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Abstract: Objectives: The purpose of the present study was to investigate the relationship
between acute and chronic loads, and the fatigue response within male elite professional
football players. Design: 40-week longitudinal study across the 2021–2022 season in the
English Championship. Methods: Twenty-three outfield football players had workload
measured using global positioning system (Distance, High-Intensity Distance and Sprint
Distance) and perceived exertion. Load-response was measured via a perceived wellbeing
questionnaire, counter-movement jump (CMJ) and salivary immunoglobulin A. Results:
General estimating equation models identified 18 significant interactions between workload
and load-response markers. Thirteen significant interactions were found between acute and
chronic workloads and CMJ variables, jump height, eccentric duration and flight contraction
time. A poor CMJ was observed when acute sprint workload was >+1 standard deviation
and chronic distance increased. However, when chronic perceived exertion increased, and
acute sprint workload was >+1 standard deviation an advantageous response was detected
on counter movement jump variables. The S-IgA response to acute and chronic workload
was more variable; when chronic loads were >+1 standard deviation above mean values and
acute workload increased, salivary immunoglobulin A was both suppressed and elevated
depending on the interacting acute variable. Higher chronic workload was associated with
better perceived wellbeing, even when acute workload was >+1 standard deviation above
the mean. Conclusion: In general, low chronic workloads and acute spikes in workload
were associated with poorer neuromuscular and immune function. Furthermore, CMJ
performance and perceived wellbeing improved when chronic workloads were higher,
despite the occurrence of acute spikes in workload.

Keywords: acute workload; chronic workload; load-response; adaptation

1. Introduction
The demanding fixture schedule of male, English championship football, requires

teams to play an average of 1.3 games per week across a 40-week season, with recovery
times between games as short as two to four days [1]. Players need to tolerate such physio-
logical and psychological stress (often referred to as ‘workload’) and be highly conditioned
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to physically thrive during match-play and accelerate recovery between games. The volume
and variability of weekly workload across the competitive season may result in negative
psycho-physiological stress responses, such as mood decrements, increased soreness, and
sleep disturbances [2]. This can be influenced by fixture times, result outcomes, team
selection and physical output. Sensitive monitoring strategies that encompass workload
and individual load-response markers are fundamental to make well-educated decisions
on player health status, preparedness, and subsequent training prescription.

The monitoring of player workloads is common practice within male professional
football and is often quantified using external (i.e., the training stimulus prescribed to
the athlete) and internal (i.e., measures of the athlete’s response to the exercise stressor)
load [3]. Training represents a balance between overall risk (e.g., increased injury risk)
and reward (e.g., improved physical qualities). This is an important consideration as
training loads can be easily mismanaged and may contribute to increased fatigue and
under-performance [4]. Rapid increases in workload (e.g., from week-to-week) can place
acute stress on an individual, accentuating fatigue, reducing preparedness, and increasing
soft tissue injury risk [4]. Previous literature within male professional football has evaluated
different forms of workload analysis, including week to week variation, mesocycle analysis
and differences in competitive match minutes within a week [5].

The acute-chronic workload ratio (ACWR) was introduced into the literature by Hulin,
Gabbett, Blanch, Chapman, Bailey, and Orchard [6] as a modification to the Banister fit-
ness/fatigue model, highlighting acute changes in workload in a ratio form. Chronic
workloads represent fitness and acute workloads represents fatigue status. Since its in-
troduction, a plethora of studies have used the concept to analyse changes in workload
and injury association [7]. In male youth football, spikes in acute high-intensity running
distance were associated with a greater relative risk of injury (RR = 2.6) when chronic
workload was low compared to higher chronic loads (RR = 0.5) [8]. The positive effects
of systematically progressed chronic loads are well documented, although there has been
debate in the literature regarding the association between ACWR and injury risk [9]. In
male professional football, high chronic workloads and well-developed physical qualities
have been shown to mitigate injury risk during periods of high acute workload [10,11],
and support the theoretical concept that well developed chronic loads result in a better
readiness to perform and mitigate the risk of acute fatigue induced spikes in load [12].

Support staff can proactively prepare for these acute spikes in load by progressing to
higher chronic workloads or by adjusting workloads when athletes experience significant
reductions in wellbeing and other markers of health. There is no clear consensus on the
optimal training load for performance [13,14] in professional male football, although low
chronic workload and poor aerobic fitness have been shown to increase injury risk [11].
Furthermore, large variations are shown between matches for all physical metrics, with
mean between-match variation in number of sprints ranging from 24–36% depending on
playing position [15]. This can create unforeseen changes in weekly workload based on
match selection or physical performance [16], especially if chronic workloads are lower and
under preparing players for the game demands. Thus, the assessment of the physiological
response to loading is vital to ensure players are well adapted and provide information on
the best training prescription to optimize performance [17].

Various monitoring strategies have been used in male professional football to provide
insight into the fatigue status of players and guide practitioners when making decisions re-
garding training prescription [2]. The mixed metabolic nature of male professional football
and the high weekly muscular and metabolic demands have been shown to attenuate the
neuromuscular, immunological and perceived wellbeing response after competition [18].
Practitioners require a holistic overview of the different fatigue responses, encompass-
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ing hormonal, neuromuscular and subjective measures. The Hooper index [19], salivary
immunoglobulin A (s-IgA), and counter-movement jump (CMJ) analysis have all been
validated as sensitive fatigue markers within male professional football [2,20]. However, no
study has concurrently examined the relationships among acute and chronic workloads and
perceived wellbeing, neuromuscular performance, and immune function in professional
football players across a whole season.

Although several studies have investigated the relationship between acute and chronic
loads and injury, few have studied the link between loading profiles and markers of fatigue.
The purpose of the present study was to investigate the relationship between acute and
chronic loads, and the fatigue response within male elite professional football players. It
was hypothesized that low chronic loads and spikes in acute load would be associated with
greater fatigue.

2. Materials and Methods
2.1. Participants

Twenty-three elite level, male, outfield football players, competing in the 2nd tier of
English professional football (mean ± SD age: 24.6 ± 3.6 yr, height: 182.8 ± 7.3 cm, body
mass: 78.7 ± 6.2 kg, International Society for the Advancement of Kinanthropometry 8 site
skinfold sum: 42.5 ± 5.2 mm, 1600 m time trial, maximal aerobic speed: 4.9 ± 0.3) were
studied across the 2021–2022 season (40 weeks). For inclusion in the study, players were
required to be contracted to the Championship team’s squad. All participants received
information about the study and were informed that they could withdraw at any time. After
reading the participant information sheet, players provided voluntary written informed
consent. The research received approval from the University of Southern Queensland ethics
committee (Ethics approval #H21REA229).

2.2. Study Design

All data collection procedures were part of the players’ daily and weekly training
practice at the club. Individual familiarization and education sessions were held with each
player as part of normal club practice before any data collection. A 10-month (August
2021–May 2022) longitudinal cohort study design was used to collect s-IgA, CMJ, perceived
wellbeing, and workload data. Workload data were collected from all players, whereas
objective and subjective markers of fatigue were only taken for starting players of the
subsequent game week during weeks when there was no midweek match. The objective
and subjective markers were collected after a team day off and more than 40 h after a com-
petitive match. Weekly training periodization was consistent throughout the season when
there was seven days between matches (Game-5 Aerobic focus/Game-4 Intensive/Game-3
Extensive/Game-2 Recovery & technical/Game-1 Prep & potentiation).

2.3. Workload Quantification

Total distance, high-intensity distance (>19.8 km/h) and sprint distance (>25.2 km/h)
were collected for all training sessions and competitive games. For all training sessions,
external load variables were collected via global positioning system (GPS) technology
(10 Hz, Optimeye S7, Catapult Innovations, Melbourne, Australia). GPS has been shown to
provide valid and reliable measures of total, high-intensity, and sprint distances [21]. The
GPS units were positioned between the players’ scapulae housed in a vest. To avoid inter-
unit variation [22], each player was assigned a GPS unit at the start of the season. Across
the season 16 individual player training sessions were missing due to technical reasons.
In these instances, a positional average was used. Video-based time-motion analysis was
used for competitive match-play (5th Generation, Tracab, Chyronhego, NY, USA). Three
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football clubs did not allow Tracab into their stadiums and where this occurred, average
match demands from each individual were used. A global rating of perceived exertion
(RPE) was collected as the internal load measurement for training and match-play [23].
It was collected individually, without words, with the player pointing to the rating on a
laminated sheet of paper so other players were not influenced. This was taken 10 min after
each training or match within the player dressing room. Session-RPE (s-RPE) was used to
quantify internal training load, calculated by multiplying the whole training or match-play
RPE using the category ratio scale (CR10-scale) [24] by the duration of the session.

2.4. Workload Model

Acute workload was calculated as the total accumulated load from a 7-day period
(from Monday to Sunday). Chronic workload was calculated as the rolling weekly average
workload from the previous four training weeks. Four external and internal load variables
(total distance, high-intensity distance, sprint distance, and s-RPE) were used to assess
the relationship between workload status and fatigue response. Data from the pre-season
period were not included in the analysis, and load-response markers were only taken from
players who were participating in full team training during the previous week.

2.5. Saliva Testing Protocol

A total of 408 saliva samples were collected at the same time of day each week (between
09:00–09:30 a.m.) and analyzed for s-IgA. The collection and analysis of the saliva samples
occurred as described and validated previously within professional football [25], and
validated against enzyme-linked immunosorbent assay (ELISA) (R2 = 0.78) [26]. Volume
and intensity of exercise have been shown to either suppress or elevate the immune
response [20,27], providing justification of a sensitive fatigue response marker within
professional football. Four baseline measures were taken for each player, at least 60 h
after their last exercise exposure, whereby an individual’s mean s-IgA was determined by
averaging all data points.

2.6. Countermovement Jump Testing Protocol

Counter-movement jump (CMJ) testing was performed at the same time of day (be-
tween 10:00–10:30 a.m.) at least 60 h after the last exercise exposure. All participants
completed a standardized 20-min warm up protocol before testing, as part of their daily
movement preparation for training. Before each jump, participants were instructed to
stand still and have their body mass taken, with each foot positioned on a portable vertical
axis force plate (35 × 70 cm, FD4000, ForceDecks, VALD Performance Pty Ltd., Brisbane,
Australia) that simultaneously sampled at 1000 Hz. The portable force plate has previously
been validated against laboratory ground-based force platform systems [28]. The partici-
pants performed three maximal jumps interspersed by 20 s of recovery between each effort,
aiming to jump as high as they could with a fast counter movement phase from a self-
selected depth. Jump height (cm) (coefficient of variation (CV) = 5.4%), eccentric duration
(ms) (CV = 11.7%), eccentric mean power (W/Kg) (CV = 17.9%), and flight:contraction time
(FT:CT) (CV = 9.3%) [29] were measured and the mean value was taken for each variable.
Variables were selected to give analysis across the force velocity curve, encompassing the
eccentric and concentric demands of the CMJ as per Harper, Cohen, Carling, and Kiely [30]
Three reference range measures were taken for each player across the season at set time
points (Week 1, Week 23, Week 43). The mean of the three best jumps was calculated
and used as the individuals reference range. This was performed at least 60 h after any
physical activity.
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2.7. Perceived Wellbeing

Perceived wellbeing was collected daily, upon arrival to the team dressing room at the
training ground, via a psychometric questionnaire [19]. The data were collected individ-
ually, with a staff member present and data was entered into an iPad. The questionnaire
assessed players’ sleep quality, fatigue, muscle soreness, mood, and stress, on a seven-point
Likert scale (1–7) [19] For subjective load-response assessment of the previous week’s load,
the sum of daily wellbeing scores for each individual was taken on the first training day of
the following week, after a team day off, and more than 40 h post competitive match.

2.8. Data Analysis

Descriptive statistics including mean, standard deviations, CV, and interquartile ranges
were generated for all load variables (Table 1). General estimating equations (GEE) were
used to model the association between workload (4 acute and 4 chronic variables) and each
of the six load-response variables in the subsequent week. The GEE method was used
because it allows for the correlated and repeated nature of the data within players and for
the inclusion of multiple covariates. GEEs are a nonparametric method providing popu-
lation averaged estimates based on a working correlation matrix. All statistical analysis
was performed using the R statistical software (R core Team, 2023, RStudio (RStudio Team,
2020, Boston, MA, USA) and the “geepack” package [31].

Table 1. Descriptive statistics for workload variables (N = 696).

Variable Mean SD Min Max IQR Q1 Q3

Acute Distance (m) 27,027 7165 3643 48,907 9289 22,352 31,641
Chronic Distance (m) 27,015 5130 10,743 45,237 6278 24,194 30,472
Acute HI (m) 1674 682 11 3666 962 1178 2140
Chronic HI (m) 1676 539 500 3230 800 1256 2056
Acute Sprint (m) 394 218 0 1051 308 228 535
Chronic Sprint (m) 387 158 63 800 242 269 511
Acute RPE (AU) 1961 623 260 3887 764 1578 2342
Chronic RPE (AU) 1954 477 283 3549 610 1664 2274

Abbreviation: HI = High-intensity distance; RPE = Rate of perceived exertion.

All eight load variables were standardized by player (value-mean of player/standard
deviation of player) to adjust for the individual nature of the weekly fluctuations of work-
load. All load-response variables were continuous measures and therefore, a Gaussian link
function was used in the GEE models. Interaction effects between continuous predictors
can be difficult to interpret, subsequently we focused on linear analysis, consistent with
previous research [32,33].

All main effects and 2-way interactions between acute and chronic load variables
were analyzed for their relationships with each load-response variable. For any significant
effects (p < 0.01) within the GEE models, plots were produced to show the change in the
load-response variable (y-axis) associated with change in the load variable (x-axis). For
significant 2-way interactions, one load variable was represented as a continuous measure
on the x-axis, while the other was categorized to show the change in the interaction effect
when that load variable was, (a) below −1 SD; (b) between −1 SD and +1 SD; (c) above
+1 SD. The exchangeable correlation structure was determined to be the best fit for each
model: For each load-response model the correlation structure was chosen by comparing
models with independence, exchangeable and ar1 correlation structures. The lowest
correlation information criterion (CIC) value was used to determine the best fit. CIC has
been suggested as a more robust alternative to QIC which is a generalisation of Akaike’s
Information Criterion (AIC) for GEE models.
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3. Results
Descriptive statistics for each of the eight workload variables (Table 1) show that for

each of the four workload types (total distance, high-intensity distance, sprint distance and
RPE), the mean acute and chronic values were similar. Acute variables had larger standard
deviations (SD), inter-quartile ranges (IQR) and ranges (Min-Max) than their associated
chronic variables.

Fluctuations throughout the season are represented on all workload variables. The
min is much lower than Q1 and the max much higher than Q3. These differences are
larger than the difference between Q1 and Q3. This indicates that the middle 50% of data
represents weeks with moderate variability in the workload measures, with some weeks
having more extreme low or high measures. The mean and standard deviation are within
the IQR and also indicates a moderate variability around the mean.

Descriptive statistics for the six load-response variables are shown in Table 2. The
load-response variables were within normative ranges of CVs as reported in previous
studies [25,34].

Table 2. Descriptive statistics for load-response variables.

Sample Size (n) Weeks
(Min, Max) Mean ± SD %CV (LCI, UCI) ICC (LCI), UCI)

Wellbeing 637 (11, 39) 7.16 ± 1.91 21.2 (18.4, 23.9) 0.41 (0.25, 0.53)
Siga (ug/mL) 406 (7, 25) 216.38 ± 173.30 50.8 (46.2, 55.5) 0.47 (0.28, 0.59)

Ecc Duration (ms) 402 (3, 30) 0.47 ± 0.04 5.1 (4.2, 6.0) 0.55 (0.34, 0.67)
Ecc Mean Power (W/Kg) 402 (3, 30) 7.90 ± 0.88 5.7 (4.8, 6.6) 0.70 (0.52, 0.79)

FT:CT 402 (3, 30) 0.78 ± 0.09 6.1 (5.2, 7.1) 0.67 (0.48, 0.78)
Jump Height (Imp-mom, cm) 402 (3, 30) 37.96 ± 5.19 5.8 (5.0, 6.6) 0.79 (0.63, 0.86)

Abbreviations: Siga = Salivary Immunoglobulin A; Ecc = Eccentric; FT:CT = Flight Contraction Time.

The GEE models identified 18 significant workload effects related to the load-response
markers. Thirteen significant interactions were found between acute and chronic workloads
and CMJ variables. s-IgA was significantly influenced by the interaction of acute and
chronic workload variables and there was also an association between perceived wellbeing
and acute and chronic workloads. The interactions between chronic distance and acute
sprint workload and chronic RPE and acute sprint workload, influenced the highest number
of load-response markers (four out of the six) and in total 10 different workload interactions
influenced the load-response markers.

When analysing the CMJ results, only one workload interaction, between chronic
distance and acute RPE, was found to significantly affect jump height (β = −0.64857,
SE = 0.25093, p = 0.009). When acute RPE was <−1 SD below the mean and chronic distance
increased, jump height improved (red line, Figure 1a). However, when acute RPE was
>+1 SD above the mean and chronic distance increased, jump height tended to decrease
(green line).

The interaction between chronic distance and acute sprint was significant for the other
three CMJ variables (eccentric duration, β = 0.010847, SE = 0.003074, p < 0.001; eccentric
mean power, β = −0.19010, SE = 0.05015, p < 0.001 FT:CT, β = −0.018239, SE = 0.005990,
p = 0.002). When acute sprint distance was <−1 SD and chronic distance increased, eccentric
duration improved (red line, Figure 1b), whereas it was poorer when acute sprint was >+1
SD (green line). Eccentric mean power (Figure 1c) and FT:CT (Figure 1d) both improved
when chronic distance increased, and acute sprint distance was <−1 SD (red line) and
reduced when acute sprint was >+1 SD (green line).
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Figure 1. Acute and chronic training load interactions and their effect on jump height, eccentric
duration, eccentric mean power and flight:contraction time performance. Interaction between acute
RPE and chronic distance for: (a) jump height. (b) Interaction between chronic distance and acute
sprint for: eccentric duration, (c) eccentric mean power and (d) flight contraction time.

Chronic high-intensity distance (β = 0.005620, SE = 0.001990, p = 0.004), and the
interaction between acute distance and acute sprint distance (β = 0.005467, SE = 0.002089,
p = 0.008) influenced eccentric duration (Figure 2a,b). Chronic high-intensity distance
(β = −0.015233, SE = 0.004052, p < 0.001) and the interaction between acute distance and
acute sprint distance (β = −0.013180, SE = 0.003973, p < 0.001) influenced FT:CT.

As chronic high-intensity distance increased in isolation a significant effect was de-
tected for both eccentric duration (slower) and FT:CT (slower). Similarly, the workload
interaction of acute sprint and acute distance influenced both eccentric duration and FT:CT
in the same way. When acute sprint was <−1 SD below the mean and acute distance
increased, eccentric duration and FT:CT improved (red line, Figure 2b,d). However, when
acute sprint was >+1 SD above the mean and acute distance increased, eccentric duration
and FT:CT tended to slow (green line).

For s-IgA, interactions between acute sprint and chronic RPE (β = −0.15090,
SE = 0.05450, p = 0.005), acute high-intensity distance and chronic distance (β = −0.17379,
SE = 0.06266, p = 0.005), acute sprint and chronic distance (β = 0.17797, SE = 0.05559,
p = 0.001) and acute high-intensity distance and chronic RPE (β = 0.17990, SE = 0.05133,
p < 0.001) were found.
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Figure 2. Acute and chronic training load interactions and their effect on eccentric duration and
flight contraction time performance. (a) Interaction between chronic high-intensity distance and
eccentric duration, (b) Interaction between acute distance and acute sprint and eccentric duration,
(c) Interaction between chronic high-intensity distance and flight contraction time, and (d) interaction
between acute distance and acute sprint and flight contraction time.

When chronic RPE and chronic distance were <−1 SD below the mean and acute
sprint and acute high-intensity distance increased, s-IgA was elevated (red line, Figure 3a,b).
However, when chronic RPE and chronic distance were >+1 SD above the mean and acute
sprint and acute high-intensity distance increased, s-IgA suppression occurred (green line).
When analyzing the workload interactions between chronic RPE and acute high-intensity
distance and chronic distance and acute sprint the reverse effects were seen on s-IgA
(Figure 3c,d). When chronic distance and chronic RPE were <−1 SD below the mean and
acute sprint and acute high-intensity distance increased, s-IgA suppression was seen (red
line, Figure 3c,d). However, when chronic distance and chronic RPE were >+1 SD above
the mean and acute sprint and acute high-intensity distance increased, s-IgA elevation was
observed (green line).
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Figure 3. Acute and chronic training load interactions and their effect on s-IgA. (a) Interaction
between acute sprint and chronic RPE (b), acute high-intensity distance and chronic distance (c),
acute sprint with chronic distance, and (d), acute high-intensity distance and chronic RPE.

For perceived wellbeing, the interaction between chronic distance and chronic sprint
distance (β = −0.0379, SE = 0.01304, p = 0.003) was significant, whereby, when chronic
sprint was <1 SD (red line) or within mean parameters (blue line) and chronic distance
increased, perceived wellbeing decreased (Figure 4a). When chronic sprint was >+1 SD
(green line) and chronic distance increased, perceived wellbeing improved. This same
interaction was observed between acute sprint and chronic high-intensity distance and
eccentric duration (β = −0.011011, SE = 0.003754, p = 0.003), between acute sprint distance
and chronic RPE and eccentric duration (β = −0.008477, SE = 0.002513, p < 0.001), eccentric
mean power (β = 0.13399, SE = 0.04937, p = 0.006), and FT:CT (β = 0.014775, SE = 0.004250,
p < 0.001). (Figure 4). The workload interactions between chronic RPE and acute sprint and
their effect on eccentric duration, eccentric mean power and FT:CT all followed the same
pattern. When chronic RPE was either <−1 SD (red line) or within mean parameters (blue
line), and acute sprint increased, the effect on the load-response marker was deleterious.
When chronic RPE was >+1 SD (green line) and acute sprint increased, the effect on the
load-response markers was advantageous (Figure 4c–e)
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Figure 4. The interaction effects of chronic distance and chronic sprint on load-response markers.
(a) Interaction between chronic distance and chronic sprint distance on wellbeing, (b) chronic high-
intensity distance and acute sprint on eccentric duration, (c) acute sprint distance and chronic RPE on
eccentric duration, (d) eccentric mean power, and (e) flight contraction time.

4. Discussion
The present study investigated the influence of acute and chronic workload on per-

ceived wellbeing, neuromuscular performance, and immune function in male professional
football players over the course of a competitive season. The new findings of this study
include: (1) neuromuscular and immune function were poorer when (collectively), acute
loads were high and chronic loads were low, (2) neuromuscular function improved when
both acute and chronic loads were high, and (3) perceived wellbeing improved when
both acute and chronic loads were higher. From a practical perspective, these findings
suggest a protective effect of higher chronic workloads when players are exposed to larger
acute workloads.

To the best of the authors’ knowledge, this is the first study to concurrently inves-
tigate the relationships among workload, perceived wellbeing, neuromuscular perfor-
mance, and immune function in male professional football players. The major find-
ing highlights the potential protective effect of higher chronic loads when male play-
ers are exposed to acute spikes in workload. Players with higher chronic internal load
(s-RPE), who were concurrently exposed to high acute sprint distances, experienced
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increases in eccentric mean power and improved FT:CT and eccentric durations dur-
ing CMJ testing (Figure 4c–e). Consistent with our finding of the potential protec-
tive effect of higher chronic loads, male players with lower chronic loads, experienced
reduced neuromuscular performance (in the form of longer eccentric duration time
(Figures 1b and 4b,c) lower FT:CT time (Figures 1d and 4e), and lower eccentric mean
power (Figure 4d) when exposed to acute spikes in both high-speed running and sprinting.
These findings demonstrate that in comparison to lower chronic loads, high chronic loads
may better prepare male professional football players to tolerate acute spikes in workload,
while also enhancing neuromuscular function. A rationale for this was previously reported
by Morgans et al. [16]. They demonstrated that higher match minutes across a season,
increased weekly workloads and provided an advantageous neuromuscular stimulus in
comparison with players with reduced workloads. The present study demonstrates that
regular exposure to workloads that provide high neuromuscular demand, such as sprint-
ing, provide adaptative stimulus, to enhance, and preserve these qualities during higher
weekly workloads in comparison to lower chronic exposure. With lower chronic workloads,
the frequency, volume, and dose, of neuromuscular training, may not be high enough to
moderate the fatigue response of a spike in workload.

Our finding of suppressed s-IgA with higher acute and chronic loads is consistent
with the results of other male professional football studies [25,35]. Sustained, high volume
training (>+1 SD, chronic distance) suppressed s-IgA when coupled with spikes in acute
high-intensity distance (Figure 3b). This was also evident when chronic RPE and acute
sprint distance were high (Figure 3c). Gleeson et al. [36] reported that a suppression of s-IgA
occurs during periods of high volume or high-intensity workload across a 7-month study in
elite swimmers. Our study also showed that periods of high chronic distance and chronic
RPE were associated with elevated s-IgA when acute spikes in sprint and high-intensity
distance occurred (Figure 3b,d). These findings are consistent with the literature, validating
s-IgA as a biological stress marker and a useful tool to infer immune system function [20].
There is more variance in weekly workload and training stimulus across the energy systems
in male professional football when compared to elite endurance swimmers [36], who saw
a transient reduction in s-IgA over a longitudinal period with high volume endurance
training. Nevertheless, the findings of the present study, indicate that when workload
deviates from homeostasis, either acutely or chronically, s-IgA is a sensitive tool to detect
suppression of immune function.

A disruption (either elevation or suppression) in immune homeostasis can result in
reduced exercise performance and diminished ability to sustain heavy training [20]. This
can then compromise an athlete’s ability to prepare for their next competitive encounter,
and reduce their adaptative capability from a training or competition exercise stimulus [37].
Therefore, we hypothesize that the ability to proactively plan a players’ training week
based on s-IgA information can help practitioners reduce the risk of underperformance by
manipulating the volume and intensity of training for the subsequent week.

The finding of an improved state of wellbeing when chronic distance and sprint work-
loads were high (Figure 4a) is consistent with other studies that have demonstrated that
acute and chronic loads with less variation, resulted in better perceived wellbeing in male
professional footballers [38]. This finding shows the value of consistent, appropriate, and
well prescribed chronic workloads in improving the perceived fatigue response. Contrary
to previous literature in male football [39], no significant interactions were found between
acute workload spikes and increased subjective fatigue. Thorpe et al. [18] highlighted an
elevated perceived fatigue response following acute spikes in high-intensity running and
Moalla et al. [38] described disruptions to perceived sleep quality, when acute workloads
were high. A possible explanation for the differing results between the present and previous
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studies is the methodology used. Both Thorpe et al. [18] and Moalla et al. [38] analyzed
the individual constructs (i.e., sleep, fatigue, stress etc.) daily. Conversely, the present
study measured global wellbeing on the first day of the week, after a day off. Nonetheless,
the findings of Thorpe et al. [18] and Moalla et al. [38] support the main findings of the
present study, describing a deviation in the fatigue response when an individuals’ workload
fluctuates outside of a normal range.

The acute and chronic workloads performed by the professional football players in our
study were higher than previously reported in male Premier League footballers [10]. This
demonstrates that the participants in our study were exposed to a physically demanding
training and match model across the season, encompassing consistently high chronic work-
loads. Well-developed chronic workloads represent a higher state of fitness and provide
athletes with a better ability to tolerate acute spikes in workload [4], observed previously
within male professional and youth football [10,11]. However, unforeseen spikes in acute
workload can occur due to the variation in match-to-match physical demands or following
prolonged exposure to limited playing time. In English male, professional football, the
weekly match stimulus results in higher workloads for starters than substitutes [16]. More-
over, natural variation occurs in match-to-match physical load due to the differing tactical
constraints, possession time, score line, weather and playing position [15], exposing the
players to differing levels of physiological strain from match-to-match. There is a lack of
consensus within the literature regarding an optimal acute and chronic load to adequately
prepare male players for the demands of match-play [13,14]. The present study provides
evidence to support the notion that having a chronic workload that enables a player to
absorb the acute demands of match-play, whilst also allowing them to prepare for the
most demanding passages of play, should support optimal performance and mitigate the
fatigue response.

5. Conclusions
Eighteen significant interactions were found between workload and load-response

markers. In general, when chronic workloads were low and spikes in acute workload
occurred, significantly poorer neuromuscular and immune function occurred. Furthermore,
CMJ performance and perceived wellbeing improved when chronic workloads were higher
and acute spikes in workload occurred.

6. Limitations
This study has some limitations that should be recognized. Firstly, the study did not

differentiate between starters and substitutes for acute and chronic workloads and their
subsequent effect on the load-response markers. Therefore, the significant interactions
observed between workload variables and the load-response markers do not account for
how those workloads were accumulated. Secondly, the external workload was assessed
using traditional speed band classification variables. Therefore, the mechanical load of
acceleration, deceleration, and changes of direction, along with the metabolic stress of
locomotion covered above an individual’s maximal aerobic speed or the higher ranges
of their anaerobic speed reserve, were not accounted for in the workload variables. As
technology advances and the ability to reliably assess these metrics in both training and
match-play improves, this should be an area of focus for future research. Thirdly, there
are numerous methods to assess wellbeing, neuromuscular function and immunological
function. This study focused on three valid methods for assessing these parameters. Lastly,
it is important to note that this study was only carried out on male professional footballers.
Although inferences can be made due to the similar energetic and metabolic demands
involved in male and female football, future research including both genders is warranted.
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