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LETTER TO THE EDITOR

Reply to Lolli et al
aaa

Joseph O.C. Coyne, Sophia Nimphius, Robert U. Newton, and G. Gregory Haff

We thank Lolli et al1 for their comment on our recent article
“Does mathematical coupling matter to the acute to chronic
workload ratio? A case study from elite sport.”2 In their comment,
Lolli et al1 highlighted the potential of psuedoreplication3 in our
paper’s statistical analysis. We agree that we had fallen foul of this
analytical pitfall and appreciate their identiﬁcation of this issue. We
have since reanalyzed the data using what we consider more
appropriate measures for within-subject analysis to address the
overall statistical concerns including psuedoreplication. Our analysis now includes examining the repeated-measures correlations4
(as suggested by Lolli et al1) between (1) acute training load (ATL)
and coupled and uncoupled chronic training load (CTL) and
(2) coupled and uncoupled acute-to-chronic workload ratios
(ACWR). These repeated-measures correlations between coupled
ATL–CTL and uncoupled ATL–CTL have also been compared
against one another with r–z transformations. The results are
presented in Table 1. In addition, we extended the statistical
revision to evaluate the outcome using linear mixed models
(with the athlete and the time point [day] as random intercept)
to determine if there are signiﬁcant differences between coupled
and uncoupled CTL and coupled and uncoupled ACWR. Effect
sizes of these differences (marginal f2)5 were then calculated and
interpreted as trivial (<0.02), small (0.02–0.14), medium (0.15–
0.34), and large (>0.35)6 as presented in Table 2. All statistical
analyses were performed using the R statistics package (https://
www.r-project.org; R Foundation for Statistical Computing,
Vienna, Austria), and our R script has been provided as
Supplementary Material (available online).
The key ﬁndings of this reanalysis suggest that there may
not be a natural correlation between ATL and CTL irrespective
of any coupling in the calculation of the CTL with the current
real data. This is contrary to what our original article suggested.
However, despite signiﬁcant differences between coupled and
uncoupled CTL (in all but open-skill internal and external
training load [TL] as an exponentially weighted moving average), the effect sizes of these differences appear trivial (f2 <
0.02). There also appear to be very large to nearly perfect
correlations between coupled and uncoupled ACWR. Similar
to CTL, the differences between coupled and uncoupled ACWR,
where signiﬁcant, appear trivial. This is similar to what we
reported in our original article. It is also consistent with our
original interpretation that mathematical coupling had little
effect on practical measures of the ACWR in this case study
despite the nature of the sport, training-load calculation method,
or whether internal or external load was used.
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However, we also acknowledge there may be other critical
conceptual and statistical issues with the ACWR and the previous
literature using the ratio as a measure. As such, we continue to
recommend that practitioners be wary of applying the ACWR, and
it should not be used in isolation for athlete monitoring.7 Practitioners wanting to apply a measure of change in training load are
encouraged to investigate other potential options (eg, differential
load8 or training stress balance9) that may not have the issues
associated with using a ratio when trying to determine whether
relationships exist with performance or injury. Finally, we wish to
thank Lolli et al1 for their diligence in identifying our statistical
oversight in the original article, and we look forward to future
discussion on this topic.
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−.14 (−.23 to −.05)
.10 (.04 to .15)
.02 (−.03 to .07)

−.01 (−.07 to .06)
.13 (.08 to .18)
−.05 (−.10 to −.004)

<.001***
<.001***
<.001***

<.001***
<.001***
<.001***

(.48 to .56)

(.47 to .55)

(.59 to .66)

(.64 to .69)

(.52 to .59)

Acute–chronic uncoupled r

(.65 to .74)

P

.03*

<.001***

.84

.43

<.001***

<.001***

P

<.001***

<.001***

<.001***

<.001***

<.001***

<.001***

r–z transformation

.89 (.88 to .90)

.86 (.84 to .87)

.95 (.94 to .95)

.98 (.97 to .98)

.96 (.95 to .96)

.99 (.99 to 1.00)

ACWR–ACWR uncoupled r

354.6 (91.3)
615.6 (158.9)
374.9 (84.3)

247.9 (113.9)
553.6 (180.6)
339.1 (101.6)

(123.9)

(254.2)

(134.3)

(135.4)

(255.1)

(136.1)

Chronic

352.1 (106.2)

570.8 (195.2)

278.5 (116.9)

381.0 (91.7)

622.8 (178.6)

368.2 (93.8)

Chronic uncoupled

Abbreviations: ACWR, acute-to-chronic workload ratio; TL, training load; f2, Cohen f2 effect size.
*P < .05. ***P < .001.

Rolling averages
Closed-skill
339.1
internal TL
Open-skill
619.2
internal TL
Open-skill
378.2
external TL
Exponentially weighted
moving averages
Closed-skill
311.6
internal TL
Open-skill
602.6
internal TL
Open-skill
368.5
external TL

Acute

.81

.11

0.000

0.000

0.000

0.001

<.001***

.05*

0.000

0.005

f2

.04*

<.001***

P

1.00 (0.28)

1.00 (0.33)

1.13 (0.31)

0.95 (0.32)

0.97 (0.45)

0.87 (0.23)

ACWR

1.05 (0.45)

1.11 (0.67)

1.16 (0.49)

0.98 (0.43)

1.06 (0.74)

0.86 (0.28)

ACWR uncoupled

0.000
0.009
0.004

.15
<.001***
<.001***

0.001

0.005

<.001***
.01*

0.001

f2

<.001***

<.001***

<.001***

<.001***

<.001***

<.001***

P

.18

P

Table 2 Summary of the Differences in TL Variables Calculated Using Rolling Averages and Exponentially Weighted Moving Averages
From an Open- and Closed-Skill Sport Preceding Qualiﬁcation for the 2016 Olympic Games

Abbreviations: ACWR, acute-to-chronic workload ratio; CI, conﬁdence interval; TL, training load.
*P < .05. ***P < .001.

Rolling averages
Closed-skill
.70
internal TL
Open-skill
.52
internal TL
Open-skill
.51
external TL
Exponentially weighted
moving averages
Closed-skill
.62
internal TL
Open-skill
.66
internal TL
Open-skill
.56
external TL

Acute–chronic r

Table 1 Repeated-Measures Correlations (r) (95% CI) Between Coupled and Uncoupled TL Variables Using Rolling Averages and Exponentially
Weighted Moving Averages From an Open- and Closed-Skill Sport Preceding Qualiﬁcation for the 2016 Olympic Games

