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Abstract
Maximal oxygen uptake (VO2max) is associated with cardiovascular and metabolic health in the general population. The heart 
rate (HR) ratio method  (HRratio) is a valid, easy and accessible method for estimating VO2max in well-trained subjects. This 
study examined the validity of using the  HRratio to estimate VO2max in recreational football players in the untrained and trained 
states. Sixty-six participants (age 39.3 ± 5.8 years) were tested pre-training and 28 after 12 weeks, for VO2max assessment, 
running on a treadmill alternating speed (1 km  h−1) and inclination (1%) increments every 30 s until exhaustion. Maximal 
HR  (HRmax) was assessed directly with a multiple approach and estimated with selected equations. Resting HR  (HRrest) was 
measured in supine position, after 15 min of rest. The  HRratio method considers the product of  HRmax/HRrest ratio by a theoreti-
cal proportionality factor (15 ml  kg−1  min−1, TPF) to estimate VO2max. This population-specific proportionality factor (SPF) 
was 14.6 ± 2.6 ml  kg−1  min−1. In the untrained state (n = 66), participants’ actual VO2max (41.3 ± 6.2 ml  kg−1  min−1) was mod-
erately lower (~ 2 ml  kg−1  min−1) than the estimated VO2max using the TPF. A nonsignificant difference (0.7 ml  kg−1  min−1) 
was found when the VO2max was estimated using the SPF. When using  HRmax equations and the TPF, a small nonsignificant 
difference (~ 1.5 ml  kg−1  min−1) was reported between actual and estimated VO2max. In the trained state (n = 28), the esti-
mated VO2max values were not significantly different from the actual VO2max (44.2 ± 5.2 ml  kg−1  min−1), with large effect 
sizes when considering TPF and estimated  HRmax. The results of this study provide evidence of the applicability of  HRratio 
in estimating VO2max in male adult/middle-aged recreational football players.
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Introduction

Maximal oxygen uptake (VO2max) is the best measure of 
cardiorespiratory fitness and is associated with cardiovas-
cular and metabolic health in the general population (Liff 
et al. 2020; Diaz-Canestro and Montero 2019). Higher lev-
els of VO2max are related to a lower risk of cardiovascular 
events and all-cause mortality (Nes et al. 2014; Zeiher et al. 
2019). Interestingly, in the COVID-19 outbreak VO2max was 
indicated as a variable for estimating patients’ global physi-
ological reserves (Ahmed 2020). In fact, individual levels of 
VO2max were suggested for identifying patients’ ability to tol-
erate intensive care admission and post-admission rehabilita-
tion programmes and as a clinically relevant triage parameter 
during the COVID-19 emergency (Ahmed 2020). Given the 
supposed relevance of individual VO2max for guiding treat-
ments in critical health conditions in the general population, 
easily accessible assessment strategies might have a great 
impact on public healthcare (Ahmed 2020; Liff et al. 2020).
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Cardiopulmonary exercise testing (CPET) is currently the 
reference for assessing patients’ VO2max (Liff et al. 2020; 
Nes et al. 2014; Diaz-Canestro and Montero 2019; Zeiher 
et al. 2019). Unfortunately, the need for skilled personnel, 
specific expensive devices and individual testing in certified 
laboratories limits the accessibility of CPET for the general 
population (Castagna et al. 2020).

The impact of VO2max on fitness and health promoted the 
interest in valid, reliable and sustainable alternative meth-
ods to CPET to estimate VO2max. Field testing, namely the 
Yo–Yo intermittent tests, were recently proposed as valid, 
reliable and practically sustainable tools for estimating indi-
vidual VO2max in recreational football players (Castagna 
et al. 2020; Póvoas et al. 2019a). However, CPET and field 
tests both require participants’ maximal effort to obtain valid 
and satisfactory VO2max estimates. Exhaustive efforts may 
represent a concern when patients enroll in a training inter-
vention if they have a previous inactive or untrained status 
and in the presence of chronic morbidity(ies). Alternatively, 
submaximal field testing may represent a valid and relia-
ble surrogate for exhaustive testing (Póvoas et al. 2019a). 
However, patients may experience difficulties in adapting 
to submaximal testing given their reduced familiarisation 
with testing and their current fitness and health status. Fur-
thermore, inter-individual fitness variability may reduce the 
validity of the submaximal design of the proposed protocol 
(Póvoas et al. 2018, 2019a).

With the aim of limiting the constraints associated with 
exercise testing involving either maximal or submaximal 
effort, alternative procedures for estimating VO2max were 
developed. Uth et al. (2004) and Uth (2005) suggested a 
heart rate (HR)-based procedure for estimating VO2max in 
well-trained male and female subjects. The proposed method 
provided practically acceptable estimates of individual 
VO2max values resulting from the product of a theoretical 
factor (i.e. 15 ml  kg−1  min−1) and subjects’ maximal HR 
 (HRmax) and resting HR  (HRrest) ratio (Uth et al. 2004). Pop-
ular predictive equations for estimating individual  HRmax 
values were examined with the aim of promoting use of this 
HR-based  (HRratio) procedure (Uth 2005; Uth et al. 2004). 
However, the reported data were obtained with descriptive 
studies examining well-trained subjects. The above premises 
and the procedural simplicity of the proposed  HRratio method 
warrant extending the research to studies with populations 
of untrained subjects submitted to exercise interventions 
(Ahmed 2020).

Recreational football has been reported as providing 
clinically relevant (3.5 ml  kg−1  min−1) VO2max improve-
ments in untrained participants (Milanovic et al. 2018). This 
is across ages, gender and health conditions with limited 
weekly participation (i.e. ~ 2 training sessions per week) and 
short-term exposure (10–16 weeks) (Milanovic et al. 2015, 
2018). Periodical evaluation of aerobic fitness was suggested 

to control and regulate the effectiveness of recreational foot-
ball interventions (Castagna et al. 2020). In this regard, the 
 HRratio VO2max estimating method may be of great practical 
interest for guiding recreational football interventions. Fur-
thermore, the reported training-induced variations in  HRrest 
and  HRmax usually associated with VO2max improvements 
promote assessment of the predictive validity of the  HRratio 
method during training interventions (Póvoas et al. 2019a, 
2019b; Uth et al. 2004).

The aim of this study was; therefore, to examine the 
applicability of an  HRratio method for estimating VO2max in 
male subjects participating in a recreational football inter-
vention in the trained and untrained states. Method validity 
and measurements agreement were assumed as applicability 
construct.

Methods

Participants

In this study, 66 untrained male adults (age 39.3 ± 5.8 years, 
body mass 81.9 ± 10.8 kg, stature 173.2 ± 6.4 cm) involved 
in a recreational football training intervention volunteered 
to participate. The untrained state was defined as the par-
ticipants having less than 20 min of exercise on 3 or more 
days a week (Church et al. 2010). Medical clearance for par-
ticipation was obtained before the commencement of any of 
this study procedures. All the participants were familiarised 
with the procedures used in this investigation during the two 
weeks before the start of the study, performing submaximal 
versions of the treadmill test for VO2max assessment and the 
Yo–Yo intermittent tests. The participants gave their writ-
ten informed consent to participate in the study, which was 
conducted in accordance with the Declaration of Helsinki 
and ethical approval was provided by the local Institutional 
Review Board before commencement of the study data col-
lection. All participants were informed of the risks and ben-
efits of participation and made aware that they could with-
draw from the study at any time without penalty.

Design

The  HRratio method assumes a linear association between 
body mass specific VO2max (i.e. ml  kg−1  min−1) and  HRmax 
and  HRrest (Uth et al. 2004). Estimation of VO2max results 
from the multiplication of the  HRmax and  HRrest ratio by a 
theoretical proportionality factor (TPF), assumed as 15 ml 
 kg−1  min−1. Descriptive studies carried out with well-trained 
(7–9 h of weekly exercise) male (60.9 ± 5.5 ml  kg−1  min−1) 
and female (50.4 ± 6.9 ml  kg−1  min−1) participants found a 
PF of 14.5 ± 1.2 and 15.3 ± 0.7 ml  kg−1  min−1, respectively 
(Uth et al. 2004; Uth 2005). In this study, PF,  HRrest and 
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 HRmax were evaluated, in male untrained participants who 
volunteered to participate in a 12-week recreational foot-
ball intervention, at baseline (n = 66) and post-intervention 
(n = 28), i.e. in the untrained and trained states. It was only 
possible to evaluate all the procedures considered in this 
study to assess the individual  HRmax at the end of the rec-
reational football intervention, i.e. in the trained state, in 
28 out of the initial 66 participants (Póvoas et al. 2019b). 
The resulting VO2max values were compared considering 
either the population-specific proportionality factor (SPF; 
14.6 ± 2.6 ml  kg−1  min−1) or the TPF (i.e. 15 ml  kg−1  min−1). 
Agreement between measures was assessed by comparing 
estimated and actual VO2max values across the intervention 
using either actual  HRmax or estimated  HRmax. Participants’ 
 HRmax was assessed using a multiple approach to ensure 
assessment accuracy (Póvoas et al. 2019b). Population-spe-
cific equations were used to obtain estimated  HRmax (Póvoas 
et al. 2020). With the aim to test the population validity of 
the  HRratio method, the participants’ actual VO2max was esti-
mated dividing the  HRmax assessed either with the multiple 
approach or estimated with population valid equations by 
 HRrest. The obtained  HRratio was then multiplied by the TPF 
(15 ml  kg−1  min−1) or the SPF for comparisons.

The recreational football intervention, consisted of 2–3 
60-min weekly training sessions in the form of 45-min 
small-sided games played on an artificial pitch (7v7; 
43 × 27 m pitch, 83  m2 per player).

Testing procedures

The participants’  HRmax was assessed using the procedures 
suggested by Póvoas et al. (2019b). This procedure consid-
ered  HRmax as the highest value across a treadmill test until 
exhaustion (TT), field tests (i.e. Yo–Yo intermittent tests) 
and football matches played by the participants during the 
recreational football intervention. The field tests were per-
formed at the same time of day, on the same artificial pitch, 
wearing the same footwear and under neutral environmental 
conditions. Before the field tests, the participants performed 
a standardised warm-up consisting of 10 min of running at 
different intensities including changes of direction. The field 
and TT tests were performed in a random order with at least 
a 4-day recovery period in between. No vigorous physical 
activity was performed on the day before the test procedures 
took place. Resting HR was measured in a quiet room at a 
constant temperature, with the participant in a supine posi-
tion, after 15 min of rest. According to the evidence pro-
vided in recreational football interventions, estimations of 
individual  HRmax were performed using the 211 − 0.64 × age 
and 226 − age equations (Póvoas et al. 2020; Warburton et al. 
2006; Nes et al. 2013).

The TT (HP Cosmos Quasar, Nussdorf, Germany) 
consisted of 3 min of walking at 5 km  h−1 and 2 min of 

running at 8 km  h−1, with 0% inclination and then alternat-
ing between increases in speed (1 km  h−1) and inclination 
(1%) every 30 s until voluntary exhaustion. Expired res-
piratory gas fractions were measured using an open-circuit 
breath-by-breath automated gas analysis system (Quark 
CPET, Cosmed, Rome, Italy). Attainment of VO2max was 
assumed when participants achieved a plateau in VO2 
despite an increase in exercise intensity and at least one of 
the following criteria: a respiratory exchange ratio (RER) 
greater than 1.10 and RPE equal to or higher than 7 (Midg-
ley et al. 2006, 2007). The highest 15-s VO2 during the 
final stages of the test was considered as the individual 
VO2max (Midgley et al. 2006, 2007). Data analysis was 
performed with manual inspection of each TT data file 
using an Excel file (Microsoft, Redmont, USA). The aver-
age TT duration was within the range suggested for VO2max 
assessment (10.7 ± 1.5 min; 95% CI 9.8–10.7) (Midgley 
et al. 2006, 2007). Post-test verification was performed for 
metabolic computations to correct gas analyser drift bias 
(Garcia-Tabar et al. 2015).

All exercise HRs were recorded in 1-s intervals using 
Polar Team System 2 HR monitors (Polar Electro Oy, 
Kempele, Finland). The participants were acquainted with 
the use of HR monitors in advance. The participants were 
allowed to drink water ad libitum to ensure proper hydra-
tion during all the exercise conditions considered in this 
study.

Statistical analyses

Results are expressed as means ± standard deviations, 95% 
confidence intervals (95% CI) and ranges when appropri-
ate. Normality assumption was verified using the Shap-
iro–Wilk W test. An one-way repeated-measurements anal-
ysis of variance (ANOVA) with post hoc Least Significant 
Difference test was used to compare VO2max values across 
the considered estimation methods. Practical differences 
were assessed as partial eta squared (η2

p) and magnitudes 
rated as follows: η2

p ≥ 0.14 large effect, 0.14 > η2
p ≥ 0.06 

medium effect, 0.06 > η2
p ≥ 0.01 small effect and η2

p < 0.01 
trivial effect (Bakeman 2005). Pearson correlation (r) was 
used to assess the associations between variables. The 
magnitude of the reported effects was described using 
the Hopkins et al. (2009) criteria and the Cook’s distance 
analysis was considered to detect possible influential out-
liers. The Cohen’s d was used to evaluate the effect size, 
with values above 0.8, between 0.8 and 0.5, between 0.5 
and 0.2 and lower than 0.2 considered as large, moderate, 
small and trivial, respectively (Cohen 1988). Measure-
ment agreement was assessed using the Bland and Altman 
approach (Bland and Altman 1986). Significance was set 
at 5% (p < 0.05).
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Results

Pre‑intervention

Pre-intervention  HRmax and  HRrest values were 189 ± 8 beats 
 min−1 (187–191) and 68 ± 12 beats  min−1 (65–71), respec-
tively. The average baseline SPF value was 14.6 ± 2.6 ml 
 kg−1  min−1 (13.9–15.2). The participants’ actual VO2max 
was significantly different from the VO2max (+ 0.6 ml  kg−1 
 min−1, ~ 2%, p = 0.01) estimated using the theoretical TPF 
(i.e. VO2max  EstTPF, TPF = 15) and VO2max (− 1.9 ml  kg−1 
 min−1, ~ 5%, p = 0.01) assessed considering the theoreti-
cal  HRmax equation (i.e. 211 − 0.64 × age, VO2max  EstNes) 
with a medium effect (Table 1). Nonsignificant small dif-
ferences were reported between VO2max  EstWar (i.e.  HRmax 
using the 226 − age equation), VO2max  NesTPF (using the 
211 − 0.64 × age equation and 15 as PF), VO2max  WarTPF 
(using the 226 − age equation and 15 as PF) and actual 
VO2max values. A trivial nonsignificant difference between 
VO2max Est (using the SPF) and actual VO2max was found.

A moderate and significant (p = 0.008) association 
was found between pre-intervention VO2max and  HRrest 
(r = − 0.33, from − 0.52 to − 0.09). Pre-intervention  HRmax 
and VO2max were not significantly correlated (r = 0.16, 
− 0.08 to 0.39, p = 0.20). A moderate significant associa-
tion was detected between pre-intervention VO2max and TPF 
(r = 0.46, 0.24–0.63, p = 0.0001). Resting HR was signifi-
cantly associated with TPF (r = 0.66, 0.49–0.77, p < 0.0001, 
large). A small nonsignificant association (r = 0.16, − 0.08 to 
0.39, p = 0.20) was found between  HRmax and PF.

The measurement agreement between pre-intervention 
VO2max and VO2max estimating variables reported significant 

bias when considering VO2max  EstNes and VO2max  EstTPF 
(Table 2, Figs. 1 and 2).

Post‑intervention

Post-intervention  HRrest and  HRmax were 61 ± 10 and 
181 ± 10 beats  min−1, respectively. Significant (p < 0.0001) 
differences were reported between pre-to-post  HRrest 
(6.7 ± 7.5 beats  min−1, 3.9–9.7) and  HRmax (4.8 ± 4.1 beats 
 min−1, 3.2–6.4). Nonsignificant associations were detected 
between VO2max post and  HRrest (r = − 0.10, − 0.45 to 0.29, 
p = 0.63) and  HRmax (r = 0.23, − 0.15 to 0.56, p = 0.23). The 
post-intervention SPF was moderately (r = 0.46, 0.09–0.70, 
p = 0.02) associated with post-intervention VO2max. Very 
large and small associations were detected between post-
intervention  HRrest (r = 0.80, 0.62–0.91, p < 0.0001) and 
 HRmax (r = − 0.21, − 0.54 to 0.17, p = 0.28) with post-
intervention SPF, respectively. The VO2max estimation val-
ues were not significantly different (form trivial to medium 
effect) from post-intervention VO2max (Table 3).

Training intervention

The participants’ (n = 28) VO2max significantly (p < 0.0001, 
d = 0.93) improved at post-intervention, by 3.2 ± 3.4 ml  kg−1 
 min−1 (1.9–4.5), with mean values changing from 41.0 ± 5.3 
to 44.2 ± 5.2 ml  kg−1  min−1. Significant decreases in  HRrest 
(from 68 ± 13 to 61 ± 10 beats  min−1, 4–10, p < 0.0001, 
d = 1.0) and  HRmax (from 186 ± 9 to 181 ± 10 beats  min−1, 
3–6, p < 0.0001, d = 1.3) were observed at post-intervention.

Table 1  Comparisons between pre-intervention actual VO2max and VO2max estimated values (n = 66)

VO2max baseline maximal oxygen uptake, VO2maxEstSPF baseline maximal oxygen uptake estimated with this study population-specific propor-
tional factor (SPF) and actual  HRmax, VO2maxEstTPF baseline maximal oxygen uptake estimated using theoretical proportional factor (TPF, i.e. 
15) and actual  HRmax, VO2maxNESSPF baseline maximal oxygen uptake estimated using Nes et  al. (2013) equation for  HRmax with this study 
population-specific proportional factor (SPF), VO2maxWarbSPF baseline maximal oxygen uptake estimated using Warburton et al. (2006) equa-
tion for  HRmax with this study population-specific proportional factor (SPF), VO2maxNes TPF baseline maximal oxygen uptake estimated using 
Nes et al. (2013) equation for  HRmax and theoretical proportional factor (TPF, i.e. 15), VO2maxWarTPF baseline maximal oxygen uptake estimated 
using Warburton et al. (2006) equation for  HRmax and theoretical proportional factor (TPF, i.e. 15)

Variable VO2max Actual VO2max Estimated VO2max

VO2maxEstSPF VO2maxEstTPF VO2maxNESSPF VO2maxWarb-
SPF

VO2maxNesTPF VO2maxWarbTPF

Mean 41.3 42.0 43.2 40.7 40.9 42.6 42.8
SD 6.2 6.9 7.1 6.4 6.4 7.3 7.4
95% CI 39.8–42.8 40.3–43.7 41.5–44.9 39.1–42.2 39.3–42.5 40.8 –44.4 41.0–44.6
%CV 15.1 16.5 16.5 2.0 3.1 17.2 17.3
p Level 0.45 0.04 0.01 0.09 0.16 0.11
η2

p 0.009 0.065 0.098 0.045 0.030 0.040
95%CI diff − 2.4 to 1.1 − 3.7 to − 0.1 0.2–1.1 − 0.1 to 1.0 − 3.1 to 0.5 − 3.3 to 0.4
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Discussion

The purpose of this study was to examine the applicability 
of the  HRratio method for estimating VO2max in recreational 
football players in the untrained and trained states. This 
with the aim of avoiding all the logistical and procedural 
costs and constraints usually associated with field and lab-
oratory assessments. This study’s results have shown that 
in the untrained state the participants’ actual VO2max was 
moderately lower than the estimated VO2max using TPF. A 

trivial nonsignificant difference was found when VO2max 
was estimated using SPF. When using estimated  HRmax 
and TPF, a small nonsignificant difference was reported 
between actual and estimated VO2max. In the trained state, 
the estimated VO2max values were not significantly differ-
ent from the post-intervention actual VO2max. Large effect 
sizes were found when considering TPF for estimating 
VO2max using actual  HRmax (i.e. VO2max  EstTPF) and using 
the Nes et al. (2013) formula (i.e. VO2max  NesTPF). The 
results of this study provide evidence of the applicability 

Table 2  Measurements agreement values between pre-intervention actual VO2max and VO2max estimated values (n = 66)

VO2maxEstSPF baseline maximal oxygen uptake estimated with this study population-specific proportional factor (SPF) and actual  HRmax, 
VO2maxEstTPF baseline maximal oxygen uptake estimated using theoretical proportional factor (TPF, i.e. 15) and actual  HRmax, VO2maxNESSPF 
baseline maximal oxygen uptake estimated using Nes et al. (2013) equation for  HRmax with this study population-specific proportional factor 
(SPF), VO2maxWarbSPF baseline maximal oxygen uptake estimated using Warburton et al. (2006) equation for  HRmax with this study population-
specific proportional factor (SPF), VO2maxNes TPF baseline maximal oxygen uptake estimated using Nes et al. (2013) equation for  HRmax and 
theoretical proportional factor (TPF, i.e. 15), VO2maxWarbTPF baseline maximal oxygen uptake estimated using Warburton et al. (2006) equation 
for  HRmax and theoretical proportional factor (TPF, i.e. 15)

Variable Actual VO2max Estimated VO2max

VO2maxEst SPF VO2maxEstTPF VO2maxEstNESSPF VO2maxEstWarbSPF VO2maxNesTPF VO2maxWarbTPF

Difference − 0.7 − 1.9 0.6 0.4 − 1.3 − 1.5
SD 7.1 7.2 2.0 2.1 7.5 7.5
95% CI − 2.4 to 1.1 − 3.7; − 0.1 0.2–1.1 0.1–1.0 − 3.1 to 0.5 − 3.3 to 0.4
p value 0.45 0.04 0.01 0.09 0.2X 0.11
Upper limit 13.3 12.3 4.9 4.5 13.4 13.2
95% CI 10.3–16.3 9.2–15.3 3.7–5.3 3.6–5.3 10.2–16.5 10.0–16.3
Lower limit − 14.6 − 16.1 − 3.2 − 3.59 − 16.0 − 16.1
95% CI − 17.6; − 11.6 − 4.0; − 2.4 − 4.46; − 2.72 − 19.1; − 13.0 − 19.1; − 12.8 − 19.3; − 13.0

Fig. 1  Bland and Altman plot 
of pre-intervention VO2max 
against VO2max estimated using 
the Nes et al. (2013) equation 
for maximal heart rate. For 
estimanting the VO2max was 
used the theoretical factor (i.e. 
15 ml∙kg−1∙min−1)
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of  HRratio in estimating VO2max in male adult/middle-aged 
recreational football players.

In clinical settings, VO2max is used to classify the patient’s 
physiological reserve and to discipline admission and guide 
rehabilitation programmes (Ahmed 2020). Uth (2005) and 
Uth et al. (2004) tested the validity and measurement accu-
racy of a VO2max estimation method requiring resting and 
maximal HR values. To facilitate the procedures in the use of 
their proposed VO2max estimating method, the cited authors 
proposed the use of age-dependent equations. The satisfac-
tory results reported with trained individuals suggested the 
use of this  HRratio method with untrained participants.

Recreational football has been reported as an effective 
exercise mode for enhancing participants’ VO2max with 

low training exposure (i.e. 2 weekly training sessions 
for 10–12 weeks) (Milanovic et al. 2018). Furthermore, 
the reported average changes (i.e. 3.5 ml  kg−1  min−1) are 
deemed to be clinically sound and to potentially reduce 
cardiovascular disease and all-cause death (Aspenes et al. 
2011; Nes et al. 2013). The interest in recreational football 
for cardiovascular fitness promoted its popularity as a train-
ing intervention in the general population and the use of 
objective low-costs tests to estimate VO2max to control and 
regulate recreational football implementation (Castagna 
et al. 2020; Póvoas et al. 2019a).

This study’s results clearly indicated that the  HRratio 
method may represent a useful tool for evaluating cardiores-
piratory fitness in healthy adult/middle-aged men enrolled 

Fig. 2  Bland and Altman plot of 
pre-intervention VO2max against 
VO2max estimated using the the 
theoretical factor (i.e. 15 ml 
 kg−1  min−1) and actual maximal 
heart rate
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Table 3  Comparisons between post-intervention actual VO2max and VO2max estimated values (n = 28)

VO2max baseline maximal oxygen uptake, VO2maxEstSPF baseline maximal oxygen uptake estimated with this study population-specific propor-
tional factor (SPF) and actual  HRmax, VO2maxEstTPF baseline maximal oxygen uptake estimated using theoretical proportional factor (TPF, i.e. 
15) and actual  HRmax, VO2maxNESSPF baseline maximal oxygen uptake estimated using Nes et al. (2013) equation for  HRmax with this study pop-
ulation-specific proportional factor (SPF), VO2maxWarbSPF baseline maximal oxygen uptake estimated using Warburton et al. (2006) equation for 
 HRmax with this study population-specific proportional factor (SPF), VO2maxNesTPF baseline maximal oxygen uptake estimated using Nes et al. 
(2013) equation for  HRmax and theoretical proportional factor (TPF, i.e. 15), VO2maxWarTPF baseline maximal oxygen uptake estimated using 
Warburton et al. (2006) equation for  HRmax and theoretical proportional factor (TPF, i.e. 15)

Variable VO2max VO2maxEstSPF VO2maxEstSPF VO2maxEstTPF VO2maxEstNESSPF VO2maxEst2WarbSPF VO2maxNesTPF VO2maxWarbTPF

Mean 44.2 44.3 45.4 45.6 46.4 46.6 46.7 46.8
SD 5.2 7.9 8.1 8.1 7.7 8.0 7.8 8.0
95% CI 42.1–46.2 41.3–47.4 42.2–48.5 42.5 –48.8 43.5–49.4 43.48–49.65 43.7–49.7 43.7–49.9
%CV 11.8 17.8 17.8 17.8 16.6 17.1 16.6 9.4
p Level 0.920 0.481 0.389 0.176 0.150 0.133 0.114
η2

p 0.000 0.019 0.280 0.067 0.075 0.820 0.090
95%CI diff − 3.5 to 3.2 − 4.6 to 2.2 − 4.9 to 2.0 − 5.5 to 1.1 − 5.7 to 0.9 − 5.8 to 0.8 − 6.0 to 0.7
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in recreational football interventions. The reported differ-
ences were practically acceptable by reference to the usual 
measurement error for VO2max assessment and the supposed 
clinical importance of variations in cardiorespiratory fitness 
(Aspenes et al. 2011; Nes et al. 2014). Indeed, this study’s 
calculations to estimate VO2max produced average differences 
in the range of ± 2%, corresponding to approximately 2 ml 
 kg−1  min−1. Although lower than the supposed clinical rel-
evance, the use of TBF (i.e. 15) reported overestimations in 
actual VO2max values that may exceed 1 MET when consid-
ering the reported 95% confidence interval limits (Table 1). 
This suggests that SPF is of interest when dealing with rec-
reational football participants with health and baseline fit-
ness levels like those seen in this study.

The assessment of VO2max under laboratory controlled 
procedures has been reported to be affected by biological 
and systematic error that is supposed to result in a ~ 6% 
measurement error (Katch et al. 1982), with biologically 
derived variations accounting for 90% of the global varia-
tion (Beltz et al. 2016; Balady et al. 2010). In their review, 
Balady et al. (2010) quantified the biological error in VO2max 
assessment as 3–4%. Given that the beneficial effects of 
variations on patients’ cardiorespiratory fitness have been 
reported in absolute values, the quantification of raw dif-
ferences assumes clinical relevance (Aspenes et al. 2011; 
Nes et al. 2014). The absolute test–retest error in VO2max 
has been reported to be quantified as 2.58 ml  kg−1  min−1 
(Beltz et al. 2016), a value that is greater than the differences 
reported across the various estimation approaches used in 
this study (i.e. 0.7–1.5 ml  kg−1  min−1).

This recreational football training resulted in a ~ 8% 
improvement in VO2max, corresponding to 3.2  ml  kg−1 
 min−1. Large and significant decrements were reported in 
 HRrest (~ 10%) and  HRmax (~ 3%) post-intervention. Car-
diorespiratory fitness improvement was unrelated to the 
reported variations in HR ratio variables. These changes are 
in line with previously reported training studies, supporting 
the contention of football as an effective intervention for 
improving cardiorespiratory fitness in previously untrained 
men (Milanovic et al. 2015). In the acquired higher cardi-
orespiratory fitness condition, i.e. trained state, the variables 
estimating VO2max used in this study maintained their pre-
dictive strength, suggesting the use of the HR ratio method 
in recreational football interventions to control and regulate 
the training process. Interestingly, the reported variations at 
post-training rest and maximal HR did not affect the predic-
tive strength of the proposed metrics.

This study’s findings provide strong supporting evi-
dence for interest in the  HRratio method, previously success-
fully proposed for estimating VO2max in trained individu-
als (Uth 2005; Uth et al. 2004), for untrained participants. 
With this study, the practical interest of the  HRratio method 
was confirmed and proved successful for estimating 

cardiorespiratory fitness in the untrained state. Thus, extend-
ing the applicability of this HR-based method to the general 
population. The precision of the  HRratio may be satisfactory 
even when using the available equations to estimate indi-
vidual  HRmax, which remains the most challenging variable 
in the calculation involved in this ideally cardiopulmonary 
test-independent approach (Uth 2005; Uth et al. 2004). How-
ever, this study’s findings suggest that the precision of the 
estimation may be promoted if population-specific equations 
are considered (Póvoas et al. 2020) and specifically the use 
of the Nes et al. (2013) equation in the untrained state when 
considering the theoretical BF.

Perspectives

The robustness of the  HRratio approach logically lies in the 
accuracy of the variables considered. The internal validity 
of this study was promoted using a validated population-spe-
cific (i.e. recreational football) multiple approach for deter-
mining participants’  HRmax (Póvoas et al. 2019b). Individual 
 HRmax was determined using maximal laboratory and field 
tests to confirm the achievement of maximal values (Póvoas 
et al. 2019b). However, no form of re-test was performed to 
confirm participants’ VO2max achievement (Poole and Jones 
2017). This may be regarded as this study’s main limita-
tion in light of the arguments reported on maximal aerobic 
scopus of humans and the methods that should be used to 
achieve it (Poole and Jones 2017; Green and Askew 2018). 
Even if consideration for a confirmation VO2max test is meth-
odologically sound, the practical effectiveness of this con-
sistency measurement procedure has been challenged when 
dealing with untrained populations (Azevedo et al. 2018). 
Although an impeccable procedure, the VO2max confirma-
tion test (i.e. cardiorespiratory re-testing) was reported to 
not provide the expected measurement accuracy, calling into 
question the cost/benefit of this practice in untrained indi-
viduals (Azevedo et al. 2018).

The interest of the  HRratio method due to its a priori 
potential for categorising the cardiorespiratory fitness of 
recreational football players warrants further studies with 
populations of different sex and age from this study’s par-
ticipants. In addition, future cross-validation studies should 
confirm this study’s SPF. The robustness of the  HRratio valid-
ity of the training study should be verified with large-scale 
randomised controlled trials.
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