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ABSTRACT

International Journal of Exercise Science 17(5): 382-404, 2024. Meta-session autoregulation, a person-
adaptive form of exercise prescription that adjusts training variables according to daily fluctuations in performance
considering an individual’s daily fitness, fatigue, and readiness-to-exercise is commonly used in sports-related
training and may be beneficial for non-athlete populations to promote exercise adherence. To guide refinement of
meta-session autoregulation, it is crucial to examine the existing literature and synthesize how these procedures
have been practically implemented. Following PRIMSA guidelines a scoping review of two databases was
conducted from August 2021 to September 2021 to identify and summarize the selected measures of readiness-to-
exercise and decision-making processes used to match workload to participants in meta-session autoregulatory
strategies, while also evaluating the methodological quality of existing study designs using a validated checklist.
Eleven studies reported utilizing a form of meta-session autoregulation for exercise. Primary findings include: (i)
readiness-to-exercise measures have been divided into either objective or subjective measures, (ii) measures of
subjective readiness measures lacked evidence of validity, and (iii) fidelity to autoregulatory strategies was not
reported. Results of the risk of bias assessment indicated that 45% of the studies had a poor-quality score. Existing
implementations of meta-session autoregulation are not directly translatable for use in health promotion and
disease prevention settings. Considerable refinement research is required to optimize this person-adaptive strategy
prior to estimating effects related to exercise adherence and/or health and fitness outcomes. Based on the
methodological deficits uncovered, researchers implementing autoregulation strategies would benefit reviewing
existing models and frameworks created to guide behavioral intervention development.

KEY WORDS: Individualization, optimization, training variability, behavioral treatment
development, health behavior, precision behavioral medicine

INTRODUCTION

Exercise is one of the most frequently prescribed behaviors in both health promotion and disease
prevention settings (19). Substantial evidence demonstrates that exercise yields both
psychological (45) and physiological benefits (63). Although numerous exercise interventions
have been designed and implemented, Dishman et al., (16) reported that 50% of adults engaged
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in an exercise program will abandon the activity within one year. More recent reports
demonstrate that just 37% of individuals beginning an exercise program will sustain the
behavior after one year, despite exhibiting high motivation and possessing knowledge of the
benefits of exercise (20). Consistency in exercise behavior may be particularly difficult because
of the day-to-day fluctuations in non-training related stressors (33), the series of coordinated
actions needed to enact exercise (24) and the variety in individuals’ abilities to perform and
respond to the effect of this training (30, 66). Thus, due to the complexity associated with exercise
behavior, experts have suggested that exercise programs be presented with the flexibility to be
person-adaptative, avoiding broad application of one-size-fits-all approaches (9, 11, 51).

Autoregulation is an existing model, conceptualized for sport-related physical training in
athletes, that may be useful for guiding flexible, person-adaptive exercise programming for
various untrained populations (22, 75). The premise of autoregulation is that the daily training
demand should be adjusted accordingly to the individuals perceived performance capabilities.
Under experimental conditions, several autoregulatory approaches to exercise have been
demonstrated to perform as well as, or superior to programs that utilize a predetermined
schedule of training demand to improve outcomes related to strength (10, 27, 43, 46, 81) and
body composition (58). Several forms of autoregulation exist and can be categorized based on
the time scale with which the measurement and/or adjustment of training variables occurs
(within-session and meta-session) (22). Specifically, within-session autoregulation encompasses
the use of repetitions in reserve (RIR), rate of perceived exertion (RPE), and velocity-based
training (VBT) to adjust training variables, as needed, during the training session occurring. At
the meta-session level, the use of flexible nonlinear periodization (FNLP) and heart rate
variability (HRV)-based training directs that a target training session is selected based on pre-
exercise trainee attributes (i.e., mental/physical readiness, deviation in HRV) and then
completed without further adjustments. Given the variety of autoregulatory models, it is
important to consider the benefits and limitations of each to identify which model(s) may be
most promising to adapt for novice exercisers.

While applying with-in session autoregulation may allow for more instantaneous modifications
to training variables (i.e., adjusting exercise selection, number of sets and repetitions, and
intensity, and/or duration in real time), there may be limitations in utilizing this method in
untrained individuals. Specifically, while VBT uses objective monitoring to guide within-session
training adjustments in response to localized muscular fatigue (21, 65), however this method is
limited by its specificity to resistance training only and by the availability of costly liner position
transducers (i.e., > $500 per unit), which may be prone to device specific limitations in accuracy
(56). Conversely, autoregulatory methods relying on RPE/RIR incur no cost, as ratings are a
subjective measure of an individual’s perception measure of muscular or total body fatigue.
However, perceptual based training has been reported to be less accurate among the untrained
populations (71), and in high-repetition sets (23). Thus, RPE/RIR as an autoregulatory method
may be more appropriate and effective for trained individuals who can more accurately perceive
interoceptive cues and forecast future outcomes in the moment to properly adjust training
variables throughout the training session.
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The application of meta-session autoregulation, which relies on a single daily decision, may be
more manageable for novice individuals who are not yet adept to continuously monitor training
responses and appropriately adjust to exercise demands across the session. Instead, meta-
session methods first require a pre-exercise assessment. In the case of FNLP, trainers utilize a
pre-exercise assessment of mental and physical readiness, which can include a “trial run” of the
chosen workload (39). Alternatively, assessments of HRV are conscientiously targeted as a
single objective measure that is sensitive to various behavioral (i.e., sleep quality), physiological
(i.e., illness), environmental, and psychological (i.e., stress, mood) factors, with the purpose to
adjust the training stimulus contingent with observation in high-frequency oscillations in R-R
intervals (18, 35). Then based on the pre-exercise assessment, a training session is selected to
best match the current condition of each individual, purportedly allowing for high quality
performance of the entire session, theoretically without the need for further adjustments to
during the training session. It is important to consider, however, that modification or application
of meta-session autoregulatory strategies must be guided empirically to best serve the aim of
providing person-adaptive programming for novice or at-risk individuals.

In line with published guidelines for appropriately designing and efficiently optimizing
behavioral intervention strategies (13), preliminary work must include reviewing and
summarizing existing literature to understand how meta-session autoregulation strategies have
been implemented to date. That is, a thorough review is likely to provide important insights and
gaps in understanding that must be addressed before prematurely testing a strategy (i.e., meta-
session autoregulation) within a sample of untrained individuals, which may prove suboptimal
without necessary refinements. Given that meta-session autoregulation represents a potential
model for person-adaptive programming, we aim to investigate how such strategies have been
implemented in research studies under experimental training conditions. By identifying any
observed commonalities regarding key implementation considerations, we can provide an
initial foundation of knowledge to guide subsequent refinement towards optimization.
Therefore, this review aims to identify, summarize, assess the quality, and discuss studies where
meta-session autoregulation strategies have been implemented for exercise.

METHODS

Search Strategy

A literature search was conducted between August and September 2021 based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Extensions for Scoping Reviews
(PRISMA-ScR) (79), ensuring full adherence to the ethical standards outlined by the
International Journal of Exercise Science (52). Peer-reviewed articles from August 2000 to the
date of the initial search (August 26th, 2021) were retrieved using PubMed and SportsDiscus
databases. “AND’ Boolean searches were completed with six terms related to autoregulation
("autoregulation," "autoregulatory," "periodization," "periodized," "flexible non-linear," "flexible
nonlinear") in conjunction with eleven terms related to modes of exercise and potential
outcomes of exercise ("resistance training,", "strength," "physical activity," "physical therapy,"
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"aerobic," "exercise," "endurance," "composition," "mass," "hypertrophy," "training"), resulting in
66 individual searchers per database. No MeSH terms were conducted during this process.

Inclusion Criteria

To be included in the final analysis, articles were (i) written in English, (ii) published between
August 2000 and August 2021, (iii) published in a scholarly peer-reviewed journal (iv) utilized
any form of meta-session autoregulation for at least one group within any study designs. The
tirst author conducted the full literature search from both databases, screened titles and
abstracts, and evaluated the publications that were considered eligible for inclusion. The second
author independently repeated the process within the same month, and the two processes were
compared to calculate interobserver agreement (IOA). Initial IAO for titles and abstract
screening was 96% and 98% respectively. In the event of any discrepancies unresolved by the
tirst two authors, this issue was then referred to the third (senior) author, however an agreement
of 100% was after the first 2 authors met for discussion. All authors agreed upon the final list of
included articles. The first author conducted and compiled the study's descriptive and
performance outcomes independently.

Methodological Quality

The quality of each selected article was assessed using the checklist developed by Downs and
Black (17). This tool was selected because it provides a comprehensive assessment of the
methodological quality of both randomized and non-randomized studies in health-related
research and has been validated as a tool to evaluate the quality of reporting as well as internal
and external validity (17). It is made up of 27 criteria, which are related to reporting (10 items),
external validity (3 items), internal validity - bias (7 items), internal validity - confounding
(selection bias; 6 items), and statical power (1 item). All criteria have a value of 0 to 1, except for
two criteria. Criterion 5 allows for a maximum score of 2 points and criterion 27 allows for a
max score of 5 points. Criterion 27, “Did the study have sufficient power to detect a clinically
important effect where the probability value for a difference being due to chance is less than
5%7?” was altered to a 0 to 1 score, based on whether the authors conducted a power analysis to
detect a significant clinical effect of at least 0.08, with alpha at 0.05, with a score of 0 meaning
“no” and 1 meaning “yes.” Thus, an individual study could be scored between 0 and 28 points,
with higher scores indicating a stronger methodological quality study. The first author
conducted the full assessment independently and used score ranges suggested by Hooper et al.,
(29) that correspond to levels of quality: Excellent (26-28), Good (20-25), Fair (15-19), and poor
(=14).

RESULTS

Study Selection and Characteristics

The PRISMA flow diagram outlining the literature search strategy is illustrated in Figure 1. The
initial search of all databases generated 8,616 titles (4,698 obtained from PubMed and 3,918 from
SportsDiscus). After removing duplicate titles, the total was reduced to 2,165 remained for initial
review. Upon screening the titles and abstracts, 40 articles were considered eligible for a full text
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read. An additional 6 articles were added based on screening the references of the 40 articles
that were considered eligible for a full review. Of the 46 articles read in full, 34 were excluded
based on the following criteria: intervention investigated within session autoregulation (17
articles), did not include any identifiable form of autoregulation (16 articles), publication was
limited to an abstract (1 article). Thus, in total, 11 studies were included for review. Among these
included studies, seven included a condition guided by FNLP and four studies included a
condition guided by HRV. Sample sizes ranged from 16 to 60 participants. Six studies included
physically active individuals, however thresholds towards this classification varied (i.e.,
performing regular physical activity for at least 6 months for a minimum of 150 minutes per
week (48)). Four studies included untrained individuals and one study had specifically
included collegiate athletes. Regarding FNLP, four studies only included resistance training
exercise, while three utilized concurrent training, with variability in programing variables. All
HRV-based training studies targeted only aerobic exercise. Detailed study characteristics can be
found in Table 1.

[ Identification of studies via databases and registers J [ Identification of studies via other methods }

—
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Figure 1. PRISMA flowchart of screening, exclusion, and inclusion criteria.
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Methodological Quality of Included Studies
Quality scores are summarized in Table 2. The average quality score was 16 (‘fair’) out of 28.
Point deductions were generally due to reporting adverse events (N = 16), blinding (N = 15),
reliable compliance (N = 16), reporting the specific details about the recruitment population (N
= 14), including recruitment timeframes.

Table 6. Results of Downs and Black checklist for assessment of methodological quality.

Reporting Extgrr}al Bias  Confounding =~ Power  Overall )
Author group (year) validity Rating*
0-11 0-3 0-7 0-6 0-1 0-28
Flexible nonlinear periodization
McNamara et al. 2010 4 1 4 5 0 14 Poor
McNamara et al. 2013 3 1 4 4 1 13 Poor
da Silva et al. 2016 8 0 4 2 0 14 Poor
Colquhoun et al. 2016 9 0 5 3 1 18 Fair
Rodrigues et al. 2019 6 0 4 2 1 13 Poor
Medeiros et al. 2020 6 0 4 3 0 13 Poor
Walts et al. 2021 9 2 4 5 1 21 Good
Heart rate variability
Kiviniemi et al. 2007 9 0 4 3 1 17 Fair
Kiviniemi et al. 2010 9 0 4 3 1 17 Fair
Javaloyes et al. 2018 8 0 4 3 0 15 Fair
Javaloyes et al. 2020 9 0 4 3 0 16 Fair
*According to Hooper et al., (2008) recommendations Excellent (26-28), Good (20-25), Fair (15-

19), and poor (< 14).

Structural Features of Meta-Session Autoregulation

Readiness Metrics to Guide Training Decisions: Descriptions of subjective readiness under FNLP
varied. In three studies (14, 48, 61), detailed descriptions of readiness were absent. In the
introduction, Da Silva et al., (14) only contextualized FNLP in the introduction as “programing
that may vary daily or weekly, depending on the physical and psychological state of the
individual” (p. 2). Similarly, Medeiros et al., (48) described FNLP in that “daily workload
intensity and volume are based on the participants pre-exercise mental/physical state” (p. 1).
Rodrigues et al., (61) also provided a limited description of readiness as “allowing the subject to
take into consideration their daily variation in physiological and mental conditions” (p. 3). In
these cases, the specific constructs measured to assess readiness are unknown.

Subjective readiness was described in four studies that implemented FNLP (10, 46, 47, 81), with
variation in operationalization. McNamara and Stearne (46) implemented a single 0-10 energy
scale, where zero represented no energy, and ten represented “full motivation and maximum
energy to work out” (p.10). In a later study focused on concurrent training McNamara and
Stearne (47) instructed participants to consider mood, preference, and energy levels to select
duration of aerobic training and the intensity for resistance training. Colquhoun et al., (10)
instructed participants to assess their motivation to train using a 5-point Likert scale before
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selecting their training session. Walts et al., (81) asked collegiate athletes to use a mobile
application (TeamBuildr) to rate their state of readiness using a single pre-exercise question:
"Based on how your body feels and your current mindset, how ready are you for today's
training?". The outcome ‘feel or mindset’ was then rated as ‘good, fair or, poor” None of the
studies included validated items or surveys when measuring readiness or provided empirical
or theoretical support for the chosen indices.

Objective measures of readiness were exclusively based on HRV, with specific focus on high
frequency (HF) power (38), or root-mean-squat differences (31, 32, 37) metrics. In each case, the
time of the HRV measurement was consistently completed under the following conditions: at
home, in the morning after awakening, and after voiding the bladder. The positioning and
duration of the HRV measurements varied as less burdensome procedures were adopted
between earlier and later studies. Specifically, Javaloyes et al., (31) required participants take
their measurement in a supine position for 3 minutes. However, later, Javaloyes et al., (32)
required participants take their measurement in a supine position for 90 seconds. Similarly,
Kiviniemi et al., (38) first required participants to measure HRYV first in a seated position for 5
minutes followed by 5 minutes of standing and later only utilized a standing position for 3
minutes. HRV was determined using commercially available heart rate monitors with a chest
strap (31, 38), a “tailored noncommercial” heart rate monitor (37), or the HRVTraining
smartphone application, which leverages the camera flash over an individual’s fingertip to
measure heart rate and HRV (32).

Process of Matching Readiness Metric(s) to Bout Decisions: Within the FNLP literature, the
procedures of appropriately matching readiness to a training bout have varied with limited,
evidence-based directives. Three studies did not include the methods by which individuals
selected (or were assigned) each session throughout the training program (14, 48, 61). While not
explicitly stated, it is reasonable to presume that Colquhoun et al., (10) allowed participants to
self-select which training session (i.e., hypertrophy, power, strength) to complete each day.
McNamara and Stearne (46, 47) similarly allowed participants to self-select training sessions,
but the selection process became more restricted through the process of elimination (i.e., after
competition of the 10RM sessions, these sessions could no longer be chosen), such that
participants "would be required to complete the workouts that they may have been previously
avoiding” (p.20) (46) or “toward the end of a mesocycle, subjects had fewer options.” They
eventually were required to complete the workouts that had been avoided earlier” (p. 1466) (47).
Walts et al., (81) utilized a color-coded process. “Good”, “fair”, and “poor” state of readiness
scores were characterized as ‘green’, “yellow’, and ‘red’, respectively, Selection of the green or
yellow ratings triggered the application to present either a high or low volume and intensity
workout, respectively. Red ratings triggered a prompt to avoid training that day and rest. Once
a session was completed, it was no longer available to be selected within a 4-week block. No
studies utilizing subjective readiness scores included evidence of fidelity to the FNLP
framework (i.e., that the workload performed did correspond to readiness).
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In all HRV-based training studies, the session to perform was imposed on individuals based
exclusively on their HRV in the context of rolling averages to determine “recovery status” (31,
32,37, 38). Kiviniemi et al., (38) defined an under recovered state as a daily score lower than the
rolling 10-day average of HF power, calculated as the standard deviation of the 10-day HF
power subtracted by the 10-day average HF power. In two studies, a seven-day rolling average
of the natural logarithm of the root-mean-square differences (LnRMSDD7day-roll-avg) - Obtained by
calculating the consecutive time difference between heartbeats - in combination with the
smallest worthwhile change was the measurement approach to interpret recovery status (31, 32).
One study, (37) examined the smallest worthwhile change of LnRMSDD7day-roll-avg, calculated as
“mean + 0.5 x SD,” to determine participant recovery status (a SD1 daily value lower than the
“SD-mean” of a 10-day rolling reference value = under-recovered). In all instances, the same
decision-making schema developed by Kiviniemi et al., (38) was implemented with each
beginning with an initial low-intensity training session followed by a high-intensity training
session regardless of a participants HRV score. Then, if the HRV score was below the rolling
average range, a low-intensity training was prescribed for the third session. Further decreases
in HRV resulted in a rest day being prescribed. A maximum of 2 rest days were allowed, with a
low-intensity training session assigned on the following day regardless of the HRV score. If the
HRYV score after the first two sessions was above or within ‘recovery’ range, a high intensity
session was assigned, but only for 2 consecutive days, and thereafter a low intensity training
bout was prescribed. Additionally, after nine consecutive days of training, a day of rest was
prescribed regardless of the HRV score. None of the studies utilizing objective readiness scores
included evidence of fidelity to the HRV framework, similar to subjective metrics of readiness.

Physical Performance and Psychobehavioral Outcomes: A majority of the included studies assessed
performance with various measures utilized for anaerobic and aerobic outcomes (10, 14, 31, 32,
37, 38, 47, 48, 81). Less frequently measured were psychosocial, cognitive, or perceptual
outcomes, such as post-session ‘fatigue sensation” (37, 38) post-training quality of life (48), and
performance satisfaction (10). Additionally, none of the included studies evaluated any health
outcomes. Further detailed reporting of outcome measures can be found in Table 3.
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DISCUSSION

The present review aimed to characterize how researchers have implemented meta-session
autoregulation strategies for exercise. From this summary, several key findings emerged. Within
the reviewed literature, readiness - the metric purported to guide training-related decisions -
has been measured using either strictly objective (HRV) or subjective approaches. However,
none of the studies within this review provided information on the validity of the implemented
measures of readiness. Similarly, participants’ fidelity to the respective autoregulatory strategies
are seemingly assumed, with no supporting empirical evidence presented across studies. These
gaps correspond to the poor-to-fair ratings of quality observed across studies. The following
discussion provides suggestions to improve the quality and usability of future research directed
toward meta-session autoregulation.

Across the existing literature, indices of readiness were obtained using either objective or
subjective approaches, both of which present with important strengths and limitations to
consider. Objective approaches are often selected as a means of minimizing several biases that
affect the validity and reliability of subjective measures, such as the measure’s sensitivity and/ or
individuals” subjectivity (67). Unfavorable changes in HRV, for instance, are purportedly
indicative of both physiological and psychological determents (18, 35), offering a means of
accounting for both domains without the potential for individuals to over or under state their
moods, emotions, or stress levels. Individuals may also find objective measures easier to monitor
and interpret, as thresholds are often utilized to quantify physiological and performance
capabilities, which then can inform diagnostic testing and training prescriptions (60, 70).
Measuring the physiological status of an individual partaking in an exercise program is
commonly recommended (15), despite being known to be time-consuming while also relying
heavily on medical examinations that incur additional financial costs (41). However, to date,
emerging physiological monitoring methods - such as HRV - are becoming increasingly popular
due to decreased product costs and increased portability that allow for the opportunity to
measure real-time physiological status (8).

Despite these improvements in more accessible devices measuring objective markers,
limitations still exist. Researchers have noted inconsistent reliability between different
conditions, error due to system miscommunication, with additional implications for battery life,
data and software management (1, 55, 69). Further, relying purely on objective measures of
readiness using wearable devices may distract practitioners from the participant in front of them
and undermines the ability of participants partaking in exercise to innately integrate and process
their own perceptions accurately (2, 68). The potential also exists for incongruency between
objective and subjective reports, such that an individual’s own perceptions and performance
differ substantially from the interpretations based on objective feedback. For example, a
previous study in rugby athletes found objective measures from self-organizing maps and
percentage of high-intensity heart rate to have poor fit with ratings of perceived exertion (RPE)
in a tournament setting (4), risking athletes being removed from competition despite feeling
good and performing well. Similarly, reliability in predicting recovery status was observed to
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be poor between HRV and subjective scores from the Short Recovery and Stress Scale for Sports
or session RPE (25, 42). Researchers have also previously reported approximately 50%
unexplained variance between objective heart rate-derived measures and session RPE (82). Such
incongruency has also been documented in clinical settings - for example, those with somatic
symptom disorder subjectively report physiological symptoms (e.g., body pain, fatigue,
perceived disturbances in cardiovascular or gastrointestinal function) in absence of an objective
biological cause (40). Participants that do not fully understand or agree with the guidance
procedures (due to incongruency) are unlikely to fully and appropriately engage with the
process and may be more open to providing misleading readiness ratings (12, 74). To reduce the
possibility of incongruency, consideration of both objective and subjective indices should be
explored. Previously Saw, Main and Gastin (68) found that subjective measures appear to report
training stress with similar or superior sensitivity and consistency when compared with
common objective measures concluding that, although subjective and objective monitoring are
distinct in acquiring information (and their interpretations do not always agree) they can
complement each other. Therefore, it seems important to distinguish when subjective
perceptions are sufficient to determine readiness and when complementary objective
information is needed to properly align the training demand to the individual.

Limiting our ability to make informed decisions on whether to use objective, subjective, or
combined indices of readiness for meta-session autoregulation is the lack of evidence for
validity. Based on the current findings, the previously applied indices of readiness appear to
solely rely on face validity (i.e., indices appear suitable for their aims). In support of face validity,
the variety of subjective constructs measured for FNLP do align with commonly reported
barriers and determinants of exercise in the general and untrained population, such as
motivation, stress, and energy levels (26, 36, 83). In later research, Strohacker and colleagues
used inductive quantitative and qualitative approaches to define dimensions of readiness as
including affective states (moods/emotions), activation states (energy/fatigue), physical states
(bodily sensations, such as discomfort, pain, hunger/satiety, hydration), perceptions of physical
fitness, and motivation (motivational type, mental focus) (76, 77). Thus, to achieve content
validity (i.e., test is fully representative of all aspects of the construct), future instruments should
account for the multivariate nature of readiness.

Instruments designed specifically to assess readiness should also strive to demonstrate criterion
validity via prediction of relevant outcomes. Prior research has shown that readiness-related
constructs (e.g., mood/emotional state, energy/fatigue ratings, physical condition) experienced
in pre-exercise contexts have predicted affective valence (pleasure vs. displeasure) during acute
exercise (73) or have been cited as influencing affective ratings during exercise using “talk aloud’
procedures in a laboratory setting (62) and recreation facility exit surveys conducted in a
university setting (3). Finally, readiness assessment instruments must be examined for construct
validity, which refers to the degree to which an instrument measures the trait or theoretical
construct that it is intended to measure (6). Recent work by Keegan et al., (34) and Summers et
al., (78) has demonstrated both convergent and discriminant validity (subtypes supporting
construct validity) of the Acute Readiness Monitoring Scale; scores showed sufficient associations
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with existing validated instruments for related constructs, and responsiveness to the effects of
acute sleep deprivation while also relating to associated changes in awakening responses in
cortisol and cognitive task performance. While the Acute Readiness Monitoring Scale was
developed for more generalized readiness states for military populations, five of its nine
subscales should be relevant to exercise: physical readiness (“I am physically fit”), physical
fatigue (“I am fatigued”, “my muscles are sore”), cognitive readiness (“I can focus well”),
cognitive fatigue (“I am mentally tired”), and threat-challenge readiness (“I can handle
unpleasant feelings”). As such, research is warranted to assess the utility of this scale in exercise
settings.

A particular gap within the meta-session autoregulation literature is that no researcher has
presented evidence of fidelity for in matching participants” readiness to training demand (i.e.,
low readiness followed with a low demanding session). Intervention fidelity refers to the extent
to which a behavioral intervention was designed, implemented and received as intended (49).
Researchers may have assumed both measurement validity and intervention fidelity based on
generally favorable physiological and performance outcomes. Further, providing a relatively
rigid decision guide or specific directives (flow chart for HRV-based training; color-coded
application for FNLP) may minimize participants’ cognitive burden, which is an important
consideration for buy-in and behavioral enactment (57). However, the provision of autonomy
(noted for the majority of FNLP-based studies) has strong theoretical support regarding
behavioral adherence (64). Unfortunately, individuals regularly depart from rational decision-
making due to several biases and heuristics (mental shortcuts employed to reduce complex,
deliberate thought processes into a more time-efficient process) (5, 59, 80). Although no study
in this review mention such constructs, Colquhoun et al., (10) may have been attempting to
mitigate biased decision-making when color-coding workouts as ‘green,” ‘red,” and ‘blue,” rather
than using the sessions’ outcome descriptors (hypertrophy, strength, power). Bias mitigation
may have also been intended when preventing participants from repeating a given session upon
completion (i.e., choices became more restricted over time) (46, 47). Beyond these assumptions,
however, explicit assessment and reporting of fidelity in future meta-session autoregulation
studies is critical as poor fidelity increases the risk of type 1 and 2 errors, resulting in spurious
conclusions about intervention effectiveness (49). Further, assessing fidelity can facilitate easier
replication, and implementation of behavioral interventions in real-world settings (44).

To enhance the development and refinement of meta-session autoregulation, it is important to
adopt a flexible and iterative approach for pre-efficacy research (13). While randomized
controlled trials are considered the standard in testing treatment efficacy, relying solely on them
during early-stage development can hinder creativity, stifle discovery, and result in ineffective
treatments. Additionally, the time-consuming nature of randomized efficacy trials can render
outcomes irrelevant due to technological advancements or new discoveries, possibly limiting
the utilization of objective measures of readiness (53). Therefore, there is a need for designs that
are both rapid and robust during these early pre-efficacy stages. Researchers implementing
meta-session autoregulation should strongly consider these authors’ recommendations to utilize
existing frameworks and checklists to assess fidelity and improve methodological rigor (e.g.,
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NIH Behavior Change Consortium Treatment Fidelity Framework (7), Medical Research
Council guidance on process evaluations (50), Template for Intervention Description and
Replication Checklist (28).

Conclusion: The current review aimed to understand and summarize basic elements of meta-
session autoregulation, a key step in early-stage research towards intervention optimization
(13). Despite general demonstrations of physiological benefits, research in meta-session
autoregulation lacks validation of readiness-related constructs, which limits progress in
optimizing how readiness is measured (objective, subjective, both). A widespread lack of fidelity
assessment further hinders the translation and replication of this strategy in health promotion
and clinical settings, as favorable outcomes cannot yet be confidently linked to the process of
matching exercise demand to individual readiness. Thus, substantial pre-efficacy research is
needed, which stands to benefit from multiple discipline collaboration between experts in
periodization, exercise physiology, health psychology, and behavioral intervention (72).
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