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Abstract
Background The acute: chronic workload ratio (ACWR) is an index of the acute workload relative to the cumulative chronic 
workloads. The monitoring of physical workloads using the ACWR has emerged and been hypothesized as a useful tool for 
coaches and athletes to optimize performance while aiming to reduce the risk of potentially preventable load-driven injuries.
Objectives Our goal was to describe characteristics of the ACWR and investigate the association of the ACWR with the risk 
of time-loss injuries in adult elite team sport athletes.
Data sources PubMed, EMBASE and grey literature databases; inception to May 2019.
Eligibility criteria Longitudinal studies that assess the relationship of the ACWR and time-loss injury risk in adult profes-
sional or elite team sports.
Methods We summarized the population characteristics, workload metrics and ACWR calculation methods. For each work-
load metric, we plotted the risk estimates for the ACWR in isolation, or when combined with chronic workloads. Methodo-
logical quality was assessed using a modified version of the Downs and Black scale.
Results Twenty studies comprising 2375 injuries from 1234 athletes (all males and mean age of 24 years) from different 
sports were included. Internal (65%) and external loads (70%) were collected in more than half of the studies and the ses-
sion-rating of perceived exertion and total distance were the most commonly collected metrics. The ACWR was commonly 
calculated using the coupled method (95%), 1:4 weekly blocks (95%) and subsequent week injury lag (80%). There were 14 
different binning methods with almost none of the studies using the same binning categories.
Conclusion The majority of studies suggest that athletes are at greater risk of sustaining a time-loss injury when the ACWR 
is higher relative to a lower or moderate ACWR. The heterogenous methodological approaches not only reflect the wide 
range of sports studied and the differing demands of these activities, but also limit the strength of recommendations.
PROSPERO registration number CRD42017067585.

1 Introduction

Sport injuries are complex and multifactorial. There is no 
linear causal relationship between a single risk factor and 
injury, but rather an interaction of a complex web of sev-
eral different internal and external factors that act together 

to predispose an athlete to injury [1, 2]. While some risk 
factors are non-modifiable (e.g. history of previous injury, 
age, sex and genetic predisposition), there are also modifi-
able risk factors (e.g. aerobic fitness, strength and exposure 
to workloads) that can be manipulated to reduce injury 
risk [3].

Workloads involve the cumulation of physical and psy-
chological stress from training and match exposures over a 
period of time [4] and can be regarded as a “vehicle” that can 
either drive the athlete towards or away from sports injury 
[5]. Workload monitoring has been widely implemented in 
sports teams to identify athletes at higher risk of injury, or 
training practices that have the potential to enhance per-
formance or decrease the risk of injury [6–10]. Numerous 
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studies have investigated the association of workloads and 
risk of sports injuries [4, 11–16]. While absolute workloads 
explore the association of cumulative loads with injury, rela-
tive loads compare the load an athlete is currently undergo-
ing (the acute load) to what the athlete is prepared for (the 
chronic load). The acute:chronic workload ratio (ACWR) 
is used as an index of the current workload (acute) relative 
to the workload that the athlete is prepared for (cumulative 
chronic workload) [17]. From a biological perspective, if the 
athlete does not recover sufficiently after a training stimulus 
to allow the affected structures to adapt, they may move 
towards fatigue, injury and/or illness rather than improved 
performance [18]. Recent evidence suggests that higher 
ACWR combined with low cumulative chronic workloads 
[19–22] and rapid increases in player load (week-to-week 
changes, i.e. a “spike” in workload [19, 23]) expose the ath-
lete to load that they may not be prepared for, predisposing 
the athlete to a higher risk of injury.

Understanding the workload–injury relationship is fun-
damental for coaches, sports scientists and sports medicine 
clinicians to optimize performance while reducing the risk 
of potentially preventable load-driven injuries. The ACWR 
is a modelling approach that is used to monitor the relative 
changes in workload in which the athlete has been exposed 
over time and examine workload incidents (rapid increases 
or decreases) that may suggest increased risk of injury. 
Despite the growing body of scientific evidence pinpoint-
ing the role of load changes in injury risk, we must ask 
ourselves: (1) Is the concept that the load applied relative 

to the load an athlete is prepared for a biologically plausible 
model to explain workload-related injuries? And (2) does 
the magnitude of change in load increase injury risk? Our 
goal was to investigate the relationship between changes 
in workloads (using the ACWR) and the risk of injuries in 
team sport athletes. We performed a systematic review that 
describes the characteristics of the ACWR calculation and 
its association with time-loss injuries in adult competitive 
team sports.

2  Methods

The systematic review was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [24]. The protocol for this 
systematic review was a priori registered at the International 
Prospective Register of Systematic Reviews (PROSPERO) 
with the number CRD42017067585.

2.1  Search Strategy

We conducted a comprehensive database search using Pub-
Med and EMBASE to search for longitudinal studies that 
assessed the relation of ACWR and injury risk in the athletic 
population. We also used the OpenGrey database to search 
for grey literature. The search strategy can be seen in Elec-
tronic Supplementary Material Appendix S1. All searches 
were performed from database inception up to 31 May 2019. 
The reference lists of the most relevant reviews and consen-
sus statements were scanned for additional studies.

2.2  Study Selection

We exported all references to EndNote X7 (Thomson and 
Reuters) and removed duplicates using the software com-
mand ‘find duplicates’ and by manually checking all refer-
ences. Two authors (R. A. and A. R. M.) screened all non-
duplicated titles and abstracts for relevant articles according 
to inclusion and exclusion criteria and retrieved the full text 
of relevant studies for further analysis. Any disagreement 
was resolved by a third reviewer (T. G.). The inclusion cri-
teria comprised: (1) assessment of the ratio between acute 
and chronic volume- or intensity-based physical workloads 
(ACWR) and association with risk and/or incidence of pri-
mary sports injury; (2) includes professional or elite athletes; 
(3) adult population (age over 18 years); (4) applied a lon-
gitudinal study design with prospective collection of work-
load and injury data; (5) assesses only time-loss injuries; (6) 
entails at least a full playing season. Time-loss injuries were 
defined as physical complaints that resulted in a player miss-
ing a training session and/or match. No language restrictions 

Key Points 

A higher acute: chronic workload ratio in relation to a 
lower or moderate acute: chronic workload ratio sug-
gests a greater risk of sustaining a time-loss injury. No 
clear association was observed for a low acute: chronic 
workload ratio in terms of injury risk.

A low chronic load combined with a high acute: chronic 
workload ratio may increase the risk of injury, although 
the number of studies addressing these combinations is 
limited.

The review highlighted a wide variation in methodolo-
gies, especially in regard to the definitions for workload 
categories. Researchers should clearly report and justify 
the methods they use for data structuring and analysis. 
Practitioners should be aware of the methodological 
divergence associated with research on acute: chronic 
workload ratio and injuries when interpreting published 
studies and adapting to their own context.
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were applied. We applied the following exclusion criteria: 
(1) other reviews or meta-analyses; (2) editorials, clinical 
commentaries, expert opinions or letters to the editor; (3) 
single case studies or case series under ten participants; (4) 
children and adolescents (under 18 years old); (5) studies 
that include overlapping samples. In the case of overlapping 
samples, the study first published was included.

2.3  Data Extraction

Two independent authors (R. A. and E. H. W.) performed 
all the data extraction and collection and a third author (T. 
G.) was consulted if a decision could not be reached. Cor-
responding authors from included studies were contacted 
to resolve any unclear or missing data. We extracted and 
summarized the characteristics of population (number of 
athletes and athletes per season, sex and age), sports par-
ticipation (type of sport, level of competition and number 
of teams and seasons), injury characteristics (type, number 
and who diagnosed and recorded injuries), workload met-
rics (methods for recording and which internal and external 
workload metrics were used). Internal loads comprise the 
athlete physiological status (e.g. heart rate or blood lactate 
concentration) and/or their perceived responses to workload 
measured by the 10-point modified-Borg session-rating of 
perceived exertion (sRPE). The product of sRPE and dura-
tion (min) provides a measure of “internal load”. External 
loads involve physical workloads (frequency, intensity and 
volume) performed by the athlete that can be measured by 
the amount of repetitive sport-specific activities (e.g., num-
ber of throws or pitches) or running-related metrics (e.g., 
total distance covered, accelerations and decelerations, 
distances covered at high-intensity) that can be tracked by 
global positioning systems (GPS) and inertial measurement 
sensors (e.g. wearable accelerometer devices). To date, there 
is no consensus in the literature on definitions of sprinting, 
or low, moderate, and high-intensity running as measured 
from GPS devices [25]. To allow for comparison and har-
monize the metrics that measured the distance covered under 
specific running intensities, we standardized according to 
low-intensity running (< 6 km/h), moderate-intensity run-
ning (6–18 km/h), high-intensity running (18–24 km/h) and 
sprinting (> 24 km/h).

The ACWR calculation characteristics, risk estimates of 
ACWR and injury and statistical methods for calculating 
the risk estimates were also collected. We considered the 
ACWR data structure (coupled vs. uncoupled methods and 
weekly vs. daily blocks), the acute and chronic windows (in 
weeks or days), the binning methods and reference category 
of the ACWR, and the injury lag period used for calcula-
tion. The ACWR data structure was also registered accord-
ing to the calculation method used: rolling averages and/

or exponentially weighted moving averages (EWMA). The 
rolling averages model is calculated by dividing the absolute 
("rolling") acute workload divided by the average chronic 
workload, which suggests that the workload in acute and 
chronic periods is equal and the association with injury is 
linear. The EWMA model assigns an increasing weighting 
to the more recent daily workload values to compensate 
the latency effects, assuming a non-linear relationship with 
injury [26]. The binning method refers to the method used 
to group the workload categories (standard increases in load, 
z scores, percentiles, tertiles/quintiles/quantiles or arbitrary 
bins) and the reference category (if any) is the workload cat-
egory that serves as reference to which the other categories 
will be compared. We extracted the binning methods and 
reference category exactly as reported in the included stud-
ies. We extracted the findings of association of ACWR with 
injury risk according to the injury risk estimates reported 
in the included studies (relative risk, odds ratio, incidence 
risk ratio or hazard ratio) and sub-grouped according to the 
ACWR in isolation, or in combination with low/high chronic 
workloads. We scored the findings according to their statisti-
cal significance (if P < 0.05 and the 90% or 95% confidence 
intervals did not include the value 1) for each workload 
metric and according to ACWR reference categories. Scor-
ing was based on the direction of result and coded as “↑” 
if representing a statistically increased risk condition, “↓” 
if representing a statistically decreased risk condition and 
“ ↔ ” if no statistical association was found.

2.4  Methodological Quality Assessment

The methodological quality of all included articles was 
assessed using a modified version of the Downs and 
Black methodological scale. The Downs and Black scale 
is supported by the Cochrane Handbook as a useful tool 
to appraise the methodological quality of nonrandomized 
healthcare studies [27]. We chose this checklist because it 
was validated for use with observational study designs [28] 
and has been previously used to assess the methodologi-
cal quality in systematic reviews of longitudinal studies of 
workloads [10]. The number and appraisal of items from the 
original checklist was tailored to the scope of this systematic 
review (Table 1). A total of 16 items were used to assess 
4 domains including reporting (7 items), external validity 
(3 items), internal validity (5 items) and study power (1 
item). Each item was scored as “Y” if criterion was fulfilled 
(1 point), “N” if not fulfilled (0 points) or “U” if unable 
to determine (0 points). The scoring for each study was 
summed and converted into percentages to provide the total 
quality score. Two authors (R. A. and E. H. W.) indepen-
dently rated each of the included studies and a third author 
(A. R. M.) was consulted if a decision could not be reached.
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2.5  Synthesis of Results

We did not pursue quantitative data synthesis (meta-analy-
sis) due to the heterogeneous characteristics of the included 
studies which would result in spurious pooling of injury risk 
estimates. Heterogeneity was evident by the different sports 

included, ACWR calculation (daily versus weekly blocks, 
acute and chronic windows, binning categories and injury 
lag) and statistical analyses performed (different approaches 
and varying time-to-event analyses).

We plotted a figure for each workload metric (if reported 
in ≥ 3 studies) to combine the association of the ACWR and 

Table 1  Modified Downs and Black checklist and scoring criteria

Scoring: Y yes, N no, U unable to determine

Scoring criteria

1. Reporting
 (a) The research question/aim/objective of the study was clearly stated Classified as “Yes” if the study clearly states that assessing the rela-

tionship between training/match workloads and sports injury was an 
objective or aim of the study

 (b) The main outcomes to be measured were clearly described in 
methods section

Classified as “Yes” if the study clearly describes the outcomes being 
measured, including workload metric and injury number and risk 
estimate

 (c) The eligibility criteria or participants characteristics were clearly 
described

Classified as “Yes” if the study provides information about the number 
of participants (either total or player-season), sport, sex, age and level 
of sports for the included teams or athletes

 (d) The main findings were clearly described Classified as “Yes” if the study clearly presented the main findings 
regarding the association of training/match workloads and sports 
injury

 (e) Loss or addition of participants during the study period was 
clearly described

Classified as “Yes” if the study clearly described how handled the 
transferred players

 (f) The study described how missing data points were handled Classified as “Yes” if the study clearly described how handled the 
missing data points (e.g. missing training load data for training ses-
sions or matches)

 (g) For continuous variables the significance is reported and for risk/
odds of injury the confidence intervals are provided

Classified as “Yes” if the study clearly reported the risk estimate and 
the 90 or 95% confidence intervals

2. External validity
 (a) The participants were representative for the population of interest Classified as “Yes” if the study participants were representative of the 

population of interest (senior level athletes)
 (b) The setting of the study was representative to the context of inter-

est
Classified as “Yes” if the study was to the context of interest (profes-

sional sports environment)
 (c) Multiple settings were represented Classified as “Yes” if the study included more than one team

3. Internal validity—bias
 (a) The participants were all recruited from the same population Classified as “Yes” if the study included participants from the same 

population (same sport and level)
 (b) A reliable and valid method for quantification of training/match 

workload was used
Classified as “Yes” if the study included reliable and valid method for 

quantification of training/match workload (i.e. an external or internal 
measure of workload beyond just training or match duration and 
frequency)

 (c) Reliable and valid injury surveillance method Classified as “Yes” if the study employed a reliable and valid injury 
surveillance method (injury definition, consistent methodology and 
injuries diagnosed by a medical professional)

 (d) Appropriate statistical analyses were applied Classified as “Yes” if the study employed appropriate statistical analy-
ses were applied (Generalized estimating equation, Cox proportional 
hazards model, Multilevel logistic model or Frailty model)

4. Internal validity—confounding
 (a) Potential confounding factors were adjusted for Classified as “Yes” if the study adjusted for confounding factors, such 

as age, fitness level, player position or previous injury
5. Study power
 (a) A sample size calculation was performed, and the study power was 

sufficient to detect statistically significant associations
Classified as “Yes” if the study performed a sample size calculation 

(providing power and beta values) and if the study power was suf-
ficient to detect statistically significant associations



1617Is the ACWR Associated with Risk of Time-Loss Injury in Professional Sports?

injury risk estimates from the different studies. The figure 
comprised the sport analysed, the direction (increased or 
decreased risk) and estimate of injury, the risk situation 
(ACWR categories), the injury lag and the acute:chronic 
window used for each study. We plotted as dark red the areas 
of the ACWR continuum where the risk estimate pointed 
to an increased risk when compared to a lower risk area, 
highlighted as light green. Conversely, areas with decreased 
risk were highlighted as dark green when compared to areas 
with higher risk identified as light red. When the risk esti-
mate was not statistically significant, the graph was repre-
sented by a grey colour. For ACWR combined with low 
or high chronic loads, we plotted the increased risk area 
of the ACWR (as dark red) and identified the amount of 
chronic load accumulated for each workload metric used. 
Row height was adjusted so every study in the same work-
load metric category represented the same overall row size, 
i.e. when a study was used more than once for the same 
workload metric, we divided the row by the number of times 
that study was being used. We prioritized the subsequent 
week injury lag when creating the figures to allow compari-
son between studies. We used the ColorADD identification 
system to enable all readers to distinguish between colours 
regardless of red-green colour-blindness [29].

3  Results

3.1  Study Selection

The database and hand-search yielded 4242 titles and 
abstracts. Duplicate articles were removed and 2961 arti-
cles were screened based on their title and abstract. A total 
of 117 full-text articles were screened for eligibility and 20 
met the eligibility criteria and were included in our system-
atic review (Fig. 1) [19–23, 30–44]. Studies were published 
between 2014 and 2019, but mostly since 2016 (90%).

3.2  Population Characteristics

A total of 2375 injuries from 1234 athletes (all male and 
mean age of 24.0 ± 1.2 years) were included in this system-
atic review. Studies comprised an average of 62 ± 44 par-
ticipants, ranging from 25 to 173 athletes. Football (35%), 
Australian Football (30%) and rugby (25%; of which 80% 
league and 20% union) were the most common sports stud-
ied. Gaelic Football and cricket (fast bowlers) were exam-
ined in one study each. The data were collected during 1 sea-
son (45%), 2 seasons (25%), and 3 or more seasons (30%). 
Table 2 presents the study and population characteristics of 
individual studies.

3.3  Methodological Quality

The ratings from the quality appraisal for each included 
study are presented in Table 3. The mean total score was 
68.4% (range 56–81%) and 11.0 ± 1.0 (range 9–12) out of 16 
possible points. We found major methodological concerns 
from the six criteria: reporting (85% and 75% of studies 
failed to report how they handled the players’ transferring 
between teams and missing data points); external validity 
(85% of studies only used one team); internal validity (90% 
of the studies failed to adjust the risk estimates for confound-
ing factors); and 75% did not perform a power sample size 
calculation.

3.4  Workload Metrics and ACWR Analysis

More than half of the studies measured the internal (65%) 
and external loads (70%). Only seven studies (35%) col-
lected both internal and external loads. The sRPE was the 
metric collected as internal load in all cases. Methods for 
recording external loads were mostly GPS and accelerometer 
monitoring of training sessions and matches (93% and 36% 
of studies that collected external loads, respectively). Other 
methods used were semi-automated camera system during 
competitive matches (1 study) and number of balls bowled 
per week in training and competition (1 study). The total 
distance covered (70%) and total distance covered within 
determined running-intensity zones (60%) were the most 
common metrics collected as external load measures. Elec-
tronic Supplementary Material Appendix S2 summarizes the 
workload metrics monitored.

The ACWR was calculated mostly using the coupled 
method (95% of studies) and weekly blocks (75% of studies). 
The acute window was generally 1 week or 7 days (95% of 
studies) and chronic window was 4 weeks or 28 days (95% of 
studies). All studies used rolling averages (100% of studies) 
and two studies (10%) also calculated the EWMA. Binning 
categorization varied between studies and injury lag period 
was most commonly the subsequent week (80% of studies). 
Electronic Supplementary Material Appendix S3 summa-
rizes the ACWR calculation methods.

Statistical analysis was performed mostly using logis-
tic regression analysis or generalized estimating equation 
(GEE) modelling (45% of studies each). Electronic Supple-
mentary Material Appendix S4 summarizes the statistical 
analysis methods.

3.5  Risk Estimates for ACWR 

The results of risk estimates for ACWR in isolation or in 
combination with low or high chronic workloads for each 
individual study are reported in Electronic Supplementary 
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Material Appendix S5. Figures 2, 3, 4, 5, 6, 7 and 8 dis-
play the risk estimates and ACWR circumstances for sRPE 
(n = 834 and 1527 injuries for a combined 23 seasons), 
total distance (n = 436 and 857 injuries for a combined 
19 seasons), moderate-intensity running (n = 229 and 343 
injuries for a combined 9 seasons), high-intensity running 
(n = 410 and 593 injuries for a combined 17 seasons), sprint-
ing (n = 238 and 417 injuries for a combined 9 seasons), 
accelerations and decelerations (n = 116 and 232 injuries for 
a combined 6 seasons), and player load (n = 215 and 319 
injuries for a combined 7 seasons). Figures 9, 10 and 11 
show the risk estimates and circumstances for high ACWR 
combined with low chronic loads (n = 226 and 567 injuries 
for a combined 13 seasons), low ACWR combined with 
low chronic loads (n = 140 and 230 injuries for a combined 
8 seasons) and high ACWR combined with high chronic 
loads (n = 156 and 434 injuries for a combined 9 seasons). 
As only one study reported the risk estimates of low ACWR 
combined with high chronic loads [21], we did not plot the 
results into a figure.         

4  Discussion

4.1  Is the ACWR Associated with Sports Injury?

This review included 20 studies that assessed the associa-
tion of ACWR and time-loss injury risk across multiple team 
sports. Ninety percent of studies showed a positive associa-
tion between higher ACWR (relative to a low or moderate 
ACWR) and higher risk of injury. There were two studies 
[31, 44] not identifying any significant associations and no 
studies indicated a decreased injury risk with high ACWR. 
PlayerLoad and sRPE were the two metrics showing the 
most consistent findings. PlayerLoad is a variable offered 
by the software provider of a commercially available wear-
able inertial measurement unit. The combined vectors of the 
anterio-posterior, medio-lateral, and longitudinal accelerom-
eters have been used to provide a measure of accelerometer 
load [45]. Both the PlayerLoad and sRPE are time-dependent 
metrics that measure the overall physical and/or psycho-phys-
ical loads and therefore may be suited to monitor injury risk. 
There was a wide variation in methodological approaches to 
calculate the ACWR. Almost all studies tested their hypoth-
esis using different methods of data structuring and analysis 

Fig. 1  Preferred Reporting 
Items for Systematic reviews 
and Meta Analyses (PRISMA) 
flow chart of included and 
excluded studies. ACWR  acute: 
chronic workload ratio
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which was especially apparent in terms of creating ACWR 
cut-offs (binning). Practitioners are advised to take these con-
siderations into account when interpreting the results.

A higher ACWR (relative to a low or moderate ACWR) 
was commonly associated with increased injury risk [19–21, 
23, 30, 32–35, 37–42], regardless of the metric monitored. A 
low ACWR has also been suggested as a potential risk factor 
for injuries in team sports [22, 30, 33, 34]. Only a few stud-
ies found a significant association of low ACWR and higher 
risk of injury [20, 30, 33, 34] and there is currently insuf-
ficient scientific evidence (many non-significant findings) 
to conclude that a low ACWR is associated with increased 

risk of injury. When combined with low chronic loads, a 
high or low ACWR was associated with increased risk of 
injury [19–22]. These findings suggest that consistently low 
workloads leave the athlete unprepared and more susceptible 
to injury. In turn, athletes with higher aerobic fitness, lower 
body strength, speed, and repeated-sprint ability can bet-
ter tolerate higher ACWRs and have reduced risk of injury 
[37–39, 46]. High chronic loads combined with either low or 
high ACWRs did not consistently show significant associa-
tions with reduced or increased risk of injury [19–21]. Taken 
together, these findings suggest that the ACWR should not 
be used alone to assess the risk of injury, but rather placed 
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* Final score determined by consensus
†Although Western Australian Football League is semi-professional, the athletes are paid and thus we considered as professional
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in context and balanced with other predisposing risk factors 
to allow a more informed decision.

4.2  How to Best Calculate the ACWR? The Decision 
Requires Context

There has been considerable debate on the best methods 
to calculate the ACWR and the most appropriate statisti-
cal models to use when ascertaining risk. Some of these 
methodological issues have been tested in the real world and 
others remain in the domain of proposed methodological 
improvements that have yet to be explored [47].

4.2.1  Rolling or EWMA, Which Model Fits Best?

The rolling average ACWR assigns the same level of 
importance to all observations in the aggregated chronic 
time window. Williams et al. [26] proposed a non-linear 
model—the EWMA [48]—that sets an increasing weight-
ing to the more recent daily workload values to compensate 
for these latency effects. Only two studies [34, 42] included 
in this review used the EWMA model and suggested that 
the EWMA model was a better alternative to rolling aver-
ages for assessing injury risk. Some studies show that while 
both models demonstrate significant associations between 

Fig. 2  Risk estimates and ACWR circumstances (categories, injury 
lag and A: C windows) for sRPE. ↑—significant increased risk, 
↓—significant decreased risk; ↔—no significant differences;  —
football (soccer);  —Australian Football;  —rugby;  —fast 

bowlers (cricket);  —Gaelic Football; *—90% confidence inter-
vals. RR relative risk, OR odds ratio, HR hazard ratio, ACWR  acute: 
chronic workload ratio, EWMA exponentially weighted moving aver-
ages

Fig. 3  Risk estimates and ACWR circumstances (categories, injury 
lag and A: C windows) for total distance. ↑—significant increased 
risk; ↔—no significant differences;  —football (soccer);  —
Australian Football;  —rugby; *—90% confidence intervals; †—

non-contact injuries. RR relative risk, HR hazard ratio, ACWR  acute: 
chronic workload ratio, EWMA exponentially weighted moving aver-
ages
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Fig. 4  Risk estimates and ACWR circumstances (categories, injury 
lag and A: C windows) for moderate-intensity running. ↑—significant 
increased risk; ↔—no significant differences;  —football (soccer); 

 —Australian Football; *—90% confidence intervals; †—non-con-
tact injuries. RR relative risk, HR hazard ratio, ACWR  acute: chronic 
workload ratio, EWMA exponentially weighted moving averages

Fig. 5  Risk estimates and ACWR circumstances (categories, injury 
lag and A: C windows) for high-intensity running. ↑—significant 
increased risk; ↓—significant decreased risk; ↔—no significant dif-
ferences;  —football (soccer);  —Australian Football;  —

rugby; *—90% confidence intervals; †—non-contact injuries. RR 
relative risk, IRR incidence risk ratio, ACWR  acute: chronic workload 
ratio

Fig. 6  Risk estimates and ACWR circumstances (categories, injury 
lag and A: C windows) for sprint. ↑—significant increased risk; ↔—
no significant differences;  —football (soccer);  —Australian 

Football;  —rugby; †—non-contact injuries. RR relative risk, OR 
odds ratio, ACWR  acute: chronic workload ratio



1627Is the ACWR Associated with Risk of Time-Loss Injury in Professional Sports?

ACWR and injury risk [49–51], rolling ACWRs may under-
estimate the injury risk at higher ACWR ranges [49, 50, 
52, 53], while others suggest that there are no differences 
between the rolling averages and the EWMA methods [51]. 
Studies included in this review support both methods, but 
when directly compared, the EWMA model shows greater 
sensitivity. However, one model may not be a perfect fit for 
all purposes. Coaches and sports scientists should adapt their 
ACWR calculation method to the realities of their sport, 
i.e. based on the different physical demands among sports, 
training environments and games schedules [54]. Consider 
an example from a Major League Baseball pitcher. Although 
teams generally play a game every day, starting pitchers 
will typically compete on a 5-day rotation. A 7-day acute 
loading cycle, along with a 28-day chronic window (reflect-
ing ~ 25–26 games) may not fit the periodization model for 
this athlete. In this example, baseball teams will likely adjust 

the acute and chronic loading periods to suit the game sched-
ule and periodization strategy of the sport and athlete.

4.2.2  To Couple or Not to Couple?

All but one study [19] employed a coupled strategy to cal-
culate the ACWR. This means that these studies used the 
acute workload in both the numerator and denominator. Con-
versely, the uncoupled method excludes the acute workload 
from the denominator (chronic workloads). Mathematical 
coupling of ACWR is controversial [55–58] as it influences 
the chronic workloads and therefore the ACWR itself. While 
the coupled method never exceeds an ACWR of 4, the 
uncoupled method has no maximum bound [57]. The contro-
versy was first introduced in an editorial by Lolli et al. [56], 
where using simulated data from 1000 Australian Football 
players [49], they concluded that using the coupled method 

Fig. 7  Risk estimates and ACWR circumstances (categories, injury 
lag and A:C windows) for a acceleration and b decelerations. ↑—sig-
nificant increased risk; ↔—no significant differences;  —football 

(soccer);  —rugby; *—90% confidence intervals; †—non-contact 
injuries. RR relative risk, OR odds ratio; ACWR  acute: chronic work-
load ratio

Fig. 8  Risk estimates and ACWR circumstances (categories, injury 
lag and A: C windows) for player load. ↑—significant increased risk; 

 —Australian Football;  —rugby; *—90% confidence inter-

vals. RR relative risk, HR hazard ratio, OR odds ratio, ACWR  acute: 
chronic workload ratio, EWMA exponentially weighted moving aver-
ages
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resulted in a spurious correlation between acute and chronic 
workloads and decreased the variability of load between 
athletes. In contrast, using the uncoupled method the cor-
relation was close to zero (r = 0.01). Real-world data dem-
onstrate that there is a nearly perfect correlation (r = 0.99) 
with similar injury likelihoods between coupled and uncou-
pled methods [55], and that the mathematical coupling has 
little effect on the ACWR injury relationship [55]. While 
some authors [56] suggest using the uncoupled method, 
other authors [57] advocate that regardless of the method 
used, researchers should clearly detail how they calculated 

the ACWR to allow a better interpretation of the results and 
that practitioners should select the approach that best fit their 
context. We cannot settle this question with the current lit-
erature and need further studies to investigate whether there 
is an advantage in using the uncoupled ACWR.

4.2.3  Acute and Chronic Time Windows, Which Best 
Represent the Risk?

Regardless of the model used to calculate the ACWR, the 
acute and chronic timeframes influence the injury risk [30]. 

Fig. 9  Risk estimates and ACWR circumstances (categories, injury 
lag and A: C windows) for high ACWR combined with low chronic 
workloads. ↑—significant increased risk; ↔—no significant dif-
ferences;  —football (soccer);  —Australian Football;  —
rugby; *—90% confidence intervals; †—non-contact injuries. RR 

relative risk, IRR incidence risk ratio, adj-IRR adjusted incidence 
risk ratio, ACWR  acute: chronic workload ratio, sRPE session-rating 
of perceived exertion, TD total distance, MIR moderate-intensity run-
ning, HIR high-intensity running, ACC  accelerations, DEC decelera-
tions

Fig. 10  Risk estimates and ACWR circumstances (categories, injury 
lag and A:C windows) for low ACWR combined with low chronic 
workloads. ↑—significant increased risk; ↔—no significant differ-
ences;  —Australian Football. IRR – incidence risk ratio; adj-

IRR – adjusted incidence risk ratio; ACWR – acute:chronic workload 
ratio; sRPE—session-rating of perceived exertion; TD – total dis-
tance; HIR – high-intensity running
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Across the included studies, more than fifty combinations 
of acute: chronic windows were tested, with 1:4 weeks (or 
7:28 days) being the most common. Three studies [33, 35, 
40] compared 1:2, 1:3 and 1:4 weeks sRPE ACWR in foot-
ball (soccer) and found that although the three ratios were 
associated with significant injury risks [33, 35], the 1:3 and 
1:4 weeks ACWRs better identified the risk of injury [40]. 
Carey et al. [30] tested several different acute and chronic 
day-based time frames in Australian Football players and 
found that the 3:21 days (which included the training work-
loads) or 6:28 days (which included both the last game and 
training workloads) best explained injury risk. The 3:21 days 
ACWR also showed an association with injury risk in foot-
ball as the 3-day acute periods reflect the main training ses-
sions prior to games and the 21-days the football-specific 
mesocycle [39]. Stares et al. [22] tested different acute (1 
and 2 weeks) and chronic windows (2 to 8 weeks) for ACWR 
in combination with chronic loads and found no significant 
differences among the different timeframes for injury predic-
tion. Both the 3:21 days and the 1:3 or 1:4 weeks ACWRs 
provide significant associations with injury risk, but coaches 
and sports scientists should adapt their model to cover the 
timeframes that most suit their sport.

4.2.4  Do Injury Latency Periods Matter When Calculating 
Injury Risk?

Several injury lag periods were tested across the ACWR 
studies—same day [30, 34, 43], 2 or 5 days [30], current 
week [21, 23, 41, 42, 44], subsequent week [19–21, 23, 31, 
32, 35–42, 44], and across periods of 7, 14, 21 and 28 days 

[22]—but the most commonly employed was the subse-
quent week (80% of the studies). The use of a latent period 
is important to allow directional inferences between spikes 
in workloads and injury [59]. For instance, a spike in train-
ing or match loads can predispose the athlete to higher risk 
of injury for up to 3–4 weeks [22], which highlights how 
important it is to monitor the athlete in the latent period 
after a workload spike. Making a clear distinction between 
the measurement period and the risk period also decreases 
the chances of spurious findings of overlapping windows 
where low training is associated with injury, which could 
be equally explained by an injured athlete being unable to 
accrue training load. Cumulative workloads and ACWR 
can also have a different effect depending on the tissue type 
that is injured, reflecting different injury latency periods, 
including a more acute (e.g. muscle injury), medium-term 
(e.g. bone stress fractures) or long-term (e.g. joint cartilage) 
injury lag [60]. Injury lag period seems to have an effect on 
the injury risk [30] and can be adapted to address the spe-
cificities of each sport (can comprise the last game or both 
last game and training sessions).

4.2.5  How can Binning Hamper Injury Risk Association?

Discretization of workloads has been questioned because it 
implies that two different ACWRs within the same binning 
category have equal risk [61]. Discretization removes varia-
tion in workloads and ACWR which hampers the statistical 
power and the ability to detect true relationships [62, 63]. 
Workloads use repeated measures (from the same athlete) 
which means that they are correlated within-individual and 

Fig. 11  Risk estimates and ACWR circumstances (categories, injury 
lag and A:C windows) for high ACWR combined with high chronic 
workloads. ↑—significant increased risk; ↔—no significant dif-
ferences;  —football (soccer);  —Australian Football;  

—rugby; †—non-contact injuries. RR relative risk, ACWR  acute: 
chronic workload ratio; sRPE session-rating of perceived exertion, 
TD total distance, MIR moderate-intensity running, HIR high-inten-
sity running, ACC  accelerations, DEC decelerations
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are not independent [61]. Despite this apparent pitfall, dis-
cretizing the ACWR can be useful in the real-world context 
as it provides a discrete range of workloads (low, moderate 
or high)—rather than relying on exact amounts of work-
loads—that athletes may be prepared to endure (based on 
their chronic workloads) and thus guide coaches in formu-
lating their training plans [47]. Almost all studies binned 
the ACWR into discrete categories, but using heterogeneous 
binning methods and even the number of categories varied 
for the studies that used the same binning method. Binning 
methods ranged from standard deviation increases [31, 44], 
0.5 increments [23], z scores [19, 21, 33], percentiles [35, 
40], tertiles [32, 36], quintiles [20], quantiles [30, 34] and 
arbitrary bins [22, 37–39, 41, 42]. Carey et al. [61] compared 
discrete (binned using 7 z score categories, 5 quantiles or 
5 arbitrary cut-offs) to continuous models (restricted cubic 
splines and fractional polynomials) using simulation data 
from samples of 1000 and 5000 observations. Their findings 
showed that transforming workloads into discrete catego-
ries and assuming independence, results in a higher risk of 
false discovery rates (type-I error) and false rejection rates 
(type-II error). This leads to an unrealistic and discontinu-
ous model that is not suited for modelling the continuous 
U-shaped risk profile of the association between ACWR and 
injury. Based on the lack of support for increased injury risk 
at low ACWRs from the studies included in our systematic 
review, a non-linear risk such as a J-shaped curve seems 
to better describe the risk profile. Future studies should 
avoid discretization of workloads and employ continuous 
multivariate models that are better suited to fit non-linear 
trends (U-shaped and S-shaped). We suggest that more 
useful information may be gathered from data when curve-
fitting is based on either previous positive results or some 
biologically plausible association rather than convenience 
or overfitting [64].

4.2.6  Do Studies Implement Suitable Statistical Modelling 
for Longitudinal Data?

Included studies mostly used logistic regression or GEE 
models to calculate the injury risk. Logistic regression mod-
els assume the same exposure (training and match loads) 
across athletes [5] and have a higher risk of false rejection 
rates [61]. As such, GEE models are considered preferable. 
A previous review has highlighted that logistic regression 
models are not suited to address the multifactorial aetiology 
of sports injury and between- and within-athlete differences, 
as well as the temporal design of intensive longitudinal data 
challenges [59]. The authors suggested using time-to-event 
(Cox proportional hazards and frailty models) and multi-
level modelling. Others have suggested the use of advanced 
causal inference-based methods [47]. None of the included 
studies in this review used time-to-event analyses and only 

two employed multilevel modelling. Future studies using the 
ACWR should consider statistical methods that address both 
time-to-event and multilevel modelling. For further infor-
mation on this topic, the reader is referred to several useful 
reviews in this area [59, 65–67].

4.3  Higher Risk Does Not Mean Injuries Can be 
Predicted

Although ACWRs were commonly associated with 
increased injury risk, injury risk is not equal to injury rate, 
i.e. when athlete workloads spike (e.g. ACWR > 2.0) they 
are at higher risk of injury, but this does not imply that they 
will definitely experience an injury. For instance, Murray 
et al. [41] reported a fivefold increased risk of injury for a 
high ACWR (> 2.0) in total distance covered corresponding 
to a 4% likelihood of injury. In comparison to a moderate 
ACWR (1.0–1.49) which had a 1% likelihood of injury, the 
absolute increased risk was ~ 3%. A few studies tested the 
predictive ability of the ACWR models and reported that 
in isolation, it had poor or no predictive ability to detect 
individuals that would suffer a sports-related injury [33, 
35, 40], resulting in a high number of false-positive predic-
tions [35, 40]. This is not surprising as baseline risks are 
typically objectively low, so relative risks can be large, yet 
still associated with a somewhat low absolute injury risk. 
For example, if an athlete has their injury risk more than 
doubled from, say, 5–20%, they still have an 80% chance of 
not being injured [23]. Using multivariate models that con-
sider the interaction between multiple risk factors [1, 68] 
it is possible to increase the predictive accuracy of ACWR 
models [20]. As with other isolated screening measures 
[69–71], the ACWR is unlikely to predict future injuries, 
but in combination with other monitoring and screening 
systems can identify athletes or training practices that may 
be at higher risk of injury and help coaches to manage the 
athlete training and match workload exposures to decrease 
the risk of injury [72]. Recently, “differential loads”—
which measure the smoothed rate of week-to-week changes 
in workloads [53]—have been proposed to predict the likeli-
hood of injury; however, this method still requires further 
investigation.

4.4  Cracks in the Armour. How Can We Move 
Forward?

Injury risk is a complex phenomenon. Considering the mul-
tiple risk factors playing a role and the proportion of chance 
and luck involved in team sport injuries, it is unlikely that a 
review like this, addressing a single risk factor, will provide 
a clear and consistent answer.

The number of studies examining the relationship 
between the ACWR and injuries has grown rapidly over the 
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last few years. No clear consensus on the most appropriate 
approach has been achieved and several different methods 
to calculate the ACWR are being proposed (coupled versus 
uncoupled, rolling vs EWMA, different acute and chronic 
timeframes, binning categories and injury lag periods). 
While we need to appreciate the research that has been con-
ducted, with the benefit of hindsight, we can now identify 
some areas which can be improved and implemented in 
future research. To reach more definitive conclusions we 
need future studies to pre-register [73], accurately report 
the ACWR calculation methods, describe how they han-
dled transferring players’ data, apply statistical models that 
can handle missing data, and compare ACWR calculation 
approaches in large samples [66] of players across different 
sports. While this is especially challenging in a competi-
tive team sport environment, it is necessary to secure the 
scientific integrity of each published article and allow for 
informed methodological recommendations.

There are other factors that still need clarification. Fur-
ther studies are required to establish the interaction between 
workloads and other moderators in the multivariate risk 
of sports injuries [5, 68, 74, 75]. While some moderators 
(history of previous injury [34], level of experience [34], 
strength [34, 46], aerobic fitness [37, 38], repeated-sprint 
ability and maximal speed [46]) have shown a significant 
interaction with the ACWR and injury risk, the interaction 
of other moderators with ACWR—such as sleep (qual-
ity and duration) and psychological factors (mood, stress 
and fatigue) which are also linked to injury [76–78]—is 
poorly investigated and reported in only a single study [34]. 
Other research priorities include identifying the long-term 
response of different tissue types to varying loading pat-
terns [60]. A recent study of professional football players 
competing at elite European level showed that there were 
no significant differences in the ACWR among different tis-
sue types (muscle, ligament, and tendon) for the incidence 
and severity of injury [79]. Given the lack of statistical rig-
our in this study, these findings should be interpreted with 
caution. Most studies use arbitrary workload metrics (e.g. 
sRPE and PlayerLoad) and broad definitions of injury (all 
time-loss injuries). Future studies should focus on workload 
metrics that are structure-specific with potentially a better 
association with each specific injured tissue type (e.g. dis-
tance covered sprinting and risk of muscle injuries) for each 
sport (e.g. running distance for runners or number of throws 
for overhead athletes) [80, 81].

Finally, theoretical causal frameworks [47, 53] that 
account for time-dependencies of load and confounders [65, 
66] have recently been proposed. Research using actual data 
is warranted to investigate the effect and applicability of this 
framework to the “real-world” context.

4.5  How Can we Translate These Findings 
into Real‑World Situations? Some Practical 
Applications

The results of the systematic review point towards greater 
risk of injury at higher ACWRs. The ACWR can be used as 
a planning tool to minimize spikes in workload during the 
season, as well as when returning athletes to competition 
following injury and off-season break.

The principle of progressive overload states that load 
must slightly exceed load capacity (i.e. the load that the 
athlete is prepared for) in order for improvements in load 
capacity to occur [75]. However, if the increases in load are 
excessive, and greatly exceed load capacity, injury risk is 
heightened [82]. While other methods of progressing load 
have been proposed (e.g. week-to-week changes), no other 
method considers the athlete’s current capacity when pro-
gressing training. The ACWR offers an important practical 
advantage over other methods of progressing training load, 
by not only considering “load” but also the load that the 
athlete is ready to tolerate.

While this review has focused on a single variable 
(i.e. ACWR), it is important to recognize that training is 
designed to develop the physical qualities that allow ath-
letes to tolerate the week-to-week demands of competition. 
In this respect, the development of chronic load, and the 
moderators that help protect against spikes in workload (e.g. 
strength, aerobic fitness), are critical [37, 46, 74]. Within 
the debate surrounding the predictive ability of the ACWR, 
and whether more suitable statistical models should be used, 
the importance of building chronic load to enhance injury 
resilience and performance appears to have been lost. We 
encourage practitioners to develop greater chronic loads in 
their athletes in order to tolerate the acute loads associated 
with competition.

4.6  Limitations

As this is a fast-developing topic in the field of exercise 
and sports medicine, a few studies were recently published 
and were not included in this systematic review. We also 
excluded studies that included adolescents, recreational or 
amateur players, non-time-loss injuries and overlapping 
samples. These two factors may have excluded some poten-
tially relevant studies for this review, but we analysed those 
studies and included them in the discussion where applica-
ble. Although we only included time-loss injuries, the defi-
nition of “time-loss injuries” and type of injuries included 
can vary across studies [83, 84]. While some studies defined 
time-loss injury if the athlete missed a match, other studies 
considered when the athlete missed a match and/or a train-
ing session (or no participation for more than 24 h). When 
more than one type of injury was reported in the study (e.g. 
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contact and non-contact injuries), we prioritized the non-
contact injuries to allow a more reliable comparison across 
studies.

Our ultimate pursuit was to perform a meta-analysis but 
for that purpose we needed more studies within the same 
sport that used the same ACWR calculation methods and 
that employed statistical methods that were adequate to 
estimate the risk of repeated, longitudinal workload data. 
It would be clinically useful to have a prescribed cut-point 
beyond which injury risk clearly increased; however the 
wide heterogeneity in methods and results documented here 
as well as the issues associated with discretizing continuous 
variables [61] precluded us from defining specific cut-offs to 
classify low, moderate and high ACWRs. We advise use of a 
more standardized approach to binning the ACWR in future 
studies to allow for categorisation of the ACWR.

We did not employ a risk of bias assessment tool because 
the domains did not apply to this type of studies. We used 
the Downs and Black scale and, although not recommended 
[85, 86], we modified the scale to adapt to the type of studies 
included in our systematic review.

All included studies comprised male athletes; workload 
as a risk factor in female athletes is insufficiently investi-
gated. Future research should also study the effect of the 
exposure of high and low workloads on injury risk of female 
athletes.

5  Conclusion

The methodological variations identified in the studies 
included in our systematic review precluded statistical 
pooling of results and warrant caution with any recom-
mendations. All studies showed either increased risk or 
null findings and there were no studies showing protective 
association between high ACWR and injury. These findings 
suggest that a higher ACWR (relative to a lower or mod-
erate ACWR) is associated with an increase in time-loss 
injury risk but requires further exploration. Future research 
should aim to address the methodological limitations identi-
fied before definitive statements can be made.
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