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INTRODUCTION
n this article, risk factors for overtraining among endurance
I athletes will be presented and explored. Additionally, strength
and conditioning professionals will be provided strategies
to monitor training stressors via collection of biomarkers and
performance indicators to ascertain health and readiness of
the endurance athlete and actionable measures to formulate
programming that is effective, efficient, and safe. Overtraining is
characterized by an imbalance in training stimuli and recovery,
which has been shown to evoke subjective feelings of fatigue
and staleness, as well as eventuate decrements in athletic
performance (4,9). A prolonged imbalance in training and
recovery or a disproportionate amount of or abrupt increase in
frequency, intensity, time, or type of activity may elicit overtraining
syndrome, a condition characterized by disruptions in autonomic
nervous system, neuroendocrine, immunological, and metabolic
functioning (9).

Moreover, psychological disturbances, including alterations in
mood and increases in anxiety and incident depression may result
(9,16). Athletes who engage in training that is too voluminous or
frequent face greater musculoskeletal injury risk. In particular,
endurance runners face greater injury risk that is attributed to

a high volume of ground contacts occurring during the early
stance phase of running during which ground reaction forces
measure 2 - 3 times bodyweight (3,5). Common overuse injuries
among runners include medial tibial stress syndrome (“shin
splints”), Achilles tendonitis and tendinopathy, plantar fasciitis
and tendinopathy, iliotibial band (IT band) syndrome, tibial stress
fractures, patellofemoral pain syndrome, and piriformis syndrome
(10,19). Among cyclists, chronic injuries of the lower back, knees,
and groin are most prominent, while upper extremity and knee
injuries are most common among swimmers, though their
incidence and severity are contingent upon years of experience
and the type of stroke employed (21,23).

OVERTRAINING RISK FACTORS

A constellation of variables inclusive of lifestyle, health behaviors,
training history, and overall health status may contribute to
overtraining. An imbalance between training and recovery has
been established to precipitate overtraining among athletes

(22). Specific to endurance athletes, excessive training load,
monotonous training, and increased number of competitions
were all found to perpetuate overtraining in addition to increased
injury risk (8). Blunted recovery in the form of disrupted sleep,
suboptimal nutritional status, and chronic dehydration also

can influence overtraining risk (8,17,18). Further, prior illness or
exposure to altitude or environmental conditions that the athlete
is not accustomed to can contribute to the development of
overtraining syndrome (12). Additionally, psychological stress,
travel, and the cumulative physiological stress incurred by
frequent practices and training can amplify overtraining risk (9).
Athletes subjected to a sudden increase in training load without
adequate recovery may experience tempered immunological

functioning, resulting in an increase in heightened pathogen

risk, including upper respiratory tract infections and blunted
neuroendocrine functioning characterized by reductions in
nocturnal catecholamines, pulsatile luteinizing hormone secretion,
B-endorphin, thyroid stimulating hormone, and growth hormone
concentrations (1,9). Myocellular alterations have also been
implicated in precipitating overtraining syndrome such as chronic
intramuscular glycogen depletion, the accretion and residual
deposition of exercise byproducts such as creatine kinase, lactate,
oxypurines, and other metabolites, prolonged exercise-induced
inflammation, and macrotrauma resulting from prolonged
exposure to training stressors with insufficient recovery (6).

IDENTIFYING OVERTRAINING

Overtraining can be attributed to an assemblage of intraindividual
characteristics such as lifestyle, health behaviors, training

history, and overall health status and may present differently
among a wide range of athletes. Responses to training loads

are highly variable and strength and conditioning coaches who
are responsible for greater numbers of athletes or larger teams
may not be able to aptly detect overtraining nor have time to
determine its exact cause. In consideration of this, strength and
conditioning coaches and those coaching or consulting endurance
athletes should maintain adequate training records to enable the
quantification of training load. For endurance athletes, measures
may include rating of perceived exertion (RPE) and duration in
minutes or calculating and subsequently tracking percentages

of heart rate reserve, VO, reserve, and/or maximal heart rate.
Dissemination of instruments, such as a visual analog scale or
Likert scale to assess soreness, fatigue, energy, and focus, can
provide coaches with valuable and actionable data. If resources
are available, isometric grip strength assessments via hand
dynamometer, postprandial blood draws, and heart rate variability
monitoring may be conducted to ascertain training status and
overtraining risk (7,9,14). Additionally, event performance times
can be assessed, but decrements observed at this point are
ostensibly indicative of overtraining.

PROGRAMMING CONSIDERATIONS

Programming for endurance athletes could be mapped out to
include periodized preparation, competitive, and transitional
phases. Periodization for endurance athletes should be structured
around competitive events or leading up to a competitive season.
Preparation of endurance athletes entails three critical phases:

a general physical preparedness or aerobic endurance phase, a
specific physical preparedness or aerobic endurance plus specific
endurance phase, and finally a specific endurance phase that
carries into the competitive phase in which training volume is
reduced while intensity is maintained (2). The general physical
preparedness phase covers the development of aerobic capacity
or an “aerobic base” through lower intensity, but higher volume
and more frequent training sessions during the early off-season.
The subsequent specific physical preparedness phase builds
upon intensity, volume, and frequency as the athlete transitions
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into the competitive season or nears an event. The culminating
competitive phase marks the season in which the endurance
athlete is competing and is accompanied by a slate of events. It is
during this phase that overtraining risk among endurance athletes
is highest (11).

Tapering strategies can be employed leading up to an event
following a functional overreaching period punctuated by brief
reduction in both training volume and intensity, but particularly
volume (15). Tapering is aimed at conferring improvements in
focus, nutritional status, and musculoskeletal health. A taper of
three weeks was found to improve race performance by 3% among
highly-trained distance runners owing to attenuated inflammation,
increased myosin heavy chain lla fiber type diameter, peak force,
and absolute power (13).

Specific tapering strategies can be employed among endurance
athletes to maintain musculoskeletal health, optimize performance,
and mitigate overtraining risk. Types of tapering strategies which
entail the manipulation of training variables, specifically volume,
frequency, and intensity, have been outlined in the research
(15,20). The four primary tapering strategies include step tapering,
linear tapering, slow exponential tapering, and fast exponential
tapering (20).

Step tapering involves a sharp reduction in volume that may
encompass reductions of up to 50% of training volume while
maintaining intensity. Step tapers are ordinarily implemented 1 - 2
weeks prior to a competition to prioritize health recoverability
while enabling the athlete to train at or near race pace. For
example, a collegiate cross-country runner logging 50 miles per
week will reduce their weekly mileage to 25 miles per week in

the weeks leading up to an event. Findings from a meta-analysis
involving 14 studies on endurance athletes demonstrated that step
tapering significantly improved time-trial performance and time-
to-exhaustion performance (20).

TABLE 1. TAPER TYPES WITH PROS AND CONS

Linear tapering entails a reduction in volume that can be
implemented weekly or in successive training sessions. Linear
tapering can be accompanied by consistent monitoring of
performance and recoverability to guide reductions in training
variables, specifically volume. Exponential tapering encompasses
a reduction in volume at a rate that is proportionate to its current
value and is classified as either “slow” or “fast.” A slow exponential
taper, for example, would entail reductions of 5% in perpetuity,
translating to a reduction of 5% of each successive session. A fast
exponential taper is characterized by an aggressive reduction in
volume that is substantially greater than a slow exponential taper
and is best deployed with precision, especially if in close proximity
to an event. Fast exponential tapering differs from step tapering
as peaking for competition is prioritized over preserving the
health of the athlete. Taper periods spanning three weeks enable
a sufficient reduction in volume that can facilitate improvements
in performance while upholding health. The selection of a tapering
strategy is predicated upon the athlete’s health, training status
and level of fithess, and the proximity of the event when the

taper is initiated.

Table 1 expands on the four primary taper types for endurance
athletes, summarizing the potential pros and cons.

In summary, it is imperative that strength and conditioning
coaches educate endurance athletes and coaches on the risk
factors and dangers associated with overtraining. From the outset,
the management of training variables, specifically volume, is
critical given the cumulative nature and insidious progression

of overtraining and attendant overuse injuries. Some of the

time spent building aerobic capacity might be deleterious

to the health and performance of the athlete and should be
reappropriated to include a complementary resistance training
program and supportive recovery modalities. Training programs
should entail sensible, and evidence-based approaches that
employ periodization and tapering that both consider individual
characteristics of the athlete and carefully balance the cardinal
programming parameters of frequency, intensity, time, and type to
mitigate the risk of overtraining.

Step Taper

Simple to implement; rapid
fatigue reduction.

Risk of detraining due to abrupt drop;
may reduce neuromuscular sharpness.

Linear Taper

Gradual, predictable reduction;
maintains technical rhythm.

May not remove accumulated fatigue
as quickly as exponential models.

Slow Exponential Taper

Preserves higher training load; good
for maintaining aerobic fitness.

May reduce fatigue too slowly
for heavily loaded athletes.

Fast Exponential Taper

Rapid fatigue removal; widely
used in endurance events.

Requires precise timing; risk of
excessive load reduction.
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