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Factors associated with high-level endurance performance

26 factors

• maximal oxygen consumption 

• running economy

• recovery speed

• carbohydrate metabolism 

• glycolysis capacity

• lactate 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

2022 17(12)
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y = 0,0759x - 0,3289
r = 0,85

R² = 0,716
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“Maximum oxygen uptake 

(VO2max) […] sets the upper limit 

for endurance performance.” 

Archibald Vivian Hill
Nobel Prize 1922

Own data unpubl.

Basset JAP 2002

Reduced risk of

Coronary heart disease, hypertension, diabetes, 

stroke, cancer, etc.

„Endurance“ & maximum oxygen uptake
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Maximum oxygen upatke: Training methods

e.g. 

45-60 min

(High) intensity Interval 

Training (HIIT)

Duration
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e.g. 

4 x 4 min

3-min recovery

„Moderate-intensity 

continous exercise (MICE)“ 

100%

65%

Düking et al. EJAP 2020

Zinner et al. MSSE 2018

Born et al. Front Physiol 2017

Sperlich et al. Front Physiol 2017

Messler al.  J Atten Disord 2016

Schmitt et 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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100%

65%

Duration
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Düking et al. EJAP 2019

Zinner et al. MSSE 2018

Born et al. Front Physiol 2017

Sperlich et al. Front Physiol 2017

Messler al. J Atten Disord 2016

Schmitt et 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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Participant ID

Zone 1: 

Mean: +0.7%

HIIT:

+1.1%
Mix: 
+0.9%

Düking et al. EJAP 2019

Zinner et al. MSSE 2018

Born et al. Front Physiol 2017

Sperlich et al. Front Physiol 2017

Messler al.  J Atten Disord 2016

Schmitt et 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

Change %

Baseline

Error of measurement

My experience: Pre-post VO2max (3-9 weeks; 2-5 seesions/week, n=265) 
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Genes & Trainability

Stepwise multiple regression analysis

of the 39 SNPs identified a panel of 21

SNPs that accounted for 49% of the

variance in VO2max trainability

Three significant SNPs (NFIA-AS2

rs1572312, TSHR rs7144481, RBFOX1

rs7191721) in combination explained

24.6 and 48.8% of the variation in

VO2max of male and female endurance

athletes, respectively.

(Inter)national competing runners

and cyclists have a higher

probability to carry specific genetic

variants compared with controls.
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24h

unbekanntunbekannt

20% 9%
2-4%

WHO-Guidelines 

(150-300min/wk)

96-98%91%80%

“Fitness Enthusiast”Elite Sport

(>1000h/year

Training “Off-Training”

Training time relative to waking time in a 24h-continuum

Individualized endurance training - the 24-h approach Billy Sperlich10/32

Adaptation to „free-living & exercising-biology“

a) Activities of daily living

b) Sleep behavior (hours, naps, travelling)

c) Recovery procedures e.g:

▪ Massage & Stretching & Foam Rolling

▪ Active/passive recovery

▪ Compression clothing, etc.

d) Nutrition Pre-, intra-, post Training 

e) Environment (UV, heat, altitude, cold, ozone, 

particulate matter, noise…)

f) Mindset 

g) Circadian Rhythm

h) Social aspects (family, friends, sponsors, financial 

situation, media)

i) Alcohol, drugs…

j) Doping

k) Factor x, y, z 

24h

Max. waking time:

20%0.5 – 4h
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Informative (Bio)Markers 

Biomarker Wearable Smartphone
Point-of-Care-

Testing

Heart rate, HR variability, HR recovery X X X

Energy expenditure X X

Lactate-RPE Ratio (X)

Oxygenation X X X

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, Ƴ-GT, Amylase) X

Cardiac markers (CK, CK-MB, cTnI, 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
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90-100%

80-90%

70-80%

60-70%

50-60%

40-50%

30-40%

<30%

SleepWaking timeTrainingWaking timesleep

Polar M600; Kempele, FIN

Android based

1Hz HR-recording

ca. 36-48h batterie life

24h-continuum & intensity zones
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Waking Time 
(without Training)

60-100% HRmax: 14±12%60-100% HRmax: 3±4%

Runner  1
VO2max: +3.2%

Ruderer 2Runner  2
VO2max: +6.3%

%-HRmax

Long-term 24h-Monitoring - „Beginner“

Düking et al. EJAP 2020
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19/12/18 19/06/19

Waking time
(without Training)

17/06/19

60-100% HRmax: 28±20%60-100% HRmax: 14±18%

Rower 1 Rower 2

%-HRmax

Example 24h-monitoring – Elite rower 

Treff et al. 2021 Sci Report
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• Behaviour Lifestyle/ 

Freetime/ Habits

− Nutrition

− Sleep

− Health

• Mindset

• Environment

• Technology & 

Ergonomics

i

Information

Decision
Macro, Meso, 

Day-by-day

Action

Training
0.5 – 4h

Monitoring

Screening

Diagnostic

Feedback

Observation

Information, Decision, Action, Change

„Adaptation“ / Behavoiur change

„Modification“ / „Outcome“

„Phenotyp“, Performance Change

Personalized Signature

Modification

Modification

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, 

etc.)

AI?

Definition of Success & Failure

Key 

elements
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Thank you!

/billysperlich

• 2 years

• English spoken

• Tuition-free
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