failure (n = 7), and risk factors for cardiovascular disease (n = 25). The research protocol
was approved by the University of Wisconsin-La Crosse Institutional Review Board for
the Protection of Human Subjects (Protocol 13-HB-001, approved 13 December 2013). All
subjects provided written informed consent before participation.

Each subject performed an incremental treadmill exercise test to fatigue or to clinical
signs and symptoms [13] with continuous electrocardiographic (ECG) and hemodynamic
monitoring. A modified Balke type protocol was used, with the treadmill speed individ-
ually selected to represent comfortable walking during the first 2-min stage, and with
subsequent increments in workload provided by 2% increments in treadmill grade every
stage. Respiratory metabolism was measured with open-circuit spirometry using a mixing
chamber based metabolic system (AEI Industries, Pittsburgh, PA, USA). The pneumotach
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was calibrated with a 3-L syringe, and the gas analyzers were calibrated using a reference
gas (4% CO,, 16% O,) and room air. Gas exchange was integrated every 30 s, and the
highest 30 s VO, was accepted as VO,peak. The VT was identified using both the v-slope
and ventilatory equivalent methods [2]. Because the intent of the study was to predict
exercise capacity from 6MWT performance, the VO, prak and the VO, at the VT (VO,@VT)
was expressed as maximal Metabolic Equivalents (METs) (Max METs), and METs at the VT
(METs@VT), as we felt that this was more clinically relevant and comparable to estimates
of exercise capacity based on performance in standard exercise protocols [13-16]. On
a separate day, always within 72 h, each subject performed a 6MWT on a 30-m course
with standard conditions and prompting, according to the American Thoracic Society [27].
The distance completed was measured to the nearest meter using laps completed and
interpolation between cones placed at 5-m intervals on the walking course. Within 30 s
of concluding the 6MWT, the terminal RPE was measured using the classical (6-20) Borg
scale [28]. Instructions for using the RPE scale had been discussed with the subject before
the start of the 6SMWT.

The relationships of 6SMWT with Max METs and METs@VT were made using linear
regression. Similarly, the relationships of the terminal RPE with Max METs and METs@VT
were made using linear regression. Regression equations for predicting Max METs and
METs@VT were constructed using multiple linear regression with a stepwise approach,
with 6MWT distance entered first and terminal RPE entered second.

3. Results

The characteristics of the subjects are presented in Table 1, with the subjects presented
both by sex and as a total group. They were broadly representative of patients in contem-
porary preventive/rehabilitation programs in terms of age, diagnoses, and medications.

Table 1. Mean and standard deviation of the characteristics of the subjects.

Characteristics Men Women Total
(n = 46) n=17) (n =63)
Age (years) 60.2 +£9.7 55.4 +10.1 59.6 = 10.0
Height (m) 1.78 £ 0.06 1.62 4+ 0.06 1.74 + 0.09
Weight (kg) 94.4 4+ 19.1 65.4 +12.7 86.8 +21.8
6MWT Distance (m) 583 + 106 600 + 87 587 4+ 101
6MWT RPE 121 +2.0 12.3 +2.3 121 +21
Max METS 78+23 84+24 81+24
METs@VT 58+14 6.8+2.0 59+17
Maximal HR 144 4+ 24 161 £ 21 149 + 24

6MWT: 6-min walk test; RPE: rating of perceived exertion; Max METS: maximal Metabolic Equivalents; METs@VT:
Metabolic Equivalents at ventilatory threshold; HR: heart rate.

The bivariate relationships between 6MWT distance versus Max METs and METs@VT,
and between terminal RPE vs. Max METs and METs@VT, are presented in Figure 1. There
was a strong and significant simple correlation between 6MWT distance versus Max METs
(r = 0.80) and METs@VT (r = 0.80), and a weak but statistically significant correlation
between terminal RPE versus Max METs (r = 0.30) and METs@VT (r = 0.23).
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Figure 1. Bivariate relationship between the 6-min walk test ((MWT) distance and the maximal
Metabolic Equivalents (Max METs, (a)), the terminal rating of perceived exertion (RPE) and Max
METs (b), the 6MWT distance and Metabolic Equivalents at the ventilatory threshold (METs@VT, (c))
and the terminal RPE and METs@VT (d).

When the 6MWT distance and terminal RPE were combined in a multiple regression
equation to predict Max METs, the R? increased from 0.63 to 0.71, with a SEE of 1.3 METs
and a standardized residual of 1.0 METs. The prediction equation was:

Max METs = 0.882 + (0.018 * 6MWT m) — (0.308 * RPE) 1)

When the 6MWT distance and terminal RPE were combined in a multiple regression
equation to predict METs@VT, the R? increased from 0.64 to 0.69, with a SEE of 0.95 METs
and a standardized residual of 0.7 METs. The prediction equation was:

METs@VT = 0.140 + (0.013 * 6MWT m) — (0.161 * RPE) @)

When the derived prediction formulas for Max METs and METs@VT were plotted
against the measured Max METs (r = 0.87) and METs@VT (r = 0.85), there was a strong
bivariate relationship for both. The residual scores (predicted-observed) revealed a small
value for both Max METS (—0.27 &+ 1.24 METs) and METs@VT (—0.14 £ 0.92 METs), with
most of the outliers at a relatively higher exercise capacity (Figure 2).

Observed Max METs
ed METs@VT

Observ

Predicted Max METs Predicted METs@VT

(a) (b)

Figure 2. Cont.
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Figure 2. Bivariate relationship between the 6-min walk test (6MWT) + terminal rating of perceived
exertion (RPE) prediction equations and observed values for maximal Metabolic Equivalents (Max
METs, a), Metabolic Equivalents at the ventilatory threshold (METs@VT, b) and the standardized
residuals for Max METs (c¢) and METs@VT (d).

Tabular presentations of Max METs and METs@VT in relation to 6 MWT distance and
terminal RPE are presented in Tables 2 and 3. In terms of convenience of use, it is simple to
compare 6MWT distance and terminal RPE to derive Max METs and METs@VT.

Table 2. Estimate of maximal Metabolic Equivalents in relation to 6-min walk test ((MWT) distance (m) and terminal rating

of perceived exertion (RPE). For convenience of presentation, S MWT distance is incremented by 50 m. However, as the

equation is linear, interpolation of intermediate values is appropriate.

RPE

D‘f;‘:)“ce 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
200 263 233 202 171 140
225 308 278 247 216 185 154
250 353 323 292 261 230 199  1.69
275 398 368 337 306 275 244 214 18 152
300 443 413 38 351 320 289 259 228 197 166
325 488 458 427 396 365 334 304 273 242 211 180
350 533 503 472 441 410 379 349 318 287 256 225 195 164
375 578 548 517 486 455 424 394 363 332 301 270 240 209 178
400 623 593 562 531 500 469 439 408 377 346 315 285 254 223 192
425 668 638 607 576 545 514 484 453 422 391 360 330 299 268 237
450 713 68 652 621 590 559 529 498 467 436 405 375 344 313 2.8
475 758 728 697 666 635 604 574 543 512 481 450 420 389 358 327
500 803 773 742 711 680 649 619 588 557 526 495 465 434 403 372
525 848 818 787 756 725 694 664 633 602 571 540 510 479 448 417
550 893 863 832 801 770 739 709 678 647 616 585 555 524 493 462
575 938 908 877 846 815 784 754 723 692 661 630 600 569 538 507
600 983 953 922 891 860 829 799 768 737 706 675 645 614 58 552
625 1028 998 967 936 905 874 844 813 78 751 720 690 659 628 597
650 1073 1043 1012 981 950 919 889 858 827 796 765 735 704 673 642
675 1118 1088 1057 1026 995 964 934 903 872 841 810 78 749 718 687
700 1163 1133 11.02 1071 1040 1009 979 948 917 886 855 825 794 763 732
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Table 3. Estimate of Metabolic Equivalents at the ventilatory threshold in relation to 6-min walk test (6MWT) distance (m)
and terminal rating of perceived exertion (RPE). For convenience of presentation, 6SMWT distance is incremented by 50 m.

However, as the equation is linear, interpolation of intermediate values is appropriate.

RPE

D‘f::;‘ce 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
200 183 168 153 138 123
225 210 194 178 162 146
250 242 226 210 194 178 162 146
275 275 259 243 227 211 194 178 162 146
300 307 291 275 259 243 227 211 195 179 163 146
325 340 324 308 292 276 259 243 227 211 195 179 163 147
350 372 356 340 324 308 292 276 260 244 228 211 195 179  1.63
375 405 389 373 357 341 324 308 292 276 260 244 228 212 196  1.80
400 437 421 405 389 373 357 341 325 309 293 276 260 244 228 212
425 470 454 438 422 406 389 373 357 341 325 309 293 277 261 245
450 502 486 470 454 438 422 406 390 374 358 341 325 309 293 277
475 535 519 503 487 471 454 438 422 406 390 374 358 342 326  3.10
500 567 551 535 519 503 487 471 455 439 423 406 390 374 358 342
525 600 58 568 552 536 519 503 487 471 455 439 423 407 391 375
550 632 616 600 58 568 552 536 520 504 488 471 455 439 423 407
575 665 649 633 617 601 584 568 552 536 520 504 488 472 456 440
600 697 681 665 649 633 617 601 585 569 553 536 520 504 488 472
625 730 714 698 68 666 649 633 617 601 585 569 553 537 521 505
650 762 746 730 714 698 682 666 650 634 618 601 585 569 553 537
675 795 779 763 747 731 714 698 682 666 650 634 618 602 58 570
700 827 811 795 779 763 747 731 715 699 683 666 650 634 618  6.02

4. Discussion

The main finding of this study was that adding the terminal RPE to 6MWT distance
significantly improved the predictability of Max METs. Unique to this study was the ability
of e(MWT distance + terminal RPE also to predict the METs@VT, which is a better measure
of sustainable exercise capacity [2,9], a powerful emerging measure of prognosis [10,11]
and a very useful measure for prescribing exercise [3]. It may also be of particular value
in patients with cardiovascular disease who are often on medications that alter the HR
response during both exercise testing and training.

The goodness of fit of the equations for predicting Max METs from the 6MWT distance
+ terminal RPE (R? = 0.71) compares favorably with field tests using the 6MWT distance
(R? = 0.42) [6], the Rockport 1-mile Walking Test (R? = 0.78) [21] or R? = 0.71) [23], the
Cooper 12-min run-walk Test (R% = 0.80) [19], or with extrapolation of submaximal RPE
(R? = 0.85) [20] or (R? = 0.71) [23]. The SEE for all of these predictions equations is on the
order of 1.0-1.5 METs. Although the correlation of treadmill protocol time vs. Max METs
(e.g., VOymax) is typically higher (R? = 0.83-0.94), the SEE is also typically in the range of
1 MET [15,16,29,30]; thus, the simplicity of the 6MWT + terminal RPE is very attractive.

The prediction of METs@VT has more typically been performed using percentages of
the maximal power output [25], running speed [23], RPE [23], or as the equivocal stage of
the Talk Test [26]. To our knowledge, an approach to estimating the METs@VT in a clinical
population with an approach as simple as that used in this study has not previously been
reported. Given the importance of the VT in terms of the evaluation of prognosis [10,11]
and exercise prescription [3], and the ability of equation-based methods to account for
speed and grade equivalents of the METs@VT [31], the ability to predict METs@VT from
6MWT distance + terminal RPE may be of considerable utility.

The workload required to achieve a particular value for the percentage of Max METS
(%Max METS), percentage of HR (%HR) reserve, or METs@VT is probably lower than the
workload eliciting these markers during exercise testing. Recent research from our labora-
tory [30] has suggested that “translating” exercise test results to exercise training requires a
downregulation of the MET requirement of the workload to ~70-75% of that where a given
physiologic response is observed during exercise testing. From that perspective, consider a
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patient who completes 475 m during the 6MWT, with a terminal RPE of 14. The predicted
Max METs would be 5.12 (Table 2), and the METs@VT would be 4.07 (Table 3). Translating
to 72% of METs@VT would yield a training intensity of 2.93 METs. Based on the American
College of Sports Medicine (ACSM) ambulation equations [31], this workload should be
achieved during level-ground ambulation at ~1.13 m*s~! (2.5 mph or 4.1 kph). One would
anticipate a RPE during training of ~13 (which has been proposed as the “ideal” intensity
for many people) [32] and with comfortable speech still possible [26]. The training load
can, of course, be adjusted after the first training bout, but this simple modification of the
6MWT and the simple approach to translating from testing to training [30] suggests a way
to define easily the exercise component of the individualized treatment plan for patients in
rehabilitation programs.

Another advantage of the 6SMWT distance + terminal RPE approach is the ability to
make outcome assessments in patients who are mechanically limited to a top walking
speed. The 6MWT was originally created for patients with pulmonary disease or heart
failure [6,7,26], who often have very limited exercise capacity. In the absence of routine
graded exercise testing, and in need of methods for outcome assessment, the 6MWT has
more recently been widely used with relatively healthier patients in cardiac rehabilitation
programs. These patients often have better exercise capacity and are often constrained
by the requirement to only walk during the 6MWT, with a top walking speed unlikely
to exceed 2.0 m-s~! (4.5 mph or 7.2 kmh) which requires a VO, of ~16 le(g‘l-min_1
(~4.4 METs) [31]. Since common clinical experience shows that many patients can achieve
this walking speed more or less comfortably, outcome assessment in rehabilitation pro-
grams has been constrained by the use of the 6MWT distance alone. However, in a patient
who originally walks 450 m with a RPE of 15, who later walks the same 450 m, but with a
RPE of 13, the calculated MaxMETs (4.36 to 4.98 METs) and METs@VT (3.58 to 3.90 METs)
improve by 14% and 9%, respectively. Additionally, this follow-up testing can be used to
update the exercise proscription.

Although the present study provides meaningful information, some limitations should
be acknowledged. First, this study is a small cohort study. Therefore, future researched
should consider a larger sample. Second, the present study did not include a large rep-
resentation of the heart failure population (i.e., potential heart transplant candidates and
those with pulmonary hypertension) in which VO, max might have huge significance, in
particular, as most of the times it is hard to obtain cardiopulmonary exercise testing in a
heart-failure population, and rough estimates based on 6MWT will be of paramount im-
portance.

5. Conclusions

The results of this study demonstrate that the simple approach of adding the terminal
RPE to the 6MWT distance can improve the estimate of Max METs in patients in rehabilita-
tion programs. Additionally, it can be used to make an estimate of the METs@VT, which is
important prognostically [10,11] as a better estimate of sustainable exercise capacity [2] and
is highly important prescriptively [3]. Lastly, this approach to estimating Max METs and
METs@VT may provide a solution to estimating changes in exercise capacity in patients
who are mechanically at the limit of their walking speed capacity.
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