HR Monitoring in Team Sports

Revisiting dose-response relationships between heart
rate zones, TRIMPs, and aerobic-related
physiological and performance markers in elite team

sports
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Headline

S ince the early 2000s, HR monitoring was the cornerstone
of load monitoring in (team) sports (Achten 2003, Del-
lal 2012, Figure 1). However, as the field has shifted from
the physiologically grounded approach of sport science 1.0
to the data-driven model of sport science 2.0 (Buchheit &
Laursen 2024), many practitioners have turned to GPS and
other wearable technologies. While GPS can provide helpful
data on external load, it offers no information on metabolic
load (Buchheit & Simpson 2017; Buchheit & Hader 2025).
Unfortunately, many practitioners still fall short in using ap-
propriate tools and metrics to monitor both metabolic and
neuromuscular load (i.e., muscle activation levels and tendon
strain, Buchheit & Laursen 2013), resulting in an incomplete
understanding of training demands (Buchheit & Hader 2025).
Replacing HR with GPS has not resolved the essential need
for tracking internal, metabolic, and cardiovascular load. At-
tempts to use GPS-derived metabolic power (Osgnach 2010)
as a substitute for HR have also proven inadequate, as the
measure fails to accurately capture systemic metabolic load in
team-sport contexts (Buchheit & Simpson 2017).

This distinction is essential, as metabolic and neuromus-
cular load are the two primary sources of physical load in
team sports, and each requires a specific monitoring approach
(Buchheit & Laursen 2013, Buchheit & Hader 2025). In prac-
tice, for metabolic and cardiovascular load, HR remains the
only usable proxy for cardiopulmonary stress, despite its lim-
itations.

This paper aims to re-establish the value of HR monitoring
by acknowledging its limitations and focusing on how best to
leverage the meaningful information it can provide. By focus-
ing on the dose-response relationship using meaningful adap-
tation measures, such as aerobic-related physiological and per-
formance markers (Buchheit 2025), we can identify the mini-
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mal effective dose of training needed to maintain or improve
fitness and recognize the point of diminishing returns (Spier-
ing 2021). This has direct applications both for healthy and
injured athletes during their return to play journey.

Aim

This paper revisits the rationale for HR-based monitoring,
outlines its limitations, and evaluates its potential for char-
acterizing dose-response relationships in elite team sports.
Specifically, it examines how time in HR zones (THRZ) and
TRIMP-based (Training Impulse) metrics relate to aerobically
driven physiological and performance adaptations, with the
goal of defining both the minimal effective dose and the mag-
nitude of response to training.

Today’s challenges of HR monitoring

The reduced adoption of HR monitoring in applied team sport
settings reflects a mix of technological, practical, and inter-
pretative challenges. A longstanding issue is the discomfort
and intrusiveness of traditional chest straps, which often limit
player compliance and compromise data reliability/validity
during prolonged or high-intensity sessions. Newer alterna-
tives such as wrist-based, arm-based, or garment-integrated
sensors have addressed comfort but remain hindered by poor
accuracy, high costs, and limited durability, especially in con-
tact sports and demanding training environments (Figure 2,
Buchheit & Hader 2025).

Signal quality and data loss present further barriers. Move-
ment artefacts are frequent in team and other intermittent
sports, making it difficult to capture consistent HR data across
an entire squad. Even when signals are captured reliably, in-
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terpretation challenges persist. HR primarily reflects cardio-
vascular strain, but not necessarily true metabolic load and is
strongly influenced by external factors such as heat, hydration,
or caffeine (see below).

Practical adoption is also hampered by integration issues.
HR data often remains siloed within proprietary platforms
that do not easily align with GPS systems, metabolic testing
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outputs, or broader performance databases. The lack of inter-
operability makes it difficult for practitioners to combine HR
with other metrics into a comprehensive framework of inter-
nal and external load. For many high-performance staff, this
fragmentation diminishes the perceived value of HR monitor-
ing and disrupts efforts toward building holistic monitoring
systems.
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Fig. 1. How everything all started. Image Source:

Metabolic Power: Why it failed to replace heart rate
in team-sport internal load monitoring

Altogether, these technological, practical, and interpretative
challenges have reduced the willingness of staff in elite team
sports to rely on HR monitoring. As Buchheit & Laursen
(2024) noted, while the technology remains relevant for cap-
turing metabolic and cardiovascular strain, the accumulation
of limitations has contributed to its decline in favor of more
user-friendly but not necessarily more informative tools (e.g.,
GPS).

One of the most popular GPS-derived alternatives has been
metabolic power, originally proposed as a hybrid variable
to convert both high-speed and acceleration demands into
metabolic equivalents (i.e., W/kg, Osgnach 2010). While
conceptually attractive, subsequent validation studies have
revealed severe limitations. Across multiple independent
groups, locomotor-derived metabolic power has consistently
differed from the “true” metabolic demands measured via in-
direct calorimetry (VO2), being overestimated during walking
(Brown 2016) but underestimated during shuttle running and
sport-specific movements (Stevens 2015; Buchheit 2015; High-
ton 2017).
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Criticisms of these findings (Osgnach 2016) pointed to
methodological issues such as inclusion of resting VOz or un-
derestimation of anaerobic contributions, but detailed rebut-
tals have shown that these factors do not account for the dis-
crepancies (Buchheit 2015; Buchheit, 2016).

Beyond this validity issue, GPS-derived metabolic power
also offers limited practical value. As a partial measure of
locomotor-related metabolic cost, it does not reflect systemic
metabolic stress, making it an incomplete proxy for internal
load. At the same time, as a broad external-load indicator
combining high-speed and acceleration demands, it fails to
capture the mechanical specificity practitioners need for man-
aging recovery, training adaptations, or injury risk. For exam-
ple, injuries in team sports such as football are more strongly
related to exposure to high-speed running than to accelera-
tions, and both definitely matter more than potential spikes in
global energy consumption. Similarly, GPS-derived metabolic
power is dissociated from muscle activation patterns, as il-
lustrated by large differences in the GPS-derived metabolic
power /EMG ratio between accelerating and decelerating ac-
tions (Hader 2016).
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