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ABSTRACT

This study aimed to investigate the applicability of the Lactate
Threshold (LT) to predict maximal oxygen uptake (VO,may) and
demarcate the boundary between the moderate- to heavy-in-
tensity domain (HR,.;) in old age in comparison to the most
utilized methods. A cross-sectional validation study was con-
ducted. Participants aged 61 to 77 performed a familiarization
procedure, an incremental maximal exercise treadmill test
(CPX) for VOsmay determination, the Six-minute Walk Test
(6MWT), and a discontinuous incremental field test for LT de-
termination. Lower (P<0.01) internal effort was required for LT
testing (76 = 8 %HR,,) compared to 6MWT (92 +9 %HR;,.5)-
The application of the 6MWT reference equations overesti-
mated VO, may by 10-23 %. LTs better estimated the VO,
(r =0.90, SEE: =3.0] compared to the 6MWT (r=0.68,
SEE=5.5). HR,,., determined by the CPX differed (20 %;
P=0.001) from that obtained by LT. HR ., stratification indi-
cated participants fall into the very light to the vigorous inten-
sity domains. LT testing is more submaximal than the 6MWT,
and is a valuable tool to estimate the VO, in older male
adults. Implementation of LT testing in physical activity pro-
grams might help improving the quality of aerobic exercise
training in older men.

Introduction

Aerobic capacity is one of the most powerful independent predic-
tors of risk of death among older healthy males [1]. Maximal oxy-
gen uptake (VO,may), 0ne of the strongest physiological markers of
cardiorespiratory fitness, is considered the gold-standard approach

for aerobic exercise prescription, monitoring exercise training-in-
duced adaptations, guiding treatment in patients with chronic car-
diovascular diseases, determining the health status of the patients,
and prognosis of mortality [2]. Although direct VO, .4 evaluations
during incremental exercise testing (CPX) to the limit of tolerance
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are common in laboratory settings, there are practical limitations
with this approach. Among others, 1) gas analyzers are expensive
and require qualified personnel for the correct collection and inter-
pretation of data [3, 4]; 2) VO,max Might not be well-tolerated in
some patients [5]; 3) attainment of maximal effort depends onin-
dividual subjective motivational factors [6] and thus VO, is
sometimes indeterminable; 4) although minimally, maximal test-
ing increases the risk of adverse cardiovascular events, which can
be a concern when testing some groups [5]; and 5) the usefulness
of evaluations of maximal anchors, such as VO, and maximal
heart rate (HR,), for precise prescription of endurance exercise
is limited [7].

To overcome some of the drawbacks of VO, testing, efforts
have been made to establish and validate simpler and low-cost
functional field walking tests (FWTs) to evaluate aerobic capacity
[5, 8]. The Six-minute Walk Test (6MWT) is one of the most popular
exercise tests used in clinical practice in healthy older participants
[9]. This test is easy to administer, well-tolerated, and does not re-
quire sophisticated equipment or a high level of training. Although
the distance covered during the 6MWT is moderately correlated
with VO,max [10, 11], there is a ceiling effect at about 650 m as pa-
tients with>20mL- kg1 - min-1 of VO,a« cannot walk faster due to
biomechanical limitations [5], and jogging or running is forbidden
during the test [9]. Therefore, VO, ., estimation using the 6GMWT
is likely to underpredict the real value, even in older participants as
many of them possess a VO, greater than 20 mL-kg-'- min-1 [9].
Thus, precise assessment, guidance, and monitoring of the aero-
bic exercise capacity in this population through the 6MWT are chal-
lenging.

The lactate threshold (LT) represents the exercise intensity
above which blood lactate concentration ([BLac]) increases beyond
resting values during incremental exercise [12, 13], and it is con-
sidered an important component of aerobic capacity that can be
used to design endurance exercise training programs [2, 14, 15].
The LT represents the first exercise-intensity threshold, i. e. the
boundary demarcating the moderate to heavy exercise intensity
domain transition [4, 7]. This is an important demarcation point,
as crossing this boundary has important implications in terms of
metabolic stress and fatigue development [16, 17]. The determi-
nation of the LT allows investigators to quantitatively evaluate aer-
obic capacity, exercise training-induced adaptations, and to design
endurance exercise training intensities [15, 18]. A notable advan-
tage of the LT compared to the evaluation of VO3 is its submax-
imal and objective nature, the possibility to evaluate it without per-
forming other metabolic measures, and as a consequence its con-
siderably lower cost. Furthermore, although LT and VO, are
physiologically different, the LT measured during a submaximal in-
cremental test can be utilized to estimate the VO, [ 19]. Despite
the first exercise-intensity threshold and VO, being fundamen-
tal concepts within exercise physiology, further exploration of the
relationship between the classical and objectively determined LT
[12] and VO, may is deemed necessary [8, 19]. To the best of our
knowledge, whether the classical LT predicts VO5max in older adults
has not been fully explored and deserves further attention.

This study aimed to: 1) investigate the applicability of the LT to
predict VO, .y in comparison with one of the most popular func-
tional submaximal FWTs (6EMWT), and 2) compare the delimitation

of the boundary between the moderate- to heavy-intensity domain
determined by the conventional and most utilized method (CPX)
against the LT. The results of this study might help to improve the
quality of professional assistance in the assessment, guidance and
monitoring of aerobic capacity in older male adults.

Materials and Methods

Participants

Twelve 61 to 77 year-old males accustomed during the last few (>3)
years to 2 days per week of supervised physical activity were re-
cruited in 2012 from a Physical Activity Program for persons over
the age of 55, which was partially funded by the regional govern-
ment. The sample size was calculated based on the LT vs. VO5max
relationship. Assuming a power of 80 % and a type | error of 0.05
for a minimum value of a very large correlation (r=0.80), the esti-
mated sample size for this study was 11 participants. Eligibility in-
cluded: 1)=60yrs, 2) not to have suffered a cardiovascular or res-
piratory event, and 3) available for four testing sessions within 4
wks. > Table 1 includes the descriptive anthropometric and medi-
cation characteristics of the participants.

Prior to participation, participants gave written informed con-
sent. Procedures were approved by the Local Institutional Review
Board and conformed to the Declaration of Helsinki. The study
meets the ethical standards of the journal [20].

Study design

A cross-sectional study was conducted to: 1) assess the applicabil-
ity of the LT to predict VO, ., in comparison with the 6MWT, and
2) compare the CPX with the LT at the time to demarcate the
boundary from the moderate- to the heavy-intensity domain. Only
males were recruited due to the sex-dependent physiological char-
acteristics [21] that requires the development of sex-specific pre-
diction models, as previously observed [22]. Four testing sessions
were conducted. During the first testing session, anthropometri-
cal measurements were taken [23] and familiarization with the ex-
ercise testing protocols took place. During the second visit, partic-
ipants underwent a CPX for VO,ax determination. During the re-

> Table 1 Participants’ anthropometric and medication characteristics
(n=12).

Anthropometrical data (Mean +SD)

Age (years) 6916
Body mass (kg) 85.9+13.3
Height (m) 1.67+0.04
BMI (kg -m-2) 30.7+4.9
Body fat (%) 27.3+4.3

Medications (number of participants)

Beta-blockers 2
Angiotensin-converting enzyme inhibitors 2
Statins 2
Angiotensin receptor antagonist 1
Acetylsalicylic acid 3

Antidiabetic medication
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maining sessions, participants performed two FWTs in a
randomized counterbalanced order. FWTs were the 6MWT [5] and
a discontinuous version [8] of the Modified Shuttle Walk Test (D-
MSWT) [24] enabling LT determination.

Testing procedures

Testing sessions were integrated in the participants’ physical activ-
ity training program, were conducted one week apart, at the same
time of the day, and were preceded by two days of rest or very light
exercise (slow walking). Participants fasted for at least 2 h before each
testing session and abstained from caffeinated and alcoholic bever-
ages during the testing days. All procedures were conducted under
controlled laboratory conditions for temperature (19.5+ 1.8 °C), hu-
midity (30+5 %), and barometric pressure (720.5+6.7 mmHg).

Familiarization and determination of the walk-run
transition speed

The individual walk-run transition speed was determined by the in-
cremental continuous Modified Shuttle Walk Test (C-MSWT) [24]
and used to design the CPX protocol according to the established
guidelines [25]. After a 10-min rest, participants were asked again
to perform the same test protocol until they reach their individual
walk-run transition speed. This time the test was performed on a
treadmill (Kuntavéline, Hyper Treadmill 2040, Finland) to get ac-
customed to treadmill walking and avoid any potential learning ef-
fect. Afamiliarization session for the 6BMWT was considered unnec-
essary as this test was routinely performed in the Physical Activity
Program for persons over 55 years of age [6].

Maximal cardiopulmonary treadmill exercise test
(CPX)

VO,max Was determined by an incremental maximal CPX test on the
abovementioned treadmill. The exercise test was designed to reach
volitional exhaustion within 8-12 min using intensity increments
of estimated 0.6 metabolic equivalents (METs) per min [25]. METs
were estimated following the formulas proposed by the American
College of Sports Medicine (ACSM) [26]. Thus, the exercise test
started at 4.9 km - h-1. After one min the speed was increased to
6.1km-h7(i. e. the maximum walking speed commensurate with
eachindividuals’ ability) for another min, and thereafter the grade
was increased by 1.1% every min until volitional exhaustion.

A 12-lead electrocardiogram (GE Healthcare, CASE Marquette,
Germany) was continuously displayed and the health status of the
participants was examined by a cardiologist. Metabolic data were
recorded using a Vista Mini-CPX (Vacu-Med, Silver Edition 17670,
Ventura, CA, USA). Calculation of the maximal metabolic data by
the use of the individual pre- (calibration) and post-test (verifica-
tion) values was performed according to Ward [3] following the
procedures described elsewhere [27] HRiax and VO, .y Were de-
termined following criteria previously detailed [27]. VO5may Was
also estimated based on speed and grade obtained at the end of
each CPX test [26] HR,,,.x obtained was utilized to determine the
heart rate (HR) corresponding to the boundary between the mod-
erate- and the heavy-intensity domain (HR-CPX,;,) according to
the current established guidelines for exercise testing and prescrip-
tion [26].

Six-minute walk test (6MWT)

Two 6MWTs were performed and the records of the best trial were
used for further analysis. Both 6MWTs were performed on a 20-m
indoor track following standard recommendations [28]. Partici-
pants were instructed to walk as fast as possible back and forth dur-
ing the test. Peak heart rate (HR,c,) obtained during the test was
defined as the highest 30-s averaged HR value [29] and named HR-
EMWT e

Discontinuous modified shuttle walk test (D-MSWT)

The LT [12] was determined by a discontinuous version [8] of the
C-MSWT [24] (i.e. D-MSWT). The test was performed on an indoor
athletic track located inside our laboratory. The exercise test pro-
tocol was the same as the C-MSWT described elsewhere [24] but
with rest intervals between stages enabling [BLac] assessment. The
test required participants to walk up and down 20-m. The distance
of the course was extended to 20 m from the original test to keep
the pace constant avoiding excessive turns that mightincrease the
energy cost and musculoskeletal demand. Five cones were posi-
tioned at0.5,5, 10, 15, and 19.5 m and participants had to walk in
a straight line until the last cone, then turn around, and return to
the start [8]. The pace was set by a self-customized (MATLAB
R2015a, The MathWorks Inc, Natick, MA) audio protocol file emit-
ted by an audio-emitting computer (MALIBU-212P; Fonestar, Re-
villa, Cantabria, Spain). Starting speed was 0.50m-s' (1.8 km-h-
1), which was increased by 0.177m-s7 (0.61 km-h-1) every 2 min,
with 1 min rest between stages. From the 8th stage onwards
(6.1km-h-1,i. e. the maximum walking speed commensurate with
every individuals’ ability) participants were commanded to jog. The
test finalized when [BLac] increased over two consecutive exercise
stages as follows: an increase in [BLac] of 20.1 mmol - L~ followed
by an increase of 0.2 mmol - L~ in the subsequent stage. HRpq.k
obtained during the test was defined as the highest 30-s averaged
HR value and named HR- D-MSWT ¢,

Measures of heart rate (HR) and blood lactate
concentration ([BLac])

Throughout all the exercise tests HR was monitored (Polar Electro
Oy, RS800CX, Finland), and capillary blood samples (0.5 pL) from
the earlobe for [BLac] assessment were obtained at rest, at the com-
pletion of the test, and at the 15t and 374 min of recovery. In the D-
MSWT, capillary blood samples were also obtained immediately
after each exercise stage. [BLac] was determined via amperomet-
ric measurement using a portable analyzer (Arkray KDK Corpora-
tion, Lactate Pro LT-1710, Shiga, Japan) calibrated before every test.
Manufacturers report coefficients of variation (CVs) of 3.2 % and
2.6 % for lactate standards of 2 and 11 mmol - L, respectively.

Determination of the lactate thresholds (LT)

Two LTs were determined by plotting the individual velocity vs.
[BLac] curves [8, 19]. 1) To overcome the error associated with the
analyzer [30], LT was defined as the highest stage velocity above
which [BLac] increased by =0.1 mmol-L~1in the following stage
and=0.2mmol-L~1in the subsequent stage. Thus, LT was deter-
mined on the discrete values of the velocity-rate stages. A contin-
uous rather than a discrete LT was also determined. 2) To the [BLac]
associated with the discrete values of the velocity-rate stages pre-
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viously determined, a 0.2 mmol - L~1 was added in the individual
velocity vs. [BLac] curves, and the continuous LT was calculated via
linear interpolation. » Fig. 1 illustrates the determination of LTs.
Velocities at the LTs frequently show test-retest intraclass correla-
tion coefficients>0.94, and CVs <3 % [30]. Absolute HR (b- min-T)
values at the LT (HR-LT) were computed from the individual HR vs.
velocity linear regression equations (r>0.98; P<0.001). These
HR-LT values were used to calculate the relative HR-LT values as per-
centage of the HR,,,, obtained in the CPX test.

Statistical analysis

Standard statistical methods were used for the calculation of
means, standard deviations (SD), standard errors of the estimates
(SEE), and confidence intervals (Cl). Data were analyzed using par-
ametric statistics following confirmation of normality, homosce-
dasticity, and, when appropriate, sphericity. Differences in [BLac]
and HR within each FWT were identified by repeated measures
ANOVA with Bonferroni correction. Linear regression analyses with
Pearson’s product-moment correlation coefficients (r) were used
to determine the magnitude of the relationships between the var-
iables of interest. Evaluation of Cook’s distance revealed a minimal
influence of the individual data points on the correlation magni-
tudes. The accuracy of each linear regression was evaluated using
the SEEs and the 90 % Cls of the slope. VO .4 Was also predicted
from the performance on the 6MWT using reference equations for
older adults [31-33]. For clinical applicability purposes, the HR cor-
responding to the boundary between the moderate- and the heavy-
intensity domain was determined using 1) the HR,,,,, obtained in
the CPX (HR-CPX,,.1) [26] and 2) the HR at the LT (HR-LT) [7]. These

2.4 4
2.2 4

2.0 4

Blood Lactate Concentration (mmol-L™")

1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0
Velocity (km-h™")

> Fig. 1 lllustration of blood lactate threshold (LT) determination in
a representative participant. The test finalized when blood lactate
concentration ([BLac]) increased over two consecutive exercise
stages as follows: an increase in [BLac] change (A) of 20.1 mmol - L~!
followed by a A of 20.2 mmol- L~ in the subsequent stage. Discrete
LT (LT4): The highest stage velocity above which [BLac] increased
by=0.1mmol-L~"in the following stage and=0.2 mmol-L~"in the
subsequent stage. Continuous LT (LT.): The velocity associated with
the LT4 plus 0.2 mmol - L~' determined via linear interpolation in the
[BLac] vs. velocity individual curve. In this participant, LTy=4.9km-h-
Tand LT 5.5km-h-1.

HRs were stratified by exercise intensity domains according to the
current established guidelines for exercise testing and prescription
[26]. The exercise stratification is as follows: “very light” (below
57 %HRmay), “light” (57-64 %HR .y, “moderate” (64-76 %HRmay),
“vigorous” (76-96 %HR.x), “near maximal to maximal” (96-
100 %HR,,). Student’s paired t-tests were used to evaluate differ-
ences among the variables of interest. The magnitudes of the dif-
ferences were assessed using 90 % Cls and Hedges’ g effect sizes
(ES). The agreement was assessed by mean bias and limits of agree-
ment (LOAs) [34]. Relative estimation errors and agreements were
calculated as the percentage of the SEE | LOAs divided by the mean.
Relative SEE and LOAs < 10 % were considered acceptable [35]. The
magnitudes of correlation coefficients (r) and the differences (i. e.
ESs) were interpreted as described elsewhere [36]. Analyses were
performed using IMB SPSS Statistics 22 (IBM Corporation, NY, USA).
Significance was set at P<0.05 for the analyses that did not require
post-hoc adjustment.

Results

Estimated MET ,,, during the CPXwas 8.6 £ 1.9 (range: 5.1to0 12.3),
thatis, estimated VO s 0f 29.9£6.6 mL-kg ' - min-' (range: 17.7
t043.0). Measured VO, and HR o Were 29.6 £ 7.1 mL - kg - min-
(range: 19.2 to 44.4) and 144+ 26 b-min-' (range: 102 to 176),
respectively. RERy,,, peak [BLac] ([BLacpeqk]), percentage of age-
predicted HR 5%, and VO, increment among the last two final work-
loads were 1.15+0.06 (range: 1.07 to 1.23), 6.6 £ 1.7 mmol - L
(range: 3.9 to 9.0), 90 £ 15 % (range: 64 to 108) and
0.78+1.79mL-kg'-min-! (range: -2.80 to 2.72), respectively.

> Fig. 2a depicts the mean HR pattern response to the 6MWT,
and » Fig. 2b the mean HR and [BLac] responses to the D-MSWT.
HRpeak and [BLacpeqi] in the 6BMWT were 92 £9 %HR ., (range: 71
to 100) and 4.3+ 1.3 mmol- L (range: 2.8 to 6.7), respectively.
During the D-MSWT, HRe¢ and [BLac,eai] were 76 + 8 BHR a4
(range: 65 to 87), and 2.2+0.6 mmol - L' (range: 1.3 to 3.4), re-
spectively. These HR co and [BLacpe,i] values were smaller (P<0.01;
ES: 1.3 to 2.1) in the D-MSWT compared to the 6MWT. Distance
walked during the 6MWT was 680 £ 67 m (range: 581 to 771). LT
determined on discrete values during the D-MSWT occurred at
5.5+£0.8km-h-T (range: 4.2 t0 6.7) and 64 £ 9% HR,,, (range: 50
to 78). LT determined on continuous values during the D-MSWT
occurred at 5.9+0.7km-h-1 (range: 4.9 t0 6.9) and 68 £ 8 % HR .,
(range: 55t0 79).

» Fig. 3 shows the correlations among some key variables of in-
terest. There was an extremely large correlation with acceptable rel-
ative SEE (7 %) between measured VO, and estimated VO,max
using the ACSM’s metabolic equation (> Fig. 3a). » Fig. 3b shows
alarge correlation with a high relative SEE (19 %) between the per-
formance on the 6MWT and the measured VO, .. Correlations be-
tween the LTs and the measured VO, Were extremely large with
acceptable relative SEE values (10-11 %) (> Fig. 3c, d). Estimation
of the individual VO, values in these participants using previ-
ously published 6MWT reference equations is shown in » Fig. 4.
> Table 2 reports the accuracy of the agreement between predict-
ed and measured VO, ., of these equations.

» Fig. 5 illustrates, in absolute (upper panel) and relative (lower
panel) values, the comparison of the HRs at the finalization of each
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> Fig. 2 Mean (SD) heart rate (HR) [relative to maximal heart rate
(%HR pa4)] response to the Six-Minute Walk Test (6MWT) (a), and
mean HR (%HR.x) and blood lactate concentration ([BLac]) respons-
es to the Discontinuous Modified Shuttle Walk Test (D-MSWT) (b). In
the D-MSWT (B) all participants terminated the 5.5km-h! exercise
stage. Mean (SD) values at completion of the test of participants
achieving>5.5km-h! are indicated by dashed lines. *Significantly
different from the rest of the time-points within the same field walk-
ing test (P<0.01).

test, and the comparison of the HRs corresponding to the bound-
ary from the moderate- to the heavy-intensity domain determined
by the CPX (HR-CPX,,.;,) and the D-MSWT (HR-LT). HR ,,, reached
on the CPX was 10% higher than HR-6MWT i (P=0.006; 90 %Cl:
6.581t021.1, ES: 0.6). Mean biaswas 14+ 14 b-min-'and LOAs =35
b-min-!. HR-6MWT,, was 16 % higher than HR-D-MSWT
(P<0.001;90%Cl: 15.1to 27.1, ES: 1.1, mean bias: 21+ 12 b - min-
1, LOAs: £21 b-min-"). HR-CPX,,., was 20 % higher than HR-LT
(P=0.001;90%Cl: 10.9 to 25.1, ES: 1.0). Mean bias and LOAs were
18+14and+ 16 b-min, respectively. Eight percent of the partic-
ipants finished the 6MWT in the moderate, 58 % in the vigorous, and
33 % in the near maximal to maximal intensity domain. No partici-
pant finished the D-MSWT in the near maximal to maximal intensi-
ty zone. Two-thirds (67 %) of the participants finished the D-MSWT
in the moderate zone and one-third (33 %) in the vigorous zone. The
stratification of the HR-LT by exercise intensity domains according
to the established guidelines indicates that participants fall into
the very light (25 %), light (33 %), moderate (33 %), and vigorous (8 %)
zones.

Discussion

The main findings of this study were as follows: (a) the heteroge-
neous internal response among individuals during the 6MWT (71
to 100 % HR,,) brings serious doubts about its submaximal nature
and on the applicability of the HR obtained in such a test for train-
ing guidance purposes; (b) application of the 6MWT reference
equations for older adults overestimated actual average VOjmax
values; (c) the velocity associated with the LTs measured during a
submaximal test better estimated the VO, compared to the
6MWT; (d) HR corresponding to the boundary from the moderate-
to the heavy-intensity domain determined by the CPX differed from
that obtained by the LT; (e) the wide range of %HR,,, at which LT
occurs suggests that physical activity programs using exercise in-
tensity prescriptions based on percentages of VOsmax OF HRmax
would lack uniformity in the metabolic stress responses among in-
dividuals.

Although VO, ., is considered the best physiological parameter
to assess aerobic fitness, the assessment of VO, 4, is Not always pos-
sible in advanced age [6]. One of the alternatives is to indirectly de-
termine VO, max Using the final grade and speed obtained in the CPX
[26]. In the present study, correlation magnitude indicated an ex-
tremely large relationship (r: 0.96) between estimated and actual
VO, max With a small SEE (2.1mL-min-"-kg1, i.e. 7.1% of the mean)
(> Fig. 3a). The mean difference between the estimated and meas-
ured valueswas<1%, and LOAs<10% (> Table 2), indicating that the
maximum individual error in VO, estimation is relatively small
(=2.8mL-min1-kg'). However, this procedure still requires maxi-
mum effort, which is often unfeasible due to motivational reasons
or reluctance to perform maximal testing due to possible adverse
cardiovascular events [6]. Then, the non-maximal 6MWT is one of
the most commonly used tools to assess aerobic performance in
healthy and diseased older adults [37]. In the present study, the es-
timation of VO,.« from the 6MWT was not significantly different
compared to direct evaluation of VO, (> Table 2), and a large (r:
0.68) correlation, explaining 44 % of the variance, was observed
(> Fig. 3b). However, the low individual agreement of the data (LOAs:
35%) and the high SEE (19 %) make the predicted values unaccepta-
ble. For example, these LOAs indicate that, for a 69 year-old individ-
ual with a VO5max of 29.6 ml-min-T-kg™1, the estimation of VO5.x
would vary between 19 and 40 ml-min-'-kg'. These results are in
line with studies analyzing the relationship of the distance obtained
during the 6BMWT vs. VO, ., in older adults, where they found mod-
erate (r: 0.5 to 0.6) associations between the two variables [10, 11].
Furthermore, the application of the previously developed 6MWT ref-
erence equations for the estimation of VO .y in older individuals
[31-33] showed significant differences between actual and estimat-
ed values (> Fig. 4), with SEE values of 15 to 20 %, mean differences
of 10to 23 %, and LOAs of 28 to 38 % (> Table 2). Collectively all these
results suggest that the error in VO .4 estimation by the 6MWT in
older males is unacceptable to be utilized in clinical practice.

One reason why the 6MWT is one of the most widely used aer-
obic assessments in older men is its submaximal nature [9,37]. In
this study, however, the 6BMWT did not always meet the submaxi-
mal criterion of <85 % HR,,,, established by current exercise test-
ing guidelines [26]. The mean HR e, was 92 % of that reached on
the CPX, with a wide heterogeneity of response (range: 71 to 100).
Moreover, only 16 % of the participants (2 out of 12) reached a HR
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» Fig. 3 Individual data points and linear relationships between measured maximal oxygen uptake (VOma,) and the following: a) estimated VO,
using ACSM’s metabolic equation; b) distance covered on the Six-Minute Walk Test (6MWT); c) LT determined on discrete values of the velocity-rate
stages during the Discontinuous Modified Shuttle Walk Test (D-MSWT); and d) LT determined on continuous values during the D-MSWT. Solid lines:

linear regressions. Dashed lines: 90 % confidence intervals.

lower than 85 %HR . at the completion of the test. This is in line
with previous studies in older adults of similar age (range: 60-75)
reporting mean values of =86-89 %HR . [10,29] at completion
of the 6MWT. On average, this mean relative intensity is very simi-
lar to that found in this study (92 %HR,,,) and corresponds to the
upper edge of the vigorous exercise intensity domain according to
the established guidelines [26]. These results confirm that the
6MWT requires, on average, a high level of effort. The range in the
relative intensity is however wide (71-100 %HR ), correspond-
ing to the moderate, vigorous, and near maximal or maximal inten-
sity domains (> Fig. 5, lower panel) [26]. This variability in the in-
ternal response to the 6MWT indicates that the relative effort dur-
ing such a test was very wide among participants, thereby further
explaining the observed low accuracy of the 6MWT to predict
VO5max- The disparity in the HR response to the 6MWT may be due
to the lack of standardization of the protocol [11], although our
study and most studies follow established test instructions [28]. A
plausible explanation, in addition to the ceiling effect previously

mentioned, is the intrinsic nature of the test where subjective fac-
tors such as motivation and course strategy play an important role
[6]. These results cast serious doubts on the submaximal nature of
the test, and onits precision to assess, design, and monitor the aer-
obic exercise training in older men.

To the best of our knowledge, no previous study has examined the
association between the LT and VO, in older adults. A key finding
of this study was that the different determinations of the LT were good
predictors of VO, based on the extremely large correlation magni-
tudes found that explained 81-83 % of the variance in VO .y estima-
tion, with acceptable (= 10 %) SEE values (> Fig. 3¢, d). The estimation
of VO5max from LT was much better than that observed from the
6MWT. This might be partially due to the fact that LT performance,
unlike BMWT performance, does not depend on subjective factors
such as motivation or self-paced strategies during the test. The esti-
mation of VO5max from LT is also better than those observed from the
estimated LT [4], also named the first ventilatory threshold (VT,), the gas
exchange threshold (GET), or the Anaerobic Threshold (AT), determined
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> Fig. 4 Comparison of mean (columns) and individual (symbols)
values between measured maximal oxygen uptake (VO34

(“Actual”, white column) and estimated VO, using the reference
equations for older adults of 1) [31], 2) [32] and 3) [33]. The horizon-

tal dashed line indicated mean actual VO, ., values. *Significantly
different from actual VO, . at P<0.05. ** Significantly different
from actual VO, at P<0.01.

from ventilatory [10], gas exchange [38], or a combination of ventila-
tory and gas exchange alterations [10]. These studies, evaluating in-
dividuals with an average age of 62 [38] or 70yrs [10] reported rela-
tively low correlation magnitudes of =0.40 between the estimated LT
and VO,max. It is uncertain why our LTs vs. VO . correlation magni-
tudes were considerably higher than the correlations between the es-
timated LT and VO, Those relatively low correlation magnitudes
might be partially related to the moderate test-retest reliability coef-

ficients (r=0.72-0.77) [39] and measurement errors (5-10 %) [40]

observed in the estimated LT determination when correction of gas-

exchange computations are not performed [3, 27]. For clinical appli-
cation purposes, some additional advantages of the LT determination
by means of the D-MSWT might include the following:

a) lts submaximal nature. The finalization of the D-MSWT, that is,
the required intensity to measure the LT, occurred at a mean
intensity of =76 %HR . (range: 65 to 87). All participants but
one fulfilled the submaximal testing criterion established by
current exercise testing guidelines [26]. This HR range corre-
sponds to the moderate and vigorous HR-related intensity zones
[26] and is lower than the one found in the 6BMWT (71-100%
HR,.x) (> Fig. 5). The objective and submaximal nature of the
D-MSWT makes this test independent of individual motiva-
tional factors, and it is better tolerated than tests where par-
ticipants are brought to exhaustion [5].

b) Since the 1970s, it is considered that exercise intensity designed
relative to LT or estimated LT brings more uniform stress and
metabolic responses compared to exercise intensities designed
relative to maximal anchors such as VO,may o HRiax [7,39,41,42)].
The wide range of %HR 5 at which LT occurs (50-78% HR 2

» Fig. 5) confirms that training programs using exercise pre-
scriptions based on percentages of VOmax OF HRmax, Without
consideration of the individual LT, lack uniformity in the meta-
bolic and ventilatory responses among individuals. This may
create multiple training stimuli among the individuals, which in
turn results in a wide range of “improvements” (or even the lack
thereof) in cardiovascular and metabolic functions [7,41]. A
better and safer approach to design exercise intensities is to
assess the LT and use the individual HRs corresponding to the LT
as a point of reference to deduce and design their individual
exercise training stimulus [15,42]. This should attenuate the
interindividual variation in the training responses compared to
exercising relative to %HRax OF % VO5max [43].

Limitations and methodological considerations

First, we studied a relatively small sample of older male adults.
However, VO,max [26] and 6MWT [9, 37] results indicate that our
sample is a representative sample of physically active well-condi-
tioned older male adults. Their VO, .. indeed, is on average 5 to
20 % higher than their gender-and age-related groups of USA [39],
Canada [44] and Norway [45]. Second, the developed regression
models are only applicable to older males with VO, values rang-
ing from 19.2to 44.4ml-min-1-kg-1. Whether the relationships be-
tween LTs and VO, ., are maintained in individuals with lower or
higher aerobic conditioning, or in female older adults, is a question
that remains unclear. Third, verification of the determination of the
boundary from the moderate- to the heavy-intensity domain by
constant velocity trials was not performed. Nonetheless, we uti-
lized the direct LT determination procedure, which is the standard
LT determination procedure against which indirect methods should
be evaluated [4,7, 14]. Four, the D-MSWT duration was 26 4 min
(range: 20-32). This test duration might hinder the applicability of
the D-MSWT in clinical settings. However, it might be worthwhile
to invest this time in the assessment of the LT at the beginning of
any physical activity program in order to design more precise indi-
vidual exercise intensities and consequently economize the re-
quired exercise training forimproving the cardiorespiratory fitness.
Furthermore, in this study, the initial workload and subsequent
workload increments were low to allow a preliminary [BLac]-base-
line phase on the [BLac] kinetics and allow a precise LT assessment
[46]. Three to four exercise stages could have been omitted, allow-
ing for two [BLac]-baseline measurements in every participant and
reducing the test duration to 15-18 min (range: 9 to 24). Further
cross-validation and longitudinal studies with a larger number of
participants are required to 1) validate our proposed LT vs. VO5max
equations, and 2) corroborate whether the relationships are main-
tained in a dose-response manner along longitudinal physical ac-
tivity programs aiming to improve the cardiorespiratory capacity
and functionality of older men.

Practical applications

The interindividual heterogeneous response and the high mean ef-
fort required to complete the 6MWT highlights the limitations of
this evaluation as a practical test for training guidance purposes in
older adults. In addition, it was shown that the indirect determina-
tion of VO, by the 6BMWT is imprecise. We demonstrated that LT
testing resulted in more submaximal responses than the 6MWT,
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continuous Modified Shuttle Walk Test (HR-D-MSWT,.,), 4) the boundary between the moderate- to the heavy-intensity domain determined by the
HR 2y (HR-CPX;,,.1,), and 5) the boundary between the moderate- to the heavy-intensity domain determined by the HR at the lactate threshold (HR-
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stratified by exercise intensity domains according to the established guidelines [26]. * *Significant difference at P<0.01. ** *Significant difference at

P<0.001.

and that the LT test might be a valuable on-field test to precisely
estimate the VO,m, in older male adults. LT testing is a relatively
easy procedure to be implemented in physical activity programs in
old age and might help improving the quality of the professional
assistance in the assessment and prescription of the aerobic capac-
ity, particularly in the moderate- to the heavy-intensity domain. The
monitoring of HR is very easy, and thus, assessment of HR at the LT
can help in the monitoring of the training stimuli during aerobic
exercise. The submaximal nature and the direct HR applicability
make LT testing an attractive objective alternative to CPX (VO5may)
and 6MWT. Other special populations, for instance, patients with
chronic respiratory or cardiovascular diseases and with similar aer-
obic conditioning might also benefit from the results of this study.

Conclusions

First, LT testing elicited more submaximal responses than the
6MWT, and it estimated VO, . better in older male adults. Sec-
ond, the HR corresponding to the boundary from the moderate- to
the heavy-intensity domain determined by the CPX was ~20%
higher than obtained by the LT. The wide range of %¥HR,,., at which
LT occurs suggests that physical activity programs using exercise
intensity prescriptions based on percentages of maximal anchors
(VO3max OF HRmay) would lack uniformity in the metabolic stress re-
sponses among individuals. In this sense, LT and its associated HR
(HR-LT) mightimprove the design of aerobic exercise training, par-
ticularly in the upper moderate- to heavy-intensity domain.
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