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Summary

Burgeoning interest in marathons necessitates an understanding of performance

determinants. Research has highlighted the importance of diet, training and sleep, yet

relations of circadian preference and sleep inertia with marathon performance remain

largely unexplored. Because marathons generally start early-to-mid morning, these

characteristics may have relevant impact. This study investigates relationships of cir-

cadian preference, sleep inertia and their interaction with marathon completion time.

Consenting participants in a 2016 large mass-participation city marathon completed

self-report questionnaires capturing circadian preference and sleep inertia, along with

demographics and other characteristics. Circadian preference and sleep inertia were

described across subgroups. Analyses examined the associations and interactions of

circadian preference and sleep inertia with marathon completion times, with adjusted

analyses accounting for age, sex and sleep health. Participants were marathon fin-

ishers (n = 936; 64.5% male; 66.3% young-adults), with a majority reporting
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morningness tendencies (60.8%). Results supported a linear association between

increasing eveningness preference with slower marathon times (p = 0.003;

padjusted = 0.002), while some support was provided for a linear relationship between

greater sleep inertia and slower marathon times (p = 0.04; padjusted = 0.07). A signifi-

cant interaction was observed (p = 0.02; padjusted = 0.01), with the directionality sug-

gesting that the circadian preference relationship weakened when sleep inertia

severity increased, and vice-versa. Our results suggest deleterious associations of

increasing eveningness preference and greater sleep inertia with marathon comple-

tion time. These features may aid identifying marathoners who could be at a disad-

vantage, while also serving as modifiable targets for personalized training regimens

preceding competition.

K E YWORD S

circadian preference, endurance athletes, marathon, running performance, sleep inertia

1 | INTRODUCTION

Running as an exercise, hobby and sport is increasing across the popu-

lation, with this translating into an uptick in population-wide participa-

tion in marathons (Reusser et al., 2021). The increase in marathon

participation has also coincided with more scientific efforts to identify

factors that influence performance, which may be useful for guiding

training regimes to enhance race-day performance for marathoners of

all skills and capabilities. Previous research has shown that endurance

running performance may be influenced by individual (e.g. age and

sex; Besson et al., 2022; Cook et al., 2023; Nikolaidis et al., 2019), life-

style (e.g. diet and sleep; Burke et al., 2019; Costa et al., 2019; Furber

et al., 2021; Lopes et al., 2023) and training characteristics (Carrasco-

Poyatos et al., 2022; Haugen et al., 2022; Prieto-González &

Sedlacek, 2022). However, this area of research is still relatively

understudied, limiting the progression of efficacious, individualizable

training strategies and protocols.

The circadian rhythm, or “biological clock”, is a key component of

physiology that plays a central role in regulating behaviour and function-

ing, including the sleep and wake cycle (Dibner et al., 2010; Neves

et al., 2022). An abundance of research exists showcasing the influence

of the circadian rhythm on athletic performance across a multitude of

sports (Ayala et al., 2021; Nobari et al., 2023). Humans differ in the tim-

ing of their circadian rhythms, with individuals falling along a circadian

spectrum spanning morningness to eveningness extremes

(Putilov, 2017). Circadian preference is a term used to capture one's

subjective tendency towards a particular circadian type that often

reflects a sleep–wake schedule. Research has shown that the timing of

peak performance in athletes is dependent upon one's circadian prefer-

ence (Facer-Childs & Brandstaetter, 2015). Given that marathons gener-

ally begin in early- to mid-morning, an individual's circadian preference

may be a uniquely important factor for race-day performance.

Sleep inertia is a term used to capture the period of physical, cog-

nitive and psychological impairment that occurs immediately after

awakening from sleep (Hilditch & McHill, 2019). Sleep inertia is a nor-

mal experience, yet humans will differ in the duration and intensity of

sleep inertia based on situational and trait-level factors (Hilditch, Prad-

han, Costedoat, Bathurst, Glaros, Gregory, & Flynn-Evans, 2023;

Lundholm et al., 2021; Trotti, 2017). With the relatively early start

times of marathons, participants with more prolonged, severe sleep

inertia may be at a performance disadvantage. Fortunately, research

suggests that sleep inertia severity may be modifiable through coun-

termeasures (Hilditch et al., 2022; Hilditch, Pradhan, Costedoat, Bath-

urst, Glaros, Gregory, Shattuck, & Flynn-Evans, 2023). However, to

our knowledge, no previous investigation has evaluated the relation-

ship between sleep inertia features and marathon or endurance run-

ning performance.

The present study was designed to advance the literature by eval-

uating the associations of circadian preference, sleep inertia and their

interaction with marathon performance (i.e. marathon completion

time). The first aim of this study was to describe circadian preference

and sleep inertia in this sample of marathon participants, as well as

within subgroups based on available demographic and lifestyle charac-

teristics. Additionally, we aimed to assess the relationships of circa-

dian preference and sleep inertia with marathon completion time,

with and without controlling for relevant, available individual charac-

teristics. We approached this study with the hypothesis that both

greater degrees of eveningness and more severe sleep inertia severity

would associate with slower marathon completion time. We also

hypothesized an interactive relationship between circadian preference

and sleep inertia, whereby greater sleep inertia would strengthen the

relationship of circadian preference with marathon completion time

(and vice-versa).

2 | METHODS

2.1 | Data collection, ethical approval and
oversight, analytic sample, and race details

Participants in a 2016 large mass-participation city marathon were

approached directly in-person during the event registration process
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over a 4-day period. Interested marathoners were provided detailed

information about the investigation from a study team member. They

were informed that completion of the measures associated with the

study indicated consent, while also being informed that they had

the opportunity to email the researchers to obtain their results on the

measures. All study procedures were approved by the St Mary's Uni-

versity Ethics Committee (Twickenham, London, UK).

The initial dataset included data from consenting participants

who completed the marathon, which included responses from

951 marathoners. This dataset was reduced to construct the analytic

dataset. After evaluating the distribution of marathoners across age,

initially provided as 18–39 years, 40–44 years, 45–49 years, 50–

54 years, 55–59 years, 60–64 years, 65–69 years, and 70 years and

over (70+), we determined it best to create an age variable with fewer

levels. We explored a three categorical variable approach (young [18–

39 years], middle-aged [40–64 years] and older adults [65+ years]).

Yet, older adults were scarce in the sample (n = 8; 0.84% of the total

sample). Given this, we decided to omit this small percentage of mara-

thoners from the analytic sample. Another seven participants were

removed due to absence of responses on questions used to character-

ize the focal variables of interest.

Marathoners completed a 26.2-mile (�42.2 km) course (TCS

London Marathon, 2023). In terms of marathon start time, the mass

start time was 10:00 hours BST, which also included the elite men

division as well as the British Athletics and England Athletics Champi-

onships for Men and Women. The elite women division start time was

09:15 hours BST (Marsden, 2016).

2.2 | Collected measures and variable preparation

2.2.1 | Collected measures

All participants completed the Athlete Sleep Screening Questionnaire

(ASSQ), along with a general, brief survey. The ASSQ is a valid and

reliable measure designed specifically for assessing sleep health in

athletic populations (Bender et al., 2018), while also capturing other

information related to circadian preference, sleep inertia and relevant

lifestyle information. Full details on the ASSQ can be found elsewhere

(Bender et al., 2018; Samuels et al., 2016).

2.2.2 | Focal variables: Circadian preference, sleep
inertia and marathon completion time

Circadian preference and sleep inertia were derived from single items

in the ASSQ. Circadian preference was derived from a question asking

whether the participant considered themselves to be a morning or

evening person, with four potential responses: Definitely a morning

type (Morning); More a morning type than evening type

(Morning > Evening); More an evening type than a morning

type (Evening > Morning); Definitely an evening type (Evening). This

variable was prepared as a categorical variable with the four response

levels as well as a continuous variable (1–4), with higher values

reflecting greater degrees of eveningness. Sleep inertia was character-

ized from a question asking about the participant's level of alertness

during the first half-hour after awakening, with four potential

responses: Not at all alert; Slightly alert; Fairly alert; and Very alert.

This variable was prepared as a categorical variable with the four

response levels as well as a continuous variable (1–4), with higher

values reflecting greater degrees of sleep inertia (less alertness). Mara-

thon completion time was collected for all participants, and formatted

in minutes across analyses.

2.2.3 | Supplementary variables: Sex, age, runner
performance based on expectation, and sleep difficulty
score (SDS), as well as alcohol, caffeine, electronic
device and sleep tracker use

Participants provided a self-report of whether they were male or

female on the general brief survey. Although not entirely clear

whether this reflects gender or sex, the research team deemed it most

likely to represent sex, with this variable dichotomized for analyses

(female versus male). We previously described (see Section 2.1) the

collapsing of the six age groups included in the analytic dataset into a

dichotomized age variable (young versus middle-aged adults). Young

adults were defined as the 18–39 years old age group, while 40–

64 years old defined the middle-aged group. A dichotomized variable

was created to represent race day performance based on expectation.

We compared a participant's marathon completion time against their

“Good For Age (GFA)” qualifying threshold to create groups of those

who completed the marathon faster than their GFA (GFA-Faster) ver-

sus those who were slower than their GFA (GFA-Slower; TCS London

Marathon, 2024). The GFA was determined based on participant's age

division for the race (e.g. 18–39 years, 40–44 years, 45–49 years,

etc.) and not the dichotomized age variable used in analyses

(e.g. young versus middle-aged adults).

The ASSQ provided assessment of participants' SDS, use of a

sleep tracking device, weekly alcohol, daily caffeine use, and weekly

electronic device use within 1 hr of bedtime. The SDS is computed

from the summation of five items related to sleep duration, satisfac-

tion/dissatisfaction with sleep quality, sleep-onset latency, sleep

maintenance, and sleep medication use. Four severity thresholds have

been established for the SDS: none (0–4); mild (5–7); moderate (8–

10); and severe (11–17). Research has also implicated a SDS ≥ 8 as a

clinically significant threshold for athletes, which was used in this

investigation to create a dichotomized version of SDS (below versus

above threshold; Bender et al., 2018). Dichotomized versions of sleep

tracker user (yes versus no), weekly alcohol use (low/no versus

higher), daily caffeine use (low/no versus higher), and weekly elec-

tronic device use within 1 hr of bedtime (low/no versus higher) were

also created for subgroup analyses. For alcohol use, the higher charac-

terization comprised of participants reporting consuming eight or
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more drinks per week. The higher characterization for daily caffeine

use captured the participants who provided responses reflecting three

or more caffeinated drinks per day. The higher characterization for

weekly electronic device use within 1 hr of bedtime captured the par-

ticipants who provided responses reflecting use on a majority of

nights (four or more per week).

2.3 | Statistical analyses

Descriptive analyses were performed to characterize the sample

across focal and supplementary variables, as well as marathon

completion time.

In analyses that evaluated circadian preference and sleep inertia

across subgroups, linear regression was employed. Circadian prefer-

ence and sleep inertia served as outcome variables, separately,

across these analyses, with continuous variable versions utilized.

The dichotomized versions of supplementary variables were utilized

as predictors to assess circadian preference and sleep inertia across

sex, age, runner performance based on expectation, and SDS, as

well as alcohol (weekly), caffeine (daily), electronic device use within

1 hr of bedtime (weekly), and sleep tracker use. Means and standard

deviations for the subgroups are provided, along with the regression

coefficient (β), standard error (SE), lower- and upper-limit from the

95% confidence interval, p-value, and partial eta squared (η2p ) for

each regression. η2p is a commonly employed measure of effect size

that reflects the proportion of variance explained by an independent

variable, ranging from 0 to 1 (Richardson, 2011). When performing

univariate analyses, η2p is equal to the coefficient of determination (R2)

and is used in multivariable models to reflect the unique explanatory

value for an independent variable while accounting for the effects of

other independent variables in the model. Multiplying η2p by

100 results in the percentage of explained variance for a specific inde-

pendent variable.

The focal analyses evaluated the relationships of circadian prefer-

ence and sleep inertia with marathon completion time. Analysis of var-

iance (ANOVA) was utilized to assess for significant variance across

the groups in circadian preference and sleep inertia across marathon

completion time, respectively. Post-hoc pairwise comparisons were

performed, with additional analyses correcting for multiple compari-

sons using Tukey HSD, which is a common approach for controlling

the overall Type I error rate (Williams et al., 1999). Regression analysis

was also employed to assess for linear relationships of circadian pref-

erence and sleep inertia with marathon completion time. Unadjusted

regressions analyses were performed that just included circadian pref-

erence or sleep inertia as the predictor with marathon completion

time as the outcome, as well as adjusted analyses that included the

covariates of age, sex and SDS (modelled continuously as a covariate).

Lastly, we explored an interactive relationship of circadian preference

and sleep inertia on marathon completion time by fitting a model that

regressed marathon completion time on circadian preference, sleep

inertia and their interaction. An adjusted version of the model was

also performed that accounted for age, sex and SDS.

Data preparation and analyses for this project were performed in

RStudio v4.3.0 (RStudio, Boston, MA, USA).

3 | RESULTS

3.1 | Sample characteristics

The analytic sample (n = 936) was predominantly male (64.5%), young

adults (66.3%) and completed the marathon at a slower pace than

their GFA (78.4%). The sample reflected 2.39% of all race starters and

2.41% of the total race finishers. Morningness tendencies (Definitely

a morning type, or More a morning type than evening type) were

reported by the majority of the sample (60.8%; Table 1). Sleep inertia

severity problems were low across the sample, with the majority

(64.3%) reporting either being Very or Fairly alert within the first half-

hour after awakening; and 23.4% of the sample reported sleep diffi-

culty severities above the ASSQ's established clinically significant

threshold. Sleep tracker use was uncommon across the sample, with

88.4% of the participants reporting not using a sleep tracker. Elec-

tronic device use within 1 hr of bedtime was common, with 58.2% of

the sample reporting this behaviour every day. The majority of the

sample reported low daily caffeine use (≤ 2 drinks; 51.7%), with a

notable number of absent responses for this variable (12.7%). Higher

alcohol use across the week (≥ 8 drinks) was uncommon (12.9% of

sample). Average marathon completion time was 250 min (Table 1).

3.2 | Circadian preference and sleep inertia across
marathon subgroups

Table 2 presents the analyses evaluating differences in circadian pref-

erence and sleep inertia across subgroups. Subgroups were dichoto-

mized as predictors for these analyses, and included sex, age, runner

performance based on expectation, and SDS, as well as alcohol

(weekly), caffeine (daily), electronic device within 1 hr of bedtime

(weekly), and sleep tracker use.

Younger adults reported significantly greater eveningness tenden-

cies (β = 0.23; p = 0.001), as well as greater sleep inertia severity

(β = 0.18; p = 0.002), relative to middle-aged adult marathoners. Mar-

athoners who performed slower than their GFA qualifying threshold

(GFA-Slower) reported significantly greater eveningness (β = 0.28;

p < 0.001) relative to GFA-Faster. Those who reported low-to-no

weekly alcohol use reported significantly greater morningness

(β = �0.20; p = 0.05), relative to the higher weekly alcohol use mara-

thoners. Significantly greater morniningness tendencies were also

observed in marathoners who reported low-to-no frequency of elec-

tronic device use within 1 hr of bedtime (β = �0.24; p = 0.004), rela-

tive to those with higher electronic device use within 1 hr of bedtime.

Marathoners who were not using a sleep tracking device reported less

sleep inertia severity (β = �0.17; p = 0.05), relative to those using a

sleep tracking device. No other statistically significant differences in

circadian preference or sleep inertia across subgroups were observed.
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TABLE 1 Descriptive statistics across analytic sample.

Characteristic Category %

Sample size (N) 936

Gender Female 35.50%

Male 64.50%

Marathon completion time 250 ± 52.9 min

Age group percentage (marathon designation) 18–39 years 66.30%

40–44 years 15.60%

45–49 years 10.10%

50–54 years 5.45%

55–59 years 1.50%

60–64 years 0.96%

Age group percentage (statistical analyses) Young adults (18–39 years) 66.30%

Middle-aged adults (40–64 years) 33.70%

Runner performance (GFA qualifying threshold) Faster than GFA 21.60%

Slower than GFA 78.40%

Circadian preference Definitely morning 33.80%

Morning > Evening 27.00%

Evening > Morning 25.90%

Definitely evening 13.40%

Sleep inertia Very alert 16.90%

Fairly alert 47.40%

Slightly alert 27.50%

Not at all alert 8.23%

Global SDS None 35.70%

Mild 40.90%

Moderate 18.20%

Severe 5.24%

Bedtime electronic device use (per week) 1–3 � 15.80%

4–6 � 19.90%

Everyday 58.20%

Not at all 5.24%

No response 0.96%

Sleep tracker user Yes 11.50%

No 88.40%

No response 0.10%

Caffeine use (per day) < 1 18.90%

2-Jan 32.80%

3 22.20%

4 13.40%

5+ 0.00%

No response 12.70%

Alcohol use (per week) Does not drink 14.40%

< 2 drinks 24.30%

2–4 drinks 27.40%

5–7 drinks 20.40%

8–14 drinks 9.83%

> 14 drinks 3.10%

No response 0.64%

Sample characteristics for the project. Available individual characteristics include self-identified, binary gender (male or female), age group during the London Marathon,
and runner performance on race day based on completion time relation to “Good for Age (GFA)” qualifying standards (GFA-Faster or GFA-Slower). Circadian preference
was characterized based on responder's choice of Definitely morning, More morning than evening (Morning > Evening), More evening than morning (Evening > Morning),
and Definitely evening. Sleep inertia was characterized based on responses to an item inquiring about alertness within the first half-hour of awakening, with options
including: Very alert; Fairly alert; Slightly alert; and Not at all alert. SDS severity characterization is provided based on previously determined thresholds. Other, available
characteristics included nightly electronic use within 1 hr of bedtime, whether or not the marathoner was a sleep tracker user, daily caffeine use, and weekly alcohol use.
Values are presented as proportions across the entire sample, except for sample size (count) and marathon completion time (mean ± standard deviation).
GFA, Good For Age; SDS, sleep difficulty score.
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3.3 | Relationships between circadian preference,
sleep inertia and their interaction with marathon
performance

The relationships between circadian preference, sleep inertia and their

interaction with marathon performance (captured by marathon

completion time) were the focal analyses. Figure 1 presents the rela-

tionship between circadian preference and marathon completion time,

while Figure 2 presents the relationship between sleep inertia and

marathon completion time. Table 3 presents the average completion

time across circadian preference groups, while Table 4 presents the

results from the pairwise comparisons between circadian preference

TABLE 2 Circadian preference and sleep inertia across subgroups.

Variable CP/SI Group Mean ± SD β SE 95% CI p-Value η2p

Age group CP Young adults 2.27 ± 1.04 0.23 0.07 0.09, 0.37 0.001 0.011

Middle-aged adults 2.04 ± 1.04

SI Young adults 2.33 ± 0.83 0.18 0.06 0.07, 0.30 0.002 0.011

Middle-aged adults 2.15 ± 0.83

Gender CP Female 2.14 ± 1.05 �0.07 0.07 �0.07, 0.21 0.31 0.001

Male 2.21 ± 1.05

SI Female 2.27 ± 0.87 0 0.06 �0.11, 0.12 0.95 0

Male 2.27 ± 0.82

SDS threshold CP Below threshold 2.18 ± 1.03 �0.05 0.08 �0.21, 0.11 0.52 0.001

Above threshold 2.23 ± 1.09

SI Below threshold 2.25 ± 0.84 �0.11 0.07 �0.23, 0.02 0.1 0.003

Above threshold 2.35 ± 0.84

GFA status CP Slower 2.25 ± 1.05 0.28 0.08 0.12, 0.44 < 0.001 0.012

Faster 1.97 ± 1.01

SI Slower 2.29 ± 0.82 0.09 0.07 �0.04, 0.22 0.17 0.002

Faster 2.20 ± 0.88

Caffeine use CP Low/No 2.20 ± 1.05 0.04 0.07 �0.11, 0.18 0.62 0

Higher 2.17 ± 1.04

SI Low/No 2.30 ± 0.84 0.09 0.06 �0.20, 0.02 0.11 0.003

Higher 2.21 ± 0.82

Alcohol use CP Low/No 2.16 ± 1.04 �0.2 0.1 �0.04, �0.00 0.05 0.004

Higher 2.36 ± 1.11

SI Low/No 2.26 ± 0.83 �0.09 0.06 �0.25, 0.07 0.28 0.001

Higher 2.35 ± 0.85

E-device use CP Low/No 2.00 ± 1.06 �0.24 0.08 �0.40, �0.08 0.004 0.009

Higher 2.24 ± 1.04

SI Low/No 2.27 ± 0.84 0 0.07 �0.13, 0.13 0.95 0

Higher 2.27 ± 0.84

Sleep tracker use CP No 2.19 ± 1.05 0.05 0.11 �0.27, 0.26 0.61 0

Yes 2.14 ± 1.00

SI No 2.25 ± 0.82 �0.17 0.09 �0.00, 0.33 0.05 0.004

Yes 2.42 ± 0.94

Circadian preference (CP) and sleep inertia (SI) analyses across subgroups within the sample. For these analyses, CP was coded on a 1–4 scale, with

increasing values representative of greater eveningness preference: (1) Definitely morning; (2) More morning than evening; (3) More evening than morning;

(4) Definitely evening. SI was coded on a 1–4 scale, with increasing values representative of decreased alertness within the first hour of awakening: (1)

Very alert; (2) Fairly alert; (3) Slightly alert; (4) Not at all alert. Dichotomized subgroups were established for age (young versus middle-aged adults), sex

(female versus male), clinically suggestive SDS threshold from the athlete sleep screening questionnaire (below versus above), marathon completion time

relative to GFA qualifying time (faster versus slower), daily caffeine use (low/no versus higher), weekly alcohol use (low/no versus higher), weekly

electronic device use (E-device) in the hour preceding bedtime (low/no versus higher), and whether the participant was a sleep tracker user (yes versus no).

Linear regression was utilized to evaluate subgroups across CP and SI outcomes, separately, with the regression coefficient (β), standard error (SE), lower-

and upper-limits from the 95% CI, p-value and partial eta squared (η2p ) presented. Group means ± standard deviation are also presented.

CI, confidence interval; GFA, Good For Age; SDS, sleep difficulty score.
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groups. Table 5 presents the average completion time across sleep

inertia groups, while Table 6 presents the results from the pairwise

comparisons between sleep inertia groups.

The ANOVA results evidenced significant variance in marathon

completion time across circadian preference (F3,932 = 3.21;

p = 0.02). Follow-up pairwise comparisons evidenced statistically sig-

nificant differences in the comparisons between Definitely morning

and Evening > Morning preference groups (mean

difference = 11.6 min; p = 0.01), and Definitely morning and

Definitely evening preference groups (mean difference = 13.9 min;

p = 0.01). The relationships suggested that morningness associated

with faster marathon completion time, relative to eveningness groups.

However, after correcting for multiple comparisons, statistical signifi-

cance was only observed for the Definitely morning and

Evening > Morning relationship (p = 0.05), with trend level signifi-

cance observed for the Definitely morning and Definitely evening

relationship (p = 0.06). When assessed linearly, greater degrees of

eveningness significantly associated with longer marathon completion

F IGURE 1 The main results from the
analyses of circadian preference with
marathon completion time (min). The
average marathon completion time and
standard error are plotted across the four
levels of circadian preference: Definitely a
morning type (DM); More a morning type
than evening type (M > E); More an
evening type than a morning type (E > M);

and Definitely an evening type (DE). The
F statistic and associated p-value are
presented from the ANOVA, along with
the regression coefficient (β) and
associated p-value from the unadjusted
linear regressions, as well as the p-value
from the adjusted regressions. Significant
(p < 0.05) and trend level significant
(p < 0.1) relationships from pairwise
comparisons are also noted.

F IGURE 2 The main results from the
analyses of circadian preference and sleep
inertia with marathon completion time
(min). The average marathon completion
time and standard error are plotted across
the four levels of sleep inertia: Very alert;
Fairly alert; Slightly alert; and Not at all
alert. The F statistic and associated p-
value are presented from the ANOVA,
along with the regression coefficient (β)
and associated p-value from the
unadjusted linear regressions, as well as
the p-value from the adjusted regressions.
Significant (p < 0.05) and trend level
significant (p < 0.01) relationships from
pairwise comparisons are also noted.
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time (β = 4.96; SE = 1.64; 95% confidence interval [CI] = [1.73,

8.19]; p = 0.003; η2p =0.010), with significance also observed in the

adjusted model that accounted for marathon runner age, sex and SDS

severity (padj=0.002; η2padj=0.011).

The ANOVA results did not evidence significant variance in mara-

thon completion time across sleep inertia severities. When assessed

linearly, greater degrees of sleep inertia severity significantly associ-

ated with longer marathon completion time (β = 4.23; SE = 2.06;

95% CI = [0.18, 8.27]; p = 0.04; η2p =0.005), yet only trend level sig-

nificance was observed in the adjusted model that accounted for mar-

athon runner age, sex and SDS severity (padj=0.07; η2padj=0.003).

To test for an interactive relationship between circadian prefer-

ence and sleep inertia on marathon completion time, a model was

fitted that regressed marathon completion time on circadian prefer-

ence, sleep inertia and an interaction term between the two continu-

ous variables. The results evidenced a statistically significant

interaction (β = �4.37, p = 0.02), with significance also observed in

an adjusted model that accounted for marathon runner age, sex and

SDS severity (padj = 0.01). The directionality of the coefficient sug-

gests that as the degree of sleep inertia severity increases, the effect

of circadian preference on marathon completion decreases. Similarly,

as circadian preference shifts towards eveningness, the effect of sleep

TABLE 3 Marathon completion time, runner performance, gender and age across circadian preference.

Characteristic Definitely morning Morning > evening Evening > morning Definitely evening

Sample size (N) 316 253 242 125

Marathon completion time (min) 244 ± 53.6 251 ± 49.9 255 ± 53.9 257 ± 53.3

Runner performance (%)

Faster than GFA 27.2 21.7 17.4 15.2

Slower than GFA 72.8 78.3 82.6 84.8

Gender (%)

Male 63.0 62.1 69.4 64.0

Female 37.0 37.9 30.6 36.0

Age group—marathon divisions (%)

18–39 years 58.5 70.4 68.6 73.6

40–44 years 17.1 12.7 16.9 15.2

45–49 years 14.6 9.88 7.44 4.8

50–54 years 6.33 5.93 4.55 4.0

55–59 years 1.9 0.79 1.65 1.6

60–64 years 1.58 0.4 0.83 0.8

Age group—statistical analyses (%)

Young adults (18–39 years) 58.5 70.4 68.6 73.6

Middle-aged adults (40–64 years) 41.5 29.6 31.4 26.4

Sample size, marathon completion time, runner performance based on GFA qualifying time, gender, age group based on marathon divisions, and age group

based on the dichotomized age variable used for statistical analyses across the circadian preference groups: Definitely morning, Morning > Evening,

Evening > Morning, and Definitely evening. Sample size is presented as counts (n), with marathon completion time provided as means ± standard deviation,

and all other characteristics described as percentage within a circadian preference group.

GFA, Good For Age.

TABLE 4 Pairwise comparisons of
circadian preference groups: Definitely
morning, Morning > Evening, Evening >
Morning, and Definitely evening.

Comparison MD (min) SE p p (corrected)

Definitely morning versus Morning > Evening 7.46 4.41 0.09 0.34

Definitely morning versus Evening > Morning 11.6 4.5 0.01 0.05

Definitely morning versus Definitely evening 13.9 5.52 0.01 0.06

Morning > Evening versus Evening > Morning 4.18 4.74 0.38 0.81

Morning > Evening versus Definitely evening 6.44 5.71 0.26 0.68

Evening > Morning versus Definitely evening 2.26 5.8 0.7 0.98

Mean difference, standard error (SE), p-value and Tukey HSD corrected p-value are presented.

Pairwise comparisons between circadian preference groups for marathon completion time. Mean

difference (MD), standard error (SE), p-value and a Tukey HSD corrected p-value [p (corrected)] are

presented for each comparison. MD is presented in minutes, with the value reflecting the second group

minus the first group (e.g. Morning > Evening—Definitely morning = 7.46).
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inertia severity on marathon completion time decreases. Figures S1

and S2 visually present the interactive relationship between circadian

preference and sleep inertia on marathon completion time.

4 | DISCUSSION

Population-wide interest and participation in marathons has

increased. Marathon popularity has coincided with scientific pursuit

of individual, lifestyle and training factors that influence race-day

performance. This is useful for guiding the development of individual-

ized training regimes. However, relations of circadian preference and

sleep inertia with marathon performance are understudied, despite

the fact that these characteristics may have unique import given typi-

cal marathon start times. This investigation was designed to advance

this gap in knowledge by evaluating the associations of circadian pref-

erence, sleep inertia and their interaction with marathon completion

time, using data collected from participants in a 2016 large mass-

participation city marathon. Our results provided consistently strong

evidence for the association between greater degrees of eveningness

TABLE 5 Age, gender, marathon
completion time and runner performance
across sleep inertia.

Characteristic Very alert Fairly alert Slightly alert Not at all alert

Sample size (N) 158 444 257 77

Marathon completion time (min) 242 ± 50.3 251 ± 52.3 254 ± 51.2 254 ± 64.4

Runner performance (%)

Faster than GFA 27.2 21.3 17.5 24.7

Slower than GFA 72.8 78.6 82.5 75.3

Gender (%)

Male 61.4 65.3 67.3 57.1

Female 38.6 34.7 32.7 42.9

Age group—marathon divisions (%)

18–39 years 58.2 64.4 73.2 71.4

40–44 years 20.9 13.5 16.0 15.6

45–49 years 10.1 13.1 6.62 5.2

50–54 years 6.33 6.53 3.11 5.2

55–59 years 1.9 1.58 1.17 1.3

60–64 years 2.53 0.9 0 1.3

Age group—statistical analyses (%)

Young adults (18–39 years) 58.2 64.4 73.2 71.4

Middle-aged adults (40–64 years) 41.8 35.6 26.9 28.6

Sample size, marathon completion time, runner performance based on GFA qualifying time, gender, age

group based on marathon divisions, and age group based on the dichotomized age variable used for

statistical analyses across the sleep inertia groups: Very alert; Fairly alert; Slightly alert; and Not at all

alert. Sample size is presented as counts (n), with marathon completion time provided as means ±

standard deviation, and all other characteristics described as percentage within a circadian preference

group.

GFA, Good For Age.

TABLE 6 Pairwise comparisons of
sleep inertia groups: Very alert; Fairly
alert; Slightly alert; Not at all alert.

Comparison MD (min) SE p p (corrected)

Very alert versus Fairly alert 9.26 4.89 0.06 0.23

Very alert versus Slightly alert 11.9 5.33 0.03 0.12

Very alert versus Not at all alert 12.4 7.33 0.09 0.33

Fairly alert versus Slightly alert 2.65 4.24 0.52 0.92

Fairly alert versus Not at all alert 3.09 6.52 0.47 0.97

Slightly alert versus Not at all alert 0.44 6.86 0.95 1.00

Mean difference, standard error (SE), p-value, and Tukey HSD corrected p-value are presented.

Pairwise comparisons between sleep inertia groups for marathon completion time. Mean difference

(MD), standard error (SE), p-value and a Tukey HSD corrected p-value [p (corrected)] are presented for

each comparison. MD is presented in minutes, with the value reflecting the second group minus the first

group (e.g. Fairly alert—Very alert = 9.26).
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preference and longer marathon completion times (worse perfor-

mance). Additionally, we observed some statistical support for a rela-

tionship between greater sleep inertia severity and longer marathon

completion times. A significant, positive interaction between circadian

preference and sleep inertia on marathon completion time was also

observed, yet the directionality of this interaction was not in align-

ment with our a priori hypothesis as it suggested that the linear rela-

tionship between increasing degrees of circadian preference and

longer marathon completion time weakened with greater degrees of

sleep inertia, and vice-versa.

The combination of results from descriptive, regression and

ANOVA analyses highlighted the benefit of being Definitely morning,

as well as the association of greater eveningness preference with

worse marathon completion times for a marathon beginning at a tradi-

tional early- to mid-morning start time. These results match our

hypotheses and may merely reflect the benefits of alignment in circa-

dian biology with competition timing. Yet, there are additional layers

to this relationship that warrant attention. Other psychosocial factors

and training dynamics may be relevant to understanding the poten-

tially deleterious effects of eveningness. For example, our results also

showed that greater eveningness associated with increased weekly

alcohol use and greater frequency of electronic device use within 1

hr of bedtime, which are behavioural tendencies that are unlikely to

aid training, recovery and race-day performance. These behaviours

may serve as targetable interventions for marathoners of eveningness

circadian type that could enhance marathon performance.

Additionally, future research aimed at evaluating the effects of modi-

fying circadian preference and underlying circadian biology preceding

race-day competition through circadian-based strategies

(e.g. chronotherapy) is warranted. Advancing this line of research is

critical to clarify the key elements and subsequent strategies for indi-

vidualized training regimes that account for differences in

circadian type.

Although we did not observe consistently significant results

across regression and ANOVA analyses, the general pattern and sig-

nificant, positive association in the unadjusted regression analyses

provide some evidence supporting our hypothesis that greater sleep

inertia severity would associate with worse marathon performance.

Reducing sleep inertia through reactive countermeasures, such as

light, sound and/or temperature, upon awakening may be useful strat-

egies for enhancing early morning training and race-day performance

(Hilditch et al., 2016). However, it is important to note that the study

of sleep inertia and potential therapeutic strategies is still in its

relative infancy, with further progression in this area of research nec-

essary to establish implementable strategies and protocols. It is also

critical to note that we relied on a single item from the ASSQ that spe-

cifically focuses on the alertness/vigilance component of sleep inertia,

while sleep inertia also is a physical and psychological experience.

Future research should strive to utilize more comprehensive subjec-

tive measures of sleep inertia, such as the Sleep Inertia Questionnaire

(Kanady & Harvey, 2015), as well as objective measures of sleep iner-

tia features, such as the Psychomotor Vigilance Task (Evangelista

et al., 2022), when possible, to enhance the understanding of the

relationship between sleep inertia severity and marathon runner

performance.

Although we approached this investigation expecting a significant

interaction between circadian preference and sleep inertia on mara-

thon completion time, the directionality of the observed, significant

interaction from the results was surprising and antithetical to our

expectations. We hypothesized that greater degrees of sleep inertia

would augment a deleterious relationship between increasing even-

ingness preference and longer marathon completion time, and vice-

versa. However, the negative regression coefficient (β = �4.37) from

the interaction analysis suggests that the deleterious relationship

between increasing eveningness preference and longer marathon

completion time weakens with greater sleep inertia severity. This find-

ing is paradoxical and difficult to explain. Further evaluation of the

relationship visually showed that the directionality of the interaction

relationship is largely driven by the most severe sleep inertia pheno-

type (“Not at all alert”), whereby faster marathon completion times

were observed in eveningness groups relative to the morningness

groups for this sleep inertia subgroup. Although one can only specu-

late on the origin of this unforeseen relationship, perhaps this reflects

differences in other unmeasured characteristics, such as a psychologi-

cal trait related to grit or resilience. This may also be reflecting differ-

ences in training dynamics, such as volume and/or timing, that may

have influenced greater sleep inertia while also resulting in better

quality training. Future research is necessary to better understand the

interrelation of circadian preference and sleep inertia with marathon

completion time, as well as individual factors and traits that may mod-

erate and mediate these relationships.

While our study provides novel insights, it is not without limita-

tions. Our primary outcome of completion time served as a crude

measure of marathon performance as it is possible that not all mara-

thoners were trying to perform to their best; however, future studies

should improve on this design, and could include exercise physiology

variables such as velocity at a fixed blood lactate level, or critical

speed data derived from training data (Smyth & Muniz-

Pumares, 2020). The cross-sectional nature of our study design limits

causal inferences. Additionally, the reliance on self-reported measures

for circadian preference and sleep inertia might introduce bias or inac-

curacies. Furthermore, circadian preference may not directly map onto

biological chronotype, which limits the ability to fully clarify the

degree to which circadian biology is contributing to differences in

marathon completion time. Moreover, the ASSQ item utilized to cap-

ture sleep inertia only focused on the alertness/vigilance feature of

sleep inertia, which limited our ability to capture sleep inertia as it also

is a physical and psychological experience. Sleep inertia characteriza-

tion was also limited by the reliance on a single collection point, with

variability in the collection time across participants. Because sleep

inertia severity is likely to vary on different days, while also being

influenced by a myriad of factors (e.g. time of collection; previous

night sleep), future research should leverage longitudinal collection in

a standardized manner to obtain a more accurate depiction of sleep

inertia. We also did not have information on the specific start time of

the marathon for each participant. Although it is very likely that most
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participants (and potentially all) began at the 10:00 hours start, it is

possible that some women in the analytic sample competed in the

elite division, which would lead to slight differences in start time

(09:15 hours) that could have influenced the results. Lastly, while our

sample was relatively large and diverse in terms of marathon comple-

tion times and demographics, it strictly focused on marathoners from

a single event in 2016 and may not fully represent the global

marathon-running community. Future studies should strive to

enhance the scope of captured demographic and lifestyle characteris-

tics of the marathon participants.

5 | CONCLUSION

To our knowledge, this is the first investigation to assess the interrela-

tions among circadian preference, sleep inertia and marathon comple-

tion time. The relatively large sample size (n = 936) of marathoners is

a notable strength of this investigation. Morningness tendencies were

common within the sample, with 60.8% of participants reporting a cir-

cadian preference of either Definitely morning (33.8%) or

Morning > Evening (27.0%). The majority of the sample reported low-

to-moderate levels of sleep inertia, 74.9% reporting feeling Fairly alert

(47.4%) or Slightly alert (27.5%) within the first half-hour after awak-

ening. Our results provided strong evidence for a positive, linear rela-

tionship between circadian preference and marathon completion time,

whereby increasing eveningness associated with worse marathon

completion time. Additionally, there was some statistical support was

for a positive, linear relationship between sleep inertia severity and

marathon completion time. A statistically significant interaction

between circadian preference and sleep inertia on marathon comple-

tion time was also observed. However, the direction of the interaction

was surprising and somewhat paradoxical. Ultimately, this study adds

to the growing body of literature aimed at identifying factors that

influence performance in marathons and other endurance sports,

broadly. Multiple areas for future research emerged from our results,

including evaluation of chronotherapy and sleep inertia countermea-

sures as potential strategies to enhance marathon performance.
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