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Acute and chronic performance
enhancement in rowing – A network
meta-analytical approach on the effects
of nutrition and training
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records indentified via databases (n = 1 725)

title/abstract screening (n = 1 106)

full text screening (n = 119)

articles included (n = 71)

619 duplicates excluded

9 87 articles excluded

59 articles excluded:
duplicate (n = 18)
wrong outcome (n = 7)
no adequate control (n = 7)
wrong population (n = 10)
wrong publication type (n = 9)
missing data (8)
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other sources (n = 11)

acute effects
(n = 30)

chronic effects
(n = 41)

Search level Search terms with Boolean operators

Search #1 “rowing“ OR “rower“ OR “row*“ OR “oarsmen“

Search #2 #1 AND (“VO2peak" OR "VO2max" OR "maximal oxygen 
uptake" OR "maximal oxygen consumption" OR "aerobic 
capacity" OR "threshold" OR "time trial" OR "time to 
exhaustion" OR "one repetition maximum" OR "1RM" OR 
"1 repetition maximum" OR "MVC" OR "maximal voluntary 
contraction" OR "rowing performance“)

Search #3 #2 NOT (“patient“ OR “patients“)

screening

(Held et al., 2023)



chronic effects

(Held et al., 2023)

I2 = 0.1% (95CI: 0.0 to 48.0%)
Qtotal = 19.0 (p = 0.46)
Qwithin designs = 13.8 (p = 0.40)
Qbetween designs = 5.3 (p = 0.51) 

chronic effects - nutrition
I2 = 0.0% (95CI: 0.0 to 79.2%)
Qtotal = 0.5 (p = 0.97)
Qwithin designs = 0.4 (p = 0.84)
Qbetween designs = 0.2 (p = 0.92) 

chronic effects - exercise



(Held et al., 2023)

chronic effects



(Held et al., 2023)

summary

respiratory training

high intensity training

blood flow restriction

altitude training

CHRONIC

blood flow restricition

high intensity training

non failure resistance training



(Held et al., 2023)

VBT
IN ROWING?

Dr. Steffen Held



1RM estimation
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1RM estimation

1RM
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exercise specific
but resistant to training
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velocity loss

repetition failure [RF]
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(Held et al., 2021)
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VBT – Network Meta-Analysis

(Held et al., 2022)



24(Held et al., 2022)
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Minimization

VL10 RF
8 week concurrent training:

endurance (8-times /week) & strength (2-times /week) 

10% velocity loss 
[VL10]

repetition to failure
[RF]VS

VO2max, StrengthTotal, Age, Height, Weight, 
Gender

4 sets  
80% 1RM
2-3 min rest 

clean, 
SQ, DL 
BR, BP

VL10 RFVS

VO2max 1RM: SQ, DL, BR, BP
+

VO2max 1RM: SQ, DL, BR, BP
+

(Held et al., 2021)

SE < 0.01 m·s-1
CV < 1.8% 
ICC > 0.999 

(Martínez-Cava et al., 2020)

Daily Short Recovery and Stress Scale 
(Nässi et al., 2017)

Effects of VL10 vs. RF on performance surrogates in rowing?
randomized controlled trial: 21 sub-elite rowers



VO2max [ml/kg/min]

mean 1RM [%]

body  mass [kg]

height [cm]

age [years]
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similar baseline 
(p > 0.468, ηp

2 < 0.03, SMD < 0.34)  

similar training data
(p > 0.461, ηp

2 < 0.03, SMD < 0.34)  

Volume [h/wk]
12.0 ± 2.2
12.0 ± 2.2 

volume [h/w]

17.5 ± 6.9 % 

STRENGTH

17.8 ± 5.0 % 

STRENGTH

78.7 ± 2.2 % 

LiT

79.0 ± 2.1 % 

LiT

0.6 ± 1.0 % ThT

0.7 ± 1.2 % ThT

3.1 ± 1.5 % HiT

3.0 ± 1.8 % HiT

less reps for VL10
(p < 0.001, ηp

2 = 0.75, SMD = 3.45)  

(Held et al., 2021)



similar VO2max gains
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(group × time rANOVA: p > 0.51, ηp
2 < 0.03)

(post-hoc: p > 0.53, SMD < 0.48)

(Held et al., 2021)

higher 1RM gains in VL10
(group × time rANOVA: p < 0.031, ηp

2 < 0.22)
(post-hoc: p > 0.010, SMD > 0.68)



29(Held et al., 2021)

lower stress & less need of recovery in VL10



VBT - acute

30(Held et al., 2022)

rANOVA p < 0.001
ηp2 = 0.628

rANOVA p < 0.001
ηp

2 = 0.628

***

***



conclusion

31

2020



1RM

I

0.4
I

0.8
I

1.2
I

1.6

40 -

80 -

120 -

Rowing-specific velocity based resistance training – BISp Service 2023 
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Donath & Held, DSHS Köln

adapted from Dunst et al., 2021

MK EK I EK II SK S

80-95% 1RM (TMGK, 2016)

0.8-0.9 m/s leg drive 
                   @r36-38 (Held et al., 2019)

Effects of resistance training @0.8-0.9m/s vs. @80-95%1RM ?

load [kg]

velocity [m/s]
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repeated measurement/individual response:
VBT-based 1RM & PPO prediction during warm up

Effects of resistance training @0.8-0.9m/s vs. @80-95%1RM ?
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Participants: 15-20 elite athletes

T0 T1 T2
0.8-0.9 m/s

80-95% 1RM

1RM
VO2max
LT1/2
2k TT ?

~10 w; KEB; Ludum

~10 w; KEB; Ludum
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results 2023 ?!

next week
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restricted venous return & reduced aterial flow  
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Kontraindikatoren: offene Frakturen, akute Verletzungen an den Extremitäten, Krebserkrankungen, 
Schwangerschaft, Thrombose, Dialyse-Anwendungen, schwerer Bluthochdruck, gerinnungsfördernde 
Medikamente. 
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Wiedenmann, Held, Rappelt & Donath
PROSPERO (CRD42021249069) 
registered network meta-analysis 

BFR:
NMA
BFR:
NMA

(Wiedenmann et al., 2023)

Search level Search terms with Boolean operators

Search #1 (“BFR” OR “blood flow restriction” OR “blood flow restriction training” OR
“blood flow occlusion” OR “kaatsu training” OR “kaatsu” OR “occluded
blood flow” OR “restricted blood flow” OR “vascular occlusion” OR “vascular
restriction”)

Search #2 #1 AND (“VO2peak“ OR “VO2max” OR “maximal oxygen*” OR “aerobic
capacity” OR “endurance” OR “threshold” OR “time trial” OR “time to
exhaustion” OR “strength*” OR “torque” OR “peak torque” OR “one
repetition maximum” OR “1RM” OR “1 repetition maximum” OR “MVC” OR
“maximal voluntary contraction” OR “muscle thickness” OR “CSA” OR “cross
sectional area” OR “muscle size” OR “muscle mass” OR “hypertrophy”)
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Wiedenmann, Held, Rappelt & Donath
PROSPERO (CRD42021249069) 
registered network meta-analysis 

(Wiedenmann et al., 2023)

BFR:
NMA
BFR:
NMA

VO2max
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BFR [2020] BFR [2022]

No BFR

BFR BFR

No BFR

VO2max / PPO

VO2max / PPO
2kTT

(Held et al., 2020; Held et al., 2023)

31 highly trained rowers 11 elite rowers

5 weeks 5 weeks

5 weeks



BFR amplication
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75 %

(Behringer et al., 2017)

2x10min low intensity /10min; 3/week
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Dortmund [2023]

No BFR [2020]

BFR [2020]

Athleten

22.1 ± 1.6

21.7 ± 3.7

21.9 ± 3.2

193 ± 4

181 ± 8

180 ± 9

92.6 ± 3.8

72.5 ± 12.1

73.6 ± 10.9

67 ± 4

63 ± 9

63 ± 7

496 ± 15

396 ± 89

383 ± 121

(Held et al., 2020; Held et al., 2023)

6.2 ±0.4 l/min
vs.

4.6 ±0.6 l/min
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BFR [2020] BFR [2022]

Ergebnisse

(Held et al., 2020; Held et al., 2023)

+2,1 ± 1.4 % +0.9 ± 1.7%-2,1 ± 5,2%  +3,9 ± 3,3% +1,6 ± 3,0%  +4,2 ± 3,2%+2.5 ±6.1% +9.1 ± 6.2% +15.3 ± 9.7% +3.1 ± 9.7%



BFR & TT
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+1.1%+4.7% +0.1%+0.6%



repeatable – rowing case study

49

VO2max 
[ml·min-1·kg-1]

65-70 72-77 84-88

5W BFR 5W BFR 5W BFR
3x

… … …

VO2max



conclusion
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Block vs. Traditional 
Periodization of HiT



adapted Seiler et al., 2009

intensity zones
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LT1 LT2
100%

VO2max
50%

VO2max

ThTLiT HiT

K/T EXA INA HIA WSA S



BP: 5 + 1 + 1 + 1 = 8
TRAD: 2 + 2 + 2 + 2 = 8

+4.6 ±3.7%

+2.1 ±2.8%
HiT - Block 



+8.8 ±5.9%

+6.2 ±6.1%

HiT - Block 

+3.7 ±2.9%

+3.5 ±4.5%



The participant is the most-decorated 
winter Olympian, with 8 Olympic gold 
medals, 18 world championship titles, 
and 114 world cup victories. 

HiT – Block - season 



+6.3 ± 6.6% (pooled)

+10.2 ± 12.4% (pooled) 

HiT - Block 



(Held et al., 2023)

HiT - Block 

VO2max

kleiner Effekt 



HiT = HiT?!

decrease length 
(Vaccari et al., 2020)

varying intensity
 (Bossi et al., 2020; Ronnestad et al., 2021)

decrease 
(Lisboa et al., 2015; Ronnestad et al., 2019; 
Ronnestad et al. 2021)

short interval blocks 
(Vaccari et al., 2020; Almquist et al., 2020)

even

accumulated time ≥ 90% VO2max

(Held et al., 2023)

Held, Wiedenmann, Rappelt & Donath
PROSPERO (CRD391814) 
registered network meta-analysis PRELIMINARY DATA



HiT: NMA

(Held et al., 2023)

decrease length

decrease

varying intensity
 

short interval blocks 

even

66.9%

61.1%

60.4%

41.4%

20.2%

6w (2 HiT/w), equals to:

+2 ±5 HiT sessions
+3 ±2 HiT sessions
+4 ±4 HiT sessions
+5 ±6 HiT sessions

I2 = 0.0% (95CI: 0.0 to 79.2%)
Qtotal = 0.5 (p = 0.98)

Qwithin designs = 0.0 (p = 0.89)
Qbetween designs = 0.4 (p = 0.93) 

PRELIMINARY DATA



reminder

Seiler, 2018

DOI: 10.13140/RG.2.2.16667.05924

≥ 90-95% LiT

≤ 5% HiT

http://dx.doi.org/10.13140/RG.2.2.16667.05924
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blood flow restriction

ß-hydroxy ß-methylbutyrate (HMB)

black currant

altitude training
spirulina

ß-alanine

respiratory training

creatine

creatine
preload

weight reduction

acute

chronic

VO2max

traditional   block

VO2max  

BFRnoBFR
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