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Abstract

Background and Objectives: Pacing behavior has been consistently associated with per-
formance in long-distance running, yet its patterns across different race distances and
population subgroups remain insufficiently understood. Therefore, this narrative review
synthesizes and critically discusses available evidence on pacing in half-marathon and
marathon running, considering both within- and between-race differences, with a par-
ticular focus on performance level, sex, and age. Materials and Methods: A structured,
non-systematic search was conducted in PubMed, SPORTDiscus, Scopus, and Web of
Science, with Google Scholar used as a supplementary source. Peer-reviewed English-
language full-text studies reporting pacing-related outcomes were included, and findings
from 37 studies published up to March 2026 were synthesized narratively. Results: Avail-
able observational evidence suggests differences in pacing profiles between race distances,
with generally more even pacing in the half-marathon and more positive pacing in the
marathon. Performance level showed the strongest association with pacing behavior: faster
runners exhibited more stable pacing patterns, whereas slower runners showed greater
variability and a more pronounced pace decline. Sex differences appeared more evident
in marathon running, where women generally demonstrated more even pacing than men,
whereas age-related differences were small and inconsistent. Comparisons between race
distances suggest that pacing variability may increase with longer race duration and lower
performance level. Conclusions: Overall, performance level showed the most consistent
relationship with pacing behavior in long-distance running. In mass-participation events,
observed pacing profiles may reflect fatigue-related changes and inaccurate pace selection
rather than a deliberate strategy. More even or slightly negative pacing has generally been
associated with more favorable performance outcomes, but this should be interpreted as
an observed association rather than a direct prescriptive recommendation. The proposed
practical reference points should be viewed as tentative, evidence-informed aids for inter-
preting pacing behavior according to performance level and race distance, while using sex
and age as secondary contextual factors.

Keywords: pacing strategy; marathon; half-marathon; long-distance running; pacing
variability; performance level; sex differences; fatigue
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1. Introduction
Long-distance running has expanded substantially worldwide, particularly among

recreational runners, older age groups, and women [1–7]. This broader participation has
coincided with slower average finishing times in some mass-participation events [3,8],
while elite performances have continued to improve [2]. These parallel trends suggest
that long-distance running performance should be interpreted in relation to participation
structure, performance level, and training- and technology-related developments [9,10].

Race duration differs markedly between elite and recreational runners. Elite half-
marathon and marathon performances are completed in under ~1 h and ~2 h, respectively,
whereas slower recreational runners may require more than 3 h and 6 h [11–13]. Longer race
duration may increase physiological strain and prolong disturbances to homeostasis [14,15],
while marathon racing may also induce transient systemic stress and musculoskeletal injury
despite the broader health benefits of endurance training [16]. Because recreational runners
represent most participants and often run for health-related reasons [17], approaches
that limit excessive fatigue while supporting endurance performance are of particular
practical importance.

Pacing strategy has consistently been associated with endurance performance [18–28]
and varies according to race distance [29–31], performance level, sex, and age [27,32–34]. It
may also change over time and across competitive contexts; for example, elite marathon
pacing over the past 50 years has shifted from pronounced positive pacing toward more
even or negative profiles [35]. However, large-scale road-race analyses are constrained
by split-time availability, commonly recorded every 5 km, which limits pacing resolution,
particularly in shorter events. Consequently, research has focused predominantly on
marathons [27,36–41], with fewer studies examining the half-marathon [42,43], despite
its high participation rates [44], whereas shorter distances, such as 10 km, are more often
examined in controlled experimental settings [45].

Beyond race-distance differences, a recent systematic review [46] suggests that pacing
appears to play a more prominent role as race distance increases, alongside other factors
such as training and environmental conditions. However, the available review literature
has focused predominantly on marathon pacing and has not comprehensively integrated
evidence comparing half-marathon and marathon races while simultaneously consider-
ing performance level, sex, and age [40]. Therefore, the novelty of this narrative review
lies in synthesizing pacing evidence across these two race distances and key population
subgroups within a single interpretative framework, while explicitly considering differ-
ences in the available evidence base between race distances. This approach provides a
broader perspective on pacing behavior across different research groups, race settings, and
athlete populations.

1.1. The Concept and Significance of Pacing Strategy in Long-Distance Running

Some definitions indicate that pacing strategy encompasses the distribution of
energy reserves, strength, and speed throughout the entire race without significant
deceleration [47,48], or, in other words, the distribution of effort intensity during a race. It
has been described as a dynamic process integrating prior experience, knowledge of the
race endpoint, and sensory feedback [22,28,49].

In this review, pacing strategy refers to the planned regulation of effort during a race,
whereas pacing behavior describes the observed changes in running speed. The term
pacing profile refers to the overall distribution of speed throughout a race, while pacing
pattern describes the specific characteristics or shape of that distribution.

Contemporary neurophysiological and psychophysiological models conceptualize
pacing as an anticipatory and feedback-driven process in which central regulation, af-
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ferent physiological feedback, perceived exertion, prior experience, knowledge of the
remaining distance, and the desired competitive outcome are integrated to regulate exer-
cise intensity [22,49–52]. More recent psychophysiological evidence further suggests that
pacing behavior during prolonged endurance exercise reflects nonlinear interactions be-
tween sensory-discriminatory, affective-motivational, and cognitive-evaluative dimensions,
which help align planned behavior with the current physiological state and competition
context [52]. Within this framework, athletes do not simply respond passively to physi-
ological disturbance but adjust effort according to the expected duration of the task, the
perceived rate of homeostatic disturbance, and the anticipated ability to tolerate effort
until the endpoint [22,48,50,51]. Accordingly, a pacing strategy may be planned before the
race, whereas pacing behavior is continuously modified throughout the race in response to
internal and external demands [49]. Premature exhaustion may occur if the selected pace is
too high at any point during the race [49].

External factors such as environmental conditions and course characteristics have
been shown to influence performance and, consequently, pacing behavior [53–60], while
internal factors include glycogen availability, thermoregulation, neuromuscular fatigue,
and perceived exertion [22]. Recent evidence suggests that energy availability, particularly
carbohydrate status, influences pacing behavior not only through metabolic constraints
but also via perceptual and cognitive mechanisms, affecting effort regulation even before
physiological limits are reached [61].

In this context, the level of effort during running, commonly expressed as a percentage
of maximum oxygen uptake (%VO2max), is closely associated with pacing regulation.
Concepts such as critical speed [62] and critical power [63] provide a useful theoretical
framework for interpreting the boundary between sustainable and unsustainable exercise
intensity [64,65]. However, most studies included in this review inferred pacing behavior
from split times and segmental speeds rather than from direct physiological measurements.
Therefore, running pace, particularly on relatively flat courses, should be interpreted as a
practical proxy for effort rather than as a direct physiological measure [66].

Maintaining an appropriate pacing strategy has been associated with limiting excessive
physiological strain and sustaining performance [22,48,67,68]. It may also have practical
relevance for improving race experience in recreational runners [69], although evidence
directly linking pacing behavior to injury risk remains limited [68].

1.2. Pacing Profiles in Long-Distance Running

The resulting pacing behavior may be associated with race duration, fatigue-related
changes in power output [48,50,70], experience [71,72], and the athlete’s physiological
capacity [49,73].

Common pacing profiles include even, positive (progressive slowing), and nega-
tive (progressive speeding) pacing, whereas variable pacing refers more broadly to non-
uniform speed changes that do not follow a consistently even, positive, or negative
profile [68,74]. Some profiles may exhibit more complex non-monotonic patterns, such as
reverse J-shaped (fast start followed by gradual slowing and an end spurt) [70,73,75,76]
and U-shaped distributions [70,77]. U-shaped patterns have been reported, particularly in
shorter, tactically driven events, where early positioning and finishing speed are impor-
tant [70,77]. In contrast, such patterns are uncommon in longer endurance events, where
pacing may be more strongly associated with physiological and energetic factors [46].

Pacing variability is commonly operationalized using quantitative indicators such
as absolute change in speed (ACS), coefficient of variation (CV), and pace range, which
provide useful indicators of within-race speed fluctuations [78]. ACS reflects the average
magnitude of deviation of segmental speeds from mean race speed; CV expresses relative
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dispersion of pacing across splits, while pace range captures the difference between the
fastest and slowest segments within a race. Together, these metrics can support a more
consistent description of pacing behavior and may facilitate comparisons across race
distances, performance levels, and athlete populations [78].

Positive pacing profiles are often interpreted as being consistent with fatigue-
related decline [68,79], while negative pacing has been associated with markers of
greater energy conservation and reduced physiological strain in longer events [70,80,81].
Greater pacing variability may be less efficient than steadier pacing, particularly on flat
courses [22,56,66].

2. Materials and Methods
2.1. Study Design and Ethical Considerations

Ethical approval was not required because this narrative review was based exclusively
on previously published literature. The conduct and reporting of the review were informed
by published methodological guidance for narrative literature reviews [82,83] and by the
Scale for the Assessment of Narrative Review Articles (SANRA) [84]. The review employed
a structured but non-systematic search and narrative synthesis to identify and interpret
studies examining pacing profiles, pacing behavior, and pacing variability in half-marathon
and marathon running. Both male and female participants were considered. Findings were
interpreted narratively according to the study design, sample size, race context, popula-
tion characteristics, type of pacing data, and the comparability of split-segment structure
across studies.

No formal methodological-quality appraisal, risk-of-bias assessment, certainty grad-
ing, or numerical weighting of the evidence was conducted. During the narrative synthesis,
greater interpretive emphasis was placed on larger and more representative studies with
directly relevant pacing outcomes and sufficiently detailed split data. Case analyses and
studies with very small or highly selected samples were treated as illustrative rather than
confirmatory evidence. Study-specific limitations relevant to interpretation are summarized
in Tables 1–3.

Table 1. Study examining pacing in the half-marathon by performance level.

Study Main Factor Sample/Context Pacing
Data/Design Key Pacing Finding

Key
Methodological
Considerations

Hanley,
2015 [42]

Performance
level

N = 838 (347
females); elite
runners; six
IAAF World

Half-Marathon
Championships

2007–2014.

Five race
segments; mean

speed per
segment.

Observational
study using

publicly available
championship

data.

Elite half-marathon
runners displayed a

reverse J-shaped pacing
profile, with a fast start,
gradual slowing until

~20 km, and a final end
spurt. Slower runners
showed greater speed
decline after the first

5 km.

Elite championship
sample; limited

generalizability to
recreational

runners; pacing
magni-

tude/variability
not quantified

beyond segmental
mean speeds.

Note: Key methodological considerations summarize the main interpretative limitations of the study and should
not be interpreted as a formal risk-of-bias assessment. N = number of participants; IAAF = International
Association of Athletics Federations.
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Table 2. Summary of key findings from studies investigating marathon pacing according to performance level, sex, and age. Studies are grouped according to the
main factor investigated, and only the main pacing-related findings relevant to this review are presented.

Study Main Factor Sample/Context Pacing Data/Design Key Pacing Finding Key Methodological
Considerations

Thuany et al.,
2025 [85]

Performance
level

Not reported; New York City;
2011–2019; grouped by

performance (1st–3rd, 4th–10th,
>10th position).

Mile splits from mile 4 to 26;
first-to-last mile change.

Higher-placing men showed lower
pacing variability, whereas

lower-placing men showed greater
late-race decline. Women showed

higher variability, and early pace was
more strongly associated with

final-mile pace.

Participant-level
characteristics and sample

size not reported; early race
miles unavailable.

Muñoz-Pérez
et al., 2020 [36]

Performance
level

N = 2295 (637 females); men ≤
3 h; women ≤ 3:30 h; Berlin,

2017; flat course.

Ten split times;
positive/even/negative

pacing.

Male runners showed relatively similar
pacing profiles across performance

levels, whereas faster female runners
showed lower pace variation.

Restricted to faster finishers;
limited generalizability to

slower recreational runners.

Pycke & Billat,
2022 [37]

Performance
level

N = 3; selected world-class
marathon performances.

1-km splits; speed asymmetry
and race-speed oscillations.

World-class runners displayed
race-speed oscillations, with a fast start
and prolonged running slightly below

mean race speed.

Very small selected
world-class sample;

illustrative case analysis.

Santos-Lozano
et al., 2014 [86]

Performance
level

N = 190,228 (69,316 females);
New York City; 2006–2011.

Nine split speeds; CV-based
pacing variability.

All runners showed positive pacing, but
faster runners had lower speed
variability than slower runners.

NYC-specific event context;
performance-level

comparisons may reflect
unmeasured participant

differences.

Díaz et al.,
2018 [35]

Performance
level

N = 15; world records for men
between 1967 and 1988 (classic
athletes) and between 1988 and

2018 (contemporaneous
athletes).

Nine race splits; relative
segment speed.

World-record performances generally
showed a faster first half followed by

progressive slowing, with earlier
records showing greater late-race speed

decline than more recent records.

Male world-record
performances only; historical
context limits generalizability.

García-Manso
et al., 2021 [87]

Performance
level

Total = 235 races; Frankfurt
subset: n = 110 top-10 male

finishers, 2008–2018; additional
sub-2:04:00, world-record, and
record-attempt performances.

Nine race splits; tactical
pattern grouping.

World-record performances generally
showed controlled first-half pacing
followed by increased speed in the

second half and a final surge.

Selected elite male and
record-attempt performances;

limited generalizability to
mass-participation runners.
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Table 2. Cont.

Study Main Factor Sample/Context Pacing Data/Design Key Pacing Finding Key Methodological
Considerations

Renfree & St
Clair Gibson,

2013 [19]

Performance
level

N = 60; women’s IAAF World
Championship Marathon, 2009.

Intermediate and final times
converted to mean speeds;
segmental relative speed

expressed as % of PB speed;
performance groups based on
finishing-placement quartiles.

The highest-placing group ran more
conservatively early and relatively

faster after 35 km, whereas
lower-placing groups showed greater

speed reductions.

Elite female championship
context; tactical race setting

may influence pacing.

Oficial-Casado
et al., 2022 [88]

Performance
level

N = 282,808 (no personal data);
Chicago, London, and Tokyo

marathons, 2017–2019.

Split speeds expressed
relative to mean race speed;

30-min performance
categories from 2:30 to <6:00 h.

Faster runners showed lower speed
variability, and pacing profiles were
highly consistent across marathon

editions.

No personal data;
event-specific course and
weather effects difficult to

separate.

Angus, 2014
[60]

Performance
level

N = 2 males; two world-record
marathon runs: run 1 (2:03:59,

Berlin, 2008) and run 2 (2:03:38,
Berlin, 2011).

1-km speed changes; course
gradient and wind

considered.

Headwind, but not gradient, was
associated with speed variability; the

two world-record performances
showed distinct non-even patterns:
Runner 1 was U-shaped, whereas

Runner 2 was sinusoidal.

Two selected world-record
cases; model-dependent

interpretation.

Oficial-Casado
et al., 2020 [89]

Performance
level

N = 91,493 (no personal data);
Valencia, Chicago, London, and

Tokyo, 2018.

Nine split speeds expressed
relative to mean race speed;

six performance groups from
sub-2:30 to sub-5:00 h.

Faster runners showed lower speed
variability. Race-course characteristics

were associated with pacing differences,
particularly in slower time categories.

No personal data;
course-related effects may be
confounded by event-specific

characteristics.

Myrkos et al.,
2020 [90]

Performance
level

N = 15; Athens; 2018;
moderate-level group (finishing
times < 240 min, n = 8), and a

low-level group (finishing
times > 240 min, n = 7).

Pre-race laboratory
incremental test; race

velocities at 10 km, 21.1 km,
30 km, and finish.

Low-level runners showed greater pace
variability and steeper decline,

particularly between 21.1 and 30 km;
medium-level runners were less

affected by hilly terrain.

Very small sample; sex data
not reported; rolling-hill

course limits comparability.

Hanley, 2016
[91]

Performance
level, sex

N = 1222 (549 females); eight
IAAF World Championships
2001–2015 and the Olympic

Games 2012.

Nine race splits.

Medalists maintained more even pacing
from ~10 km onward; women showed

less second-half slowing, more frequent
negative splits, and a final 2.2-km

acceleration among medalists.

Elite championship context;
limited generalizability to

recreational runners.

https://doi.org/10.3390/medicina62081503

https://doi.org/10.3390/medicina62081503


Medicina 2026, 62, 1503 7 of 30

Table 2. Cont.

Study Main Factor Sample/Context Pacing Data/Design Key Pacing Finding Key Methodological
Considerations

Muñoz-Pérez
et al., 2023 [92]

Performance
level, sex

N = 279 (130 females); Berlin,
2008–2018, including five WRs
plus two previous WRs and the
second-fastest performance on

the same course.

Ten race segments, including
half-marathon and final

2.2-km segments; pacing and
packing analysis.

Even pacing was associated with faster
male performances. Women showed

less second-half speed decline than men,
especially after 35 km.

Selected elite performances
on one course; pack-running
context may influence pacing.

Trubee et al.,
2014 [93]

Performance
level, sex

N = 32,121 (12,068 females);
finishing time < 5 h; Chicago;

2007 and 2009; flat course.

Last-12.195-km speed relative
to first 30 km; sex and

temperature effects assessed
by regression.

Non-elite women showed more even
pacing than non-elite men, and this sex

difference increased at warmer race
temperatures. No sex difference was

observed among elite runners.

Coarse two-section pacing
metric; two race years from

one event.

Casado et al.,
2024 [94]

Performance
level, sex

12 men’s and 8 women’s WRs,
and 14 men’s and 14 women’s

World Championship/Olympic
gold medal performances.

5-km split-speed changes.

Men’s world-record performances
showed faster early speeds and more

even pacing than Championship races.
Women showed even-to-negative

pacing in both contexts.

Small subgroup sizes limit
sex- and context-specific

comparisons.

Erdmann &
Lipinska, 2013

[95]

Performance
level, sex

N = 400 (200 females); top-50
male and female finishers from

four international elite
marathon events, 2001–2004;

Gebrselassie’s 2007–2009
marathons analyzed separately.

5-km split times,
half-marathon times, and
final 2.195-km segment;

ranking-group analysis; 1-km
split data for Gebrselassie’s

races.

Men’s velocity curves were ascending
in the top 3, relatively even in the top 10,
and descending in the top 50, whereas
women generally showed progressive

slowing. Gebrselassie’s Berlin
performances showed ascending

velocity trends.

Top-finishers only; selected
elite events limit
generalizability.

Nikolaidis &
Knechtle, 2017

[38]

Performance
level, age

N = 298,082 (117,595 females);
New York City; 2006–2016;

5-year age groups from 18–84
years.

Nine race splits.

Older runners showed slightly more
even pacing than younger runners of

similar performance level, particularly
among slower runners.

Single-event dataset;
age-group findings may

reflect differences in who
finishes the marathon.

Nikolaidis &
Knechtle, 2019

[32]

Performance
level, age

N = 298,082 (117,595 females);
New York City; 2006–2016. Nine race splits.

The slowest runners showed the greatest
early pace decline and largest end
spurt, whereas the fastest runners

showed the most even pacing.

Single-event dataset;
age-group findings should be

interpreted in relation to
performance level.

https://doi.org/10.3390/medicina62081503

https://doi.org/10.3390/medicina62081503


Medicina 2026, 62, 1503 8 of 30

Table 2. Cont.

Study Main Factor Sample/Context Pacing Data/Design Key Pacing Finding Key Methodological
Considerations

Latorre-
Román et al.,

2025 [34]

Performance
level, sex,

age

N = 146,108 (23,565 females);
Valencia; 2014–2023; 11

performance levels.

Nine race splits; relative
speed, split-to-split speed

change, CV, pacing profile (%
change 1st vs. 2nd half),
hitting the wall, and end

spurt.

Women and faster runners showed
more even pacing and lower CV;
however, women had a higher

prevalence of hitting the wall, whereas
faster finishers had a lower prevalence.
Even pacing decreased with age, and

marathon time correlated with CV.

Single-event dataset; lower
female representation.

Breen et al.,
2018 [96]

Performance
level, sex,

age

N = 31,762 (11,743 females);
New York City; 2015.

Positive range, negative
range, pace range, and end

spurt.

Pace range increased as performance
level declined. Women showed smaller

pace range than men except in the
fastest group; age-related patterns were

inconsistent.

Masters-only sample;
age-related findings may be
influenced by performance

level.

March et al.,
2011 [97]

Performance
level, sex,

age

N = 319 (134 females);
Midwestern United States races;

2005–2007.

Mean velocity ratio between
the final 9.7 km and first 32.5
km; 26 × 1.6-km loop course;
stepwise multiple regression.

More even pacing was associated with
faster finish times. Women, older

runners, and faster runners showed
more even pacing after adjustment.

Coarse two-section pacing
metric; smaller regional

sample from a loop-course
setting.

Nikolaidis &
Knechtle,
2018b [73]

Performance
level, sex,

age

N = 156 (26 females); Athens
Classic Marathon 2017;

elevation changes: 7–244 m.

Laboratory measures, split
times from 5 km to finish, CV,

and pace range;
cross-sectional design.

Participants generally showed positive
pacing with an end spurt. Women, older
runners, and faster recreational runners

showed more even pacing.

Small sample; low female
representation; hilly course.

Kais et al.,
2019 [27]

Performance
level, sex,

age

N = 116,670 (46,856 females);
veterans = 55,059, non-veterans
= 61,611; London, Chicago, and
New York; finishing time ≤ 6 h;

elevation difference: 8–55 m.

First-half vs. second-half
pacing difference; regression

adjusted for sex, age, and
time group.

Faster finishers and women showed
more even pacing. Veteran runners

showed only slightly more even pacing
after adjustment.

Limited split resolution
(first-half vs. second-half

comparison only);
veteran/non-veteran

grouping may oversimplify
age-related effects.

Hubble &
Zhao, 2016 [98] Sex

N = 6676 (2521 females);
Chevron Houston Marathon

2013.

Predicted finish time,
second-half slowdown, and

split pace deviation.

Men showed greater second-half
slowing than women and larger

discrepancies between predicted and
actual finish times.

Single-event sample;
predicted finish time may

reflect inaccurate
self-assessment.
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Table 2. Cont.

Study Main Factor Sample/Context Pacing Data/Design Key Pacing Finding Key Methodological
Considerations

Hernando
et al., 2020 [99] Sex

N = 88 (14 females);
recreational runners; Valencia;

2016; flat course.

Accelerometer-based mea-
sures plus segmental and abso-

lute speed change across
nine race segments; repeated-

measures design with on-
line survey.

Women maintained more even pacing
up to 40 km and showed a faster end

spurt than men.

Small sample; low female
representation; single-race

context.

Díaz, et al.,
2019 [100] Sex

N = 18 (8 females); world
record holders from 1998 to

2018.

Nine race splits; relative
segment speed and CV.

Male world-record performances
showed negative pacing, whereas
female performances showed less

consistent pacing with an end spurt.

Very small world-record
sample; selected

performances only.

Deaner et al.,
2015 [71] Sex

N = 91,929 (38,130 females); 14
marathons held in the United

States, 2011.

Second-half pace change;
maintaining pace defined as
<10% slowing and marked

slowing as ≥30%;
sex-adjusted analysis using

women’s chip times divided
by 1.12.

Women had lower odds of marked
slowing than men after adjustment for
age and ability; this sex difference was

smaller among faster runners and
persisted after controlling for running

experience.

Limited split resolution
(first-half vs. second-half

comparison only);
sex-adjustment model may

affect interpretation.

Billat, et al.,
2020 [101] Sex

N = 3 (2 females); world’s best
results; Eliud Kipchoge (Berlin
2018 and London 2019), Brigid

Kosgei (Chicago 2019) and
Paula Radcliffe (London 2003).

Speed relative to critical
speed; CV, asymmetry, and

global race-speed trend.

Kipchoge showed negative-split
characteristics, whereas the female
runners displayed comparatively

constant pacing.

Very small selected sample;
illustrative case analysis.

Nikolaidis &
Knechtle,
2018a [75]

Sex, age N = 48,565 (20,283 females);
New York City; 2015.

Nine race splits; multivariate
regression.

Speed declined across the race in both
sexes and all age groups, with greater
decline in men, particularly around

25–30 km; age-group differences were
trivial.

Single-event dataset;
age-group interpretation may
be influenced by participation

structure.
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Table 2. Cont.

Study Main Factor Sample/Context Pacing Data/Design Key Pacing Finding Key Methodological
Considerations

Cuk et al., 2021
[102] Sex, age N = 8828 (2048 females); Oslo;

2015–2018.
Second-half vs. first-half

speed variation.

Marathoners showed positive pacing.
Women slowed less than men, and

pacing changes were more pronounced
in the youngest and oldest runners.

Limited split resolution
(first-half vs. second-half

comparison only);
single-event dataset.

Note: Most studies were observational analyses based on publicly available race data unless otherwise stated in the pacing data/design column. Key methodological considerations
indicate the main interpretative limitations relevant to this review and do not represent a formal risk-of-bias assessment. N = number of participants; CV = coefficient of variation; PB =
personal best; WR = world record.

Table 3. Summary of studies examining pacing profiles in half-marathon and marathon running across different race distances, performance levels, sex, and
age groups.

Study Main Factor Sample and Event Context Pacing Data/Design Key Distance-Related Pacing Finding Key Methodological
Considerations

Ristanović
et al., 2023 [33]

Performance
level

Total N = 208,760, marathon N
= 75,492, half-marathon N =
133,268; Vienna, 2006–2018.

Five segment speeds; speed
change and ACS.

Faster runners showed more consistent
pacing in both races. Half-marathon

runners showed more even pacing than
marathon runners, although differences
were small, particularly among women.

Long study period;
edition-to-edition differences

may affect
performance-group

comparisons.

De Leeuw
et al., 2018 [29]

Performance
level, sex

Total N = 98,563, marathon N =
79,638, half-marathon N =

18,925; Boston Athletic
Association races, 2015–2017.

Half-marathon 8/16-km splits
and marathon 5-km plus
halfway splits; relative

segment pace; multi-distance
clustering and subgroup

discovery.

Pacing profiles varied across distances:
proficient half-marathon runners

showed slight negative or positive
pacing, whereas marathon runners
generally showed positive pacing;

lower speed decline was characteristic
of faster runners.

Different split structures
across distances; no direct

statistical
half-marathon–marathon
comparison; race-course

information not reported.

Cuk et al., 2019
[69] Sex

Total N = 17,525, marathon N =
6085, half-marathon N = 11,440;

Vienna, 2017.

Five segment speeds; speed
change and ACS.

Half-marathon pacing was more even
than marathon pacing. Women showed

more even pacing than men, but sex
differences were smaller in the

half-marathon.

Single event/year;
sex-specific findings may

reflect event-specific
participation structure.
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Table 3. Cont.

Study Main Factor Sample and Event Context Pacing Data/Design Key Distance-Related Pacing Finding Key Methodological
Considerations

Nikolaidis et al.
2019 [103] Sex

Total N = 9137, marathon N =
1853, half-marathon N = 7258;

Ljubljana, 2017.

Five segment speeds; speed
change and ACS.

Half-marathon runners showed more
even positive pacing without an end

spurt, whereas marathon runners
showed greater pacing variability with
an end spurt; ACS was similar between
sexes in the half-marathon but lower in

women in the marathon.

Smaller marathon sample;
findings limited to one race

context.

Cuk et al., 2019
[104] Age

Total N = 17,525, marathon N =
6081, half-marathon N = 11,384;

Vienna, 2017.

Five segment speeds; pace
range and end spurt.

Marathon pacing was more variable
than half-marathon pacing across age

groups; variability was higher in
younger and older men, and younger

half-marathon runners showed the
fastest end spurt.

Single event/year; age-group
findings may reflect

participation structure.

Nikolaidis
et al., 2019

[105]
Age

Total N = 9137, marathon N =
1853, half-marathon N = 7258;

Ljubljana, 2017.

Five segment speeds; pace
range and end spurt.

All age groups showed positive pacing.
Pacing was generally more even in the
half-marathon, whereas an end spurt

was observed mainly in the marathon.

Smaller marathon sample;
age-group findings may

reflect participation structure.

Note: Unless otherwise stated, studies were observational analyses based on publicly available race data, and only the main pacing-related findings relevant to the comparison between
half-marathon and marathon running are presented. In the Vienna studies, the race course was flat, with an elevation difference of 50 m; in the Ljubljana studies, the race course was flat,
with an elevation difference of 29 m. In these studies, the half-marathon and marathon races were held within the same event, and the half-marathon course was entirely or largely
contained within the marathon course. Key methodological considerations indicate the main interpretative limitations relevant to this review and do not represent a formal risk-of-bias
assessment. N = number of participants; ACS = absolute change in speed.
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2.2. Literature Search and Study Selection

The study-selection process is summarized in Figure 1. The initial search yield com-
prised raw records before deduplication. Because duplicate removal and title/abstract
exclusions were not documented separately, they are presented as a combined stage,
and the exact number of duplicates and unique records screened could not be
reconstructed retrospectively.

Figure 1. Identification and selection of studies included in the narrative synthesis. The 131 records
represent the raw search yield before deduplication; duplicate removal and title/abstract exclusions
were not documented separately.

PubMed, SPORTDiscus, Scopus, and Web of Science were searched from database
inception to 31 March 2026, while Google Scholar was used as a supplementary source.
Search terms were developed from the objectives of the review and terminology used in
key publications on long-distance running and pacing. Candidate terms were organized
into three conceptual blocks: race distance (“marathon”, “half-marathon”, “half marathon”,
“long-distance running”, and “endurance running”), pacing (“pacing”, “pacing strategy”,
“pacing behavior/behaviour”, “pacing profile”, “pacing pattern”, “running pace”, and
“pacing variability”), and subgroup characteristics (“performance level”, “elite”, “recre-
ational”, “sex”, “gender”, “age”, “age group”, and “master runner”). In the primary
database searches, terms within each conceptual block were combined with OR, while the
three conceptual blocks were combined with AND. The search strategy was pilot-tested
and adapted to the search fields, syntax, and indexing structure of each database. Reference
lists of relevant articles were also screened to identify additional studies where appropriate.

Records were initially screened by title and abstract for relevance to pacing behavior
in half-marathon and/or marathon running. Potentially relevant publications were then
assessed for eligibility, including full-text availability where applicable. The first author
conducted the initial title and abstract screening, full-text assessment, and data charting.
Cases in which eligibility or classification was uncertain were reviewed with a second
author and resolved through discussion and consensus. Because this was a narrative review,
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screening was not conducted independently in duplicate, and no inter-rater reliability
statistic was calculated.

No formal validated screening form or data-extraction instrument was used. However,
information from eligible studies was charted in a structured spreadsheet containing biblio-
graphic information, race distance, study design, sample size and participant characteristics,
race setting, performance classification, sex and age variables, split structure, pacing metric,
main pacing findings, and methodological considerations relevant to interpretation.

Studies were included if they examined pacing profiles, pacing behavior, pacing
variability, split times, or race-speed changes in half-marathon and/or marathon runners,
and if they reported findings according to race distance, performance level, sex, age, or a
combination of these factors.

Studies were excluded if they did not include half-marathon or marathon running,
did not report pacing-related outcomes, were not available in full text, were not published
in English, or were meta-analyses, review articles, abstracts only, conference proceedings,
or commentary papers.

When a study reported several race distances, only findings reported separately for the
half-marathon and/or marathon were charted; findings combining eligible and ineligible
distances without separate results were not used to support distance-specific conclusions.
When multiple pacing metrics were reported, all relevant metrics were charted according to
the construct represented, such as pacing-profile shape, segment-to-segment pace change,
first-half versus second-half change, late-race decline, end spurt, or pacing variability.
Metrics based on different definitions or split structures were not converted into a common
effect measure or pooled quantitatively.

The study selection flow chart refers only to studies included in the main synthesis ac-
cording to the predefined inclusion and exclusion criteria. Additional references addressing
theoretical concepts, physiological mechanisms, environmental and course-related factors,
contemporary technologies, or other contextual aspects of pacing were used to support
the narrative discussion but were not counted among the included studies unless they
met all eligibility criteria and directly reported pacing findings according to race distance,
performance level, sex, or age.

The final narrative synthesis included 37 studies. Of these, one study examined
pacing profiles in the half-marathon, 30 focused on marathon running, and six investigated
pacing profiles across multiple race distances. Among the latter, five included both the
half-marathon and marathon, whereas one compared 10 km, half-marathon, and marathon
races and was retained only to contextualize distance-related pacing patterns relevant to
the present review.

Across the included studies, pacing was quantified using heterogeneous split struc-
tures. The single study focused exclusively on half-marathon pacing used five race seg-
ments. Marathon studies most commonly used eight 5-km segments plus the final 2.195-km
segment (nine race segments/splits), although several studies used half-race comparisons,
1-km segments, mile-based analyses, ten-segment models, or unequal race sections. Studies
comparing different race distances generally used five race segments to facilitate between-
distance comparisons, while one study used available race splits expressed as relative
segment pace. These methodological differences were considered during the narrative
interpretation of the findings.
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3. Results and Discussion
3.1. Pacing Profiles in the Half-Marathon
3.1.1. Pacing Profiles by Performance Level

Relatively few studies have examined pacing profiles in the half-marathon based on
performance level [29,42]. Given this limited evidence base, the findings in this subsection
should be interpreted as study-specific observations rather than as generalizable half-
marathon pacing patterns. Only the study by Hanley (2015) [42] was included in Table 1,
whereas the study by De Leeuw et al. (2018) [29], which also analyzed marathon and
10 km races, was included in Table 3. Among runners with a high-performance level,
slightly negative and positive pacing profiles were observed, whereas Hanley reported a
parabolic reverse J-shaped pacing pattern in elite championship runners [42]. Most elite
runners completed the first 5 km relatively quickly, progressively slowed until around the
20 km mark, and then significantly accelerated during the final 1.1 km segment, whereas
the fastest runners of both sexes largely maintained their pace between the fifth and
15th km [42]. In that study, running in a group was associated with a smaller decline in
pace after the fifth kilometer, although this observation should be interpreted cautiously
because inappropriate group pace may negatively affect pacing regulation [42]. However,
Hanley’s study was observational and described pacing profiles using average segment
speeds; none of the variables describing the magnitude of speed change were utilized,
making it impossible to determine differences in pacing magnitude.

In recreational master runners, Piacentini et al. (2019) observed similar patterns:
slower runners exhibited a pronounced decline in pace relative to their predicted finishing
time, whereas faster or target-achieving runners maintained a more consistent pace [79].
Pacing profiles varied according to deviation from predicted finish time, while perceived
exertion did not differ between groups. This study was not included in the tables or detailed
analysis because it did not account for performance level, sex, or age.

One mass-participation study examining pacing in the half-marathon based on per-
formance level also included the marathon, and its results are discussed in the section
“Between-race differences in half-marathon and marathon pacing profiles” [33].

3.1.2. Pacing Profiles by Sex and Age

According to available data, only one study compared pacing profiles between elite
male and female half-marathon runners [43]. Although not included in Table 1 because it
was published in conference proceedings, the findings showed that male runners exhibited
a significant pace decline after the first 5 km. In contrast, female runners maintained a
more even pacing profile. Both sexes experienced a decline as the race progressed, with a
significant difference observed only between 10–15 km, where women ran relatively faster,
followed by a marked slowdown after 15 km.

In Hanley (2015), male medalists showed slightly higher speeds in the middle seg-
ments compared to the start, while female runners demonstrated a slight decrease in speed
until the end spurt, indicating a corresponding pacing profile [42]. However, since pacing
was analyzed separately without direct sex comparison, the magnitude of these differences
remains unclear.

Two other studies examining sex differences in pacing profiles among recreational
half-marathon runners also included comparisons with marathon runners [69,103]. Notably,
the only studies that examined pacing in half-marathons according to age also followed a
similar approach, simultaneously analyzing marathon performance and comparing these
two distances [104,105]. These comparisons are presented in Table 3, and the increasing
number of participants across all age groups further indicates the need for more dedicated
research on sex- and age-specific pacing patterns in the half-marathon.
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Overall, studies on half-marathon pacing remain limited, particularly when subgroup
factors such as performance level, sex, and age are considered, thereby hindering a com-
prehensive characterization of pacing behavior at this race distance. Therefore, current
conclusions regarding half-marathon pacing should be interpreted as preliminary and less
robust than those for marathon running. Although available evidence suggests that faster
half-marathon runners may exhibit more stable pacing or controlled late-race acceleration,
stronger subgroup-specific conclusions cannot yet be drawn.

3.2. Pacing Profiles in the Marathon
3.2.1. Pacing Profiles by Performance Level

Several studies have examined pacing profiles according to performance levels in
different marathon races (Table 2) [27,36,37,39,86,87,90]. Marathon running is generally
characterized by progressive slowing, with higher-performing athletes showing smaller
speed declines and lower pacing variability than slower runners [19,27,29,39,86,98]. This
difference between performance groups appears to be independent of sex [27] and is further
supported by evidence showing lower speed variability in athletes with higher aerobic
capacity [75].

Elite, world-class runners are capable of negative pacing [87,94,95,101], and similar
patterns have also been reported among higher-performance runners [41]. The prevalence
of negative pacing decreases with performance level, being most common among top
percentile runners and rare among slower athletes [41]. Women exhibit slightly higher
rates than men, although these differences diminish at lower performance levels [41]. In
line with this, negative split profiles may be associated with more favorable marathon
performances, as they are associated with improved physiological efficiency, including
reduced carbohydrate utilization, lower oxygen consumption, and decreased blood lactate
concentrations [70,80,81].

In championship settings, men typically exhibit negative pacing, whereas women
more often adopt conservative starts followed by end spurts [94]. However, in elite male
marathoners, end spurts have been observed only in the slowest performance group [91],
suggesting limited applicability of this strategy at the highest performance level. In
marathon races in which world records were achieved, elite athletes generally maintained
even pacing during the first half of the race and increased speed in the second half, fre-
quently finishing with a final surge [87]. In contrast, slower runners are more likely to adopt
an overly fast starting pace followed by progressive slowing [39,86], often culminating in
“hitting the wall” during the later stages of the race [34,106,107]. These pacing patterns
are consistent with, but do not directly demonstrate, previously described fatigue-related
mechanisms [108,109], and coincide with greater pacing variability and poorer overall
performance in slower runners [27,34,36,38,39,86,110].

In positive pacing, speed decline may reflect the interaction between perceived exertion
and remaining distance [68,79]. Pacing regulation may be further affected by cognitive
load [111]. Biomechanical changes, including reduced stride length and cadence [25,112]
and increased ground contact time [112], may also contribute to pace reduction.

Early-race pacing has been strongly associated with finishing performance [85]. Fur-
thermore, medalists in major championships typically maintain even pacing from approxi-
mately the 10-km mark onward, whereas lower-placing athletes tend to lose contact with
the leading group around halfway [91]. Running in groups of similar performance level
has been associated with more even pacing compared with running alone [42,91].

Overall, pacing variability decreases as performance level increases, while negative
pacing and end-spurt behavior are more frequently observed among elite runners. In
contrast, slower runners tend to exhibit greater fatigue-related declines. Although sim-
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ilar pacing profiles (e.g., reverse J-shaped) may be observed across performance levels,
their underlying explanations may differ and should be interpreted inferentially. In elite
athletes, such patterns may be consistent with more deliberate pace regulation, although
the included observational studies cannot directly confirm intentional pacing strategy.
Conversely, similar profiles in slower or recreational runners may be associated with less
effective pace regulation or difficulty matching pace selection to physiological demands.
Therefore, observed pacing profiles should be interpreted as indicators of pacing behavior
rather than direct evidence of a deliberately planned strategy. This distinction is particu-
larly relevant because large-scale observational studies provide the strongest support for
the association between higher performance level and lower pacing variability, whereas
small-sample, elite, and world-record analyses mainly offer contextual examples of pacing
regulation under highly specific performance conditions.

3.2.2. Pacing Profiles by Sex

In general, men consistently outperform women in running events, but the magnitude
of the sex difference varies with race distance, increasing in sprint events and differing
across endurance distances and performance levels [113–115]. As race participation has
increased, average marathon pace has declined [3,8], especially among men [5], resulting
in a reduced performance gap between male and female runners [5], particularly in longer
races [6,41,116]. Additionally, women’s participation has increased more than men’s [4,5],
while sex differences in performance decrease with age and lower ranking, alongside more
even pacing in women [41].

The studies that analyzed sex-based pacing profiles among marathon runners are
presented in Table 2. Previous research has reported significant sex differences in marathon
pacing profiles among recreational runners [27,39,41]. These differences appear to be
more pronounced at higher external temperatures [93] and less pronounced among faster
runners [71]. However, such differences have not been consistently observed in elite
runners [93].

Across performance levels, a positive pacing profile has generally been observed
in both sexes [27,29,96], with exceptions reported for world record holders [94,100]. In
recreational runners, women show a smaller pace decline [29,39,71,97–99].

One study found that women ran up to 4.5% faster than men in the final kilometers
(from the 40th km to the finish line) [99], which may be partly related to men selecting
an initial pace that was too fast relative to their ability; this may reflect overconfidence
and contribute to greater pace decline [98]. However, even among elite female runners
with relatively slower performances, a tendency to start at too fast a pace compared to
individual abilities has been observed, possibly due to competitive pacing cues set by faster
athletes [19].

When comparing male and female marathoners in the same performance groups,
the pace decline in male runners is significantly more pronounced in the group with
finishing times ranging from 2:15 h to 2:30 h, and in all performance groups from 3 to
6 h [27]. A significant difference between sexes was observed in the 25–30 km segment [75],
characterized by a slight increase in speed among women and a continued decrease among
men. However, negative [100] and even pacing strategies with acceleration at the end [92]
were observed in male world record holders in the marathon, while female pacing profiles
were less consistent [100] and negative with an end spurt among medal winners [91]. When
the pacing profiles of the best female and male marathon performances were compared,
they differed in speed time course, including trend and asymmetry, and in fractional use of
critical speed [101]. In addition, women demonstrate even and negative pacing profiles
across both world record and championship performances, often with pronounced end
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spurts in championship races, whereas men show a shift from even pacing in world record
performances to more negative pacing in championship settings [94].

Women generally maintain more consistent pacing than men, who more often start too
fast and slow down later. These differences are more pronounced in recreational runners
and at higher temperatures but tend to diminish at the elite level.

3.2.3. Pacing Profiles by Age

Since 1980, participation in marathons has increased among runners over 40 [5].
Although motivation for endurance running may vary with age [117], the highest partici-
pation remains in the 30–44 age group [4,5,7], which may be linked to physical motives,
social influences, and available time [44]. The fastest runners are typically aged 30–44 [41].
Therefore, age-group comparisons in mass-participation races should be interpreted cau-
tiously, as they may reflect cohort composition, participation patterns, and selection effects,
in addition to biological aging.

Studies investigating pacing profiles across age groups in marathon runners are
presented in Table 2. Previous research indicates some differences in pacing across age
groups [27,38,97], although these effects are generally small or inconsistent [32,75], with
largely similar pacing profiles observed across age categories [32,38,75].

Some studies suggest that older runners may maintain a more even pace than younger
runners of similar performance level [27,38,97], particularly among lower-performing
groups [38]. However, these differences are generally small, dependent on performance
level, and may partly reflect greater experience and the positive selection of older finishers
in mass-participation races [32,75,97]. Taken together, age-related differences in marathon
pacing appear less consistent and less pronounced than those associated with performance
level. They should therefore be interpreted with caution and in relation to performance
status, training background, and running experience.

3.3. Between-Race Differences in Half-Marathon and Marathon Pacing Profiles

The importance of comparing pacing profiles across different long-distance races first
emerged from a lack of clear explanations for the mechanisms underlying the significant
decrease in running speed during the second half of an event (i.e., the positive split).
Various authors have previously proposed physiological and psychological mechanisms
as potential causes [36,51,71,73,118]. Given the influence of external conditions on pacing
behavior [54,59,93], comparisons across races are most informative when environmental
factors are similar.

In recent years, a new methodological approach has enabled direct comparisons
of pacing profiles between half-marathon and marathon races held within the same
event (Vienna and Ljubljana 2017), on the same day, at the same time, and on similar
courses [33,69,103–105]. These studies are summarized in Table 3. Additionally, one study
applied the same methodology to compare pacing profiles between marathon and 10-km
races [102]. Across all races, runners generally showed progressive slowing in both sexes
and across all age groups. As all of these studies are based on mass-participation events,
their findings likely reflect predominantly recreational runners.

Most studies summarized in Table 3 compared half-marathon and marathon races
held within the same event and under broadly similar race conditions, which supports a
cautious interpretation of between-race pacing differences. However, direct comparability
remains limited by differences in course design, participant composition, and split structure
across studies and, in some cases, between race distances within the same study. One study
used a multi-distance profiling approach across 10 km, half-marathon, and marathon races;
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therefore, its findings are used to contextualize distance-related pacing patterns rather than
as direct statistical evidence of half-marathon–marathon differences.

Only one study analyzed sex differences in pacing profiles across 10 km, half-marathon,
and marathon races, with a large sample [29]. Split times differed by race, but pacing
profiles were not statistically compared across distances; analyses were descriptive, with
age included as a predictor and results expressed relative to the median performance.

End-spurt findings should be interpreted cautiously, as an end spurt has been ob-
served in marathon runners [105] and in half-marathons in Vienna races [33,69,104],
whereas it was not consistently observed in Ljubljana races, possibly due to course
characteristics [103,105]. End-spurt occurrence may therefore reflect race context, course
characteristics, and performance level, and was more frequently observed in slower runners
regardless of sex or race type [33].

Across the available multi-distance studies, lower pacing variability was generally
observed in the half-marathon than in the marathon [69,103–105]. A similar pattern in
pacing profiles was also observed in the 10 km race compared to the marathon [102].
Among men, lower pacing variation was observed in all performance groups of half-
marathon runners compared to marathon runners, consistent with the previously described
differences between race distances, whereas differences among women were of trivial
practical significance [33]. Additionally, faster runners exhibited less pacing variation
across both race types.

A schematic comparison of the main pacing tendencies according to race distance and
performance level is presented in Figure 2.

Figure 2. Schematic comparison of pacing profiles according to race distance and performance level.
The figure illustrates commonly observed tendencies in the literature, with generally more even pac-
ing in elite runners and in the half-marathon, and more pronounced late-race slowing in recreational
marathon runners. The curves are illustrative and do not represent pooled quantitative estimates.

These differences may reflect differences in pacing regulation mechanisms that in-
tegrate experience, environmental cues, and physiological constraints [22,49,68,71]. In
this context, the longer duration of the marathon may be associated with greater phys-
iological demands compared with the half-marathon [119]. These potential constraints
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may include energy/substrate availability and carbohydrate utilization [61,66,109], accu-
mulated muscular strain [119,120], and rising perceived exertion as part of psychophys-
iological pacing regulation [22,49], which may contribute to more pronounced late-race
slowing in recreational and lower-performing marathon runners [106,118]. This pacing be-
havior, particularly in recreational and lower-performing runners, may be interpreted
as consistent with a process in which early pace regulation is guided by perceptual
cues, whereas later-race slowing may increasingly reflect accumulating physiological
constraints [22,49,121].

Because most included race-based pacing studies relied primarily on split times and
segmental speeds and did not directly measure glycogen availability, hydration status,
thermoregulatory strain, muscle damage, or neuromuscular fatigue, these mechanistic
explanations should be regarded as inferential rather than as direct evidence. Consequently,
more even or slightly negative pacing profiles have generally been associated with more
favorable performance outcomes, although their effectiveness may depend on individual
capacity and race conditions [81].

Environmental and course-related factors may further modify pacing behavior, par-
ticularly in the marathon. In this paragraph, findings from included race-based pacing
studies are discussed together with broader contextual and mechanistic literature used
to interpret possible environmental influences on pacing behavior. Course topography
has been associated with pacing variation in elite marathon performances [53], while race
course characteristics appear to have greater effects on pacing in slower time categories [89].
Climatic conditions, particularly higher ambient temperatures, may be associated with
altered pacing, potentially through increased thermoregulatory strain, with stronger effects
in longer races and in slower runners because of greater exposure time [55,56,59,93,122].
Humidity may further modify this response, especially under hot-humid conditions, al-
though its independent association with pacing appears less consistent across marathon
studies [54,58,59,122]. Hydration planning may also be relevant in recreational marathon
runners, as slower and first-time runners have been reported to show less understanding
of exercise-associated hyponatremia and potentially inappropriate fluid-intake plans [123].
Nevertheless, pacing profiles may remain relatively consistent across different editions
of the same marathon, suggesting that environmental effects interact with, rather than
replace, the influence of performance level, race distance, and athlete characteristics [88].
Collectively, these findings suggest that environmental conditions and course charac-
teristics should be interpreted as contextual modifiers of pacing behavior rather than
isolated determinants.

Although pacing is closely associated with endurance performance, its contribution
to marathon prediction appears limited [124]. Half-marathon performance alone explains
most of the variance in marathon results, while pacing variables add little, likely because
pacing effects are already reflected in overall race time and shorter events may not fully
capture fatigue-related declines relevant to marathon performance [124].

Cuk et al. (2019) [69] reported larger sex differences in pacing in the marathon than
in the half-marathon. In contrast, Nikolaidis et al. (2019) [103] found no significant sex
differences in half-marathon pacing, despite slightly higher absolute change in speed in
women (4.11% vs. 4.09%). Similarly, no sex differences were observed in 10 km races [102].
Together, these findings suggest that sex differences in pacing may diminish with shorter
race distances; however, the available evidence from half-marathon events remains limited,
and larger samples, particularly of women, may reveal different patterns.

These observations suggest that multiple factors may contribute to sex differences in
pacing variability. Psychological [98,125,126] and social factors [127] may partly account
for these differences; however, their relative contribution cannot be determined from the
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included race-based pacing studies. Because sex differences in pacing appear to vary
across race distances, physiological factors may also be relevant, particularly in longer
races [128–130].

Potential physiological explanations for the observed sex-related pacing patterns in-
clude a higher proportion of type I muscle fibers [130,131], greater reliance on fat oxidation,
and greater oxidative capacity in female runners [128,132–135], as well as faster oxygen ex-
traction dynamics [129]. In contrast, male runners may rely more heavily on carbohydrates,
partly because of a higher proportion of type II fibers [130,131], which may increase the risk
of glycogen depletion during longer races (>~2 h) [108,109]. This may partly contribute
to greater pacing variability, especially in marathons [69,103], and a higher prevalence of
“hitting the wall” (~28% vs. ~17% in females) [106]. Additional potential advantages in
female runners, such as better thermoregulation under rising race temperatures [136], may
further influence pacing regulation in longer events, although overall performance may
also be constrained by lower oxygen-carrying capacity and higher body fat percentage [113].
These physiological differences may provide plausible explanations for the observed sex-
related pacing patterns, but they should be interpreted as inferential because most included
race-based pacing studies did not directly measure these mechanisms.

In longer races and older age groups, the sex performance gap tends to decrease [6,116].
At the same time, female participation is higher at shorter distances and decreases as
race distance increases [116], which may influence observed sex differences in pacing
and performance.

Mass race data suggest that women may appear slower in the half-marathon than in
the marathon, whereas the opposite trend is observed in men [105]. However, other studies
report slower pacing in the half-marathon for both sexes [6], contrary to expectations based
on race distance. This discrepancy may be related to participation structure, as increasing
participant numbers are associated with lower average performance [3,8], and the higher
female participation in half-marathons suggests a greater proportion of less experienced
runners [4,6]. As a more accessible distance, the half-marathon may attract beginners
with greater pacing variability [71,72], while marathon runners are more likely to follow
structured training [137].

The data suggest that marathon participants tend to be older than half-marathon
participants [6], particularly among men, whereas this pattern was not observed among
women [105]. Peak performance age varies across studies [3,41,105], likely due to differ-
ences in sample composition and race context, which may also influence observed pacing
patterns. Additionally, large-scale marathon data indicate that age-related patterns are
influenced by participation structure and country of origin [7], which may affect the com-
position of age groups across events. Therefore, age groups in mass-participation road
races should not be interpreted as purely biological categories. They may also reflect cohort
composition, participation patterns, training history, running experience, and selection
effects, because older finishers may represent a more experienced and positively selected
subgroup of runners.

There was no difference in pace variability across age categories for female runners,
while male runners younger than 30 years and older than 60 years showed greater variabil-
ity compared to other age groups [104]. A similar pattern was observed in the study by
Cuk et al. (2021) [102].

In the study by Cuk et al. (2019) [104], younger runners in the half-marathon ex-
hibited a more pronounced end spurt compared to older age categories and marathon
runners. In contrast, Nikolaidis et al. (2019) [105] did not identify consistent age-related
differences in pacing and reported the presence of an end spurt in marathon races but
not in most half-marathon age groups. This discrepancy may be partly explained by
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methodological differences between the studies, including differences in race context and
sample size, as the study by Cuk, Nikolaidis, Markovic et al. (2019) included substantially
more participants, particularly in the marathon [104]. Therefore, further research with
larger samples is needed to clarify potential age-related differences, especially among
female runners.

Although age-related findings are not entirely consistent, pacing differences across
race distances appear to interact with age, with greater variability observed in longer
events [104,105]. However, these patterns should not be attributed to biological ag-
ing alone but rather interpreted as reflecting the combined influence of race-distance
demands [104,105], fatigue-related constraints [118], experience-related pacing regula-
tion [49], age-related physiological changes [138–143], and differences in participation
structure and sample composition [3,7,41,105].

Younger runners, particularly men under 30, tend to exhibit greater pacing variability,
which may reflect overestimation of abilities, higher confidence, and limited experience [96],
potentially impairing anticipatory effort control [49]. Environmental factors may further
modulate these patterns, with temperature having a greater impact on middle-aged runners
and humidity affecting the youngest and oldest athletes [59]. In contrast, greater pacing
variability in older runners may be consistent with age-related declines in VO2max (~10%
per decade) [138,139], reduced muscle mass and quality [140,141], and neuromuscular
limitations affecting efficiency and recovery [142], which become more pronounced after
~50 years [141,143] and may be further exacerbated by reduced training [32]. However,
in mass-participation races, these patterns may also be influenced by training history,
race-selection effects, and the fact that older finishers may represent a positively selected
subgroup of runners.

These age-related patterns appear to be more pronounced in the marathon than
in shorter distances [29]. Overall, both younger and older runners may show greater
pacing variability, particularly in longer events. However, age should be interpreted as a
secondary contextual factor in pacing behavior, with observed differences likely reflecting a
combination of biological aging, cohort effects, participation structure, running experience,
and selection effects.

3.4. Contemporary Technologies and Modern Marathon Pacing

Recent developments in marathon running may influence the interpretation of modern
pacing profiles. This subsection is presented as contextual discussion rather than as a
synthesis of factors that were consistently examined as primary variables in the included
half-marathon and marathon pacing studies.

Advanced footwear technology, including carbon plates and highly responsive foams,
has been associated with faster road-race performances and changes in running economy
and biomechanics [9,10]. Recent evidence from World Marathon Majors suggests that
these technologies may also be related to pacing behavior, although effects may differ
by sex: in men, advanced footwear technology appears to be associated mainly with
higher running velocities without substantially altering pacing patterns, whereas in women
it may be associated with faster initial speeds and a steeper late-race decline [144]. In
addition, pack running, professional pacing support, and optimized race organization
may facilitate more stable pacing in elite or record-attempt contexts [91,92]. Controlled
pacing aids, including light- or vehicle-assisted pacing, have been used in non-standard
record-attempt settings, but their direct relevance to official marathon pacing remains
less established. Therefore, contemporary marathon pacing profiles should be interpreted
within the context of footwear technology, pacing assistance, pack dynamics, and race
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organization, rather than solely as reflections of athletes’ physiological capacity or planned
pacing strategy.

3.5. Synthesis of Pacing Determinants and Contextual Modifiers

Based on the evidence discussed above, the main determinants and contextual mod-
ifiers of pacing behavior in half-marathon and marathon running are summarized in
Figure 3.

Figure 3. Conceptual model of determinants and contextual modifiers of pacing behavior in half-
marathon and marathon running. Pacing behavior is influenced by athlete-related factors, race-related
factors, and external or race-support factors, which interact to shape pacing profiles, pacing variability,
late-race slowing, and performance outcomes.

3.6. Practical Implications for Coaching Practice and Recreational Runners

To enhance practical applicability, the main findings were translated into practical
reference points and summarized in a concise coaching guide. Because most available
evidence is cross-sectional and observational, the guide should be interpreted as a syn-
thesis of observed associations rather than as a causal or normative model. Performance
level and race distance appear to provide the most useful starting points for interpreting
pacing behavior, while sex and age should be considered as secondary contextual factors
(Table 4).

For recreational runners, these findings suggest the importance of realistic pace selec-
tion, particularly in the early race stages. This is especially relevant in the marathon, where
overly ambitious starting speeds may contribute to greater late-race slowing, higher pacing
variability, and less favorable race outcomes.

Overall, pacing behavior may be interpreted primarily according to performance level
and race distance, as these factors show the clearest and most consistent patterns of pacing
variability and late-race slowing. Sex- and age-related patterns may help refine recommen-
dations, but they should be applied cautiously and in combination with individual race
history and training background.
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Table 4. Practical reference points for coaching based on observed associations between pacing
behavior, performance level, race distance, sex, and age.

Factor Observed Pacing Tendency Potential Practical Consideration

Faster runners
Lower pacing variability and smaller

late-race decline are more
commonly observed.

Even or slightly progressive pacing targets may
be considered, while avoiding an excessively

fast start.

Slower runners
Greater positive pacing, higher variability,

and larger late-race decline are more
commonly observed.

Conservative early pacing may be considered;
“banking time” may be approached with caution.

Half-marathon Pacing is generally more even than in
the marathon.

A controlled target pace from the start may be
considered, with less emphasis on aggressive

early conservation than in the marathon.

Marathon
Positive pacing and late-race slowing are

more common, especially in
recreational runners.

Greater first-half pace control may be considered,
particularly before the 25–35 km section.

Sex
Women generally show more even pacing

than men, especially in recreational
marathon samples.

Sex may help contextualize pacing interpretation
but should not be considered independently of

performance level.

Age Age-related differences are small
and inconsistent.

Age alone may be insufficient to guide pacing
strategy; training history, experience, and

previous race data may also be considered.

3.7. Limitations

This narrative review has several limitations. First, most available evidence is derived
from observational, largely cross-sectional studies, which precludes causal interpretation
of the reported associations, including those summarized in the practical coaching guide.
Second, most studies used split-based analyses, but differences in how race segments were
defined, together with differences in pacing metrics, race settings, participant character-
istics, performance classifications, sample size, study design, and analytical approaches,
complicated direct comparisons across studies. This heterogeneity was considered nar-
ratively during interpretation; however, no formal methodological-quality appraisal or
risk-of-bias assessment was performed, which limits the strength of comparative claims
across studies and subgroups. Although greater interpretive emphasis was placed on larger
and more directly relevant observational studies, findings from case analyses and very
small or selected samples should be regarded as illustrative rather than confirmatory. Third,
the narrative design and absence of a formal quantitative synthesis limited the ability to
provide precise estimates of pacing characteristics or subgroup-specific differences across
performance level, sex, and age. In addition, the absence of a separate duplicate-removal
log limited the retrospective auditability of the study-selection process.

Finally, the literature on half-marathon pacing remains considerably smaller than that
on marathon pacing, further constraining comparisons across race distances. Therefore,
the proposed coaching guide should be interpreted as an evidence-informed synthesis of
observed patterns rather than as a prescriptive, causal, or normative model.

4. Conclusions
This review synthesizes evidence on pacing in half-marathon and marathon running

and highlights how pacing behavior varies by race distance, performance level, sex, and
age. Collectively, the available data indicate that pacing is generally more even in the
half-marathon and more positive in the marathon, with performance level emerging as the
factor most consistently associated with pacing behavior. Given the heterogeneity of the
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included evidence, conclusions regarding marathon pacing are more consistent because
they are supported by a larger number of studies, whereas findings for the half-marathon,
sex-specific patterns, and age-related differences should be considered more preliminary.

Faster runners tend to maintain a more stable pace, often characterized by even or
slightly negative pacing profiles. In contrast, slower runners show greater variability and a
more pronounced decline in speed. Sex differences are more evident in the marathon, where
women generally show lower pacing variability than men, while age-related differences
appear relatively small and inconsistent.

In mass-participation races, observed pacing profiles do not necessarily reflect a
planned pacing strategy, particularly in recreational runners, where pacing behavior may
be associated with fatigue-related changes and less accurate pace selection.

Participation structures may influence observed sex differences in pacing and could
differ in studies with larger female samples across both race distances, particularly in
marathon events.

Several questions remain unresolved. Evidence on half-marathon pacing remains
limited, particularly regarding the combined influence of performance level, sex, and age,
as well as the structure of female participation. In addition, the relative contributions
of pacing decisions, fatigue-related physiological constraints, environmental conditions,
and race-support factors to pacing variability among recreational runners remain unclear.
Future studies using larger and more representative samples, particularly of female runners,
higher-resolution data, and standardized pacing metrics would help clarify these issues.
The practical reference points proposed in this review should therefore be viewed as tenta-
tive, evidence-informed aids for interpreting pacing behavior according to performance
level, race distance, sex, and age, rather than as prescriptive recommendations.
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43. Stanković, D.; Stojanović, N.; Raković, A.; Živković, A. Differences in pace betwen men and women in the halfmarathon.
In Proceedings of the XXII International Scientific Conference “FIS Communications 2019” in Physical Education, Sport and
Recreation, Niš, Serbia, 17–19 October 2019; pp. 31–34.

44. Anthony, D.; Rüst, C.A.; Cribari, M.; Rosemann, T.; Lepers, R.; Knechtle, B. Differences in participation and performance trends in
age group half and full marathoners. Chin. J. Physiol. 2014, 57, 209–219. [CrossRef] [PubMed]

45. Lima-Silva, A.E.; Bertuzzi, R.C.M.; Pires, F.O.; Barros, R.V.; Gagliardi, J.F.; Hammond, J.; Kiss, M.A.; Bishop, D.J. Effect of
performance level on pacing strategy during a 10-km running race. Eur. J. Appl. Physiol. 2010, 108, 1045–1053. [CrossRef]
[PubMed]

46. Thuany, M.; Silva, M.; Fernandes, M.; Knechtle, B.; Weiss, K.; Rosemann, T.; Gomes, T.N.; Rolim, R.; dos Santos, M.A.M. A
systematic review of the factors associated with performance in non-elite runners. J. Funct. Morphol. Kinesiol. 2026, 11, 124.
[CrossRef] [PubMed]

47. Baron, B.; Moullan, F.; Deruelle, F.; Noakes, T.D. The role of emotions on pacing strategies and performance in middle and long
duration sport events. Br. J. Sports Med. 2011, 45, 511–517. [CrossRef] [PubMed]

48. Tucker, R.; Noakes, T.D. The physiological regulation of pacing strategy during exercise: A critical review. Br. J. Sports Med. 2009,
43, e1. [CrossRef] [PubMed]

49. St Clair Gibson, A.; Lambert, E.V.; Rauch, L.H.G.; Tucker, R.; Baden, D.A.; Foster, C.; Noakes, T.D. The role of information
processing between the brain and peripheral physiological systems in pacing and perception of effort. Sports Med. 2006, 36,
705–722. [CrossRef] [PubMed]

50. Tucker, R. The anticipatory regulation of performance: The physiological basis for pacing strategies and the development of a
perception-based model for exercise performance. Br. J. Sports Med. 2009, 43, 392–400. [CrossRef] [PubMed]

51. Roelands, B.; de Koning, J.; Foster, C.; Hettinga, F.; Meeusen, R. Neurophysiological determinants of theoretical concepts and
mechanisms involved in pacing. Sports Med. 2013, 43, 301–311. [CrossRef] [PubMed]

https://doi.org/10.3390/medicina62081503

https://doi.org/10.3389/FPHYS.2017.00102
https://www.ncbi.nlm.nih.gov/pubmed/28289392
https://doi.org/10.1089/big.2018.0070
https://www.ncbi.nlm.nih.gov/pubmed/30421990
https://doi.org/10.1519/JSC.0000000000002873
https://www.ncbi.nlm.nih.gov/pubmed/30289868
https://doi.org/10.1080/17461391.2021.1893828
https://www.ncbi.nlm.nih.gov/pubmed/33634744
https://doi.org/10.1519/JSC.0000000000002159
https://www.ncbi.nlm.nih.gov/pubmed/28746247
https://doi.org/10.3389/FPSYG.2023.1273451
https://www.ncbi.nlm.nih.gov/pubmed/38187410
https://doi.org/10.1002/ejsc.12329
https://www.ncbi.nlm.nih.gov/pubmed/40531717
https://doi.org/10.1080/17461391.2018.1450899
https://www.ncbi.nlm.nih.gov/pubmed/29557279
https://doi.org/10.1371/journal.pone.0236658
https://www.ncbi.nlm.nih.gov/pubmed/32722683
https://doi.org/10.3390/IJERPH19042463
https://www.ncbi.nlm.nih.gov/pubmed/35206654
https://doi.org/10.2147/oajsm.s141649
https://www.ncbi.nlm.nih.gov/pubmed/28860876
https://doi.org/10.1016/j.heliyon.2024.e36760
https://www.ncbi.nlm.nih.gov/pubmed/39281580
https://doi.org/10.1177/00315125251347413
https://www.ncbi.nlm.nih.gov/pubmed/40462667
https://doi.org/10.1080/02640414.2014.988742
https://www.ncbi.nlm.nih.gov/pubmed/25483017
https://doi.org/10.4077/CJP.2014.BAC219
https://www.ncbi.nlm.nih.gov/pubmed/25246062
https://doi.org/10.1007/S00421-009-1300-6
https://www.ncbi.nlm.nih.gov/pubmed/20012450
https://doi.org/10.3390/jfmk11010124
https://www.ncbi.nlm.nih.gov/pubmed/41900531
https://doi.org/10.1136/bjsm.2009.059964
https://www.ncbi.nlm.nih.gov/pubmed/19553226
https://doi.org/10.1136/BJSM.2009.057562
https://www.ncbi.nlm.nih.gov/pubmed/19224909
https://doi.org/10.2165/00007256-200636080-00006
https://www.ncbi.nlm.nih.gov/pubmed/16869711
https://doi.org/10.1136/BJSM.2008.050799
https://www.ncbi.nlm.nih.gov/pubmed/19224911
https://doi.org/10.1007/S40279-013-0030-4
https://www.ncbi.nlm.nih.gov/pubmed/23456493
https://doi.org/10.3390/medicina62081503


Medicina 2026, 62, 1503 27 of 30

52. Venhorst, A.; Micklewright, D.P.; Noakes, T.D. The psychophysiological determinants of pacing behaviour and performance
during prolonged endurance exercise: A performance level and competition outcome comparison. Sports Med. 2018, 48, 2387–2400.
[CrossRef] [PubMed]

53. Díaz, J.J.; Renfree, A.; Fernández-Ozcorta, E.J.; Torres, M.; Santos-Concejero, J. Pacing and performance in the 6 World Marathon
Majors. Front. Sports Act. Living 2019, 1, 54. [CrossRef] [PubMed]

54. El Helou, N.; Tafflet, M.; Berthelot, G.; Tolaini, J.; Marc, A.; Guillaume, M.; Hausswirth, C.; Toussaint, J.F. Impact of environmental
parameters on marathon running performance. PLoS ONE 2012, 7, e37407. [CrossRef] [PubMed]

55. Knechtle, B.; McGrath, C.; Goncerz, O.; Villiger, E.; Nikolaidis, P.T.; Marcin, T.; Sousa, C.V. The role of environmental conditions
on master marathon running performance in 1,280,557 finishers the ‘New York City Marathon’ from 1970 to 2019. Front. Physiol.
2021, 12, 665761. [CrossRef] [PubMed]

56. Leslie, E.; Ducharme, J.B.; Coffey, P.; Van Horn, M.L. Pacing and heat stress independently and differentially effect elite marathon
performance. Sport. Sci. Health 2023, 19, 359–367. [CrossRef]

57. Mantzios, K.; Ioannou, L.G.; Panagiotaki, Z.; Ziaka, S.; Périard, J.D.; Racinais, S.; Nybo, L.; Flouris, A.D. Effects of weather
parameters on endurance running performance: Discipline-specific analysis of 1258 races. Med. Sci. Sports Exerc. 2022, 54, 153–161.
[CrossRef] [PubMed]

58. Vihma, T. Effects of weather on the performance of marathon runners. Int. J. Biometeorol. 2010, 54, 297–306. [CrossRef] [PubMed]
59. Weiss, K.; Valero, D.; Villiger, E.; Scheer, V.; Thuany, M.; Cuk, I.; Rosemann, T.; Knechtle, B. The influence of environmental

conditions on pacing in age group marathoners competing in the “New York City Marathon”. Front. Physiol. 2022, 13, 842935.
[CrossRef] [PubMed]

60. Angus, S.D. Did recent world record marathon runners employ optimal pacing strategies? J. Sports Sci. 2014, 32, 31–45. [CrossRef]
[PubMed]

61. Grivas, G.V.; Alkasasbeh, W.J. Energy availability as a neurocognitive regulator of endurance performance: Integrating metabolic,
perceptual, and decision-making mechanisms—A narrative review. Sports 2026, 14, 150. [CrossRef] [PubMed]

62. Pettitt, R.W. Applying the critical speed concept to racing strategy and interval training prescription. Int. J. Sports Physiol. Perform.
2016, 11, 842–847. [CrossRef] [PubMed]

63. Ruiz-Alias, S.A.; Olaya-Cuartero, J.; Ñancupil-Andrade, A.A.; García-Pinillos, F. 9/3-minute running critical power test: Mechani-
cal threshold location with respect to ventilatory thresholds and maximum oxygen uptake. Int. J. Sports Physiol. Perform. 2022, 17,
1111–1118. [CrossRef] [PubMed]

64. Poole, D.C.; Burnley, M.; Vanhatalo, A.; Rossiter, H.B.; Jones, A.M. Critical power: An important fatigue threshold in exercise
physiology. Med. Sci. Sports Exerc. 2016, 48, 2320–2334. [CrossRef] [PubMed]

65. Keir, D.A.; Fontana, F.Y.; Robertson, T.C.; Murias, J.M.; Paterson, D.H.; Kowalchuk, J.M.; Pogliaghi, S. Exercise intensity thresholds:
Identifying the boundaries of sustainable performance. Med. Sci. Sports Exerc. 2015, 47, 1932–1940. [CrossRef] [PubMed]

66. Rapoport, B.I. Metabolic factors limiting performance in marathon runners. PLoS Comput. Biol. 2010, 6, e1000960. [CrossRef]
[PubMed]

67. Billat, V.L.; Palacin, F.; Correa, M.; Pycke, J.R. Pacing strategy affects the sub-elite marathoner’s cardiac drift and performance.
Front. Psychol. 2020, 10, 3026. [CrossRef] [PubMed]

68. De Koning, J.J.; Foster, C.; Bakkum, A.; Kloppenburg, S.; Thiel, C.; Joseph, T.; Cohen, J.; Porcari, J.P. Regulation of pacing strategy
during athletic competition. PLoS ONE 2011, 6, e15863. [CrossRef] [PubMed]

69. Cuk, I.; Nikolaidis, P.T.; Knechtle, B. Sex differences in pacing during half-marathon and marathon race. Res. Sports Med. 2019, 28,
111–120. [CrossRef] [PubMed]

70. Abbiss, C.R.; Laursen, P.B. Describing and understanding pacing strategies during athletic competition. Sports Med. 2008, 38,
239–252. [CrossRef] [PubMed]

71. Deaner, R.O.; Carter, R.E.; Joyner, M.J.; Hunter, S.K. Men are more likely than women to slow in the marathon. Med. Sci. Sports
Exerc. 2015, 47, 607–616. [CrossRef] [PubMed]

72. Swain, P.; Biggins, J.; Gordon, D. Marathon pacing ability: Training characteristics and previous experience. Eur. J. Sport. Sci.
2020, 20, 880–886. [CrossRef] [PubMed]

73. Nikolaidis, P.T.; Knechtle, B. Pacing strategies in the ‘Athens Classic Marathon’: Physiological and psychological aspects. Front.
Physiol. 2018, 9, 1539. [CrossRef] [PubMed]

74. Pryor, J.L.; Johnson, E.C.; Yoder, H.A.; Looney, D.P. Keeping pace: A practitioner-focused review of pacing strategies in running.
Strength. Cond. J. 2020, 42, 67–75. [CrossRef]

75. Nikolaidis, P.T.; Knechtle, B. Pacing in age group marathoners in the “New York City Marathon”. Res. Sports Med. 2018, 26, 86–99.
[CrossRef] [PubMed]

76. INEOS 1:59 Challenge. Available online: https://www.ineos159challenge.com/ (accessed on 23 June 2023).
77. Casado, A.; Hanley, B.; Jiménez-Reyes, P.; Renfree, A. Pacing profiles and tactical behaviors of elite runners. J. Sport. Health Sci.

2021, 10, 537–549. [CrossRef] [PubMed]

https://doi.org/10.3390/medicina62081503

https://doi.org/10.1007/S40279-018-0893-5
https://www.ncbi.nlm.nih.gov/pubmed/29532418
https://doi.org/10.3389/FSPOR.2019.00054
https://www.ncbi.nlm.nih.gov/pubmed/33344977
https://doi.org/10.1371/journal.pone.0037407
https://www.ncbi.nlm.nih.gov/pubmed/22649525
https://doi.org/10.3389/fphys.2021.665761
https://www.ncbi.nlm.nih.gov/pubmed/34079472
https://doi.org/10.1007/s11332-022-01034-8
https://doi.org/10.1249/MSS.0000000000002769
https://www.ncbi.nlm.nih.gov/pubmed/34652333
https://doi.org/10.1007/S00484-009-0280-X
https://www.ncbi.nlm.nih.gov/pubmed/19937453
https://doi.org/10.3389/fphys.2022.842935
https://www.ncbi.nlm.nih.gov/pubmed/35774288
https://doi.org/10.1080/02640414.2013.803592
https://www.ncbi.nlm.nih.gov/pubmed/23879745
https://doi.org/10.3390/SPORTS14040150
https://www.ncbi.nlm.nih.gov/pubmed/42043082
https://doi.org/10.1123/IJSPP.2016-0001
https://www.ncbi.nlm.nih.gov/pubmed/27197057
https://doi.org/10.1123/IJSPP.2022-0069
https://www.ncbi.nlm.nih.gov/pubmed/35537709
https://doi.org/10.1249/MSS.0000000000000939
https://www.ncbi.nlm.nih.gov/pubmed/27031742
https://doi.org/10.1249/MSS.0000000000000613
https://www.ncbi.nlm.nih.gov/pubmed/25606817
https://doi.org/10.1371/journal.pcbi.1000960
https://www.ncbi.nlm.nih.gov/pubmed/20975938
https://doi.org/10.3389/fpsyg.2019.03026
https://www.ncbi.nlm.nih.gov/pubmed/32140116
https://doi.org/10.1371/journal.pone.0015863
https://www.ncbi.nlm.nih.gov/pubmed/21283744
https://doi.org/10.1080/15438627.2019.1593835
https://www.ncbi.nlm.nih.gov/pubmed/30897961
https://doi.org/10.2165/00007256-200838030-00004
https://www.ncbi.nlm.nih.gov/pubmed/18278984
https://doi.org/10.1249/MSS.0000000000000432
https://www.ncbi.nlm.nih.gov/pubmed/24983344
https://doi.org/10.1080/17461391.2019.1688396
https://www.ncbi.nlm.nih.gov/pubmed/31671022
https://doi.org/10.3389/FPHYS.2018.01539
https://www.ncbi.nlm.nih.gov/pubmed/30450055
https://doi.org/10.1519/SSC.0000000000000505
https://doi.org/10.1080/15438627.2017.1393752
https://www.ncbi.nlm.nih.gov/pubmed/29064284
https://www.ineos159challenge.com/
https://doi.org/10.1016/J.JSHS.2020.06.011
https://www.ncbi.nlm.nih.gov/pubmed/32599344
https://doi.org/10.3390/medicina62081503


Medicina 2026, 62, 1503 28 of 30

78. Cuk, I.; Markovic, S.; Weiss, K.; Knechtle, B. Running variability in marathon—Evaluation of the pacing variables. Medicina 2024,
60, 218. [CrossRef] [PubMed]

79. Piacentini, M.F.; Reda, D.; Minganti, C.; Baldassarre, R.; Tarperi, C.; Festa, L.; Skroce, K.; Schena, F.; la Torre, A. Pacing profiles of
master athletes according to their predicted finishing time. Mov. Sport. Sci. 2019, 2, 37–44. [CrossRef]

80. Hanley, B. Senior men’s pacing profiles at the IAAF World Cross Country Championships. J. Sports Sci. 2014, 32, 1060–1065.
[CrossRef] [PubMed]

81. Grivas, G.V. The physiology and psychology of negative splits: Insights into optimal marathon pacing strategies. Front. Physiol.
2025, 16, 1639816. [CrossRef] [PubMed]

82. Green, B.N.; Johnson, C.D.; Adams, A. Writing narrative literature reviews for peer-reviewed journals: Secrets of the trade. J.
Chiropr. Med. 2006, 5, 101–117. [CrossRef] [PubMed]

83. Ferrari, R. Writing narrative style literature reviews. Med. Writ. 2015, 24, 230–235. [CrossRef]
84. Baethge, C.; Goldbeck-Wood, S.; Mertens, S. SANRA—A scale for the quality assessment of narrative review articles. Res. Integr.

Peer Rev. 2019, 4, 5. [CrossRef] [PubMed]
85. Thuany, M.; Weiss, K.; Villiger, E.; Scheer, V.; Gomes, T.N.; Cuk, I.; Andrade, M.S.; Nikolaidis, P.T.; Rosemann, T.; Knechtle, B.

Pacing in New York City Marathon: A tracking approach. Sport. Sci. Health 2025, 21, 3349–3358. [CrossRef]
86. Santos-Lozano, A.; Collado, P.S.; Foster, C.; Lucia, A.; Garatachea, N. Influence of sex and level on marathon pacing strategy.

Insights from the New York City race. Int. J. Sports Med. 2014, 35, 933–938. [CrossRef] [PubMed]
87. García-Manso, J.M.; Martínez-Patiño, M.J.; de la Paz Arencibia, L.; Valverde-Esteve, T. Tactical behavior of high-level male

marathon runners. Scand. J. Med. Sci. Sports 2021, 31, 521–528. [CrossRef] [PubMed]
88. Oficial-Casado, F.; Uriel, J.; Jimenez-Perez, I.; Goethel, M.F.; Pérez-Soriano, P.; Priego-Quesada, J.I. Consistency of pacing profile

according to performance level in three different editions of the Chicago, London, and Tokyo marathons. Sci. Rep. 2022, 12, 10780.
[CrossRef] [PubMed]

89. Oficial-Casado, F.; Uriel, J.; Pérez-Soriano, P.; Priego Quesada, J.I. Effect of marathon characteristics and runners’ time category on
pacing profile. Eur. J. Sport. Sci. 2020, 21, 1559–1566. [CrossRef] [PubMed]

90. Myrkos, A.; Smilios, I.; Kokkinou, E.M.; Rousopoulos, E.; Douda, H. Physiological and race pace characteristics of medium and
low-level Athens Marathon runners. Sports 2020, 8, 116. [CrossRef] [PubMed]

91. Hanley, B. Pacing, packing and sex-based differences in Olympic and IAAF World Championship marathons. J. Sports Sci. 2016,
34, 1675–1681. [CrossRef] [PubMed]

92. Muñoz-Pérez, I.; Lago-Fuentes, C.; Mecías-Calvo, M.; Casado, A. Pacing and packing behaviour in elite and world record
performances at Berlin Marathon. Eur. J. Sport. Sci. 2023, 23, 1472–1479. [CrossRef] [PubMed]

93. Trubee, N.W.; Vanderburgh, P.M.; Diestelkamp, W.S.; Jackson, K.J. Effects of heat stress and sex on pacing in marathon runners. J.
Strength. Cond. Res. 2014, 28, 1673–1678. [CrossRef] [PubMed]

94. Casado, A.; Ranieri, L.E.; Díaz, J.J.; Hanley, B.; Foster, C. Pacing strategies in men’s and women’s world record marathon
performances and Olympic Games and World Championship’s winning performances. Kinesiology 2024, 56, 153–162. [CrossRef]

95. Erdmann, W.S.; Lipinska, P. Kinematics of marathon running tactics. Hum. Mov. Sci. 2013, 32, 1379–1392. [CrossRef] [PubMed]
96. Breen, D.; Norris, M.; Healy, R.; Anderson, R. Marathon pace control in masters athletes. Int. J. Sports Physiol. Perform. 2018, 13,

332–338. [CrossRef] [PubMed]
97. March, D.S.; Vanderburgh, P.M.; Titlebaum, P.J.; Hoops, M.L. Age, sex, and finish time as determinants of pacing in the marathon.

J. Strength. Cond. Res. 2011, 25, 386–391. [CrossRef] [PubMed]
98. Hubble, C.; Zhao, J. Gender differences in marathon pacing and performance prediction. J. Sports Anal. 2016, 2, 19–36. [CrossRef]
99. Hernando, C.; Hernando, C.; Martinez-Navarro, I.; Collado-Boira, E.; Panizo, N.; Hernando, B. Using accelerometry for evaluating

energy consumption and running intensity distribution throughout a marathon according to sex. Int. J. Environ. Res. Public Health
2020, 17, 6196. [CrossRef] [PubMed]

100. Díaz, J.J.; Fernández-Ozcorta, E.J.; Torres, M.; Santos-Concejero, J. Men vs. women world marathon records’ pacing strategies
from 1998 to 2018. Eur. J. Sport Sci. 2019, 19, 1297–1302. [CrossRef] [PubMed]

101. Billat, V.L.; Vitiello, D.; Palacin, F.; Correa, M.; Pycke, J.R. Race analysis of the world’s best female and male marathon runners.
Int. J. Environ. Res. Public Health 2020, 17, 1177. [CrossRef] [PubMed]

102. Cuk, I.; Nikolaidis, P.T.; Villiger, E.; Knechtle, B.; Stankevičius, E. Pacing in long-distance running: Sex and age differences in
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103. Nikolaidis, P.T.; Ćuk, I.; Knechtle, B. Pacing of women and men in half-marathon and marathon races. Medicina 2019, 55, 14.
[CrossRef] [PubMed]

104. Cuk, I.; Nikolaidis, P.T.; Markovic, S.; Knechtle, B. Age differences in pacing in endurance running: Comparison between
marathon and half-marathon men and women. Medicina 2019, 55, 479. [CrossRef] [PubMed]

105. Nikolaidis, P.T.; Cuk, I.; Rosemann, T.; Knechtle, B. Performance and pacing of age groups in half-marathon and marathon. Int. J.
Environ. Res. Public Health 2019, 16, 1777. [CrossRef] [PubMed]

https://doi.org/10.3390/medicina62081503

https://doi.org/10.3390/MEDICINA60020218
https://www.ncbi.nlm.nih.gov/pubmed/38399506
https://doi.org/10.1051/SM/2019016
https://doi.org/10.1080/02640414.2013.878807
https://www.ncbi.nlm.nih.gov/pubmed/24506144
https://doi.org/10.3389/fphys.2025.1639816
https://www.ncbi.nlm.nih.gov/pubmed/40740427
https://doi.org/10.1016/S0899-3467(07)60142-6
https://www.ncbi.nlm.nih.gov/pubmed/19674681
https://doi.org/10.1179/2047480615Z.000000000329
https://doi.org/10.1186/S41073-019-0064-8
https://www.ncbi.nlm.nih.gov/pubmed/30962953
https://doi.org/10.1007/s11332-025-01549-w
https://doi.org/10.1055/S-0034-1367048
https://www.ncbi.nlm.nih.gov/pubmed/24886929
https://doi.org/10.1111/SMS.13873
https://www.ncbi.nlm.nih.gov/pubmed/33179319
https://doi.org/10.1038/s41598-022-14868-6
https://www.ncbi.nlm.nih.gov/pubmed/35750788
https://doi.org/10.1080/17461391.2020.1838621
https://www.ncbi.nlm.nih.gov/pubmed/33106120
https://doi.org/10.3390/SPORTS8090116
https://www.ncbi.nlm.nih.gov/pubmed/32825626
https://doi.org/10.1080/02640414.2015.1132841
https://www.ncbi.nlm.nih.gov/pubmed/26736042
https://doi.org/10.1080/17461391.2022.2111278
https://www.ncbi.nlm.nih.gov/pubmed/35942622
https://doi.org/10.1519/JSC.0000000000000295
https://www.ncbi.nlm.nih.gov/pubmed/24149746
https://doi.org/10.26582/k.56.1.13
https://doi.org/10.1016/J.HUMOV.2013.07.006
https://www.ncbi.nlm.nih.gov/pubmed/24134896
https://doi.org/10.1123/IJSPP.2016-0730
https://www.ncbi.nlm.nih.gov/pubmed/28714744
https://doi.org/10.1519/JSC.0B013E3181BFFD0F
https://www.ncbi.nlm.nih.gov/pubmed/20224445
https://doi.org/10.3233/JSA-150008
https://doi.org/10.3390/IJERPH17176196
https://www.ncbi.nlm.nih.gov/pubmed/32859029
https://doi.org/10.1080/17461391.2019.1596165
https://www.ncbi.nlm.nih.gov/pubmed/30922191
https://doi.org/10.3390/IJERPH17041177
https://www.ncbi.nlm.nih.gov/pubmed/32069781
https://doi.org/10.3390/medicina57040389
https://www.ncbi.nlm.nih.gov/pubmed/33920504
https://doi.org/10.3390/medicina55010014
https://www.ncbi.nlm.nih.gov/pubmed/30646638
https://doi.org/10.3390/MEDICINA55080479
https://www.ncbi.nlm.nih.gov/pubmed/31416198
https://doi.org/10.3390/IJERPH16101777
https://www.ncbi.nlm.nih.gov/pubmed/31137495
https://doi.org/10.3390/medicina62081503


Medicina 2026, 62, 1503 29 of 30

106. Smyth, B. How recreational marathon runners hit the wall: A large-scale data analysis of late-race pacing collapse in the marathon.
PLoS ONE 2021, 16, e0251513. [CrossRef] [PubMed]

107. Berndsen, J.; Lawlor, A.; Smyth, B. Exploring the wall in marathon running. J. Sports Anal. 2020, 6, 173–186. [CrossRef]
108. Joyner, M.J.; Coyle, E.F. Endurance exercise performance: The physiology of champions. J. Physiol. 2008, 586, 35–44. [CrossRef]

[PubMed]
109. Impey, S.G.; Jevons, E.; Mees, G.; Cocks, M.; Strauss, J.; Chester, N.; Laurie, I.; Target, D.; Hodgson, A.; Shepherd, S.A.M.O.; et al.

Glycogen utilization during running: Intensity, sex, and muscle-specific responses. Med. Sci. Sports Exerc. 2020, 52, 1966–1975.
[CrossRef] [PubMed]

110. Chatzakis, P.; Paradisis, G.; Chryssanthopoulos, C.; Zacharogiannis, E. Effect of performance standard and sex on 24 h ultra-
marathon pacing profiles. J. Sports Anal. 2021, 7, 247–253. [CrossRef]

111. McCarron, J.; Hodgson, T.; Smith, M. Brain drain: Evaluating the impact of increased cognitive load during self-paced running
performance. Br. J. Sports Med. 2013, 47, e4. [CrossRef]

112. Girard, O.; Millet, G.P.; Slawinski, J.; Racinais, S.; Micallef, J.P. Changes in running mechanics and spring-mass behaviour during
a 5-km time trial. Int. J. Sports Med. 2013, 34, 832–840. [CrossRef] [PubMed]

113. Besson, T.; Macchi, R.; Rossi, J.; Morio, C.Y.M.; Kunimasa, Y.; Nicol, C.; Vercruyssen, F.; Millet, G.Y. Sex differences in endurance
running. Sports Med. 2022, 52, 1235–1257. [CrossRef] [PubMed]

114. Hallam, L.C.; Amorim, F.T. Expanding the gap: An updated look into sex differences in running performance. Front. Physiol.
2022, 12, 804149. [CrossRef] [PubMed]

115. McClelland, E.L.; Weyand, P.G. Sex differences in human running performance: Smaller gaps at shorter distances? J. Appl. Physiol.
2022, 133, 876–885. [CrossRef] [PubMed]

116. Nikolaidis, P.T.; Cuk, I.; Clemente-Suárez, V.J.; Villiger, E.; Knechtle, B. Number of finishers and performance of age group women
and men in long-distance running: Comparison among 10km, half-marathon and marathon races in Oslo. Res. Sports Med. 2021,
29, 56–66. [CrossRef] [PubMed]
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