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Objectives: To analyze the criterion-related validity and the reliability of fitness field tests for evaluating cardio-
respiratory fitness in adults, by sex, age, and physical activity level.
Design: Cross-sectional.
Methods:During 3weeks, sociodemographic, anthropometricmeasurements, a treadmillmaximal test, the 2-km
walk test, and the 20-m SRT were performed in 410 adults aged 18–64 years. Measured and estimated VO2max

(by Oja's and Leger's equations) were analyzed.
Results: Measured VO2max was associated with estimated VO2max by the 2-km walk test and 20-m SRT (r = 0.784
and r = 0.875, respectively; both p < 0.01). Bland–Altman analysis showed a mean difference of −0.30 ml* kg−1

* min−1 (p < 0.001, d = −0.141) in the 2-km walk test, and 0.86 ml* kg−1 * min−1 (p = 0.051) in the 20-m
SRT. Significant mean differences between test and retest were found in the time to complete the 2-km walk test
(−1.48 ± 0.51 s, p = 0.004, d = −0.014) and in the final stage reached in the 20-m SRT (0.04 ± 0.01, p =
0.002, d = 0.015). Non-significant differences were found between test and retest in the estimated VO2max by
Oja's (−0.29 ± 0.20 ml* kg−1 * min−1, p > 0.05) and Leger's eqs. (0.03 ± 0.04 ml* kg−1 * min−1, p > 0.05).
Moreover, both test results and estimated VO2max equations showed a high test–retest reliability.
Conclusions: Both tests were valid and reliable for evaluating cardiorespiratory fitness in adults aged 18–64 years,
regardless of sex, age, and physical activity level.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of SportsMedicine Australia. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Practical implications

• The findings of this study suggest that the 20-m SRT has some advan-
tages, such as reduced psychological stress, and the possibility of bet-
ter regulating the pacing strategy compared with the 2-kmwalk test.

• Therefore, when existing time or space constraints, the 20-m SRT
could beproposed as an ideal tool to evaluate cardiorespiratoryfitness
in the adult population.

• Alternatively, the 2-km walk test is more suitable for adults who are
unable to run.
-García).
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1. Introduction

Physical fitness is considered a powerful health marker in the adult
population, especially cardiorespiratory fitness, and muscular
strength.1,2 Cardiorespiratory fitness has been inversely associated
with reduced risk of diseases, such as cardiovascular disease,1,3 obesity,
diabetes,2 different types of cancer,4 and is a predictor of all-cause of
mortality.1,3–5 Likewise, high levels of cardiorespiratory fitness have
been associatedwith a decrease in the risk of suffering frommental con-
ditions such as anxiety, panic, and depression.5 Furthermore, cardiore-
spiratory fitness seems to be the most determining factor of life
expectancy.6 Consequently, cardiorespiratory fitness assessment is an
important tool for prevention and health diagnosis in the adult
population.7

Laboratory testing is the most objective and accurate method to as-
sess physical fitness. However, due to costly, sophisticated instruments
and qualified technicians required, and time constraints, their use is
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limited in sports clubs, schools, or population-based studies. In these
settings, field-based fitness tests could be a useful and reasonable alter-
native, since they are relatively safe and time-efficient, involveminimal,
low cost equipment and can be easily administered to a large number of
people simultaneously.8

The validity and reliability of field-based fitness tests need to be con-
sidered when deciding which field-based test to use.9 Criterion-related
validity refers to the extent to which a field-based test of a physical fit-
ness component correlates with the criterion measure (i.e., the gold
standard).9 A test is considered reliable when a participant performs a
test on two or more occasions under the same conditions and close
proximity in time and obtains similar results.9

Concerning its field-based test assessment in adults, the 2-km walk
test and 20-m shuttle run test (20-m SRT) are the most used to assess
cardiorespiratory fitness.7,10 A recent systematic review, where the va-
lidity of existing field test for physical fitness assessment was evaluated,
concluded that these tests are valid in the adult population (using Oja's
equation in the 2-km walk test, and Leger's equation in the 20-m SRT,
through VO2max calculation).7 Likewise, another recent systematic
review, where the reliability of existing field-test for physical fitness as-
sessment was evaluated, enlightened that the 20-m SRT was strongly
reliable in young adults, however, the reliability of the 2-km walk test
was limited in adults aged 30–64 years.10

Nevertheless, most of the studies that analyzed the criterion-related
validity and reliability of these two field tests in adults had a small sam-
ple or presented a lack of balanced representation of sex or the full adult
age range (i.e., 18–64 years). Furthermore, these studies have not taken
into account the physical activity level of the participants, when it is
known that the level of physical activity can influence the validity of
these tests.7 Finally, no study has evaluated which of these field-based
tests ismore valid and reliable taking into account sex, age, and physical
activity level.

Therefore, the aim of the present study was to analyze the criterion-
related validity and the reliability of the 2-km walk test and the 20-m
SRT for evaluating cardiorespiratory fitness in the adult population, ac-
cording to sex, age, and physical activity level.
2. Materials and methods

The present study is part of a national project: the ADULT-FIT study,
whose main aim was to propose a field-based physical fitness-test bat-
tery related to health based on their criterion-validity, predictive valid-
ity, reliability, feasibility, and safety for use in adults.

Briefly, a total of 410 adults aged 18–64 years were recruited
through leaflets, local newspapers, and social media from Cadiz
(Spain). The total sample was homogeneously distributed by sex, age
(18–34 years, 35–49 years, and 50–64 years), and physical activity
level (non-active and active).

The inclusion criteria for this study were: (i) age: adults (18–64
years old); (ii) not having a physical or mental illness that prevents
you from doing physical activity; (iii) intention to carry out all the
tests that make up the study and; (iv) able to read and understand the
informed consent as well as the object of the study. The exclusion
criteria for this study were: (i) acute or terminal illness; (ii) myocardial
infarction three months before starting the study; (iii) unstable cardio-
vascular disease; (iv) medical prescription that prevents the perfor-
mance of the tests and; (v) injury or circumstance that makes it
impossible to carry out the tests correctly.

All interested volunteers provided written informed consent to par-
ticipate in the present study.

After providingwritten informed consent and being informed of the
protocol to be carried out, they signed the “Physical Activity Readiness
Questionnaire” (PAR-Q) questionnaire to detect possible contraindica-
tions to the practice of physical exercise, and a questionnaire to deter-
mine the physical activity level of the participants.
2

Participants were tested in 3 sessions during 3 weeks (one per
week). In the first week, sociodemographic, anthropometric measure-
ments, and a maximum treadmill test were carried out. In the second
and third weeks, the 2-km walk test and the 20-m SRT were carried
out, one per week (test–retest) in the same conditions as before.

Before field-based testing sessions, all participants completed a stan-
dardized 10-minutewarm-up. All the participants received comprehen-
sive instructions for the tests and were encouraged to do their best in
each test. Participants were instructed to rest 24 h before evaluations
and to maintain their eating and hydration habits.

Participants were initially classified as active/non-active when fol-
lowing/not following World Health Organization recommendations
for adults (https://www.who.int/). The following self-reported question
was asked: howmany days (in a typicalweek) do you practice physical ac-
tivity/exercise or some sport, of at least moderate intensity, lasting at least
50 min per day?

Height, weight, triceps and subscapular skinfolds, and hip and waist
circumferences were measured using the protocol described by the In-
ternational Society for the Advancement of Kinanthropometry
(ISAK).11 For the neck circumference, the protocol established by the
Center for Disease Control and Prevention was followed.12 Measure-
ments were always performed by the same trained evaluator (to
avoid intra-evaluator variability), of the same sex as the participant.

All measurements were collected with bare feet, in light sports
clothing, and with a 3-h fast. Height was measured using a TANITA
HR001 portable height rod (Tanita®, Illinois, USA; sensitivity, 1 mm).
The margin of error that was established to make a third measurement
was 1 cm. Weight was measured using an OMRON BF-400 electronic
scale (Omron Healthcare Europe BV, Hoofddorp, The Netherlands; sen-
sitivity, 100 g). The established margin of error by which a third mea-
surement should be made was a difference of 1 kg. Body mass index
(BMI) was calculated as weight (kg) divided by squared height (m2).

Triceps and subscapular skinfolds were measured using the
Harpenden Skinfold Caliper (Holtain, Dyfed, United Kingdom; range,
0–80mm; sensitivity, 0.2 mm), and hip, waist and neck circumferences
were assessed using the tape measure using SECA 201 (Seca Int, Ham-
burg, Germany; range, 0–205 cm; sensitivity, 0.1 cm). The margin of
error for a third measurement was 1 mm for skinfolds and 1 cm for cir-
cumferences.

The percentage of body fat mass (%BF) and lean mass (kg) were de-
termined by bioimpedance Tanita MC 780-P MA (Tanita Co., Guang-
zhou, China), according to the protocol described by the National
Institute of Health (NIH).13 For its correct evaluation, the participants
were asked about their level of hydration.

Participants completed an incremental cardiopulmonary exercise
test (CPET) on a treadmill (Lode Valiant, Groningen, Netherlands) for
the determination of VO2max through indirect calorimetry (Jaeger
MasterScreen CPX®️, CareFusion, San Diego, USA). VO2max was
recorded as absolute values (ml* min−1) and relative per kilograms of
body weight (ml* kg−1 * min−1). Heart rate and peak respiratory
exchange ratio (RER) were also collected.

Three different protocols, performed until volitional exhaustion,
were used given the large heterogeneity of our study sample
(i.e., physical activity/fitness level and age). The protocol was selected
for each participant to reach their limit of tolerance in approximately
10–12min. In all protocols, the test involved a walking warm-up, an in-
cremental, and a recovery phase.

For the selection of the CPET protocol for each participant, the fol-
lowing criteria was used: (i) participants with a low physical activity
level or who could not run on a treadmill, performed the Balke protocol,
whichmaintained a constant speed of 4.8 km/h and increased the slope
by 2.5% every 2 min.14 Those participants with no previous experience
on a treadmill (both walking or running) underwent a brief familiariza-
tion period of 1–3 min, to feel confident enough with the test; (ii) par-
ticipants with average physical activity/fitness warmed up at 4.8 km/h
during 2 min, starting the test at 6 km/h and increasing by 1 km/h per

https://www.who.int/
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minute; (iii) participantswhopresented a greater physical activity/fitness
level, warmed up at 6 km/h during 2 min, starting the test at 8 km/h, in-
creasing 1 km/h everyminute. After exhaustion was attained, a 5min re-
covery phase was performed in all the aforementioned protocols.

Themain criteria used to determine themaximality of a test was the
attainment of a VO2 plateau. In our studywe used the criteria of defining
the plateau as a difference of ≤150 ml/min between consecutive stages.
To this aim, we compared the 2-final time-averaged periods of 30 s of
the test. Thus, when the difference in VO2 between the final and the
preceding 30-s period was ≤150 ml/min the plateau was established
and the final VO2 value was considered a real VO2max.

15

When the plateau criteria was not met, at least 3 of the following
secondary criteria had to be met to establish that the test was
maximal16: (i) volitional exhaustion or the incapacity to maintain the
treadmill speed despite verbal encouragement, (ii) heart rate within
10 bpm of the maximal age predicted, (iii) RER ≥1.1, and (iv) rated per-
ceived exertion (RPE) of ≥7 using the Borg scale from 0 to 10.

2-kmwalk test: The test consisted ofwalking 2-kmatmaximumspeed
in the shortest possible time.17 The participantswere instructed towalk at
their maximum speed from the beginning to the end of the test in a 100-
meter rectangular circuit. At the endof the test, the total time spent on the
test (minutes and seconds) was recorded. Moreover, final heart rate was
recorded using the activity bracelet, validated in adults, XiaomiMi Band 4
(Xiaomi Inc., Beijing, China).18 VO2max estimations were based on
regression equations, established by Oja et al.17

20-m SRT: The test is an incremental intermittent running test be-
tween two separate lines at a distance of 20m.19 The initial speed,marked
by acoustic signals, is 8.5 km/h, increasing 0.5 km/h everyminute; so, the
time that the participants have to cover the distance of 20 m decreases
over time. The test ends when the participants reach physical exhaustion
or are unable to follow the set pace, or when they cannot cover the dis-
tance in the set time during two consecutive acoustic signals. Results
were registered as fully completed stages. VO2max estimations were
based on regression equations, established by Leger et al.19

Descriptive sample values and cardiorespiratory fitness tests are pre-
sented as mean ± SD. One-way analysis of variance (ANOVA) was per-
formed to assess significant differences between age groups and t-test
analysis for independent sample for sex andphysical activity level groups.

Criterion-related validity: Bivariate correlations and simple linear re-
gression were used to evaluate the agreement between cardiorespira-
tory fitness laboratory and field-based tests. When significant, the
strength of the correlations was classified as follows: 0.00–0.25, very
low; 0.26–0.49, low; 0.50–0.69, moderate; 0.70–0.89, high and; 0.90–
1.00, very high.20

Subsequently, the mean difference and the 95% limits of agreement
[95% LoA (meandifference±1.96 SD of the difference)]were calculated
using the Bland–Altman method21 to analyze the agreement between
measured and estimated VO2max, whose difference was calculated
using an ANOVA test for repeated measures. Where appropriate,
Cohen d was computed to quantify the magnitude of the effect size.
Cohen d values of 0.8, 0.5, and 0.2 represented large, medium, and
small effect sizes, respectively.22

Finally, in order to develop a more precise equation for the sample,
stepwise linear regression model was used to estimated VO2max

[relative VO2max (ml* kg−1 * min−1)]. To do this, the variables that
presented a higher correlation were sequentially added, which were
sex, age, physical activity level and %BF. Additional analyses were
performed including BMI, or sum tricipital+subscapular skinfold,
waist circumference, hip circumference and lean mass instead of %BF.

Reliability: To investigate the reliability of the 2-kmwalk test and the
20-m SRT, we compared test and retest (hereafter called T1 and T2),
through t-test and intraclass correlation coefficient (ICC). ICC is com-
monly used to describe relative reliability (i.e., the consistency of mea-
surements on individuals in a group relative to others). An ICC <0.8
were considered insufficient, values between 0.8 and 0.9 were consid-
ered moderate and values >0.9 were considered high.23
3

Since any reliability study should not be based on a single statistic
method, we also examined the differences between T1 and T2 using dif-
ferent error measures. Generally, the lower the error value, the lower
the dispersion between T1 and T2 measurements.

The sum of squared errors (SSE) was calculated as follows:

SSE ¼ ∑
N

i¼1
yi � by� �2

where n is the cases to evaluate the errormeasurements, by is the T2, and
y is the T1.

The mean sum of squared errors (MSE):

MSE ¼ 1
N
∑
N

i¼1
yi � by� �2

The root mean sum of squared errors (RMSE) was calculated by
converting MSE into domain units by taking the root square:

RMSE ¼
ffiffiffiffiffiffiffiffiffiffi
MSE

p

The percentage error was calculated as follows:

%Error ¼ RMSE
ymax � ymin

� 100

The absolute reliability (consistency of repeated measurements for
individuals) was analyzed by calculating the standard error of measure-
ment (SEM) as percentage of the mean value of themeasurements. The
SEM quantifies the precision of individual scores in a test, and it is not
influenced by variability among individuals (i.e., is considered a fixed
characteristic of any measure, regardless of the sample of participants
under investigation). A value ≤15% is considered acceptable.24

%SEM=mean of the difference scores between 2 trials × 100/mean
of the first trial.

The coefficient of variation (CV) as follow:

%CV ¼ δ
X
� 100

The CV method provides useful information in the presence of het-
eroscedasticity (assumes that greatest T1 and T2 variation occurs in in-
dividuals scoring the highest values in the test). A CV ≤ 10% was
considered as acceptable reliability.25

The standard error of estimate was calculated as follows:

SEE ¼ SDby ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 � R2yby� �r

Finally, Bland–Altman plots were used to evaluate the
reproducibility21 of the field-based cardiorespiratory fitness tests, whose
difference was calculated using an ANOVA test for repeated measures.
Where appropriate, Cohen d was computed to quantify the magnitude
of the difference between T1 and T2.

We also examined the difference and themagnitude of themeasure-
ment (i.e., heteroscedasticity) by conducting regression analysis.

We conducted the analyses for the whole sample, as well as sepa-
rately by sex, age groups, and physical activity level, for all criterion-
related and reliability analysis.

All the analyses were performed using the Statistical Package for So-
cial Sciences (IBM SPSS Statistics for Windows, version 26.0; Armonk,
NY) and the level of significance was set at p < 0.05.

3. Results

The final sample size was composed of 410 adults aged 18–64 years
(49.5% females). The descriptive characteristics of the participants,
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distributed by sex, age and, physical activity level are shown in Table 1.
The mean age of the sample was 42 (±13.06) years old. Overall, signif-
icant differences were found according to sex, age, and physical activity
level. Regarding sex, males presented higher anthropometric values
than females (all, p < 0.001), except for %BF and tricipital skinfold,
being higher in females (both, p < 0.001). Males performed faster the
2-km walk test and completed more stages in the 20-m SRT than fe-
males (p < 0.001); measured and estimated VO2max was also higher in
males than females (p < 0.001). Regarding age, the 50–64 years old
group presented higher BMI, %BF, waist and neck circumference and
subscapular skinfold than the 18–34 years old group (all, p < 0.01),
and higher waist circumference than the 35–49 years old group (p <
0.01); the 35–49 years old group presented higher BMI, %BF and waist
circumference than the 18–34 years old group (all, p < 0.01); the 50–
64 years old group performed slower the 2-km walk test, completed
less stages in the 20-m SRT and had measured and estimated VO2max

than their younger counterparts (all, p < 0.001). Regarding physical
activity level, active participants shower lower anthropometric values
(all, p < 0.01), expect for neck circumference (p > 0.05), and better
performance in cardiorespiratory variables than non-active ones
(all, p < 0.001).

Criterion-related validity: Bivariate correlation analysis between
measured VO2max (ml* kg−1 * min−1) with estimated VO2max by 2-km
walk test and 20-m SRT, and anthropometric variables, distributed by
whole sample, sex, age groups, and physical activity level are displayed
in Supplementary Table 1. In the whole sample, measured VO2max was
associated with estimated VO2max by 2-km walk test (r = 0.784, p <
0.01), and 20-m SRT (r = 0.875, p < 0.01). Sex, age, physical activity
level, and all anthropometric variables were associated with measured
Table 1
Descriptive characteristics of the participants, stratified by sex, age and, physical activity level.

All
(n = 410)

Sex Age

Females
(n = 203)

Males
(n = 207)

18–3
(n =

Age (years) 41.86 (13.06) 41.48 (12.84) 42.24 (13.28) 26.2
Basal heart rate (bpm) 69.51 (12.09) 72.25 (12.20)⁎⁎⁎ 66.82 (11.39) 71.8

(13.
Maximal heart rate (bpm) 173.29

(13.77)
171.8 (13.0)⁎ 174.66

(14.37)
182.
(12.

Weight (kg) 71.16 (15.49) 62.06 (9.36)⁎⁎⁎ 80.13 (15.12) 68.8
Height (cm) 168.25 (9.19) 161.38 (5.98)⁎⁎⁎ 175.00 (6.36) 168.
Body mass index 24.99 (4.10) 23.85 (3.45)⁎⁎⁎ 26.12 (4.38) 24.0
Body fat (%) 24.85 (7.47) 28.64 (6.30)⁎⁎⁎ 21.11 (6.62) 22.7
Lean mass (kg) 50.37 (10.58) 41.56 (3.92)⁎⁎⁎ 59.06 (7.41) 49.8
Waist circumference (cm) 83.14 (12.66) 76.90 (9.25)⁎⁎⁎ 89.26 (12.58) 78.1

(11.
Hip circumference (cm) 99.38 (8.69) 98.80 (7.27) 99.95 (9.87) 98.6
Neck circumference (cm) 35.30 (3.83) 32.30 (2.00)⁎⁎⁎ 38.24 (2.79) 34.4
Tricipital skinfold (mm) 16.92 (7.48) 19.69 (6.42)⁎⁎⁎ 14.23 (7.46) 16.1
Subscapular skinfold (mm) 19.50 (10.27) 20.33 (9.19) 18.68 (11.19) 17.3
2-km walk test
Total time (min:seg) 16.63 (1.80) 17.26 (1.66)⁎⁎⁎ 16.00 (1.72) 16.5
Final heart rate (bpm) 149.79

(21.36)
151.55
(20.05)⁎⁎⁎

148.05
(22.48)

151.

VO2max (ml* kg−1 * min−1) 36.58 (10.14) 33.09 (6.43)⁎⁎⁎ 40.06 (11.84) 40.3
20-meter shuttle run test
Final stage 5.10 (2.82) 3.71 (2.17)⁎⁎⁎ 6.48 (2.72) 6.29
VO2max (ml* kg−1 * min−1) 35.42 (8.51) 31.30 (6.57)⁎⁎⁎ 39.50 (8.25) 39.0

Maximal treadmill test
VO2max absolute (ml* min−1) 2557.15

(720.28)
1999.87
(367.17)⁎⁎⁎

3097.71
(545.33)

2703
(744

VO2max relative (ml* kg−1 *
min−1)

36.13 (8.14) 32.78 (6.59)⁎⁎⁎ 39.39 (8.20) 39.4

RER final 1.20 (0.08) 1.18 (0.08)⁎⁎⁎ 1.21 (0.08) 1.22

Differences between sex, and between physical activity level: *p < 0.05, **p < 0.01, ***p < 0.00
50–64 years, c = 18–35 years and 50–64 years (^p < 0.05; ^^p < 0.01, p^^^<0.001).
Results are expressed as mean ± SD.
VO2max estimated in the 2-km walk test by Oja's equation; VO2max estimated in the 20-meter
Difference between sex, and physical activity levelsmeasuredwith an independent t-test, differ
(ANOVA).
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and estimated VO2max (r = −0.148 to −0.751, all p < 0.001). %BF,
tricipital skinfold and sum triceps+subscapular skinfold had the
strongest association with measured VO2max (r = −0.750, r =−0.648,
r = −0.656, respectively; all, p < 0.001), with estimated VO2max by 2-
km walk test (r = −0.730, r = −0.699, r = −0.723, respectively; all,
p < 0.001), and with estimated VO2max by 20-m SRT (r = −0.751,
r =−0.650, r =−0.636, respectively; all, p < 0.001). Similar results
were found when the sample was distributed by sex, age, and phys-
ical activity level.

Fig. 1 shows the scatterplot of relationship between measured with
estimated VO2max by Oja's equation and time in the 2-km walk test,
and relationship between measured with estimated VO2max by Leger's
equation, and final stage in the 20-m SRT. The measured VO2max was
associated with the estimated VO2max by Oja's equation (R2 = 0.614, p
< 0.01; SEE = 5.027) and time in the 2-km walk test (R2 = 0.429, p <
0.01; SEE = 6.117), and with estimated VO2max by Leger's equation
(R2 = 0.766, p < 0.01; SEE = 3.917) and final stage in the 20-m SRT
(R2 = 0.774, p < 0.01; SEE = 3.865).

The association between measured VO2max with estimated VO2max

by Oja's equation remained the same when the sample was
distributed by sex, age, and physical activity level. The association
betweenmeasured VO2max with time in the 2-kmwalk test was slightly
higher in females (R2= 0.448, p < 0.01) than inmales (R2= 0.300, p <
0.01); in the 50–64 years group (R2 = 0.517, all, p < 0.01) than in the
younger ones (R2 = 0.346 and R2 = 0.397, respectively; both, p <
0.01); and in non-active (R2 = 0.449, p < 0.01) than in active partici-
pants (R2 = 0.286, p < 0.01) (Supplementary Fig. 1).

The association between measured VO2max with estimated VO2max

by Leger's equation and final stage in the 20-m SRT remained the
groups Physical activity levels

4 yr
136)

35–49 yr
(n = 131)

50–64 yr
(n = 143)

Non-active
(n = 195)

Active
(n = 215)

2 (0.36) 42.49 (0.36) 56.17 (0.35) 43.18 (13.10)⁎ 40.62 (12.95)
3
46)a^^

67.39 (11.11) 69.24 (11.25) 73.51 (12.23)⁎⁎⁎ 65.88 (10.80)

47
20)a^^^

173.68 (9.17)b^^^ 164.41
(12.91)c^^^

172.79 (15.25) 173.73
(12.42)

0 (16.24) 72.19 (16.29) 72.48 (13.77) 71.99 (16.82) 70.32 (14.14)
46 (0.79) 168.42 (0.80) 167.89 (0.77) 167.33 (9.17) 169.02 (9.12)
7 (4.27)a^ 25.32 (4.48) 25.56 (3.38)c^^ 25.55 (4.62)⁎⁎ 24.47 (3.50)
7 (7.69)a^ 24.99 (7.08) 26.70 (7.15)c^^^ 27.38 (7.31)⁎⁎⁎ 22.57 (6.89)
5 (10.13) 51.09 (10.81) 50.22 (10.83) 49.10 (10.72)⁎ 51.45 (10.31)
1
68)a^^

83.28 (13.11)b^^ 87.80 (11.34)c^^^ 85.54 (14.21)⁎⁎⁎ 80.91 (10.64)

9 (9.75) 100.30 (9.19) 99.19 (6.96) 101.13 (9.10)⁎⁎⁎ 97.77 (8.00)
0 (3.65) 35.44 (3.91) 36.01 (3.80)c^^^ 35.31 (4.12) 35.27 (3.57)
3 (0.64) 17.03 (0.65) 17.58 (0.63) 19.39 (7.67)⁎⁎⁎ 14.72 (6.56)
7 (11.72) 19.46 (9.83) 21.57 (8.72)c^^ 22.74 (10.99)⁎⁎⁎ 16.57 (8.62)

0 (1.66) 16.14 (1.71)b^^^ 17.16 (1.88)c^^ 17.32 (1.83)⁎⁎⁎ 16.01 (1.54)
89 (22.99) 151.38 (21.81) 146.46 (18.99) 152.54 (21.59)⁎ 147.36

(20.90)
8 (10.67) 37.97 (9.24)b^^^ 31.89 (8.47)c^^^ 32.65 (9.79)⁎⁎⁎ 40.14 (9.12)

(2.71) 5.65 (2.69)b^^^ 3.51 (2.26)c^^^ 3.87 (2.31)⁎⁎⁎ 6.20 (2.79)
4 (8.26) 37.11 (8.04)b^^^ 30.60 (6.76)c^^^ 31.74 (6.98)⁎⁎⁎ 38.70 (8.42)

.81
.90)

2655.09
(698.22)b^^^

2329.57
(720.28)c^^^

2299.89
(633.97)⁎⁎⁎

2784.21
(716.77)

8 (7.86)a^ 36.94 (7.69)b^^^ 32.23 (7.17)c^^^ 32.17 (6.74)⁎⁎⁎ 39.67 (7.67)

(0.07) 1.20 (0.07)b^^^ 1.17 (0.08)c^^^ 1.20 (0.08) 1.20 (0.08)

1; differences between age groups: a = 18–34 years and 35–49 years, b = 35–49 years and

shuttle run test by Leger's equation.
ence between age groupsmeasuredwith one-way repeatedmeasures analysis of variance



Fig. 1. Scatterplot of relationship between measured with estimated VO2max (ml* kg−1 * min−1) by Oja's equation (estimated from the 2-km walk test) and Leger's equation (estimated
from the 20-m shuttle run test); and relationship between measured with total time in the 2-km walk test and final stage in the 20-m shuttle run test.
(A), Relationship betweenmeasured and estimated VO2max (ml* kg−1 * min−1) by Oja's equation; (B), relationship betweenmeasured VO2max (ml* kg−1 * min−1) and total time (sec) in
the 2-kmwalk test; (C), relationship between measured and estimated VO2max (ml* kg−1 * min−1) by Leger's equation; (D), relationship between measured VO2max (ml* kg−1 * min−1)
and final stage in the 20-m shuttle run test.
R2 indicates lineal coefficient of determination.
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samewhen the samplewas distributed by sex, age, and physical activity
level (Supplementary Fig. 2).

Fig. 2 shows the Bland–Altman difference plot between the measured
and estimated VO2max, by Oja's and Leger's equations. It can be observed
that the difference was nearly 0 for both equations. The difference
between measured and estimated VO2max by Oja's equation was −0.30
ml* kg−1 * min−1 (95% LoA = −12.86 to 12.26, p < 0.001), and
between measured and estimated VO2max by Leger's equation was 0.86
ml* kg−1 * min−1 (95% LoA = −7.30 to 9.02, p = 0.051).
Heteroscedasticity was observed between the measured and estimated
VO2max difference with the measured and estimated VO2max mean by
Oja's equation (R2 = 0.117). The effect size (Cohen d) of the mean
differences between measured and estimated VO2max by Oja's equation
was−0.141.

The differences between the measured and estimated VO2max, by
Oja's equation remained the same when the sample was distributed
by sex and age groups. When the sample was distributed by physical
5

activity level, the difference was lower in the non-active [−0.19 ml*
kg−1 * min−1 (95% LoA = −13.45 to 13.06, p < 0.001; R2 = 0.249)]
than in the active participants [−3.36 ml* kg−1 * min−1 (95% LoA =
−15.31 to 8.59, p < 0.001; R2 = 0.064)] (Supplementary Fig. 3).

The difference between the measured and estimated VO2max, by
Leger's equation was lower in males [0.08 ml* kg−1 * min−1 (95% LoA =
−8.92 to 9.08, p = 0.525; R2 = 0.002)] than in females [1.65 ml* kg−1 *
min−1 (95% LoA = −5.24 to 8.54, p = 0.617; R2 = 0.001)]. It was also
lower in the 18–34 years group [0.47 ml* kg−1 * min−1 (95% LoA =
−7.49 to 8.43, p = 0.116; R2 = 0.020)] and the 35–49 years group [0.16
ml* kg−1 * min−1 (95% LoA = −8.88 to 9.21, p = 0.375; R2 = 0.007)]
than in the 50–64 years group [1.79 ml* kg−1 * min−1 (95% LoA =
−5.44 to 9.03, p = 0.137; R2 = 0.017)] (Supplementary Fig. 4).

Table 2 shows the stepwise lineal regression analysis predicting the
VO2max. The 2-kmwalk test showed that total time represented the 42%
of explained variance for measured VO2max (SEE = 6.136 ml* kg−1 *
min−1, p < 0.001). When heart rate was added, the explained



Fig. 2. Bland–Altman plot of agreement between measured and estimated VO2max (ml* kg−1 * min−1) by Oja's equation (estimated from the 2-km walk test), and Leger's equation
(estimated from the 20-m shuttle run test).
(A), Agreement betweenmeasuredandestimatedVO2max (ml* kg−1 *min−1) byOja's equation; (B), agreement betweenmeasured andestimatedVO2max (ml* kg−1 *min−1) by Leger's equation.
The central line represents the mean differences between measured and estimated VO2max. The upper and lower dotted lines represent the upper and lower 95% limits of agreement (mean
differences ± 1.96 SD of the differences), respectively.
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variance increased until 47%. Finally, when age, physical activity level
and %BF were included, the explained variance increased until 70%
(SEE = 4.408 ml* kg−1 * min−1, p < 0.001).

The same results were observed when replacing %BF by BMI, or sum
tricipital+subscapular skinfold, waist circumference, hip circumfer-
ence and lean mass in the prediction equations (data not shown).

The 20-m SRT showed that the final stage represented the 78% of ex-
plained variance for measured VO2max (SEE = 3.841 ml* kg−1 * min−1,
p < 0.001). When physical activity and %BF mass was included, the
explained variance only increased an additional 2% (SEE = 3.603 ml*
kg−1 * min−1, p < 0.001).

The same results were observed when replacing %BF by BMI, or sum
tricipital+subscapular skinfold, waist circumference, hip circumfer-
ence and lean mass in the prediction equations (data not shown).

Reliability: Test–retest reliability of 2-km walk test and 20-m SRT is
shown in Table 3. Significant mean differences between T1 and T2
were found in the time to complete the 2-km walk test (−1.48 ±
0.51 s, p = 0.004) and in the final stage reached in the 20-m SRT
(0.04 ± 0.01, p = 0.002). The effect size (Cohen d) of the mean differ-
ences was −0.014 and 0.002, respectively. Non-significant differences
were found between T1 and T2 in the estimated VO2max by Oja's
(−0.29 ± 0.20 ml* kg−1 * min−1, p > 0.05) and Leger's eqs. (0.03 ±
0.04 ml* kg−1 * min−1, p > 0.05). The ICCs reported a high
reproducibility, ranging from 0.95 to 0.99 (all, p < 0.001) in both tests.
All the analyzed error measurements showed low values (RMSE =
0.38–10.09; %CV = 0.71–7.73; SEE = 0.25–9.88). Supplementary
Table 2 shows test–retest reliability of 2-km walk test and 20-m SRT,
distributed by sex, age, and physical activity levels. Overall, similar re-
sults to those of the whole sample were found.

Fig. 3 shows the Bland–Altman difference plot between the 2-km
walk test and 20-m SRT. The systematic error was nearly 0 for all the
cases: estimated VO2max by Oja's equation [−0.29 ml* kg−1 * min−1

(95% LoA = −8.13 to 7.54, p = 0.034)], time to complete the 2-km
walk test [−1.48 s (95% LoA=−21.07 to 18.10, p=0.041)], estimated
VO2max by Leger's eq. [0.03ml* kg−1 *min−1 (95% LoA=−1.51 to 1.58,
p = 0.086)], and final stage reached in the 20-m SRT [0.04 (95% LoA=
−0.45 to 0.53, p = 0.172)]. Heteroscedasticity (T1-T2 variability) was
observed in the estimated VO2max by Oja's equation (R2 = 0.012), and
time to complete the 2-km walk test (R2 = 0.011).
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Supplementary Fig. 4 displayed the results analyzed by sex, age, and
physical activity level. Overall, similar results to those of thewhole sam-
ple were found.
4. Discussion

The aim of the present studywas to analyze the criterion-related va-
lidity and the reliability of the 2-kmwalk test and the 20-mSRT for eval-
uating cardiorespiratory fitness in adult population, according to sex,
age, and physical activity level. The results showed that both tests are
valid and reliable.

Our study included a homogeneously distributed sample by sex, age,
and physical activity level, to analyze whether the criterion-related va-
lidity and reliability of the 2-kmwalk test and the 20-m SRT are depen-
dent of these variables. Overall, we found no significant differences.
Hence, the criterion-related validity and reliability of both tests were
not determined by sex, age, or physical activity level.

The main results showed a high association between laboratory and
field-based cardiorespiratory fitness tests, and between measured and
estimated VO2max by Oja's17 (R2 = 0.61, p < 0.01) and Leger's19 (R2 =
0.77, p < 0.01) equations. In fact, Bland–Altman analysis also indicated
that the 2-km walk and the 20-m SRT test are valid to estimate cardio-
respiratory fitness by Oja's and Leger's equations, showing a mean of
differences close to 0 and narrow LoA, regardless of sex, age, and phys-
ical activity level.

The 2-kmwalk test is considered a user-friendly submaximal cardio-
respiratory fitness test, since it allows the assessment of people with
low physical fitness level or who are unable to run. In fact, the Oja's
equation17 is valid to assess VO2max, in adults aged 20–65 years (R2 =
0.73 to 0.75, p < 0.05),17 with overweight/obesity (R2 = 0.56 to 0.59,
p < 0.05),26 and with low or moderate fitness levels (R2 = 0.30 to
0.64, p < 0.05), but not in adults with a high fitness level (R2 = 0.27,
p < 0.05).27

Oja et al.17 found that the total time performed in the 2-kmwalk test
was highly correlated with measured VO2max in females (r = 0.74, p <
0.001), but moderately in males (r= 0.58, p < 0.001). These results are
very similar to those found in our sample (r = 0.67 and r = 0.51 for
females and males, respectively; both, p < 0.001). Moreover, in our



Table 2
Stepwise linear regression model predicting VO2max by 2-km walk test and, by 20-meter
shuttle run test.

Model Independent
variables

β p value r R2 R2

change
SEE

2-km walk test
1 2-km total time −0.652 <0.001 0.652 0.423 0.425 6.136
2 2-km total time −0.700 <0.001 0.685 0.466 0.044 5.903

2-km heart rate −0.216 <0.001
3 2-km total time −0.625 <0.001 0.703 0.489 0.025 5.772

2-km heart rate −0.176 <0.001
Sex 0.175 <0.001

4 2-km total time −0.559 <0.001 0.777 0.600 0.110 5.111
2-km heart rate −0.224 <0.001
Sex 0.200 <0.001
Age −0.344 <0.001

5 2-km total time −0.486 <0.001 0.795 0.626 0.027 4.940
2-km heart rate −0.175 <0.001
Sex 0.205 <0.001
Age −0.331 <0.001
Physical activity level 0.182 <0.001

6 2-km total time −0.313 <0.001 0.841 0.702 0.076 4.408
2-km heart rate −0.113 0.001
Sex 0.065 0.065
Age −0.239 <0.001
Physical activity level 0.158 <0.001
% Body fat −0.403 <0.001

20-m shuttle run test
1 Final stage 0.881 <0.001 0.881 0.776 0.777 3.841
2 Final stage 0.893 <0.001 0.881 0.776 0.000 3.843

Sex −0.023 0.423
3 Final stage 0.911 <0.001 0.882 0.776 0.001 3.843

Sex −0.032 0.285
Age −0.028 0.333

4 Final stage 0.848 <0.001 0.888 0.786 0.0011 3.753
Sex −0.017 0.570
Age −0.009 0.746
Physical activity level 0.116 <0.001

5 Final stage 0.709 <0.001 0.897 0.803 0.017 3.603
Sex −0.053 0.069
Age 0.001 0.985
Physical activity level 0.110 <0.001
% Body fat −0.206 <0.001

β, Standardized regression coefficient; r, correlation coefficients; R2, adjusted coefficients
of determination; SEE, standard error of estimate. Bold values denote statistical signifi-
cance at the p < 0.05 level.
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study, that association was also higher in adults aged 50–64 years (r =
0.71, p < 0.001) and non-active participants (r = 0.66, p < 0.001).

In the prediction model, Oja et al. found that the total time, heart
rate, age andweight predicted 66–76% (SEE=6.2 to 3.0) of the variance
Table 3
Test–retest reliability of 2-km walk test and 20-m shuttle run test in the whole sample.

T1§ T2§ Intertrial
difference
(T2-T1)

p
value

All

2-km walk test (sec) 997.70 ±
108.22

994.81 ±
104.80

−1.48 ± 0.51 0.004

2-km walk test
(ml* kg−1 * min−1)

36.58 ± 10.14 36.43 ± 9.62 −0.29 ± 0.20 0.206

20-m SRT (stage) 5.10 ± 2.82 5.15 ± 2.85 0.04 ± 0.01 0.002

20-m SRT (ml* kg−1 *
min−1)

35. 42 ± 8.51 35.42 ± 8.49 0.03 ± 0.04 0.433

2-kmwalk test is expressed as total time to complete the test (sec), and as estimatedVO2max (m
and as estimated VO2max (ml* kg−1 * min−1) by Leger's equation.
T2-T1 refers to retest (trial 2) minus test (trial 1). Values are displayed as mean ± SD.
ICC, intraclass correlation coefficients; CI, confident interval; SSE, sum of squared errors; MSE,
error; %SEM, standard error of measurement; %CV, percentage coefficient of variation; SEE, sta

§ T1 refers to test (trial 1) and T2 to retest (trial 2).
⁎⁎ All the ICCs were significant at p<0.001.
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in VO2max, and 73–75% (SEE = 3.3 to 5.1) when replacing weight by
BMI.17 In this sense, we tried to develop a more accurate equation to
estimate VO2max considering total time, heart rate, sex, age, physical
activity level, and anthropometric variables. The total time
represented the 42% of explained variance, reaching 47% when heart
rate was added. Finally, the explained variance increased until 70%
when total time, heart rate, age, physical activity level and %BF were
included. We also replaced %BF by BMI, sum tricipital+subscapular
skinfold, waist circumference, hip circumference and lean mass,
obtaining similar results. Based on this, our results did not improve
the prediction equation proposed by Oja et al.17 Accordingly, the Oja's
equation seems more feasible to estimate VO2max, since it includes a
lower number of prediction variables.

Finally, Bland–Altman plots support the criterion-related validity of
the 2-kmwalk test, with differences nearly 0 and narrow LoA, especially
for non-active adults [−0.19 ml* kg−1 * min−1 (95% LoA = −13.45 to
13.06, p < 0.001), d=−0.016]. One explanation could be that the car-
diovascular system of active people is less able to be stressed enough by
regular walking to produce an accurate VO2max prediction
(i.e., underprediction).28 Moreover, the heteroscedasticity analyses in-
dicate that the higher VO2max (i.e., the fitter) the worse the degree of
agreement in the VO2max prediction.

On the other hand, the 20-m SRT is an incremental maximal
cardiorespiratory test, which has been found valid to estimate
VO2max by Leger's equation19 in adults aged 18–64 years (R2 =
0.81, p < 0.05). In this sense, we obtained similar results (R2 =
0.78, p < 0.01) when testing the Leger's equation in our study
sample. These results remained the same after analyzing them
by sex, age and physical activity levels. Consequently, these
variables seem not to affect the criterion-related validity of the
Leger's equation.

There were different attempts to improve the Leger's equation.19 In
fact, we also tried to develop a more accurate equation to estimate
VO2max considering final stage, sex, age, physical activity, and
anthropometric variables. We found that the final stage represented
the 78% of explained variance for measured VO2max (SEE = 3.841 ml*
kg−1 * min−1). When physical activity, was included, the explained
variance only increased 1%. Our final model included final stage,
physical activity level and %BF, explaining the 80% of explained
variance for measured VO2max, being still lower than those reported
by Leger's equation (i.e., 81% of explained variance).19 Furthermore, re-
placing %BF by BMI, or sum tricipital+subscapular skinfold, waist cir-
cumference, hip circumference and lean mass, yielded similar results.
Hence, the Leger's equation seemed to be themost precise and feasible,
since only final stage is needed.
Cohen's
d

ICC
(95% CI)⁎⁎

SSE MSE RMSE %
Error

%
SEM

%
CV

SEE

−0.014 0.99
(0.99–0.99)

38,479.00 101.80 10.09 1.29 0.15 0.71 9.88

0.95
(0.94–0.96)

6042.61 16.02 4.00 5.02 0.79 7.73 3.80

0.015 0.99
(0.99–0.99)

54.50 0.14 0.38 3.16 0.98 3.45 0.25

0.99
(0.99–0.99)

234.00 0.62 0.78 2.18 0.09 1.57 0.78

l* kg−1 *min−1) byOja's equation; 20-mshuttle run test is expressed asfinal stage reached,

mean sum of squared errors; RMSE, root mean sum of squared errors; %Error, percentage
ndard error of estimate.



Fig. 3. Bland–Altman plot of the estimated VO2max (ml* kg−1 * min−1) by Oja's equation, and Leger's equation, the 2-km walk test (seconds), and the 20-m shuttle run test (stage).
(A), Agreement betweenmean anddifference in estimatedVO2max (ml* kg−1 *min−1) byOja's equation; (B), agreement betweenmean anddifference in total time (sec) in the 2-kmwalk
test; (C), agreement between mean and difference in estimated VO2max (ml* kg−1 * min−1) by Leger's equation; (D), agreement between mean and difference in final stage in the 20-m
shuttle run test.
The central line represents the mean differences between retest (T2) and test (T1). The upper and lower dotted lines represent the upper and lower 95% limits of agreement (mean
differences ± 1.96 SD of the differences), respectively.
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Finally, Bland–Altman plots nearly 0 and narrow LoA, confirm the
criterion-related validity of the 20-m SRT in the whole sample, as well
as in the different groups of sex, age and physical activity level.

Mayorga et al.29 reported that the protocol used by Leger et al.,19

only including the final stage reached, was the protocol that presented
a greater criterion-related validity with measured VO2max (r = 0.84; p
< 0.05), than the EUROFIT protocol (r = 0. 73, p < 0.05), Queen's Uni-
versity Belfast (r = 0.71, p < 0.05), and Dong-Ho (r = 0.66, p < 0.05).
Moreover, sex andmaximumoxygen uptake level did not seem to affect
the criterion-related validity which is in line with our results.

Ameta-analysis30 highlights that the 20-mSRT has greater criterion-
related validity than the distance tests in adults (such as the 2-kmwalk
test) which concurs with our results. Due to the easiness in regulating
the pace through an acoustic signal (where participants cannot choose
their own pace) and the relatively short duration of this maximal test,
the 20-m SRT seems likely to reduce the influence of psychological
8

factors (e.g., self-motivation and monotonous) that may affect the per-
formance, and thus the validity/reliability, when comparing with dis-
tance tests. Therefore, scientists and practitioners could use the 20-m
SRT over the 2-km walk test, when no known physical impairments
are present. Otherwise, the 2-km walk test is also a useful alternative
to estimate cardiorespiratory fitness (i.e., participants with low physical
fitness level or who is unable to run).

The main results showed a good reproducibility of the 2-km walk
test and 20-m SRT, as well as the estimated VO2max by Oja's and
Leger's equations.

We found no significant difference between testing sessions in esti-
mated VO2max in both tests (p > 0.05). However, we found significant
differences between 2-km walk test and 20-m SRT in terms of total
time and final stage, respectively; although we cannot translate it as a
real statistical difference, since these results are based on minimal per-
formance changes. For instance, the mean time to complete the 2-km
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walk test was of 973 s, while the T1 and T2 difference was of −1.48 s.
Likewise, the mean final stage reach in the 20-m SRT was 5, while the
T1 and T2 difference was of 0.04 stages. Moreover, the effect size of
the mean differences was small (all, Cohen d < 0.016).22

The reliability of the 2-kmwalk test and 20-m SRT were considered
high based on coefficients of correlation (ICCs >0.90) in both tests for
thewhole sample. Overall, the reliability of both tests did not change ac-
cording to sex, age or physical activity level. Although all of them re-
ported a high reproducibility (ICC = 0.93 to 0.99), the 20-m SRT
result and its estimated VO2max by Leger's equation showed even
higher reliability (all, ICC = 0.99) than the estimated VO2max by Oja's
eq. (ICC = 0.93 to 0.96). These results are also supported by low error
values (i.e., MSE, RMSE, %Error, %SEM, %CV and SEE), indicating good
data accuracy, especially for the 20-m SRT.

We have recently conducted a reliability systematic review of field-
based fitness tests in adults,10 and we found that the reliability of the 2-
km walk test has been only previously analyzed in a sample of female
and male adults aged 30–55 years.27 They found a T1 and T2 difference
of−0.9± 4.4 (95% LoA=−2.7 to 4.5ml* kg−1 *min−1, p < 0.05) for fe-
males, and −2.2 ± 3.5 (95% LoA = −2.8 to 6.6 ml* kg−1 * min−1, p <
0.05) for males, with high correlation coefficients (ICCs = 0.88 to 0.91).
In our study, we found no differences when comparing by sex, and taking
similar age groups (without sex differences), we observed similar results
to those reported by Laukkanen et al.,27 Although with higher ICCs.

Finally, Bland–Altman plots support the reliability of the 2-kmwalk
test, with differences nearly 0 and narrow LoA. Moreover, results from
the heteroscedasticity analysis in the total time of the 2-km walk test,
as well as in the estimated VO2max by Oja's equation, indicate that the
variability of these measurements could be greater when the
participants performed better (i.e., the fitter).

Regarding the 20-m SRT, in the aforementioned systematic review,
we found that it is a reliable test for young-adults (ICCs = 0.93–0.96,
SEMs<15%).10 In the present study, similar results were found for the
whole sample (ICC = 0.99, SEM < 1%), as well as in adults aged 18–34
years (ICC = 0.99, SEM < 2%). Moreover, we found a T1 and T2 differ-
ence of 0.03 ± 0.04 ml* kg−1 * min−1 (95% LoA = −1.51 to 1.58, p =
0.086) for the whole sample, as well as 0.00 ± 0.07 ml* kg−1 * min−1

(95% LoA = −1.67 to 1.67, p = 0.064) in adults aged 18–34 years,
being even lower than those reported in that systematic review.10 Fur-
thermore, results from Bland–Altman plots support the reliability of the
20-m SRT test, with differences nearly 0 and narrow LoA.

Nevertheless, some studies included in this systematic review an-
alyzed reliability based only on the Pearson correlation coefficient
which, despite being a common method to examine reliability, its
use without other statistical support seems to be inappropriate.25

In addition, the sample of these studies mainly included participants
aged <45 years, being difficult to extrapolate that results to adults
over this age.

In general terms, the Leger's equation (ICCs = 0.99; RMSE = 0.62–
0.84; %CV = 1.57; SEE = 0.61–0.85) seems to be slightly more reliable
than Oja's equation (ICCs = 0.93–0.96; RMSE = 2.37–5.13; %CV =
7.73; SEE = 2.27–4.84), to estimate VO2max, regardless of sex, age or
physical activity level. This fact may be explained by the difficulty in
developing an appropriate pace during the 2-km walk test, starting
too fast, so that the participants are unable to maintain their speed
throughout the test; or too slow, increasing their speed at the end of
the test (which may also mean an unexpected incremented heart rate
at the end of the test). On the other hand, regarding the 20-m SRT, it
is possible that following an acoustic signal could be easier for self-
pace regulation.

Overall, both tests can be considered reliable. It was not possible to
compare the results of the present study in terms of measurement er-
rors, as none were available in the current literature. Nevertheless,
high ICC values and low CV and SEM values suggest high levels of
reliability and reproducibility,23,24 regardless of the characteristics
of individuals.
9

The main limitation of the present study was the lack of control of
factors that can affect performance, such as genetics or experience and
running economy. Moreover, although we maintained a high level of
motivation throughout the participants' test performance, psychologi-
cal issues as the discomfort of strenuous effort, self-motivation, and in-
terest span for monotonous tasks may have had some uncontrolled
effect on our results.

Themajor strengths of the studywere the relatively large sample, as
well as the homogeny distribution of the sample by sex, age, and phys-
ical activity level. The analysis of several anthropometric variables, in-
cluding height, weight, %BF, lean mass, triceps and subscapular
skinfolds, and hip andwaist circumferences, also constitutes a strength,
to detect whichmay result in a more explanatory variable for the valid-
ity equations. Finally, although ICC, Bland–Altman, SEM and CV are the
most common statistic used to report reliability in sports medicine,25

we have also included different measurement errors for a more com-
plete interpretation of reliability.

5. Conclusions

This studywas designed to analyze the criterion-related validity and
the reliability of the 2-kmwalk test and the 20-mSRT for evaluating car-
diorespiratory fitness in adult population, according to sex, age, and
physical activity level. The results of this study indicate that the 2-km
walk and the 20-m SRT, as well as their corresponding Oja's and Leger's
equations, are valid and reliable for estimating cardiorespiratory fitness
in adults aged 18–64 years. However, the 20-m SRT obtained slightly
greater criterion-related validity and reliability, regardless of sex, age,
and physical activity level.
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