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ABSTRACT
Weight making can be described as the process of reducing body mass in events where aesthetics,
propulsion or the requirement to meet a specific weight category limit, are considered to be of
competitive importance. Cross sectional research specifically focussed on weight category
sports, has highlighted behaviours and practices that are similar in athletes of both sexes.
Regardless of this and despite parallel participation in weight category sporting events, females
are drastically underrepresented in studies examining body mass loss interventions across both
chronic and acute timeframes. However, it has been well characterised that these types of body
mass loss strategies can be causative of low energy availability, leading to consequences of
female athlete triad and relative energy deficiency in sports. Furthermore, female-specific body
composition and physiological systems modulated by the anterior pituitary and ovarian
hormones within the menstrual cycle or use of hormonal contraception, can lead to potential
outcomes which need to be considered carefully, particularly when employing acute weight
loss strategies that are often utilised by weight making athletes. Therefore, the aim of this
article serves to review the aforementioned issues, whilst offering practical recommendations
via initial assessment, chronic/acute interventions and refeeding/recovery plans to help support
the implementation of body mass loss strategies in the context of weight making specifically
with female athletes.

KEYWORDS
Weight making; body mass
loss; Acute Weight Loss; low
energy availability; Female
Athlete Triad; Relative
Energy Deficiency in sports

Introduction

Weight making is an umbrella term used to describe the
process of reducing body mass (BM) in events where
aesthetics, propulsion or the requirement to meet a
specific weight category limit, are considered to be of
competitive importance (Ackland et al., 2012). This
process can be broadly classified into either chronic
(CWL – months and weeks leading into an event) and
acute (AWL – days and hours leading into an event)
phases of weight loss (Burke, Slater, Matthews, Langan-
Evans, & Horswill, 2021). Given the breadth of research
and practical considerations across the differing types
of weight making classifications, this article will specifi-
cally focus on sporting events mediated by weight cat-
egories. Professional and amateur combat sports,
horseracing, lightweight rowing, powerlifting and
Olympic weightlifting are disciplines where the
premise of categorising athletes is to promote compe-
tition between competitors of equal proportion
(Sundgot-Borgen et al., 2013). A selection of these
sports are amongst some of the most popular in the

world, with boxing and mixed martial arts (MMA)
holding all sport pay-per-view records (Isidore, 2015)
and horseracing within the Grand National and Mel-
bourne Cup, viewed by large global audiences (Sportin-
gLife, 2019). Within weight category events, athletes of
both sexes are required to make weight, with thresholds
existing to create an even playing field and so as not to
have unfair or even dangerous anatomical advantages
between competitors (Reale, 2017a). However, the very
premise of categorisation within these sports has
created unique cultures of weight making behaviours
and practices, whereby individual athletes often aim to
achieve the lowest category limit possible, in order to
gain psycho-physiological advantages over opponents
(Pettersson, Pipping Ekstrom, & Berg, 2012). Contrary
to these beliefs, it should be noted that an emerging
research base is now beginning to outline that the
effect of these behaviours and practices, particularly in
the context of rapid weight loss and gain, may not
convey any overall performance benefits for weight
making athletes (Kirk, Langan-Evans, & Morton, 2020).
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Table 1 highlights a select sample of previous cross
sectional investigations examining the AWL and CWL
practices of male and female athletes within differing
weight category events. Typically, these types of
studies present a larger proportion of data in males,
yet those which include female participants highlight
that the BM loss prevalence, magnitudes and specific
behaviours/practices of weight making between the
sexes are generally similar. To that end and despite par-
allel female participation in all the aforementioned
sporting disciplines, previous exercise science research
in weight making sports has persisted to predominantly
focus on male athletes. In a study investigating rapid
weight gain from official weigh in to immediately prior
to bouts within five professional MMA events, the mag-
nitude of BM increase was as high and in some instances
higher, when females were compared to male competi-
tors (Kirk et al., 2020). This is also similar to findings from
a systematic review exploring rapid weight loss and gain
in combat sport athletes, where females comprised only
3.5% of the 4432 collective participants, however, still
highlighting similar results between the sexes (Mat-
thews, Stanhope, Godwin, Holmes, & Artioli, 2019).
Weight making research in horseracing has included
female participants, yet again, with a focus predomi-
nantly centred around eating behaviours and preferred
weight management practices (Dolan et al., 2011;
Martin, Wilson, Morton, Close, & Murphy, 2017). In
regards to CWL, one study has documented a six-week
dietary intervention to support BM loss in a group of
thirteen male and one female jockey athletes, but

unfortunately the data was not reported individually to
highlight any distinct female considerations (Wilson
et al., 2015). However, despite a paucity of specific inves-
tigations within weight making per se, it has been well
characterised that potential disordered eating/eating
disorders are highly prevalent during CWL in female
weight restricted demographics (Sundgot-Borgen
et al., 2013). Furthermore, the effects of low energy avail-
ability (LEA) leading to consequences Female Athlete
Triad (TRIAD) and Relative Energy Deficiency in Sports
(RED-S) (Mountjoy et al., 2018; Nattiv et al., 2007) have
also proven to be ubiquitous in female weight making
events (Sundgot-Borgen et al., 2013). To date, these
effects have predominantly been showcased in female
weight category athletes within lightweight rowing,
where a limited number of studies have highlighted
that cyclic periods of BM manipulation across consecu-
tive racing seasons, can lead to significant reductions
in fat free mass (FFM) and is causative of suppression
to ovarian hormone function (Slater, Rice, Jenkins, &
Hahn, 2014).

Collectively, the existing body of research in weight
category athletes is dominated by male participants
and lacks consideration of female-specific physiology
in research design. As such, there is a dearth of guidance
and applied recommendations available when engaging
specifically with female weight making athletes. This is
particularly concerning given sex-related differences
are noted in several physiological systems relevant to
making weight, inclusive of body composition, substrate
utilisation, fat oxidation, fluid balance and

Table 1. Differences in acute and chronic weight loss prevalence, magnitudes, practices and behaviours, between males and females
across differing weight category events.

Reference Weight making event

Number of
participants (%

ratio) Findings

(Reale, Slater, & Burke,
2018a) AWL

Multi Combat Sport (Boxing,
Judo, Taekwondo, Wrestling)

n = 260; M = 169; F
= 91 (65/35)

No differences in RWLS based on sex between disciplines.

(Artioli et al., 2010a) AWL Judo n = 822; M = 607; F
= 215 (74/26)

No differences in RWLS, prevalence (M = 85.8 vs. F = 85.9%) or specific
behaviours and practices between the sexes.

(da Silva Santos, Takito,
Artioli, & Franchini, 2016)
AWL

Taekwondo n = 116; M = 72; F =
44 (62/38)

Higher prevalence of weight making in females compared to males (M
= 79 vs. F = 91%). No differences in specific behaviours or practices
between the sexes.

(Kim & Park, 2020) AWL Wrestling n = 340; M = 240; F
= 100 (71/29)

No differences in absolute BM loss amounts (M = 6.12 ± 1.32 vs. F =
4.69 ± 0.90 kg), specific behaviours or practices between the sexes.

(Hillier et al., 2019) AWL MMA n = 314; M = 287; F
= 27 (91/9)

No difference in prevalence (M = 97.2 vs. F = 100.0%), magnitude of
relative BM loss (M = 9.0 ± 3.9 vs. F = 7.7 ± 3.3%) or specific
behaviours and practices between sexes.

(Slater et al., 2005) CWL Lightweight Rowing n = 100; M = 58; F =
42 (58/42)

No difference in prevalence (M = 92.3 vs. F = 94.1%), magnitude of BM
loss or specific behaviours and practices between sexes. Females
indicated as significantly more likely to restrict CHO as a method of
body mass reduction.

(Nolan, Lynch, & Egan,
2020) AWL

Powerlifting n = 233; M = 141; F
= 92 (61/39)

Higher prevalence of weight making in females compared to males
(83.0 vs. 90.2%). No difference in magnitude of relative BM loss (M =
3.0 ± 1.8 vs. F = 3.1 ± 2.1%), RWLS or specific behaviours and
practices between sexes.

M: Male; F: Female; RWLS: Rapid Weight Loss Score (see Artioli et al. (2010c) this indicates the aggressiveness of weight management methods); BM: body mass;
AWL: Acute Weight Loss; CWL: Chronic Weight Loss (abbreviation denotes focus of weight making phase in each investigation).
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thermoregulation as highlighted in the subsequent sec-
tions. Therefore, the aim of this article is to review and
provide potential recommendations for initial assess-
ment, chronic/acute interventions and refeeding/recov-
ery plans to help support implementation of BM loss
strategies in females. Crucially this manuscript will also
draw upon the applied experiences of the four
authors, whilst reviewing the existing literature to
provide some focussed guidance within this area of
sport nutrition.

Key assessments for weight making
interventions

Prior to any nutritional or training intervention, a struc-
tured assessment of the potential to achieve a targeted
BM should be conducted. As a minimum, these assess-
ments should be inclusive of measuring and/or predict-
ing both body composition and resting metabolic rate
(RMR), whilst establishing activity based energy expendi-
ture (AEE) from both non-exercise (NEAT) and exercise
(EEE) components (Langan-Evans, Close, & Morton,
2011). Additionally, it is also important to examine
either the use of contraception or menstrual cycle
status, in tandem with the potential for any underlying
health issues when working with female athletes.
Whilst an in-depth review of these factors are beyond
the scope of this article, understanding contraception
type and awareness of menstrual cycle time phases are
of key relevance when formulating any BM loss interven-
tion. To that regard, the research design recommen-
dations of Elliott-Sale et al. (2021) can also provide
relevant further context to be considered when support-
ing female athletes within a practical field-based setting.
The remainder of this section alongside specific detail
and considerations in Table 2, aims to provide an over-
view of assessments which could be considered when
utilised with female weight making athletes in applied
practice.

Initially, an accurate and reliable measurement of
body composition, to evaluate how body tissues and/
or water can be modulated in both chronic and acute
timeframes is essential. To establish this, it is advisable
to use reference methods such as dual x-ray absorptio-
metry (DXA) and/or bioelectrical impedance analysis
(BIA), with appropriate pre assessment standardisation
(Dehghan & Merchant, 2008; Nana et al., 2016).
However where this isn’t feasible, field based measures
such as sum of skinfolds and requisite fat mass (FM) %
equations can be considered, but only when following
criterion protocols and relevant population-based esti-
mations [see (Kasper et al., 2021) for further guidance
and alternate body composition assessment methods].

RMR measurement is a crucial component of assess-
ment, given this is not only important to establish the
energy intake and macronutrient composition for inter-
vention, but can also be used to define instances of
potential energy deficiency (Strock, Koltun, Southmayd,
Williams, & De Souza, 2020). As with body composition,
the establishment of this value by utilising criterion
equipment such indirect calorimetry and again follow-
ing reference standardisation procedures (Bone &
Burke, 2018) is key. If access to indirect calorimetry
also isn’t available, there are a range of female popu-
lation-based equations that can be implemented,
based on inputting values of FFM or more accessible
measures of age, stature and BM as highlighted by
Strock et al. (2020). As described earlier, identifying any
potential disordered eating/eating disorders and consid-
ering the effect this may have on outcome data prior to
these assessments is also of relevance. In tandem with
the estimation of energy intake (EI – discussed in the fol-
lowing paragraph), the measurement of AEE in the forms
of NEAT and EEE can be regarded as the most difficult to
assess, given the challenges of establishing valid and
reliable data utilising methods available for free-living
conditions in athletic populations (Burke, Lundy, Fahren-
holtz, & Melin, 2018b). When field based measures are
used, where possible the utilisation of systems which
integrate both heart rate (HR) and accelerometry are
encouraged, given these show a higher degree of agree-
ment with criterion measures (O’Driscoll et al., 2018).
Furthermore, when establishing EEE, consideration
should also be given to appropriate calculation,
whereby the other components of total energy expendi-
ture (i.e. RMR and NEAT) are omitted during the time
period of exercise [for a detailed description see
Langan-Evans et al. (2020)].

The calculation of energy availability using data from
some aforementioned measurement assessments (EI-
EEE/FFM) may also prove pertinent, given the nutritional
strategies employed with weight making athletes across
CWL may result in a purported threshold for LEA
(<30 kcal·kgFFM·day−1), as has been highlighted in
males (Burke et al., 2018a). To that end, the addition of
any further measurements which may aid in identifying
potential consequences of LEA, therefore resulting in
symptoms of both TRIAD and RED-S could be considered
useful, particularly considering some research has eluci-
dated that females may be more susceptible to these
effects than males (Areta, Taylor, & Koehler, 2020);
Heikura et al. 2021 this special edition). However,
caution must be noted when interpreting any assessed
outcomes, given the current research in this area is
equivocal (Williams, Koltun, Strock, & De Souza, 2019).
A case report by Langan-Evans et al. (2020), has
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described a number of additional measures that can be
conducted in the context of examining factors related to
the effects of LEA on both TRIAD and RED-S during
weight making, albeit in a male athlete. However, the
same assessment methods have been employed by
the authors with elite-level female combat sport and
jockey athletes, so could also be considered relevant.
Indeed, other key measures such as the assessment of
blood profiles for markers of female athlete health,
TRIAD and RED-S, substrate utilisation, peak fat oxi-
dation, exercise capacity, sweat/sodium concentrations,
core temperature and HR/blood pressure (see Table 2),
would all prove useful in informing and directing the
CWL and AWL strategies, now discussed in the sub-
sequent sections and summarised in Table 3.

Chronic Weight Loss (CWL) strategies

The goal of the chronic phase of BMmass reduction, is to
modulate body tissues as identified in the compositional
assessment. This stage is crucial in establishing whether
an individual can feasibly and reasonably achieve a pre-
scribed BM through dietary and training intervention,
without compromising either health and/or perform-
ance. However, in instances where a female athlete
would need to lose large quantities of BM (beyond
those considered acceptable utilising AWL strategies –
as discussed in the following section), interventions to
reduce FM should be of key focus (Langan-Evans et al.,
2011). Taking this into consideration, it would never be
advisable to attempt a reduction in FM lower than a rela-
tive value of 12% body fat with female athletes, due to
the potential to induce subsequent health-related
issues particularly associated with symptoms of TRIAD
(Nattiv et al., 2007). However, previous research has
also highlighted that a range of female health compli-
cations can occur independently of reductions beyond
the recommended lower limit of FM and/or through
periods of LEA (Lieberman, D, Wagstaff, & Williams, & I,
2018; Sanborn, Albrecht, & Wagner, 1987). These
findings are consistent with the experiences of the
authors, who have observed TRIAD and RED-S conse-
quences that may occur in female athletes across rela-
tive FM values ranging from 12 to 22% body fat.
Therefore, any negative outcomes are not necessarily
always attributed to the modulation of EI and/or EEE,
which may lead to specific time periods of LEA during
training. Further to this, a case report by Stellingwerff
(2018), has elucidated that the potential to periodise
body composition in female athletes across competitive
timeframes, may be the optimal approach to reduce FM
during phases of weight management. However, it must
be noted that this study was conducted in a propulsion-

based athlete, who was weight stable and in a state of
optimal EA, therefore more work is needed to extrap-
olate this concept to female weight making athletes.

For CWL strategies in females, dietary interventions
based on specific energy intake and macro/micronutri-
ent distributions and totals should be considered of
the same relevance as in males. Typically daily energy
intake should aim to meet at least the equivalent of
RMR, which is why an established baseline and consist-
ently repeated measurement of this assessment is
crucial (Langan-Evans et al., 2011). Specific studies
have highlighted relative macronutrient compositions
of 3 g·kgBM−1 carbohydrate (CHO), 2 g·kgBM−1 protein
and 1 g·kgBM−1 fat (Langan-Evans et al., 2020; Wilson
et al., 2015), resulting in effective BM loss outcomes in
weight making athletes. Furthermore, where criterion
measures of body composition have been utilised,
these values can also be relativised in relation FFM.
Whilst these macronutrient compositions aren’t defini-
tive and should be considered in the context of each
individual case, they serve as a means to reduce BM
gradually, ranging from losses of 0.5 to 1.0 kg·wk−1

and to protect FFM when combined with resistance
training (Sundgot-Borgen et al., 2013). In situations
where it is desirable to reduce FFM, then consideration
should be given to the gradual reduction of CHO and
protein intake across the BM loss intervention period
(Morton, Robertson, Sutton, & MacLaren, 2010),
however, CHO should always be periodised around tar-
geted training sessions serving to fuel for the work
required (Impey et al., 2016). Finally, given the sex-
related differences in substrate utilisation and the poten-
tial for females to have a marginally higher rates of fat
oxidation during varying exercise intensities and across
24 h (Melanson et al., 2002), this could be considered
as a specific strategy in tandem with periodised meal
timings to deliberately target increased reductions in
endogenous FM stores over a prolonged training
period, which is pertinent given this doesn’t appear to
be significantly affected over time by either hormonal
contraception use or menstrual cycle phases (Isacco,
Duché, & Boisseau, 2012); Nathalie Boisseau & Laurie
Isacco (2021) this special edition.

Acute Weight Loss (AWL) strategies

The predominant goal of the acute phase of BM mass
reduction is to modulate the body fluids as identified
in the compositional assessment. There are a number
of strategies that can be employed with weight
making athletes during the AWL phase, inclusive of
reductions in endogenous glycogen content, low
residue/fibre/sodium diets and active/passive means of

6 C. LANGAN-EVANS ET AL.



Ta
bl
e
3.

W
ei
gh

t
m
ak
in
g
st
ra
te
gi
es
,n

ut
rit
io
na
lg

ui
de
lin
es

an
d
fe
m
al
e-
sp
ec
ifi
c
co
ns
id
er
at
io
ns

du
rin

g
ph

as
es

of
BM

lo
ss

an
d
re
fe
ed
in
g/
re
co
ve
ry
.

Ph
as
e

W
ei
gh

t
m
ak
in
g
st
ra
te
gy

N
ut
rit
io
na
lg

ui
de
lin
es

Fe
m
al
e-
sp
ec
ifi
c
co
ns
id
er
at
io
ns

G
en
er
al

Tr
ai
ni
ng

N
ot

Ap
pl
ic
ab
le

EI
:P
er
io
di
se
d
an
d
sp
ec
ifi
c
to

th
e
da
ily

de
m
an
ds

of
tr
ai
ni
ng

In
ve
st
ig
at
e
us
e
of

ho
rm

on
al
co
nt
ra
ce
pt
io
n
ty
pe

or
tr
ac
k
an
d
es
ta
bl
is
h

ph
as
es

of
m
en
st
ru
al
cy
cl
e.

PR
O
:1
.5
–2
.0
g·
kg
BM

−
1

If
po

ss
ib
le
m
on

ito
r
ch
an
ge
s
in

an
te
rio

r
pi
tu
ita
ry
/o
va
ria
n
se
x
ho

rm
on

es
i.e
.

ve
no

us
bl
oo
ds
,o
vu
la
tio

n
ki
ts
et
c.
to

co
nfi

rm
tr
ac
ke
d
ph

as
es
.C
on

si
de
ra
ny

m
en
st
ru
al
cy
cl
e
di
st
ur
ba
nc
es

i.e
.s
ec
on

da
ry

am
en
or
rh
ea
,o
lig
om

en
or
rh
ea

et
c.

CH
O
:5
.0
–7
.0
g·
kg
BM

−
1
(“
Fu
el
fo
r
th
e
w
or
k
re
qu
ire
d”

an
d
pe
rio

di
se

ac
co
rd
in
gl
y
to

tr
ai
ni
ng

de
m
an
ds
)

Es
ta
bl
is
h
an
y
ch
an
ge
s
in
BM

lo
ss
/g
ai
n,
TB
W

re
te
nt
io
n,
co
re
te
m
pe
ra
tu
re
an
d

m
on

ito
r
sy
m
pt
om

s
to

be
pr
ep
ar
ed

in
pl
an
ni
ng

fo
r
ap
pr
op

ria
te

CW
L
an
d

AW
L
bo

dy
m
as
s
lo
ss

st
ra
te
gi
es
.

FA
T:
1.
0–
2.
0g
·k
gB

M
−
1

Fi
br
e:
>
30
g·
da
y−

1

Fl
ui
d:

Fo
llo
w
pl
an
ne
d
st
ra
te
gy

to
in
ge
st
ad
eq
ua
te

fl
ui
ds

m
at
ch
in
g
da
ily

lo
ss
es

N
a+
:>

20
00
–2
50
0m

g·
da
y−

1
id
ea
lly

m
at
ch
ed

to
fl
ui
d

lo
ss
es

CW
L

Re
du

ct
io
ns

in
FM

an
d/
or

FF
M

as
ap
pr
op

ria
te
,b

as
ed

on
ap
pl
ic
ab
le

as
se
ss
m
en
t
m
ea
su
re
s.
D
o
no

t
re
du

ce
FM

<
12
%
.

EI
:P
er
io
di
se
d
an
d
m
ee
tin

g
a
m
in
im
um

da
ily

in
ta
ke

of
m
ea
su
re
d
or

pr
ed
ic
te
d
RM

R
Co

nt
in
ue

to
as
se
ss

sa
m
e
fa
ct
or
s
as

in
G
en
er
al
Tr
ai
ni
ng

se
ct
io
n.

Fo
cu
s
on

0.
5-
1.
0
kg
·w
k−

1
BM

lo
ss

ba
se
d
on

tim
es
ca
le
to

ev
en
t.

PR
O
:2
.0
g·
kg
BM

−
1 (
ca
n
be

lo
w
er
ed

w
he
n
FF
M

lo
ss

is
re
qu

ire
d)

Es
ta
bl
is
h
en
er
gy

ba
la
nc
e
an
d/
or

av
ai
la
bi
lit
y
st
at
us

if
po

ss
ib
le
an
d
co
ns
id
er

po
te
nt
ia
lf
or

TR
IA
D
an
d/
or

RE
D
-S

co
ns
eq
ue
nc
es
.

Co
ns
id
er

us
e
of

he
at

ac
cl
im
at
is
at
io
n
fo
r
st
ra
te
gi
es
,w

hi
ch

m
ay

be
co
ns
id
er
ed

in
th
e
AW

L
ph

as
e.

CH
O
:3
.0
–3
.5
g·
kg
BM

−
1
(“
Fu
el
fo
r
th
e
w
or
k
re
qu
ire
d”

an
d
pe
rio

di
se

ac
co
rd
in
gl
y
to

da
ily

tr
ai
ni
ng

de
m
an
ds
)

Co
nt
in
ua
lly

m
on

ito
r
BM

,c
om

po
si
tio

n,
RM

R,
w
el
lb
ei
ng

an
d
m
oo
d
st
at
us

th
ro
ug

ho
ut

an
d
re
ad
ju
st
nu

tr
iti
on

al
in
te
rv
en
tio

n
ac
co
rd
in
gl
y
ba
se
d
on

su
bj
ec
tiv
e/
ob

je
ct
iv
e
fe
ed
ba
ck
.

FA
T:
<
1.
0
g·
kg
BM

−
1 (
do

no
t
go

lo
w
or

ze
ro

fa
t)

Fi
br
e:
>
30

g·
da
y−

1

Fl
ui
d:

Fo
llo
w
pl
an
ne
d
st
ra
te
gy

to
in
ge
st
ad
eq
ua
te

fl
ui
ds

m
at
ch
in
g
da
ily

lo
ss
es

N
a+
:>

20
00
–2
50
0
m
g·
da
y−

1
id
ea
lly

m
at
ch
ed

to
fl
ui
d

lo
ss
es

AW
L

Ac
ut
e
re
du

ct
io
ns

in
TB
W
,G

It
ra
ct

an
d
m
us
cl
e
gl
yc
og

en
co
nt
en
t
as

ap
pr
op

ria
te
.

EI
:I
n
so
m
e
in
st
an
ce
s
m
ay

be
re
du

ce
d
be
lo
w
RM

R,
bu

t
co
ns
id
er

co
ns
eq
ue
nc
es

Co
ns
id
er

ch
an
ge
s
in

BM
lo
ss
/g
ai
n,

TB
W

re
te
nt
io
n,

co
re

te
m
pe
ra
tu
re

as
es
ta
bl
is
he
d
in

G
en
er
al
Tr
ai
ni
ng

an
d
CW

L
se
ct
io
ns
.

G
ly
co
ge
n
de
pl
et
io
n
ca
n
be

ac
hi
ev
ed

vi
a
m
ai
nt
en
an
ce

of
CH

O
in
ta
ke

an
d

in
cr
ea
se

in
ex
er
ci
se

or
vi
ce

ve
rs
a.

PR
O
:2
.0
g·
kg
BM

−
1

Co
ns
id
er

ca
ut
io
n
if
em

pl
oy
in
g
w
at
er

lo
ad
in
g
st
ra
te
gy

du
rin

g
pe
rio

ds
of

lo
w

so
di
um

in
ta
ke

an
d
hi
gh

TB
W

re
te
nt
io
n,
gi
ve
n
th
is
m
ay

le
ad

to
hy
po

to
ni
c

eu
vo
le
m
ic
hy
po

na
tr
em

ia
if
fl
ui
d
vo
lu
m
es

ar
e
no

t
w
el
lc
on

tr
ol
le
d

N
o
re
co
m
m
en
de
d
AW

L
ta
rg
et
,y
et

5–
10
%
BM

lo
ss
m
ay

be
fe
as
ib
le
w
ith

an
ac
ce
pt
ab
ly
sm

al
li
m
pa
ct
on

he
al
th

an
d
pe
rf
or
m
an
ce
.H

ow
ev
er
,t
hi
s

is
co
nt
ex
t
sp
ec
ifi
c
an
d
m
us
t
be

ba
se
d
on

in
di
vi
du

al
as
se
ss
m
en
t.

CH
O
:3
.0
–3
.5
g·
kg
BM

−
1
O
R
<
50

g·
da
y−

1
du

rin
g

gl
yc
og

en
de
pl
et
io
n

Co
ns
id
er
ca
ut
io
n
in
us
e
of
ac
tiv
e
an
d/
or

pa
ss
iv
e
m
ea
ns

of
in
du

ci
ng

sw
ea
tin

g
(p
ar
tic
ul
ar
ly
in

he
at
ed

en
vi
ro
nm

en
ts
),
w
he
n
co
re

te
m
pe
ra
tu
re

m
ay

be
hi
gh

er
i.e
.l
ut
ea
lp

ha
se
.

FA
T:
>
1.
0
g·
kg
BM

−
1
(c
an

go
hi
gh

to
st
ill
m
ee
t

av
ai
la
bl
e
en
er
gy

ne
ed
s)

Co
nt
in
ua
lly

m
on

ito
r
BM

,H
R/
bl
oo
d
pr
es
su
re
,w

el
lb
ei
ng

an
d
m
oo
d
st
at
us

th
ro
ug

ho
ut

AW
L
pr
oc
es
s
an
d
re
ad
ju
st
ac
co
rd
in
gl
y
ba
se
d
on

su
bj
ec
tiv
e/

ob
je
ct
iv
e
fe
ed
ba
ck
.

Fi
br
e:
<
10

g·
da
y−

1
to

re
du

ce
G
It
ra
ct

co
nt
en
t

Fl
ui
d:

10
0
m
l·k
gB

M
·d
ay

−
1
if
w
at
er

lo
ad
in
g
AN

D
/O
R

gr
ad
ed

re
du

ct
io
ns

le
ad
in
g
to

th
e
w
ei
gh

in
to

in
du

ce
TB
W

lo
ss
es

N
a+
:C

on
si
st
en
t
w
ith

CW
L
ph

as
e
O
R
<
50
0
m
g·
da
y−

1

to
in
du

ce
TB
W

lo
ss
es

(C
on
tin
ue
d
)

EUROPEAN JOURNAL OF SPORT SCIENCE 7



dehydration through restrictions in exogenous fluid,
increases in the capacity to perspire and endogenous
fluid balance manipulation. Readers are encouraged to
see the following publication by Reale et al. (2017a),
for a more detailed review and contextual guidance on
these specific techniques andmethodologies in practice.
However, it is during this phase of BM manipulation that
an increased awareness and understanding of sex-
specific body composition and physiology should be
considered when planning the implementation of par-
ticular AWL strategies.

As highlighted earlier, given females have overall
higher endogenous FM storage than males, this often
occurs in tandem with less total FFM, therefore resulting
in a lower total body water (TBW) pool of up to 10%
(Keys & Brozek, 1953). Additionally, this is generally
coupled with reductions in overall body size/surface
area, causative of decreases in metabolic rates and
sweat production when compared to males (Gagnon &
Kenny, 2012). Whilst a thoroughly descriptive review of
sex-specific fluid balance is beyond the scope of this
article, it is important to understand when working
with female weight making athletes, that there are
nuanced processes which regulate TBW across the men-
strual cycle, due to the interplay of fluctuations between
the ovarian sex hormones oestrogen and progesterone.
Time periods of high oestrogen [during the late follicular
(ovulation) leading into the luteal phases] have been
shown to increase TBW interstitial fluid by up to
2 litres and this is coupled by a reduction in sodium
excretion due to increased levels of arginine vasopressin
(Sawka et al., 2007; Stachenfeld, 2008). Paradoxically,
higher levels of progesterone have been highlighted
to have a reverse effect on fluid balance and sodium
regulation within the luteal phase (Rodriguez-Giustiniani
& Galloway, 2019). Additionally, it is well described that
thermoregulatory responses to heat stress in females
differ from males, due to reduced sudomotor function.
This is also in parallel to high levels of progesterone
during the luteal phase, being causative of increases in
core temperature by a range of 0.3–0.7°C when com-
pared to the follicular phase (Gagnon & Kenny, 2012).
Finally, these mechanisms have also been linked to a
reduction in sweating capacity in females when com-
pared to males, during both active and passive modal-
ities and within heated environments (Sawka et al.,
2007). Research studies examining the fluid balance
and thermoregulatory responses of hormonal contra-
ceptives using differing types of exogenous oestrogen
and/or progesterone is currently limited and often
equivocal, yet highlight similar outcomes to the fluctu-
ations in anterior pituitary and ovarian sex hormones
across the menstrual cycle. To that regard, readers areTa
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directed to recent reviews by Giersch, Charkoudian,
Stearns, and Casa (2020) and Baker, Siboza, and Fuller
(2020) for a more broad overview of fluid balance and
temperature regulation in females, when considering
the impact on weight making strategies for AWL.

Due to the aforementioned compositional and phys-
iological changes that can modulate both fluid balance
and thermoregulation in females during the menstrual
cycle or through the use of hormonal contraceptives,
caution must be considered in the types of AWL tech-
niques that may be utilised in female weight making
populations. Water loading is a popular technique
amongst combat sports athletes, which involves ingest-
ing large volumes of fluid to induce subsequent dehy-
dration through potential modulation of vasopressin
regulated changes in aquaporin channels (Reale, Slater,
Cox, Dunican, & Burke, 2018b). However, given the afore-
mentioned fluid balance fluctuations regulated by oes-
trogen and progesterone during the luteal phase and
via use of specific types of hormonal contraceptives,
this technique should be employed carefully during
periods of reduced sodium intake and higher TBW,
given the potential to induce hypotonic euvolemic
hyponatremia (Stachenfeld & Taylor, 2009). However,
the evidence base for this concern within the context
of water loading doesn’t currently exist within the litera-
ture and more research is needed to explore if there is an
increased risk for this condition in female athletes during
applied practice (Giersch et al., 2020). Additionally, it is
critical that techniques utilised to induce sweating
through active and passive modalities may be less
effective in female athletes based on the information
provided earlier within this review. As is often the case
in practice, if these methods are employed in tandem
with uncontrolled restrictions in fluid intake and
repeated heating cycles, this may have the predisposi-
tion to cause hyperthermia in shorter time periods
when compared to males, resulting from increased base-
line core body temperature during the luteal phase or
when using hormonal contraception high in progester-
one as previously described (Inoue et al., 2005; Kuwa-
hara, Inoue, Abe, Sato, & Kondo, 2005). This highlights
why the assessment of core temperature during the
use of active and/or passive heating, may be of key rel-
evance in identifying any potential for increased
instances of hyperthermia (see Pivarnik, Marichal, Spill-
man, and Morrow (1992) and Table 2). However it
must also be noted, that given the limited, ambiguous
and often conflicting nature of research in female popu-
lations, these considerations should be made on a case
by case basis. Indeed, the authors of this article have
experienced high degrees of variability in the sweat
and renal water modulation of female weight making

athletes during their practice and can report some indi-
viduals having similar profiles that are equal to their
male counterparts with no apparent adverse health
effects. Sweat rates and composition are also known to
be highly variable between individuals and are likely
determined by genetic factors rather than specific sex
differences when physically matched for proportion
(Barnes et al., 2019). Furthermore, the potential to
increase sweating capacity via heat acclimation is a strat-
egy that has been utilised by the authors in female
weight making athletes and could also be considered
in practice (Baker, 2019). To that end, the sex-specific
differences between the approaches which play on
endogenous fluid balance and thermoregulatory
responses may be minimal and not of consequence
(Sawka et al., 2007), however, awareness of these
factors in practical scenarios and more consistent
research in this field is urgently needed.

Refeed and recovery strategies post weigh in

Recovery strategies will vary across a spectrum of weight
making events and will depend on a. the extent and
methods of BM loss performed and b. the time
between weigh in and competition. For example, a pro-
fessional MMA athlete who has engaged in up to 10%
AWL, will have the objective of gaining as much BM as
possible in the period prior to an event, stemming
from the desire to be heavier than their opponent and
therefore resulting in the potential for a physical com-
petitive advantage. Conversely, a jockey athlete who
may have undertaken a 3% AWL, needs to be mindful
of regaining too much BM post event, given repeated
competitive weight restrictions required across succes-
sive race days. Common to all contexts, this phase of
nutrition support should centre around rehydration
and endogenous glycogen content restoration, whilst
also considering the potential for gastrointestinal dis-
tress. Given a thoroughly detailed examination of this
area is beyond the scope of this article, readers are
again encouraged to see Reale, Slater, and Burke
(2017b) and Burke et al. (2021) for an in-depth overview,
which provides practical considerations pertinent to
refeeding and recovery in weight making athletes of
both sexes.

Rehydration protocols depend on the amounts of
endogenous water and electrolyte content lost during
AWL, alongside the methods used to facilitate the
process. Initial focus should seek to restore fluid losses
to <2% of pre AWL levels, given the detrimental
effects on strength, endurance capacity and cognitive
performance associated with >2% dehydration (Wilson
et al., 2013). In order for consumed fluids to enter and
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contribute to the TBW pool, there is a reliance on
efficient gastric emptying and absorption via the small
intestine into the circulatory system (Maughan &
Shirreffs, 1997). Given gastric emptying rates can be vari-
able, an initial ∼600–900 ml bolus is considered optimal
with further ingestions at regular intervals until a total of
150% of lost BM is achieved and this doesn’t appear to
be influenced by either menstrual cycle phase or hormo-
nal contraceptive use (Maughan, McArthur, & Shirreffs,
1996; Rodriguez-Giustiniani & Galloway, 2019). Consum-
ing sodium during this recovery period will help to retain
fluids and restore potential reductions in electrolytes,
with failure to do so preventing a return to euhydration
and likely stimulating unwanted and excessive urine
losses (Sawka et al., 2007). Knowledge of sweat rate
and composition may be advantageous in developing
a more bespoke rehydration recovery strategy, particu-
larly given the menstrual cycle and hormonal contracep-
tive effects on fluid balance highlighted earlier, which
can result in altered plasma sodium concentrations (Sta-
chenfeld, 2008). However, this is likely not significant in
influencing specific performance outcomes and in the
absence of knowing sweat sodium concentrations, com-
mercially available isotonic sports drinks and products
containing ∼30–90 mmol·L−1 of sodium, alongside the
consumption of sodium-containing foods can support
electrolyte replenishment following AWL, given sweat
sodium concentration is typically 20–80 mmol·L−1

(Sawka et al., 2007). Finally, we would encourage
readers to see the following publication by Rodriguez-
Giustiniani, Rodriguez-Sanchez & Galloway, 2021 in this
special edition, for a more detailed overview of this
area specifically in female athletes.

High intensity exercise alongside a concomitant
reduction in CHO intake during AWL, will result in
lower stored endogenous glycogen and bound TBW,
therefore a priority during the recovery phase should
also be focused on increasing CHO intake to restore
both muscle and liver reserves (Reale et al., 2017b).
Given the comparative rates of CHO utilisation during
exercise and relative substrate storage capacity
between males and females, macronutrient intakes
during recovery shouldn’t differ significantly between
sexes, nor does this appear different between contracep-
tive and non-contraceptive users (Flynn, Rosales, Hailes,
& Ruby, 2020). A range of 5–10 g·kgBM·day−1 CHO is rec-
ommended to accommodate the needs of most weight
making athlete scenarios (Reale et al., 2017b). Lower
intakes of <5 g·kgBM·day−1 may be pertinent for those
weight making sports who require necessary fuel to
perform across shorter durations, but are restricted in
the amount of BM gain given the necessity to weigh in
more frequently across events (i.e. amateur boxing/

MMA, horseracing etc.). Higher intakes of 7–
10 g·kgBM·day−1 may best suit weight making events
where glycogen supercompensation can provide a com-
petitive advantage, as well as the fuel to perform more
prolonged high intensity activity (i.e. professional
boxing, MMA etc.). Well established recommendations
of >1.2 g·kgBM·hr−1 CHO can optimise rates of glycogen
restoration and where this may be inadequate
(<1.0 g·kgBM·hr−1), can be further supported when co-
ingested with 0.3–0.4 g·kgBM−1of protein (Burke, van
Loon, & Hawley, 2017). However, consideration should
be given to the time period between making weight
and the requirement to perform, particularly given gly-
cogen restoration is dependent on the level of initial
depletion and may take several hours to replete to base-
line levels utilising the aforementioned feeding strat-
egies (Burke et al., 2017). To that end, a period of up
to 4 h has been shown to be effective in rescuing
combat sport performance post AWL of 5% BM (Artioli
et al., 2010b). To support intestinal absorption and
reduce the likelihood of gastrointestinal distress, ath-
letes may benefit from selecting mixed CHO sources
(i.e. glucose and fructose) therefore taking advantage
of multiple gut transport mechanisms (Gonzalez,
Fuchs, Betts, & van Loon, 2017). Additionally, limiting
fibre rich foods is advised, given this may slow absorp-
tion of nutrients and cause gastrointestinal discomfort
ahead of competition (Reale et al., 2017b). For further
and more in-depth recommendations on CHO for recov-
ery post AWL, please see the publication by Morton,
2021 in this special edition.

Conclusions and future considerations

The previous sections within this article have served to
deliver scientifically informed, yet practically driven
strategies, which can be considered across both
chronic and acute time frames in female weight
making athletes. Despite the cross sectional research
base highlighting that behaviours and practices are
similar between the sexes, limited specific investigations
providingmethods and techniques which can be utilised
for BM loss interventions have predominantly been con-
ducted in males. Furthermore, as highlighted through-
out the article, there are sex-specific considerations in
terms of both body composition and physiological
systems, which may present challenges when consider-
ing certain strategies across phases of the menstrual
cycle or during specific hormonal contraceptive use.
On this basis, there is an urgent need to conduct
studies examining whether or not sex-specific interven-
tions may actually result in implications for both health
and/or performance outcomes in female weight
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making athletes. Indeed, this is a proposition which
should be encouraged across all disciplines of the
sport sciences, to further inform practical guidelines for
female athletes more broadly. One facet of sport nutri-
tion which this article has not addressed, is the use of
dietary ergogenic supplements for sport performance
during weight making in female athletes. This has
been deliberate given the research base for these nutri-
tional aids is limited within both weight making sports
universally and specifically in females. However, there
are certainly positive associations in regards to perform-
ance enhancement across a range of dietary ergogenic
supplements and readers are encouraged to read the
other articles on this topic within this special edition.
Finally, the authors would like to reinforce that weight
making strategies in female athletes should be con-
sidered on a case by case basis and individuality
should take precedent at all times. Whilst there is
some evidence to suggest female body compositional
and physiological paradigms may warrant specific inter-
ventions vs. males per se, this should not be at the detri-
ment of general nutritional guidelines which are
pertinent and applicable across athletes of both sexes.
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