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OQ@ Weightlass athletes

A Weight loss in athletes, prevalence, methods and frequency
A Weight loss and its implications for health and performance

A How tousenutrition for optimal adaptationand recovery?

A Protein metabolism & anabolic effect of training

A Practical suggestions
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Gradual weight loss * Rapid weight loss **

Modestly reduced El Active or passive dehydration
Modest increase EE Very low El or fasting
Change of E% in diet Increased EE

Loss of 0.5- per week Duration 12-96 hours

Duration O 1 week

* Based twss ofat mass ModifiettonFogelhokhal 1993

2N
** Based on body fluid loss / Q\
D




SPORT DURATION AND FREQUENCY WEIGHT WEIGH-IN PROCEDURE
CATEGORIES
Wrestling 1 bout = 3x2 mmute rounds. Each weight §=7 §=4* One weigh-in (30 minute period) onthe
, , category is contested over one day. =4 bouts evening prior towmamert
Semior I 1 .- . -
{Gm:: ;ﬂTnTﬁ each day of competition. (gompetitioags

freestyle) laztz = 4 hours). 7

Lohon n the moming Two hours

Kickboxing s

. . . st competition
Daily weigh-ins fose rava o

Minimum 3 hours between ke
weigh-in and competition our period).
Usual weight categories e

Weightlifting 40

Taelkwondo = hefors
gh-n atthe start of

veigh-in each day and foreach event.
o welEt Weigh-m notless than 1 hour andnot
crew: =70 (37ke. more than 2 hours before start ofrace.
Individual weight =725
{39)ke NOT accaptad

hlaximum weicht fora sinda
sculler: =725 (397ke.

Lightweight Face i3 over 2000
rowing every second day o
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Status quo
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wUp to 94% of the weightlass athletes
lose weight prior competition

w- 2-13% (36%)

wPowerto welghtratlo
wét 2N 0KS 3 I

wlincreasecnger

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



Age andmethods

Study Method, Age began | Weight — o
n and athletes that Losing lost (kg) 'S - n N o £
regularly lose weight | Weight (yr) | (mean+ n o o | O O |o

guary J (meanz (SD © ) T _5 D> |s |2 |25
SD) )CQ-—GCEG).E:':OCSU
b} — L ] —_
35 |28|8%| 2|3 |2|5|8|8¢F
M| |[Cx|fe|L|a|O|n|>|W|o

Steen & Close ended

Brownell questionnaire, male 140020 (4421% |99 |lon loe la2 |72 |7 |2 |...._12 |_____|._____

(1990) college wrestlers, n=63 7.243.2* 8 90 95 93 73 |7 3 2
89%) g B B -

Oppliger et | Close ended

al. (2003) questionnaire, male 13.7i3_4 ------- 32 6 21 46 8 3# 3*# 9 2 # 75 80
college wrestlers, n=741 5.312.8*

(84%) *
Alderman et | Structured interviey,
al. (2004) | male NWC wrestlers. | ccceeeeeee | el
(2004) male NWC wrestlers, 56 |49 | cccoee |coeees oo 11 11 |- o lo1 |-
n=45 53%

Slater at al. | Close ended

(2005a) questionnaire, male light| |- - d33 (d41 |d21 q78 d7 (11 do [d33|d59
weight rowers, n=53 | ---------- g6o > | 1 1 ||
(92%), female light a45** |58 |3a29 a88 a 94 al2 |68 a0 ab3 [a94
weight rowers, n=42
(94%)

Artioliet al. | Close ended

(2010a) questionnaire, male juidd 12 6+6.1 | ..6t1.6*[a)29 |a)30 |a)29% |(a)19 |a)l2|a)3 |a)2 [a)19(a)0 |a)62|a)l8
athletes, n=607 female: 4.0£3.1* [b)55 [b)40 |b)55% |b)41l |b)24|b)8 [b)6 |b)28|b)2 [b)25|b)35

judo athletes, n=607
(89%)8

* = 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




Theadolecentathlete

Long term goal:
focus on improvement of other
performance variables

When do we start to manipulate weight for performance
enhancement?
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2004; 272vere asked to fill in the
guestionnaire. The response rate
was 86% (n=234).



Weight reduction prior to competition

76% of the male athletes and 60% of the female athletes reduce their bodyweight before
competiion. The mean weight reduction was 4,1=2.1 kg (men) and 3 4=2 0 kg (women)
(figure 2).

weight reduction

50 H men -

O women
50

'Iu_

10 +

1-2 kg E kg E-8 k] =14 kg

Figure 2. Bodywelght lozs m kg



Weigt loss methods

(%) sayapye

Fipure 3. Riported wirgh! fass meshod:



The first weight reducrion
Fifteen percent of the athletes reported that they had their first weight reduction episode in the
age between 10 to 15 years (figure 1)

starting loosing weight m men

70

) -j—‘
ﬂ_

10-15 yrs 1818 yr= 20+ yrs

Figure 1. 1he athletes reported their age when rhey first reduced their weight prior competition



Effect on performance
39% of the male athletes and 34% of the female athletes reported that weaght Joss 1mpared
thewr performance (Sgure 4).

impaired performance i

i
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athletes (%)

fﬁ"’\v"." &

Figare & laYrapored mpared perfarmance Gfer warghs iz Prezeved m percent of the stiews whe
reperted mpared perormance

Both male and feasale athletes reported that thesr wesght reduction regume affected
pesfonmance facton sach a0 srength and endurance
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Gmding

5&% of the males and 56% of the females reported that they did get help regarding weight loss
(figure 3). As seenin figure 3, the coach was the most frequent person whe guided the
athletes in relation to the weight loss penod

help regarding weight loss

30

25
=7 mmen
i
'E I° Owomen
s 10

0 i : : —

coach physician fellow nutritionist others
athletes

Figure 5. Perzon's that athletes reporied guided them in relation fo the weight locs period.



Weight loss
strategy and
methods

=

Gradual weight loss
0.5-1.0 kg/week

# Moderate energy restriction
# Low-fat diet

# High-protein diet [2g/kg)

% T Energy expenditure

Rapid Weight Loss
(Days)

* Very-low energy diet

# Low CHO

> Some fluid restriction

» T T Energy expenditure
» T endurance
> L strength/power

# Fasting
# Fluid restriction/dehydration
# Exercise in suits
# Saunafhot tubs
* Laxatives/diuretics
# Purging/vomiting
> Spitting

e

Changes in Body

» JBody fat
# Maintain/increase/reduce

» | Body fat

» 1 Muscle glycogen storage

Composition lean body mass dependent | > L Lean body mass » L Body water and electrolytes
on exercise stimuli and > ¥ Muscle glycogen storage
timing of meals » | Body water
# Limited health concerns » | Mood, cognitive function > * Mood, cognitive funn:l:lc_:n
Possible Health  dependent on fat% » T rate of perceived exertion ; Lc::? of perce:,md ﬂm::n d serobi
% Risk for disordered ¥ Loss instrength, anaerobic and in strength, anaerobic and aercbic
and Performance cating behavior, aerobic performance N p-EFchh;ln;:Ed _
Consequences hormonal disturbance # Moderate to severe dehydration . RSEEE f:_; hza: ;;f:
L and . BMD # Riskfor heat stroke » Rizk for disordered eating behavior,
% | Immune function # Risk for disordered eating behavior, hormonal disturbance angd L BMD !
% Risk for - nutritional status over hormenal disturbance and . BMD L Immune function
time » »L_Irnrnurf funl__'t?c:nn i % Risk for J nutritional status over time
% | metabolic rate # Risk for - nutritional status over time » | metabalic rate

{ metabolic rate
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A Normalweight athletes have less fat mass

A Large energy demands due to high training load

A 1-3 sessionger day, over 20 hours/week

A Adapted metabolism
A Performance expectations
A Lack of time due to travelling,

competitions, frequent training b




Canweight lossimpair health?
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Long-term
effects?



HORMONES

A Increasedtortisol

A Increasedyrehlin

A Decreasedhyroidhormones

A Decreasedsirculatingeptin

A Reducedestrogerand
testosteroneconsentratio
(dependenbn WL rate),i

MITOCONDRIAL EFFICIENCY
A Reducegroton leakacross
mitocondriaimembrane=

reducedenergyexpenditure
A Reducednitochondrialoxidative

capacity

IMMUNE SYSTEM
A Increasedxidativestress
A Reducedntioxidantcapa

METABOLIC ADAPTATIONS

A Decreased energy expendit
(lower body weight and low:
spontaneous physical acti

A Reduces thermic effect of food!
(smaller meals)

A Increased skeletal work
efficiency 33

I i‘\ ishmenbf fat mass
o~ < ‘\

SUBSTRATE USE AND BODY
COMPOSITION
‘A Inereased proteinxidation
ed fabxidation
ycogerstorageand

and famass

DAPTATION
edfor timingof energy
iallyrotein) to

gnallingesponse
nountof protein toget

-

ABOLISM

oteipxidation

otein breakdown
yroteigynthesis




Rapidwelghtloss- dehydration

Reduced -
coordination

]
‘A‘ / ol

Reducedblood
_ volume

Loss of electrolytes -

Nausia, dizziness,

pressure
fatigue
Increased hart
frequency
Increaced

cellullar stress

Impaired body

Qe

PR
G tcrporature
S

PR

Sweat and urine

| |

regulation
retention
increased levels of
( anti-diuretic Increased body
hormone) temperature
Severedehydration

may lead to organ

Increased risk of
failure and death

edema

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

Intracellular water
in the bloodstream
to maintain blood



Increased hunger
Decreased energy
Loss of muscle mass

Loss of fluid and electrolytes
Reduced immun function
Reduced thermoregulation







Stud
reference

Finnet al. 2004
(15wrestlers
males)

Smithet al.
2000 (7
amateur
boxers, males)

Smithet al.
2001(8
amateur
boxers, males)

Websteret al.
1990 {7
intercollegiate
wrestlers
males)

Performanceg rapid weightloss
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Methods (% loss o
body weight

Weightloss (4.6%) by self 2hrecovery period
selected energyand fluid | with intake of equal
volume of either 1.5g
CHO/kg beverage or
placebo (randomized)

restriction over 35 days

Dehydration(3.8%) by low
AYuSYaS SESN
hot environment

Repeated2 days between|
weight loss (3%) by energ
(2000 kcal/dayand fluid
restriction (1.0 ml/day).

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

Recovery
strategy

Performance testing/

Physical indicators of

performance

Arm crankingergometer 8 bouts

of 15s maximal effort intervals

with 30s of easy pace between.

Simulatedboxingrelated task

with3x3 min. rounds with 1 min.

rest between on a boxing
ergometer

Repeated2 days between)
simulated boxingelated task

with 3x3 min. rounds with 1 min

rest between on a boxing
ergometer

Strength(5 repetition of chest
press, shoulder press, knee

flexion and extension), anaerob
power, aerobic peak capacity ai

lactate threshold.

Effect on

|

Comments

Bothgroups tended to lowe
negative affect score after
recovery, suggesting a mor
euhydratedstate.

Oneathlete improved
performance whereas meal
reduction in performance
were 27% for the other
athletes

Performanceended to be
lower in both bouts but did
not reach statistical
significance

due to large individual
differences

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



Slater et al.
2005

(17
competitive
rowers, males
and females)

Slater et al.
2006

a7
competitive
rowers,
males and
females)

Burge et al.
1993

(8 elite
lightweight
rowers, males
and females)

Horswill et
al.1990
(12wrestlers
males)

Fogelholmet
al.1993

(7 wrestlers
and 3 judo
athletes,
males)

Weight loss (4.3%) by

Aggressive nutritional 4 rowingergometertime trials

energy and fluid restriction | recovery strategies in' (2000m) separated by 48h in

over 24h

Weight loss (3.9%) by

(2h) (2.3g/kg CHO,
34mg/kg Na,
28.4ml/kg fluid)

thermoneutraland hot
environment

Aggressive nutritional 3 onwater rowing time trials

energy and fluid restriction' recovery strategies in (1800m) separated by 48h

and increased training load (2h) (2.3g/kg CHO,
34mg/kg Na,
28.4ml/kg fluid)

over 24h

Weight loss (5.2%) by

24h

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

Weight loss (6%) by energysh recovery period
and fluid restriction over 2.4with adlibitum intake
of food and fluid

days

2h recovery period
energy and fluid restriction | with an intake of
combined with exercise overater

Rowingergometertime trial
(2000m)

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

Sprint (3@Gm run), anaerobic
power (:min Wingate test) and

—>

|

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

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

Performance was impaired
by 9%

Performance maintained
with the high CHO diet and
impaired with the low CHO
diet. Performance
decreased more the"?
time of weight loss.

Athletes regained 55% of
body weight during recovery

vertical jump height with extra 5 time

load



Degoutteet

al. 2006 (10 Weight loss (5%) by self

judo
athletes,
males)

Artioli et al.
2010

(14 judo
athletes,
males)

Filaireet al.
2000

(11 judo
athletes,
males)

Hall & Lane
2001 (16
amateur
boxers,
maleg

selected energyand
fluid restriction over 7
days

selected energyand
fluid restriction over 7
days, n=7. (control
group, n=7)

Weight loss (4.9%) by
self selected energy
and fluid restriction
2O0SNI 1T Rl &a
reduction in energy
CHQand fluid intake)

Weightloss (5.2%) by
energy and fluid
restriction over one
week (self selected
weightloss strategy)

with adlibitum
intake of food and
fluid. Regained
51% of reduced
weight.

oF o

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

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

Specific judo exercise,
Weight loss (5%) by selh recovery period number of repeated

|

attacks (10s, 20s, 30s, with

10s rest between),
followed by 5min rest and
a 5min judo combat three
bouts of uppetbody
Wingate test

—>

Handgrip strength, 30s and

7S jump test

4x2min. circuit training
session with 1 min.
recovery between rounds

—>

|

—

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

Performance remained
unchanged in specific
judo exercise (number
of attacks)

Both control and
intervention group had
a slight improvement in
Wingate test.

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

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



Performance; gradualweightloss

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

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

Sprint (30m run),
anaerobic power (dnin
Wingate test) and vertical
jump height with extra loag

Performance remained

unchanged except for the

vertical jump which
improved by 68%

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

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

VO2max, respiratory
anaerobic threshold, uppe
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 rowingergometer
test and uppetbody
wingatetest (VO2max,
anaerobic threshold, peak
power and mean power
outputs)isokineticknee
flexor and extensor.

Improved performance i
respiratory anaerobic
threshold and knee
flexor, VO2max and
upper body anaerobic
peak power

50% of weight lost as fat
free mass

=




Change (%)

Body composition Performance
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Dairy products (milk, yoghurt, low fat cheese)

Fruits and vegetables
Whole grain foods

Lean meat

Fat fish

Optimal recovery meals

4-6 meals a day

‘/ﬁ

07.00 Breakfast

2 dl oatmeal with skimmed milk {porridge)
10 g raisins

¥ banana

Ca. 09.30 Snack
1 piece of hard whole wheat bred with egg + 1 fruit

Exercise (strength training)
Within 30 minutes: 1 Recovery bar or 2 dl fruit yoghurt (0,1% fat)

12.00 lunch
2 pieces of whole wheat bread with tuna + 2 dl orange juice

15.00 Dinner (split in two)
150-200 g chicken breast
300 g boiled vegetabeles
100 g brown rice

11 g olive oil

22 g Soy sauce/dressing

18.00 snack
1 piece of hard whole wheat bred with ham and cheese + 1 fruit

Exercise (sports specific training)
Within 30 minutes: 2 dl yoghurt with blueberry + 5 pieces of dried apricots

21.30 Evening meal
Dinner left-over

1 cup of cacao
.__________________________________________________________________________.a
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Monday

Thuesday

Friday

Saturday

Benchpress
Bench pull
Chins or pull down
Pec deck
Pull-up
Deltarase
Back roll

Clean

CMJ 0-40 kg
Squat

Deadlift

Leg extension

Leg curl

Dips

Bicepscurl manual
Abs crunch

Rotary torso

Benchpress
Rowing

Pull down

Flies

Pull-up
Shoulderpress
Rygg-ups rull opp

Clean

Half squat

Squat

Deadlift

Hack-lift

Deadlift with straight legs
Triceps pushdown
Bicepscurl Z-stang
Hangig situps

Standing torsy rotary

Week1-3 -

1%x12.10.8

1%x12.10.8

Jxmax
Ix12
Ix12
Ix12
Ix1s

2x5
2x5
1%x1210.8
J3x10
Ix12
Ix12
Jxmax
3x12
3x15
Ix12

1x12108
1x12108
Ix12
Ix12
Ix12
Ix12
3x15

2x5
2xB
1x1210.8
3x10
3Ix12
3Ix12
3Ix12
3Ix12
3 x max
Ix12

NS

.

> Week4-8

1%x12 1086
1121086
4 % max
4x10
4x10
4x10

Jx12

Jxd
Jxd
1x%x121086
4x8
4x10
4x10
4 ¥ max
4x10
Ix12
3x10

1%x12.10.8.6
1x121086
4x10
4x10
4x10
4x10
3x12

Jxd
Ixb
1%x12.1086
A7 4x8
4x10
4x10
4x10
4x10
I3 xmax
Ix12

Week 9-12

1x10866.6
1x10 8666
5xmax
Sxd
Sxd
5x8
3x10

4x4
4x4
1x108666
Sx5
5x8
5x8
5xmax
Sxd
3x10
Jxd

1x10 86686
1x10 8666
Sx8
5x8
Sxd
SxB
3x10

4xd
4x6
1x%x10866.6
x5
Sxd
Sx B
Sxd
Sxd
3 xmax
Ix12



SummaryPerformance

¢CKS STFFSOU 2F ¢gSAIAKG ft2aa 2y LISNF
percentage of body fat, the magnitude of the weight loss and the
strategy used for weight loss and recovery

Rapid weight loss

U Magnitude of the weight loss, strategy used for recovery, time form weaigka
competition

Gradual weight loss
U Loss of lean mass depends on weight loss method and muscle stimuli
U Mental challenging

Gradual weight losseemsto have less negative effect on performance
than rapid weight loss > 3fependent on recovery time)

Combined methods?

U Gradual 2 kg, 1 kg fa

i Gradual 5 kg, 3 kg fa} Hydrationstatus priordehydratior?

Degoultte 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
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Skeletal muscle
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Muscle protein synthesis d muscle 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 rotein degradation = positive muscle

protein balance increased muscle mass
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Phillips et al. 2005

Protein balance

Time



Phillips et al. 2005
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Nitrogen balance (mgN/kg/day)
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Protein intake (g/kg/day)

Protein intake (g/kg/day)

Sedentary: 0,8 g per kg body weight
Athletes: 1,4-1,8 g per kg body weight
Injured athlete: >2 g per kg body weight?

Tarnopolsky etal. 1992 ( modified )



Protein requirements for maximal meal response

0.15

o

—

-
|

0.05+

Muscle FSR (%-h™)

0.00 -

Protein (g)

Moore et al. 2009; Pennings et al. 2012



Protein metabolism
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A Th '
ere are 20 different amino acids

A9 '
are considered essential
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FIGURE 5—A, Rates of whole-body protein breakdown, synthesis, and oxidation rates and net protein balance (expressed as micromoles of phe-
nylalanine per kilogram per 7.5 h) in the PRO and PLA experiments measured during the 7.5 h of overnight recovery. B, Mixed muscle protein FSR
during overnight recovery (0—7.5 h) in the PRO and PLA experiments using average plasma [ring->Hs|phenylalanine enrichment as a precursor. A
tendency toward higher FSR values in the PRO versus the PLA experiment was observed during overnight recovery. Values represent means + SEM.
Data were analyzed with an unpaired Student’s rf-test. *Significantly different from PLA (P < 0.05): fdifferent from PLA (P = 0.05). PRO, protein
experiment: PLA, placebo experiment.
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A Activation of many processes
that are crucial for optimal
healing

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

A Nutritional interventions intended to
reduce inflammation may be contra-
iIndicated

A Careful consideration of the
appropriate approach to managing
inflammation

A 4g omega3 recommended 0-8 week?

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



