th International Congress
9 Mountain, Sport & Health
updating study and research from laberatary to field
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Factors associated with high-level endurance performance

PLOS ONE 2022 17(12)

RESEARCHARTICLE

Factors associated with high-level endurance
performance: An expert consensus derived
via the Delphi technique

Magdalena J. Konopka'#* *, Maurice P. Zeegers'***, Paul A. Solberg*®,

Louis Delhaijo**, Romain Meeusen®**, Geert Ruigrok®, Gerard Rietjens®®,
Billy Sperfich™

26 factors

* maximal oxygen consumption

* running economy

* recovery speed

» carbohydrate metabolism
» glycolysis capacity
 l|actate threshold

» fat metabolism

* number of erythrocytes

» iron deficiency

* muscle fibre type

* mitochondrial biogenesis
» hydrogen ion buffering

testosterone

erythropoietin

cortisol

hydration status

vitamin D deficiency

risk of non-functional overreaching
and stress fracture

healing function of skeletal tissue
motivation

stress resistance

confidence

sleep quality

fatigue
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»Endurance“ & maximum oxygen uptake

nemox | Open.

Billy Sperlich

4,5
4,0
815!
3,0
2,5
2,0
115

5km-velocity [m/s]

Own data unpubl.

“Maximum oxygen uptake
(VOymax) [---] sets the upper limit
for endurance performance.”

Archibald Vivian Hill
Nobel Prize 1922

Basset JAP 2002

40 50 60
VOyax [MI/kg/min]

Original Investigation | Cardiology

Association of Cardiorespiratory Fitness With Long-term Mortality
Among Adults Undergoing Exercise Treadmill Testing

Kyle Mandsager, MD: Serge Harb, MD; Paul Cremer. MD: Dermot Phelan, MD, PhD: Steven E. Nissen, MD: Wael Jaber, MD

Review

Psychopharm

Mortality trends in the general population:
the importance of cardiorespiratory fitness

Duck-chul Lee?, Enrique G Artero?, Xuemei Sui® and Steven N Blair®

Abstract

Reduced risk of

Coronary heart disease, hypertension, diabetes,
stroke, cancer, etc.
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Maximum oxygen upatke: Training methods

»Moderate-intensity (High) intensity Interval

continous exercise (MICE)“ Training (HIIT)
100% -~ 100% -1
g e
] 8
o o
=} =
§ 5% S 65%—
2 2
x X
o e}
i Duratlon Duki I. EJAP 2020
iking et al.
€.g. . Duration €.g. Zinner et al. MSSE 2018
45-60 min 4 X 4 min Born et al. Front Physiol 2017
. Sperlich et al. Front Physiol 2017
3-min recovery Messler al. J Atten Disord 2016
Schmittet al. Physiol Rep 2016
Stoggl/Sperlich Front Physiol 2014
Sperlich et al. J Strength Cond Res 2011
Sperlich et al. Eur J Appl Physiol 2010
5132 Individualized endurance training - the 24-h approach Billy Sperlich
My experience: Pre-post VO, (3-9 weeks; 2-5 seesions/week, n=265)
Zone 1: HIIT: Mix:
Mean: +0.7% +1.1% +0.9%
8 1 90
~ —
3 . - g
=
2 6 . 80 <
5 . . . £
o . c e 70 £
5 4 ° o o £ Bl Change %
& ° ®e 3 .
o o . ,.' R e e o e 60 E @ Baseline
> ° . e c° . 4 o
® 21 o -2t .
. >
g) 5 o
c
g ||Illllmm]‘”|ﬂ|||| P =
5 0 I|||||'"’ i e " . ©  Error of measurement
8] WL Il W”ulrﬂ . ‘WII lw 9
o . ©
=~ c.. . . e ..: o ° o .o m
2 0 ° . o... ° ° 30
° L ) Diiking et al. EJAP 2019
. ° ° Zinner et al. MSSE 2018
Born et al. Front Physiol 2017
-4 e 20 Sperlich et al. Front Physiol 2017
NS 8YIO B8R 858380 3 88588808 2858883838883 8588¢8 Messler al. J Atten Disord 2016

Participant ID

Schmittet al. Physiol Rep 2016
Stoggl/Sperlich Front Physiol 2014
Sperlich et al. J Strength Cond Res 2011
Sperlich et al. Eur J Appl Physiol 2010
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Reasons for inter-individual responses

Moving to 24h analysis

Factors associated with endurance performance

Elements of a personalized training signature

7132

Genes & Trainability

Genomic predictors of the maximal O, uptake response to standardized
exercise training programs

Clande Bouchard," Mark A. Sa oty . Charch.*

Yum Ju Sumg” D. C. Ren.' and

Rice:* Wiliam E. K

Individualized endurance training - the 24-h approach

Ovginat Pager OOV 10364202 12SHE Bl St 181235

Genome-wide association study identifies three novel genetic markers
i with elite pe

Stepwise multiple regression analysis
of the 39 SNPs identified a panel of 21
SNPs that accounted for 49% of the
variance in VO,,,, trainability

Three significant SNPs (NFIA-AS2
rs1572312, TSHR rs7144481, RBFOX1
rs7191721) in combination explained
24.6 and 48.8% of the variation in
VO,,,.« Of male and female endurance
athletes, respectively.

Billy Sperlich

Eview wiLey

Genetics of long-distance runners and road cyclists—A
ic review with met: lysis

Magdalena Johanna Konopka*® | Jorn Carlos Maris Leonardus van den Bunder

Gerard Rictjens’ | Rilly Sperlich* | Maurice Petrus Zeegers'**

(Inter)national competing runners
and cyclists have a higher
probability to carry specific genetic
variants compared with controls.
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Training time relative to waking time in a 24h-continuum

Elite Sport «pi o en WHO-Guidelines
(>1000hyear Fitness Enthusiast (150-300min/wk)

2-4%

96-98%

B Training [l “Off-Training”

9/32 Individualized endurance training - the 24-h approach Billy Sperlich

Adaptation to ,free-living & exercising-biology*

? frontiers
in Physiology Exercise Physiology

Max. waking time:

The Responses of Elite Athletes to Exercise: An All-Day, 20%
24-h Integrative View Is Required! 24h

L silly Spertich- a

a) Activities of daily living particulate matter, noise...)
b) Sleep behavior (hours, naps, travelling) f) Mindset
c) Recovery procedures e.g: g) Circadian Rhythm
=  Massage & Stretching & Foam Rolling h) Social aspects (family, friends, sponsors, financial
= Active/passive recovery situation, media)
= Compression clothing, etc. i) Alcohol, drugs...
d) Nutrition Pre-, intra-, post Training j) Doping
e) Environment (UV, heat, altitude, cold, ozone, k) Factor x,y, z
10/32 Individualized endurance training - the 24-h approach Billy Sperlich
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Informative (Bio)Markers Il i" ' m
I

11

sensors i Point-of-Care-
u Biomarker Wearable ~ Smartphone Testing
:‘”““U dF K of Load Monitoring by a Heart rate, HR variability, HR recovery X X X
Combination of Smartphone Applications, Wearabl Energy expenditure X X
and Point-of-Care Testing Provides Feedback that .
Allows Individual Responsive Adjustments to Lactate-RPE Ratio X)
Activities of Daily Living Oxygenation X X X
Peter Ditking "+ 0, Silvia Achtzehn 2%, Hans-Christer Holmberg ** and Billy Sperlich ' Hydration (x) X
Metabolites (Chol/Trig/Cr, Urea, etc) X
Blood lactate & glucose X) X
Blood gases (pH, pCO2, PO2) X
Electrolytes (Na, K, Ca, Cl) X
Haemotology (Hb, Hk, Ery, Leuc, Thromb) X
Enzyme (AST, ALT, Y-GT, Amylase) X
Cardiac markers (CK, CK-MB, cTnl, Myo, BNP/NT-pro BNP..) X
Acute Phase Protein (CRP, hsCRP) X
Temperature (skin, body, core) X X X
Subjective ratings (RPE, Session RPE) X) X
Training Impulse (TRIMP) (X) X
Diaries X) X
Questionnaires (sleep; POMS; fatigue; readiness, stress...) (X) X
11/32 Individualized endurance training - the 24-h approach Billy Sperlich
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Factors associated with endurance performance
Reasons for inter-individual responses
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Elements of a personalized training signature
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24h-continuum & intensity zones

- \ I 80-90%
s .

2, 70-80%
()

g 60-70%
g 50-60%

_ENO, Polar M600; Kempele, FIN
40-50% Android based

1Hz HR-recording

- ca. 36-48h batterie life

00:00 06:00 12:00 18:00 24:00 [h}
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Long-term 24h-Monitoring - ,Beginner*
Runner 1 Runner 2
151 VoZmax: +3.2% VO, a: 16.3%
=1L
2 1.0+ :
R
Training ¢
il l| Hl
SN T Wi
= i |
0 \l i |
100 = it i
'""”'"'“i'i ' N "' '"I'"l"‘ "' "| I ""M i 'iiﬂ 1 s
N — >30
Waking Time £ 5q 4 l
(without Training) _qé = ;g_:g
h s 60-T0
3 | | 70-80
10%: |v| AU I i i || :on ?:u
® l i II||I ||] l'| |’ |‘l | —
il lhlu!.l ||'| I’luhllu.hn 1l .l!,l||IM|| T n'l'lhlllhl. I
0, 0,
Waking time 2 50 it 100/°HRmaX ]I'f'+1.2/° | I
£ i G 10 G lh il il
01/07/18 01/11/18 01/07/18 01/12/18
Diking et al. EJAP 2020
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Example 24h-monitoring — Elite rower

%-HR

— >30
m— 30-40
i 40-50
(e 50-60
e 60-T0
m—— 70-80
I 80-20
— 90-100

e——— Rower 1 Rower 2 —————————

% 40- | ‘ ' ’

Training gzz " |’“H[H l Ilf Ill 1 1 i) i ’| ‘] l‘l | |
£ 1o- ﬁjﬂ:ll' 'lé’ml‘:“' 'I; ﬂk‘ll" flh‘ i“’ |u=|[llil’!L!l I ‘| {) lll»f lll‘l "“I’JI'H”‘"‘
.| T
jo%z MR D ;| Ty n R i

2] S 'hm | J.M!nMnn.hnlld”
Waking time ¢ 509 60-100% HRmax 14:18%

0 Jll
24/12/18 17/06/19  19/12/18

19/06/19

Treftet al. 2021 Sci Report
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Information, Decision, Action, Change

Training

Monitoring
Screering
Diagnostic

Feedbac_:k
Observation

Modification ;l <G———0
: ) ® Decision
* Behaviour Lifestyle/ Action |<—| slomants I— Macro, Meso,
Freetime/ Habits ¢ Day-by-day
— Nutrition
— Sleep
— Health Modification
¢ Mindset

¢ Environment

Principals

Cost/benefit/risk assessment
Training principles

Weather, infrastructure
Federations® master plan
Financial Plan

Limiting factors

Training philosopy

« Experience/Tradition/Expectation
 ,One plan fits all*

+ ,Go Hard or go home*

« ,More is better*

* Try & Error

Biological Modell
 Acute-to-chronic Model

« Fatigue Models

« Internal/External Load

« Thermoregulation

* Menstrual Cycle

+ ,Readiness*

Psychological Model

« Alarm-Stress-Model

« Fatigue

Injury prevention
Schedule/Planning

« Perioization (Block, Undulating,

o s s e e o

q = . K etc.)
« Technology & KJ | Personalized Signature Al?
Ergonomics
+Adaptation“ / Behavoiur change 1
,,Modification“ / uOUtcome“ Definition of Success & Failure
+Phenotyp“, Performance Change
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Thank you!
» 2years
» English spoken
 Tuition-free
M@ E X /billysperlich
NEw
Starting Oct. 2023
z 5 MASTER..
A INTEX I UNIVERSITAT > EXERCISE SCIENCE & TRAINING
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