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OutlineWeight-class athletesIntro

ÅWeight loss in athletes, prevalence, methods and frequency

ÅWeight loss and its implications for health and performance

ÅHow to usenutrition for optimal adaptationand recovery?

ÅProtein metabolism & anabolic effect of training

ÅPractical suggestions 



Twitter et al. is not science



Best practice

The right 
foods makes 
me tougher 
both physically 
and mentally

ò

Thea Therese Vingmark Næss



* Based on loss of  fat mass                                                                           Modified from Fogelholmet al 1993

** Based on body fluid loss

Gradual weight loss * Rapid weight loss **

Modestly reduced EI

Modest increase EE

Change of E% in diet

Loss of 0.5- per week

Duration Ó 1 week

Active or passive dehydration

Very low EI or fasting

Increased EE

Duration 12-96 hours



Rulesand regulationsfor weightclasssports

* Olympics

ü Daily weigh-ins

ü Minimum 3 hours between

weigh-in and competition

ü Usual weight categories

Kickboxing





Sundgot-Borgen & Garthe 2011; Artioli et al. 2010; Marquart & Sobal 1994; Hall & Lane 2001; Oppliger et al. 2003; Alderman et al. 2004

Status quo

ωUp to 94% of the weight-class athletes 
lose weight prior competition

ω- 2-13% (3-6%)

ωPower to weight ratio
ωέtŀǊǘ ƻŦ ǘƘŜ ƎŀƳŜέκέŜǾŜǊȅōƻŘȅ ŘƻŜǎ ƛǘέ

ωIncreased anger 



Study Method,
n  and athletes that 
regularly lose weight

Age began
Losing
Weight (yr) 
(mean ±
SD)

Weight 
lost (kg) 
(mean ±
SD)
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Steen & 
Brownell 
(1990)

Close ended 
questionnaire,  male 
college wrestlers, n=63   ( 
89%)

14.0±2.0 4.4±2.1 *
7.2±3.2*
*

78 90 95 93 73 7 3 -----
-

2 -----
-

-----
-

Oppliger et 
al. (2003)

Close ended 
questionnaire,  male 
college wrestlers, n=741 
(84%)

13.7±3.4 ---------
5.3±2.8*
*

32 6 21 46 8 3 # 3* # 9 2 # 75 80

Alderman et 
al. (2004)

Structured interview, 
male NWC wrestlers, 
n=45

---------- ---------
5.3 **

56 49 ------- ------ -----
-

11 11 -----
-

0 91 -----
-

Slater at al. 
(2005a)

Close ended 
questionnaire, male light-
weight rowers, n=58 
(92%), female light-
weight rowers, n=42 
(94%)

----------
-----------
ᶑ6.0  **
ᶏ4.5 **

ᶑ33

ᶏ58

ᶑ41

ᶏ29

ᶑ21

ᶏ88

ᶑ78

ᶏ94

ᶑ7

ᶏ12

ᶑ11

ᶏ68
------- ------

ᶑ0

ᶏ0

ᶑ33

ᶏ53

ᶑ59

ᶏ94

Artioli et al. 
(2010a)

Close ended 
questionnaire,  male judo 
athletes, n=607  females 
judo athletes, n=607 
(89%) §

12.6±6.1 1.6±1.6 *
4.0±3.1*
*

a) 29
b) 55

a) 30
b) 40

a) 29%
b) 55%

a) 19
b) 41

a) 12
b) 24

a) 3
b) 8

a) 2
b) 6

a) 19
b) 28

a) 0
b) 2

a) 62
b) 25

a) 18
b) 35

* = Usually weight loss ** = Most weight lost # = One time per month or more NWC = National wrestling Championship

§ = Male and female data are merged due to no significant differences between gender a= always b= sometimes

Age and methods



The adolecentathlete

When do we start to manipulate weight for performance 
enhancement?



Å Weight loss methods and nutritional 
routines in international level 
athletes in weight-category sports 

Å European Championship Budva
2004; 272 were asked to fill in the 
questionnaire. The response rate 
was 86% (n=234). 















/ƘŀƭƭŜƴƎŜǎΧΧΧΦΦ

ÅNormal-weight athletes have less fat mass

ÅLarge energy demands due to high training load

Å1-3 sessions per day, over 20 hours/week

ÅAdapted metabolism

ÅPerformance expectations 

ÅLack of time due to travelling, 

competitions, frequent training bouts



Canweight loss impair health?



HORMONES
ÅIncreased cortisol
ÅIncreased grehlin
ÅDecreased thyroidhormones
ÅDecreased sirculating leptin
ÅReduced oestrogenand 

testosteroneconsentrations
(dependent onWL rate)

METABOLIC ADAPTATIONS
ÅDecreased energy expenditure 

(lower body weight and lower 
spontaneous physical activity)
ÅReduces thermic effect of food 

(smaller meals)
ÅIncreased skeletal work 

efficiency

MITOCONDRIAL EFFICIENCY 
ÅReduced proton leakacross

mitocondrialmembrane= 
reduced energyexpenditure
ÅReduced mitochondrialoxidative

capacity

TRAINING ADAPTATION
ÅIncreased needfor timing of energy

intake(especiallyprotein) to 
recover
ÅDecreased signallingresponse
ÅIncreased amountof protein to get

responseIMMUNE SYSTEM
ÅIncreased oxidativestress
ÅReduced antioxidantcapacity

SUBSTRATE USE AND BODY 
COMPOSITION
ÅIncreased protein oxidation
ÅIncreased fat oxidation
ÅReduced glycogenstorageand 

water
ÅLoss of LBM and fat mass
ÅRapid replenishmentof fat mass

PROTEIN METABOLISM
ÅIncreased protein oxidation
ÅIncreased protein breakdown
ÅDecreased protein synthesis



Increased body 
temperature

Reduced blood
volume

Increased hart
frequency

Impaired body 
temperature
regulation

Loss of electrolytes

Nausia, dizziness, 
fatigue

Shirreffs et al. 2004 Filaire et al. 2001; Smith et al.2001; Degoutte et al. 2006; Hillmann et al. 2011 

Rapid weight loss - dehydration

Increaced
cellullar stress

Reduced 
coordination

Sweat and urine 
retention 

(increased levels of 
anti -diuretic 

hormone)

Intracellular water 
in the bloodstream 
to maintain blood 

pressure

Increased risk of
edema

Severe dehydration
may lead to organ 
failure and death



Side 22

NUTRIENTS
Å Nutrient deficiencies
Å Reduced glycogen storage
Å Dehydration

HORMONES
Å Reduced testosterone / 

oestrogenlevels
Å Fatigued
Å Reduced libido

Bones 
Å Reduced growth
Å Reduced bone mineral density
Å Increased risk for fractures
Å Increased risk of injury

COGNITIVE PERFORMANCE
Å Increased fatigue
Å Impaired tactical ability  
Å Unfocused

METABOLISM
Å Metabolic adaptation/slower 

metabolism
Å Lower energy expenditure
Å Increased energy efficiency
Å Reduced thermoregulation
Å Increased risk of gaining fat 

mass/weight

IMMUNE SYSTEM
Å Reduced immune function
Å Increased risk of injury
Å Increased risk of illness
Å Increased risk of chronical fatigue/

over training syndrome 

PSYCHOLOGICAL VARIABLES
Å Increased risk of  disordered eating 

behavior or eating disorder. 
Å Increased risk of depression 

Lean body mass
Å Increased protein breakdown
Å Loss of lean mass
Å Impaired strength and power

Low energy 
availability 
In athletes



Can athletes lose weight without 

compromising performance ?



Performanceςrapid weight loss

Study 
reference

Methods  (% loss of 
body weight)

Recovery 
strategy

Performance testing/
Physical indicators of 

performance
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Finn et al. 2004 
(15 wrestlers, 
males)

Weight loss (4.6%) by  self 
selected energy- and fluid 
restriction over 3-5 days

2h recovery period 
with intake of equal 
volume of either 1.5g 
CHO/kg beverage or 
placebo (randomized).

Arm cranking ergometer. 8 bouts 
of 15s maximal effort intervals 
with 30s of easy pace between.

Both groups tended to lower 
negative affect score after 
recovery, suggesting a more 
euhydratedstate.

Smith et al. 
2000 (7 
amateur 
boxers, males)

Dehydration (3.8%) by low-
ƛƴǘŜƴǎŜ ŜȄŜǊŎƛǎŜ ŦƻǊ Ғ нƘ ƛƴ 
hot environment

_____ Simulated boxing-related task 
with3x3 min. rounds with 1 min. 
rest between on a boxing 
ergometer

One athlete improved 
performance whereas mean 
reduction in performance 
were 27% for the other 
athletes

Smith et al. 
2001 (8 
amateur 
boxers, males)

Repeated (2 days between) 
weight loss (3%) by energy 
(1000 kcal/day)- and fluid 
restriction (1.0 ml/day).

_____ Repeated (2 days between) 
simulated boxing-related task 
with 3x3 min. rounds with 1 min. 
rest between on a boxing 
ergometer

Performance tended to be 
lower in both bouts but did 
not reach statistical 
significance
due to large individual 
differences 

Webster et al. 
1990 (7
intercollegiate
wrestlers, 
males)

Dehydration (4.9%) using 
exercise in a rubberized 
sweat suit over 36h.

_____ Strength (5 repetition of chest 
press, shoulder press, knee 
flexion and extension), anaerobic 
power, aerobic peak capacity and 
lactate threshold.

Impairment in all test 
parameters. Although 
athletes had 36h to lose 
weight, all of the weight loss 
occurred within 12h before 
testing.



Slater et al. 
2005
(17 
competitive 
rowers, males 
and females)

Weight loss (4.3%) by  
energy- and fluid restriction 
over 24h  

Aggressive nutritional 
recovery strategies in 
(2h) (2.3g/kg CHO, 
34mg/kg Na, 
28.4ml/kg fluid)

4 rowing ergometertime trials 
(2000m) separated by 48h in 
thermoneutraland hot 
environment

Performance was impaired 
by 0.7% during 
thermoneutraltrials and 
1.1% during hot when trials 
were merged.

Slater et al. 
2006
(17 
competitive 
rowers, 
males and 
females)

Weight loss (3.9%) by  
energy- and fluid restriction 
and increased training load 
over 24h  

Aggressive nutritional 
recovery strategies in 
(2h) (2.3g/kg CHO, 
34mg/kg Na, 
28.4ml/kg fluid)

3 on-water rowing time trials 
(1800m) separated by 48h 

Environmental conditions 
were cool and there were 
slight variations in 
environmental conditions. 
There was a non-significant 
increase in time by 1.0 
second.

Burge et al. 
1993
(8 elite 
lightweight 
rowers, males 
and females)

Weight loss (5.2%) by  
energy- and fluid restriction 
combined with exercise over 
24h 

2h recovery period 
with an intake of 
water

Rowing ergometertime trial 
(2000m)

Performance was impaired 
by 9%

Horswill et 
al.1990
(12 wrestlers, 
males)

2 x weight loss  (6%) by  
energy- and fluid restriction 
over 4 days (one with low 
CHO intake and one with 
high CHO intake) 

______

Arm cranking ergometer. 8 
bouts of 15s maximal effort 
intervals with 30s of easy pace 
between.

Performance maintained 
with the high CHO diet and 
impaired with the low CHO 
diet. Performance 
decreased more the 2nd

time of weight loss.

Fogelholmet 
al.1993
(7 wrestlers 
and 3 judo 
athletes, 
males)

Weight loss (6%) by  energy-
and fluid restriction over 2.4 
days

5h recovery period 
with ad libitum intake 
of food and fluid

Sprint (30-m run), anaerobic 
power (1-min Wingate test) and 
vertical jump height with extra 
load

Athletes regained 55% of 
body weight during recovery 
time



Degoutteet 
al. 2006 (10 
judo 
athletes, 
males)

Weight loss (5%) by  self 
selected energy- and 
fluid restriction over 7 
days 

______

Handgrip strength, 
maximal strength, 30 s 
rowing task and simulated 
competition (5x5min 
bouts)

Energy intake was 
reduced by 4 MJ per day 
during weight loss 

Artioli et al. 
2010
(14 judo 
athletes, 
males)

Weight loss (5%) by  self 
selected energy- and 
fluid restriction over 7 
days, n=7. (control 
group, n=7)

4h recovery period 
with ad libitum
intake of food and 
fluid. Regained 
51% of reduced 
weight.

Specific judo exercise, 
number of repeated 
attacks  (10s, 20s, 30s, with 
10s rest between), 
followed by 5min rest and 
a 5-min judo combat three 
bouts of  upper-body  
Wingate test

Performance remained 
unchanged in specific 
judo exercise (number 
of attacks)
Both control and 
intervention group had 
a slight improvement in 
Wingate test. 

Filaireet al. 
2000
(11 judo 
athletes, 
males)

Weight loss (4.9%) by  
self selected energy-
and fluid restriction 
ƻǾŜǊ т Řŀȅǎ όҒол҈ 
reduction in energy-, 
CHO- and fluid intake)

_______

Handgrip strength, 30s and 
7s jump test

Performance remained 
unchanged for left arm 
strength and 7s jump 
test while were 
impaired for right arm 
strength  and 30s jump 
test

Hall & Lane 
2001 (16 
amateur 
boxers, 
males)

Weight loss (5.2%) by 
energy- and fluid 
restriction over one 
week (self selected 
weight-loss strategy)

2 hours recovery 
with both food and 
fluid intake (self 
selected  recovery 
strategy)

4x2 min. circuit training 
session with 1 min.  
recovery between rounds

Athletes failed to reach 
their subjective 
expected level of 
performance after 
weight loss.



Performanceςgradual weight loss
Fogelholm
et al.1993
(7 
wrestlers 
and 3 judo 
athletes, 
males)

Weight loss (5%) by  
energy  restriction over 
3 weeks _______

Sprint (30-m run), 
anaerobic power (1-min 
Wingate test) and vertical 
jump height with extra load

Performance remained 
unchanged except for the 
vertical jump which 
improved by 6-8%

Koutedakis
et al. 1994 
(6 elite 
lightweigh
t rowers, 
females)

Weight loss (6%) by  
energy  restriction over 
8 weeks

_______

VO2max, respiratory 
anaerobic threshold, upper 
body anaerobic peak 
power and mean power 
outputs, knee flexor and 
extensor and isokinetic 
peak torques

Performance remained 
unchanged except for a 
decrease in respiratory 
anaerobic threshold and 
knee flexor. 50% of 
weight lost as fat free 
mass

Koutedakis
et al. 1994 
(6 elite 
lightweigh
t rowers, 
females)

Weight loss (7.4%) by  
energy  restriction over 
16 weeks _______

Maximal rowing ergometer
test and upper-body 
wingatetest (VO2max, 
anaerobic threshold, peak 
power and mean power 
outputs) isokineticknee 
flexor and extensor.

Improved performance in 
respiratory anaerobic 
threshold and knee 
flexor, VO2max and 
upper body anaerobic 
peak power
50% of weight lost as fat 
free mass



Koral & 
Dosseville 
2009

Weight loss (4%) by   
self selected energy-
and fluid restriction 
over 4 weeks ________

Countermovement jump, 
squat jump, 5s repetitions 
of judo movements, 30s 
repetition of judo 
movements, rowing with 
additional loads

Performance remained 
changed for  squat jump, 
counter movement jump 
and  judo movement 
repetitions over 5 s 
while impaired for 30s 
judo movements 

Garthe et 
al. 2011
(13 elite 
athletes 
males, 
females)

Weight loss (5.6%) by   
controlled diet 
intervention combined 
with strength training 
over 9 weeks

________

Countermovement jump, 
1RM squat, bench press, 
bench pull and 40m sprint

Improved performance 
in all parameter except 
for 40m sprint which 
was unchanged 
Energy intake was 
reduced by 19% and, 
lean body mass 
increased by 2%.

Garthe et 
al. 2011
(11 elite 
athletes 
males, 
females)

Weight loss (5.5%) by   
controlled diet 
intervention combined 
with strength training  
over 5 weeks

________

Countermovement jump, 
1RM squat, bench press, 
bench pull and 40m sprint

Performance remained 
unchanged except for an 
improvement in 1RM 
squat
Energy intake was 
reduced by 30%.
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Monday

Thuesday

Friday

Saturday



SummaryPerformance

Degoutte et al. 2006; Horswill et al. 1990; Burge et al. 1993; Slater et al. 2005; Smith et al. 2000; Fogelholm et al. 1993; Artioli et al. 2010; Fileire et 

al. 2000; Koutedakis et al. 1994; Garthe et al, 2010; Koral & Dosseville 2009; Hall & Lane 2001; Webster et al. 1990; Finn et al. 2004

·¢ƘŜ ŜŦŦŜŎǘ ƻŦ ǿŜƛƎƘǘ ƭƻǎǎ ƻƴ ǇŜǊŦƻǊƳŀƴŎŜ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ŀǘƘƭŜǘŜΩǎ ƛƴƛǘƛŀƭ 
percentage of body fat, the magnitude of the weight loss and the 
strategy used for weight loss and recovery

·Rapid weight loss
ü Magnitude of the weight loss, strategy used for recovery, time form weight-in to 

competition

·Gradual weight loss
ü Loss of lean mass depends on weight loss method and muscle stimuli

ü Mental challenging

· Gradual weight loss seemsto have less negative effect on performance 
than rapid weight loss > 3% (dependent on recovery time)

·Combined methods? 
ü Gradual 2 kg, 1 kg fast

ü Gradual 5 kg, 3 kg fast
Hydrationstatus prior dehydration? 



Protein metabolism and 
training adaptation 



Muscle protein synthesis ðmuscle protein degradation = net muscle 

protein balance                     no change in muscle mass

Muscle protein synthesis < muscle protein degradation = negative muscle 

protein balance                     decreased muscle mass

Muscle protein synthesis > muscle protein degradation = positive muscle 

protein balance                     increased muscle mass

Metabolic mechanism for

changes in muscle mass



Effect of nutrition

Protein degradation
Protein synthesis

Glycogen synthesis Training adaptation



Phillips et al. 2005
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Daily protein requirements

Tarnopolsky et al. 1992 ( modified )

Protein intake (g/kg/day) Protein intake (g/kg/day)
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synthesis
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athlete

Strength trained 
athlete
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Protein requirements for maximal meal response

100g 

sucrose

Mixed AA 

6g EAA

Mixed AA EAA

Moore et al. 2009; Pennings et al. 2012

Mixed AA

6g EAA + 

35g sucrose

12g EAA 6g EAA + 

35g sucrose

Young athletes
needs ca 20g/kg 
BM of protein to 
get a maximal

response
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Biolo  et al. 1995, 1997
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Tipton et al. 276:E628, 1999

Essential AA determines the anabolic response

10g Mixed amino
acids 

10g Essentialamino
acids 

ÅThere are 20 different amino acids 
Å9 are considered essential
Å[ŜǳŎƛƴŜ άƪŜȅ !!έ



+ +

23.00

40g20g
60g CHO

+

20.00-21.00 21.00 23.00-06.30

Protein metabolism



Side 42

Full-contact sports and soft tissue injuries 

- implications for recovery and adaptation?



ÅNutritional interventions intended to 
reduce inflammation may be contra-
indicated

ÅCareful consideration of the 
appropriate approach to managing 
inflammation

Å4g omega-3 recommended 0-8 week?

ÅActivation of many processes 
that are crucial for optimal 
healing

ÅFew hours to several days 
depending on the type and 
severity of the injury

Slater, Pyne & Tipton in: Burke & Deakin 2015; Wall et al. 2014


