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ABSTRACT ARTICLE HISTORY
Background: To date, there is limited consensus on post-contest Received 17 February 2022
recovery recommendations for natural physique athletes. The avail- Revised 13 May 2022
able literature emphasizes the negative consequences of extreme ~ Accepted 28 June 2022
dieting associated with physique contests, yet offers only specula- KEYWORDS

tive suggestions to facilitate physiological recovery post-contest. Physique contest;

This scoping review evaluates evidence-based recommendations bodybuilding; recovery;
for recovery in post-physique contests. Methods: The online search metabolic adaptation;
engines and databases Google Scholar, PubMed, and Scopus were dietary recommendations;
searched systematically and 12 peer reviewed journal articles were body composition
included in the review. Results: Six key factors were identified that

directly impacted on physiological recovery post-contest: (1) body

composition, (2) recovery dietary intake, (3) resting metabolic rate

(RMR) restoration, (4) endocrine measures recovery, (5) menstrual

cycle recovery, and (6) psychological aspects of recovery.

Conclusions: Three dietary strategies have been proposed to facil-

itate physiological recovery post-contest while bearing in mind

body composition and future athlete outcomes; (1) a gradual

increase in energy intake to maintenance requirements, (2) ad

libitum eating, (3) an immediate return to maintenance energy

requirements. Future research is required to determine the timeline

in which full physiological recovery occurs post-contest and which

strategies best support athlete health and performance during

post-contest recovery.

1. Background

"Physique contest” is an umbrella term used that refers to bodybuilding/modeling events
and typically encompasses a broad spectrum of categories for amateur and professional
athletes, such as bikini modeling, fitness modeling, physique and figure contests, and
traditional bodybuilding contests [1,2]. Physique contests could also further bifurcate into
natural (drug-free) or non-natural (with performance and appearance enhancing drug
use) physique contests [3]. For natural physique contests worldwide, several anti-doping
governing bodies have arisen, such as the International Federation of Bodybuilding (IFBB)
and the amateur athlete equivalent; the National Physique Committee (NPC). Each
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governing body offers different competition categories and enforces different rules for
competition [3]. The present scoping review addresses natural drug-free physique
contests.

Physique contests are based on an athlete’s aesthetics and judged according to the
athlete’s muscularity, shape, and symmetry (subject to competition category), and stage
presence and presentation, as stated by the NPC [1]. These contests are characterized by
a rigorous preparation phase aiming to achieve low-fat mass, with body fat percentages
generally ranging between 4% and 6% for males and 10% and 13% in females, while
retaining lean mass [4-6]. Physique athletes typically periodize their training year into four
distinct phases: contest preparation, a short peaking phase pre-contest, post-contest
recovery, and the off-season or hypertrophy-phase [7]. Preparation and peaking phases
involve energy restriction (energy deficit of 20% or more), coupled with nutrient manip-
ulation and increased exercise output, to minimize body fat and optimize muscle mass [7-
10]. The recovery phase involves restoration of fat mass and reversing the negative
physiological and psychological adaptations that may have occurred during the prepara-
tion phase, such as reduced resting metabolic rate (RMR), lean mass loss, hormonal
imbalances, reduced performance, and hedonic responses to food [7]. The off-season
focuses on gaining muscle mass to improve physique outcomes for future contests [11].
Due to the scarce evidence-based research available, nutrition guidelines for the different
phases of physique training have, until recently, relied largely on anecdotal evidence from
applied experience (i.e. bodybuilding and strength and conditioning peers’ and coaches’
experiences, and related internet sites) [12]. In recent years, as the popularity of physique
contests has increased, new evidence-based research has worked to close the gap
between practice and evidence, and to provide supportive nutrition guidelines for
physique athletes [4,7,9].

During the contest preparation phase, current recommendations include gradual
energy restriction, protein increments, and carbohydrate manipulation to achieve the
characteristic lean body composition of physique athletes [9,10,13,14]. Specifically, these
recommendations detail implementing an energy restriction resulting in 0.5-1% total
body mass loss per week, prioritizing protein intake of 2.3 to 3.1 g.kg™' of lean body mass,
maintaining fat intake between 15% and 30% of the total calories, and filling in remaining
total calories with carbohydrate [9]. Protein and carbohydrate intake are prioritized
around training sessions to minimize muscle loss during energy restriction and support
energy levels during training [9]. A key strategy to sustain lean mass and maximize body
fat loss during contest preparation is to consume a high protein diet to mitigate muscle
catabolism induced by weight loss [8,9]. The risk of muscle catabolism increases if
exposed to rapid weight loss, regardless of protein intake and adherence to resistance
training regimes [15]. Hence, longer preparation phase regimes of 12 to 30 weeks and
controlling weight loss to less than 1% of body mass per week, may reduce risk of muscle
loss and positively benefit an athlete’s final contest physique and their ability to recover
post-contest to restore baseline physiology [8,9]. Moreover, increases in muscle mass have
been observed in some physique athletes who undergo longer preparation phases while
maintaining a high-protein intake, even while in a significant energy deficit [16]. This
highlights the benefits of physique athletes choosing a preparation phase length that is
suitable for their starting body composition to allow for 1% body mass loss per week and
reach a low body fat percentage for contest day with minimal to no muscle loss.
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Regardless of the length of the contest preparation phase, as energy availability
decreases and body fat reduces, metabolic adaptations occur to restore baseline body
mass [17]. These metabolic adaptations involve hormonal changes, particularly testoster-
one, estrogen, thyroid hormones (T3 and T4), ghrelin, insulin, and cortisol, along with
a reduction of RMR [10,17-19]. These adaptations result in weight loss “plateaus,” requir-
ing further energy restrictions through dietary intake or exercise expenditure to continue
the energy deficit for fat loss [17]. However, the consequences of extreme energy deficits
can lead to low energy availability (LEA), where the body does not have enough energy to
support optimal physiological function and metabolic systems are disrupted [20]. Muscle
loss, hormonal imbalances, decreased immune function, and negative psychological
outcomes have been shown in bodybuilders suffering from LEA [21]. Outside physique
contests, similar metabolic disruptions have been found in untrained and overweight or
obese populations seeking to reduce body fat [22-24]. It is suggested that these adapta-
tions favor weight regain due to decreases in energy expenditure, fat oxidation, and
hormonal shifts to promote return to baseline weight [22].

The post-contest recovery phase consists of athletes increasing energy availability to
restore baseline physiology and repair psychological aspects of restrictive dieting experi-
enced during the preparation phase [7]. Inmediately post-contest, hedonic responses to
food are common, creating a high potential for fat or weight overshooting, where an
athlete rapidly increases body mass post-contest above their original baseline body
composition prior to contest preparation [25]. This weight overshooting appears to be
associated with the restoration of hormonal balance and metabolic function of the athlete
[7,12,26,27]. However, rapid changes in body composition post-contest can affect com-
petitors not only physiologically but also psychologically due to unwanted increases in fat
mass [7,17,26,28]. Hence, adequate dietary interventions and recommendations to guide
post-contest recovery are imperative to support athlete physical and psychological
health. There appears to be no clear consensus in the existing literature regarding post-
contest recovery methods, other than ongoing evidence that it is common for physique
athletes to rapidly increase energy intake post-contest ad libitum [7]. Anecdotal evidence
suggests that a controlled gradual restoration of energy intake toward adequate energy
availability is a possible tool to minimize fat mass gain [7,11], bringing about the concept
of "reverse dieting.” Given the absence of comprehensive recommendations around post-
contest recovery practices, it is common for physique athletes to rely on anecdotal
evidence to achieve energy restoration in the post-contest recovery phase [10,11]. The
length of the recommended post-contest recovery phase is currently unclear, with some
athletes preferring a rapid ad libitum energy intake and some applying a more structured
gradual approach to increase energy intake [7]. Therefore, the aim of this scoping review
is to summarize the strategies of post-physique contest recovery and characterize the
timeline in which physiological restoration occurs.

2. Methods
2.1 Inclusion criteria

This scoping review was conducted according to the PRISMA-ScR protocol [29], and the
PICO search framework [30].
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Electronic web search engines and databases including Google Scholar, PubMed, and
Scopus were searched from January 2000 to August 2021. The search strategy consisted
of the following terms: Physique athlete AND Metabolic adaptation AND Dietary inter-
vention AND Refeeding AND Contest preparation AND Contest recovery as well as
associated MESH terms. Sequentially, titles and abstracts were scanned, with relevant
articles proceeding for a full-text review. Additionally, text words and reference lists from
relevant papers were screened for further search of relevant articles. Two authors (SCL, CB)
screened articles with a third author (MM) acting to resolve disputes if required.

The search was restricted to human studies published in English. The search included
the following criteria: (1) natural adult female and/or male physique contest athletes,
18 years and over; (2) acute or long-term interventions; (3) peer-reviewed articles, such as
quantitative and/or qualitative studies, randomized control trials, and case studies; and (4)
literature including findings and discussion relevant to the post-contest recovery phase.
The past two decades have shown an increased popularity of drug-free natural physique
contests, a progressive globalization of the bodybuilding industry, and the introduction of
new competition categories welcoming competitive and recreational participants, which
reflects an expansion in the literature focusing on physique athletes. Furthermore, the
World anti-doping agency (WADA) formed in November 1999, which allowed the for-
malization of sanctioned drug-testing in the sport [3].

Articles were excluded if: physique athletes were not involved in the data; dietary
measures, assessments, recommendations, or nutrition-associated consequences related
to post-contest recovery were not included; or participants of studies were identified to
be using androgenic anabolic steroids to avoid any confounding links toward misleading
advantageous dietary strategies [31]. The article selection process is summarized com-
prehensively in Figure 1.

2.2 Data charting process

An Excel data charting tool was created to track the selection process. Data charting was
developed by the two main authors (SCL, CB) of this scoping review. Authors SCL and CB
individually cross-checked selected articles to guarantee accurate inclusion of relevant
articles and secure consistency in evidence-based rationale toward evaluations and future
research recommendations.

2.3 Article selection

A total of 60 articles were identified from the initial search and their title and abstract
screened for inclusion. There were no duplicate articles during the search process. For this
initial screening, a total of 35 articles were related to physique athletes. Out of the 35
articles, 19 articles were excluded as they lacked information within the abstract relating
to post-contest recovery refeeding. Sixteen articles fit the inclusion criteria. Out of the 16
articles, two were narrative reviews, hence excluded from the search. The full text of 14
articles were then independently reviewed by two authors (SCL, CB) with additional two
articles excluded due to their findings being irrelevant to the question of this review.
Twelve articles were selected and included in this scoping review (Figure 1). The char-
acteristics of the selected studies are summarized in Table 1.
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Articles identified using
keywords and index terms:
Total (n = 60)

Identification

Articles selected after
duplicates removal (n = 60)

Articles excluded
by title OR
abstract (n = 25)

Articles screened related to
physique athletes (n = 35)
Two subcategories
(A) Strategies (n = 15)
(B) Consequences (n = 20)
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Articles excluded
by title OR
abstract based
on exclusion
criteria (n = 19)

Articles fitting problem/ |
population (n = 16)

Eligibility

Narrative Review
articles excluded
(n=2)

Full-text articles screened
(n=14)

| Full-text articles

excluded (n = 2)

Articles included in Scoping
Review (n = 12)

Included

Figure 1. PRISMA-ScR flow chart for article identification, inclusion, exclusion, and selection.



(panuruo?)

‘U0l
£B13ud Buimo||o) uonejnWNIIE
18 dziwiuiw Aew axelul urdyoid
yb1y Buureulew JIYM 1S33U0d
-150d ayejul Ab1aus | |enpein
"s3|youd [euowioy aA1dNpoidal
uo saduanbasuod buibewep
‘ua)sisiad aney pjnod 1sa3u0d-aid

"1S91U0d
-150d syaam |/ e 3[2Ad |enJisusaw
Jo uondwnsay :3pA> [enaysusy
"1591u02-150d S¥aM QL VI |
‘Ayjiqepieae A613uz uoniadwod
01 dn buipes| s1eak 1oy pauejujew
Kjsnoinaid uonisodwod

< 159)U02-350d Sya9M |/ pue

Z€ 1@ g pue uonisodwod Apog
"}$93U02-150d S}IIM (7 dul|aseq
0} PaUIN]3J SP|OJUIYS "}SAIUOD
-150d ayeyul A61aud 0y uoodoid
urNg | :uomisodwod £pog
(6%/6 0z an0qe paurewsal ujioid

*3]2Ad |enJisusw pue ‘(spjojupys

'1591U03-150d SHPIM | /
pauInIal SASUIW UAYM pue Apnis
Jo uoneniui-sod Jeak | payda|jod
SIUSWIAINSEIW [BUOLIPPY ISIIU0D
-150d pue -21d S¥99M 0 ‘SH99M OF

ssode (SIA 97) Joyradwod

suonesyipow uonisodwod Apoq ‘1ej pue OHD | ) 1s91u0d-1s0d ‘XA ‘Wyb1am) uonisodwod Apoq 2Inby 9jewsay Indjewe ue Jo 910z Aneq
pue saulap 3 1s9bbns sioyiny oyejul Abssus | |enpeub pue ‘parewnss Aujiqejieae Abisud 32/> |ennsusw pue ‘uonisodwod Apnis ased 19 ‘ay3auua0
'19 %G1 1e Apnis uebaq 1ueddied  1591uU0d-a.d ayelul ABisug 4 381G ‘Panssqo ABalens ssppiaxe pue 191 Apoq ‘yejul L1e1alp ul sabueyd)  aAdadsol1ay ‘Repl|leH
"}591u0d-150d 'sJuswssasse edibojoydAsd pue
's9|qenen |edibojoiskyd d3 | :@uewsopad aspiaxgz ‘duewioad 351DIaXI ‘S19xiew
Jo paads A1an0d31 palsisse "9duewioyad digosseue pue 3 AI|RS PUB POO|q ‘(PUnosesn
Aj2y1] 1s91u0d-150d N4 | pue ‘W4 | yum Buipipulod paajosal | v/19) uorsodwod Apoq ‘sainseaw '}$9)u02-150d Syuow g pue
Wg | pideyayeiur Abisus | o SBUOUWLIOH'\4 | :uonisodwod JlejnaseaolpJed ‘(Adwofed 1593U02-34d syjuow 9 ‘syyuow g
peoj buyutesy bunejndiuew Jayus Apog YNy duljaseq papaadxa auIpul) YWY ‘Aujigejieae 190 (SIK H1-0€) Sa19|y1e 120 SWRH
Aq (NG B3/1e24 0 <) V3 |} ‘W44 7 = U 1591u0d-150d Bul[aseq ABi1aud pajewss ‘panIasqo anbisAyd inajewe sjewsy | pue S1I9S-958D "RENENE

510 S. CHICA-LATORRE ET AL.

ule1al J3113q 03 159bbBns sioyiny piemol YWY | :@3ea dijoqeis|y sa16a1e41s 3s|DISX pue 181d  dJew € ul sabueyd jeposoydAsdolg

sbuipuy urepy

aAIpadsold  “1adwis ‘[jaddeyd

sjuAWWO) passaippe

£1310231 1531U03-150d, JO S1adsy

*A19A0231 1531U02-150d UO S3IPNIS Pa3I|as 40} bullieyd eiep jo Alewwns | ajqe]

2dodg ubisap Apnis ERIEYETEN




JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION 511

(panupzuo))

‘uonejndod siyy ur swoipuAs
buipasyas suiebe aad3304d 3q
AKew “(IN44 Jo B/|ey 0€< el
AB1sud pue ssjew Ul 49 %S5-)

‘pabieydsip 210439

a1ed [eydsoy ui shep § :K19n033Yy

s147 ) YD | ‘elwadA|bisdAy
‘B 1 ‘elwsieydsoydodAy
‘ejwae|exyodAy ‘dwoipuiks
Buipasyay ;joued poojgissiuod
-ud g t :uonisodwod Apog

'1593u0d-31s0d pue Aep uonnadwod

Uo PaWNSU0d OHD
Buide-1seq "1531u03-a1d SHIIM §
OHD [|e pa1euiwi|d 1s33u0d

PIOYsaIy) Y3 Mo| 3Y) aA0qe %4g -aid syluow  QHD 1 [enpein :321q

'] pue €] jo K19A0d3i
|In} Joy paiinbas pouad A1an0d31
136uo7'buUIPad|q |enIISUSW pue
uole|nAo buuapuly o1 pes| pue
73 se yans uonie|nao o) buneal

sauowloy 4 o1 sixe Areynud
-snwejeylodAy jeubis Aew 3dYsp
ABI3Ud Y1Im paulquiod seale 3say)
urN4 4 "uonduny [enssusw
0} pa3e[al 9q Aew SSew Jey [RIAISIA
15966ns sioyiny-uondsdelyuod
Bujuieyuod-z3 buisn

pauodal (61 = u) s10113dwod 150N

‘(auiod ejep [euy e / =u
‘uljaseq e € = U :eayiiouswe)
dnoJb [011u0d ueyy saneNbaul
jensisusw | dnoib Joinadwod

anbisAyd :3PpA> jensysuapy

"3UIj9seq MOJ9q paulewsi
€1 pue | “3s31u03-3s0d syjuow

duljaseq 03} 73 pue unda
| "1s91u03-34d 73 pue ‘] ‘unda

} :S3UOWIOH'1591u0d-150d
duIjaseq 0} pauJnlal ssew auoq
pue |Ng ‘WGT < :uonisodwod
Apog'pouiad A19A0331 Ul duljdseq
piemoy ayejul Abisus | pue
1531u02-a1d Syeyul AB1sug 4+ 381Q

"9WOIPUAS

Buipasjai Jo 93uauNDQ Yibuans

dub pue ‘|sued poojq ‘sainsesw
Jejnasenolpied ‘pajou Abajests 101Q

‘saJjeuuonsanb

|ed16ojoydAsd ‘siayiew suowoy

WnJ3s ‘saINSeaul JejndseAoipied

‘uewIopad 35PIIXD

‘(punoseiyn ‘spjojupys ‘yxa

‘v1g) uonisodwod Apoq ‘paniasqo
salbajel)s IsDIAXD pue 131Q

"3s93U0d anbisAyd Jayye skep 7
jendsoy A>uabisawa 01 panwpe
19p|IngApoq |euoissajoid

(1A g7) 9jew e Jo sdWO02INQ

"1s91u0d-150d syjuow 7 pue
1593U02-34d SyjuoW § ‘syuow 6
ssoe (0§ = u) syuedpiued
jonuod €z 1sutebe (SIK L'y F 7'/L2)
s319|y1e anbisAyd inajewe
3lewdy /T Jo S103y3 |edibojoishyd

8107 selepeg
13 ‘Iaugne’
CICMIETNY

yodal ase) ‘Juapjsuide

Apnis
1oyod
anIadsold /10T [e 39 IWny

SJUBWIWO)D

sbuipuy utepy

passaippe
£1310231 1531U03-350d, JO S1adsy

9dodg

ubisap Apnis ERlIEYETEN

‘(panunuod) L 9|qeL



512 (&) S.CHICA-LATORRE ET AL.

(panunuod)
"HINY <> 01 PAINQLIUOD 3ARY ABW  “HINY <> :@3ed dIJOgeRIdI dUI35e]

1s93u02-a1d |7 Jo dueUIIUIRW piemol W4 | :uonisodwod
15966ns sioyiny:(asiIxd Apog'1591u0d-150d S$HIIM §
ddue)sisas buimol|oy siy gy 03 PaAj0Sal sBUOWIOH "unda) ‘(A1owioled alipul) YINY
dn Joj palead|d urewsal Aew el pue ) | ‘suldseq pJemoy | pue ‘sIayJew SUOWIOY ‘S2INSBAW  '}S9IU0I-150d SHIIM  pue 1S3IU0D 8107 Jouuod,0
dljogeiaw) bunssl-aid pousd 934 -JD| pue | | :SSUOWIOH (18} pue Je[ndseAoIpaed ‘(spjofunis “‘¥xd -a1d s}29M 9| ‘s}a9M (7 43N0 R ‘uosuyof
-951219X9 pPajWi| 0} aNp pajejul OHD |} ) 1s91u02-150d Bulaseq ‘v19) uonisodwod Apog ‘panIasqo (S)K 66 F 67) Sa19|y3e anbisAyd S91I9S-95D ‘NaypeH
ud3q aney Aew YNy :uoneywry anoqge eyl Abisuz | 391Q salbajeys asInIAXa pue 331Q dew g ul sabueyd [ea160j0IsAYd anpadsold  “493elS ‘IBYPUW
"}s93u0-150d
d3 | :@uewuopad aspiax3 (N4
‘INg ‘oxelul Abiaus | 1s91eaub)
159}U0d-3s0d UOIdUNY [eNIISUIW
pazijewIou djeway | 1SaU0d
-150d sanuenbaul padusadxa
sajewsy ||y BPPAd [enssuapy
‘(eyur Abisus | sudsap
<) 9w | pue (eayiouswe
unda) padnpul 351249%3 0} anp
pue YWY | Yum pajeosse pa1sabbns) YWY + Yum sjewsy
W4 | ‘Syluow 6 jo spiemdn | Joj 1dadxa syuedidied ysow ul
loj pajeinbasumop ulewas  YNY | :93e4 dIJoqeIBIN%0L> Aq
Kew s19Y10 ‘s)9am uiyum anoidwi Wg |} swedpiued syl (%22)
Kew sainseaw [ed16ojoisAyd Wg | 1sabae| yum Buippuiod
9WO0G'$SaIINS 1591u0d anbisAyd %L.6 Aq e1ul BLORd | deWy
24N1ny 104 31kl dI|ogeIdW pue | ‘W4 pue g | :uonisodwod
Wg1 03 suswanoidwi yoddns Apog1sayu0d-1sod syzam Q|
pue £19A0331 [ed160]01sAyd unds| pue ¢ ‘€] | :SOUOWIOH
10} MOJ|e 0} P3IIPISUOD 'sawod3no [edibojoisAyd
9q p|noys uoseas-yo Jabuo syuawanoidwi 03 denbapeul "SIdjlew suowloy "JS93U0d
‘bunnooysiano 4g buipione ajiym ‘W44 1t |lews pue ‘sabueyd W3S pue ‘aduewiopad 3s|DIaxa -150d sy9am (| 03 1s31u0d-aud
‘uleb 4g Joy yeur A61aus ybnous Y pue uieb g jewruiw ‘(Andwiofed 13IpUI) YINY SY9IM 7 WOJ) PIAIISUO ‘S913|yle
J0 151su0d pinoys aseyd A1aA0d31 yum ‘(buiuiely Jejndsenoipied ‘sanieinbaul jennsusw ‘Ayjenb anbisAyd |einjeu (siIA 6% F 67)
15966ns sioyiny-uoneledaid Bujureruiew ajiym xeiul A61aus da3|s ‘syoadse |edibojoydAsd dlewdy ¥ pue (SIK 8'9 F pE) djew
1591U0) 01 Joud Ss)usWaINSeIW | lenpeib) yoeoidde bunaip ‘(spjojupys ‘y|g) uomisodwod ¢ ui sabueyd pajejal-aduewopad S31I95-958D 020z
auljaseq ON :suoneywI] 95I9A3J 0} paIdype € = u 331q Apog ‘pamniasqo salbalens 121Q pue ‘|eaibojoydAsd ‘|edibojoisAud dADadsold  |e 19 wolsbuo
SUBWWO)D) sbuipuy utepy passaippe adodg ubisap Apnis ERVEIETEN]

£130231 1531U03-350d, JO S1adsy

‘(penuiuod) | 3|qey



JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION 513

(panuruod)

‘pajesisuowap
[BAJSIUI UBY} JSUOOS

paJan0da1 aAey Aew sauowlioy
‘syjuow ¢ A19A3 painseaw

9J9M SIUOWIOY WNJIS :suoneywI]

's919|y3e anbisAyd uj 3s93u0d
-150d panIasqo A|jeiopaaue

aJe 1ey) uieb 1ey pides pue bunes
-9buiq buiziwiuiw ajiym A19A0334
9lel|dey 01 pasn sem AbBajens

bunaip asianal 1sabbns sioyiny

‘uonnadwod

1uanbasqns e 4oy uonesedard
panugiuod 313yie o/Apy ay) pue
1593u02-3s0d aseyd K1an0d331 oyl
panow 333jyie o/Azg ayl-aseyd
£19A0331 3Y] Ul PIMO]|0} 10U dIIM

SIYIBW SUOWIOY pUR ‘BSPIAXD 19I(Q  3SI9A3I PaMO|[0) 313Ye SIA 7€ 381

"1591U02-150d SYIUOW 9 PAISA0IRI
pue 1s3ju0d-31d aduRqNISIP
pooly | :Jed1bojoydhsg-isaiuod
-150d dulaseq | pue 1s93U0d
-9id | } :S9UOWIOH I9A03 A|ny
1jou pip yibuans :@duewopad
9s1249X3'1591U0d-)s0d syluow 9
UIYHM Bulj9seq 0} pauinial %4g
:uonisodwod Apogisajuod-isod
aul|aseq 0} pauinlal dg pue YH
:de[ndseaolpJe) (OHD pue 1ej | )

1s91u0d-150d axjejul Abisu3 | 381

"auljaseq

01 pa101sai A||nJ 10U ‘YWY | :3ed
d1j0qeIdNIS31U0d-)50d Palolsal
Ajin} 10u sem ndino samod
:@duew.o1ad dsPIdXT duljdseq
01 1593u03-150d %49 | ‘1591U0d

*Apn1s Inoybnoy) moj paulewsi
unda “1sa3u0d-1s0d abuel
9JUDIDJ3I pIEMO} PaLIaAAI ‘unda)
10j 1dadxa sauowoy painseaw
[V :SOUOWIOH'3SIDI9X | ‘(}2am
13d pappe 1ey 6 0L~ Jo/pue OHD
6 0£-01) eiul suofed | |enpelb

AB33ei1s bunalp 9siandy 3v1Q

dNY | ejed dljoqesy

‘%49 | :uonisodwod Apog
awnjoA pue A>uanbaly IsIIXD
t Allenpesb pue jod0104d Bunaip

‘panIasqo ABajes 3sIDIaxXa pue 131g

'spadse [ed160joydAsd
pue ‘siajJew sauowiioy

wnJas ‘@uewlopad 3sPIaXd "Jsaju0d-3s0d pue €107 IN03S
‘(A1dwioled 1a11pul) YWY -21d syuow 9 ‘syuow | JaAo 19 ‘9PUUI0T
‘(Pod pog ‘¥Xa ‘vIg) uomisodwod 19p|ingApoq [euolssajoid (sik 97) Apnis ased ‘sye4

Apoq ‘sainseaw Jejndseaolpie) djew e jo 3jyoud [eda1bojoIsAyd  dADAdASOId  ‘epnyn4 ‘MOSSOY

‘Ayjenb

dag|s pue ‘(A139Wi0[ed 1d341pUI)
YNY ‘9duewopad asiDiaxa
‘(¥xa ‘pod poq) uomisodwod
Apoq ‘siayiew auowloy wnids

1591U0d

-3s0d syiuow G pue 3sajuod-aid

SYjuoW 8 ‘Syuow €| 10} paAIsqo

!(s1k 1) 49p|ingApoq djew
Inajewe ue jo s1ayd |ed160j01sAyd

Apnis ased £10¢ poids
anpadsold 1R I9|xal] ‘anpied

"1$93u03-150d SHIIM  pue
1591U02-31d S)}93M 9| ‘Sy9aM 0T
ssone (SIA i pue zg) saiv|yie
anbisAyd ajewsay z u sabueyd
|ea16ojoydAsd pue [ed160joisAyd

"SJUBISSISSE
|ea1bojoydAsd pue ‘(Anawiiojed
13.1pul) YWY ‘(punosesyn

‘vIg ‘¥Xa) uomsodwod Apog

S91I9S-958D 120z
9A1323dS0Id OB 73 IWMSN

Sluswwo)

sbuipuy utepy

passaippe adodg

£19A0231 1531U03-350d, JO Spadsy

ubisap Apnis ERIEYETEN

“(panunuo)) 'L 3|qey



514 S. CHICA-LATORRE ET AL.

(panuruo?)

*f1910331

WY paiell|dey aney 1ybiw
aseyd £19n0331 bulnp ayeul
uiyoud ybiy 1s966ns sioyiny

'19 %¢£°0¢ 1@ Apnis uebaq jueddiued  11s91u0d-aid Abisus ¢ |enpeln 331Q

'(49 %6) ues)

Apeaie Apnis pauels yuedpiey

‘suoneywITsso| g Jo

s129)43 d1bojoisAyd pue dijogelsw

d|qeJoARJUN S}BNUSYE JOU PIP pue

uopjesedasd 159303 INoybnoIyy

pasn sem (OHD | Asesodwa)
AB33e1ls pasyal e djou sioyiny

*(uonnadwod

151l 91049 SyuowW ¢

pouad [ensisuaw ) s9|Ad>
|eniisusw Jenbai IN < B3P
|ennsuay’6 Xam Aq aulaseq
pJemo} UMOp Papudi} ‘1sa1U0d

-1s0d s310s buizes 3|qe|jouoduUn

| :oineyaq bunes

"6 )99M Ul PaPIIIXd ‘1593U0d-1s0d
Yluow | sulaseq 01 YAY | :ed
31]0qeIB\'DUI|ISR] PIPIIIXD
W44 | “joam sad 97'6-1'8 Aq
W4 | ‘(350d s)99m 6 1e dulaseq
paydea) yoam 4ad 91 Aq NG |
'1591U02-150( “1591u02-a1d W44 |
‘W4 1t :uonisodwod Apog Apnis
JO uoleINp 10§ PIMO||0} SBM 13IP
uidy0id-ybiy v “(Bunaip asianal)
g duljaseq buiyoeas jun
Jauuew ,asimdais, e ul palolsal
el ABJaUd ‘1591U03-150(

"}S9U0D

-1s0d sfep Qg ulyum auljaseq

0} pauJniai 1s93u0d-aid Yoy
29M ‘NNgd “11V LSV ‘€L 'OgHS
‘L 1 :S9UOWIOH1IS]U0D-150d
SUIUOW { dUIjaseq 0} pauinial
‘91035 Hunea pajjosuodun

pue juiessas anHubod
bunenidn|{ :ABojoydfsd
"1591U02-150d syluow g auljdseq
PapaadXa “1s93u0d-150d YNY

| 334 dIj0qeIdINISIu0d-150d
SYIuOW g du1jdseq 0} pauinial
g1 pue ssaudIyl apsni “Apnis
40 Y1bud| 10} %01 > 49 1S90
-1sod g | :uonisodwod
Apoguiod elep jeuy Aq

eiul ABisua 4 pue 1sajuod-1sod

‘alleuuonisanb Joiaeyaq

Hunes pue ‘ad>uewiopad 3spIXd

‘(Anawioled 1aJ1pul) YNY

‘saInseaw Je[naseAolpied {(yxd

‘v1g) uonisodwod Apoq ‘panIasqo
sa1b1e11S 3SIDI9XD pue 131Q

'siolneyaq bunes

pue ‘siaIew SUOWIOY WNnIds
‘Sduewoyad I51249X3 ‘saInseaw
Iejndsenolp.ed ‘(A13dwiojed
13.1pul) YWY ‘(punosesyn
‘spjojunjs ‘y|g) uonisodwod Apoq

A[21e1paWw axeul ABIsUs | 1381Q  ‘PaAISSqo ABaleals 3s1219Xa pue 131g

‘pouad A19A0231 )93am 6 e pue
‘Z1591U0D) [13UN WLISIUI Y99M £ B ‘]
1593U0)-24d SHIIM 8| ‘(SYIIM F€)

syluow g sso.de (sik £7)
J103139dwod InbyY [einjeu djewdy e

Ul 9duewIoHdd JejNdsnWoInN3uU Apnys ased 610T
pue uonisodwod Apog aA1Dadsold ‘e 19 A3jsurL
"}s91U02-150d syluow ¢ pue
1593U02-31d syjuow § ‘syyuow |
1310 J3p|INgApoq In3lewe Apnis ased 0202

(siK 7) ajew e 3jyoud |ed1bojoIsAUd  DAIdAdSOId  [e 13 PlAJUIOYIS

Sluswwo)

sbuipuy utey

passaippe
£1310231 1531U03-150d, JO S1adsy

9dodg ubisap Apnis ESIVEIETEN

“(panunUO)) °| 3jqeL



JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION 515

'siea) = siA ‘@duewlopad 3siIaxa = 43 ‘Aujiqe|iene ABISuUd = 3 ‘ssew 1ej = |\ ‘@seun| aunean =y
!S353) UOIDUNY JAI| = [ 47 {|-101DB} YIMOIb 3yIj-ulnsul = |-49| ‘o13es ulngo|b ujwnge = Yoy ‘unod || poojq aUYM = g ‘uabosiiu eain poojq = NNg ‘dSelajsueljouiwe dujuee = ]y
‘aseujwesuel) aeuedse = |Gy ‘wnisaubew = By ‘Buixolfy) = {1 ‘suiuoifylopolll = ¢] ‘uingolb buipuiq suowloy Xas = DGHS ‘|0SIM0d = ) !|oIpelISd = 73 ‘DU043)S03s} = | ‘dunssaid
poo|q = dg ‘91el Meay = YH ‘1e} Apoq = 4g ‘ssew 3a) 18} = |\ 44 ‘ssew Apoq = g ‘ssew Apoq uea| = g7 ‘21eipAyogled = QHD ‘(ebueyd ou) <> 1o {(3seadap) T {(aseadul) | se pajouap suoneep

*f1910331
a1ey1ey 01 uonnadwod buimojjoy
9yeyul uidoad ybiy AjpAne|a pue
‘snjdins Juo|ed 1sapow e ‘Buluen

ddue)sisal 1snqos buppuswadwi ‘uda| pue uljRIYD <> ) pue |
Aq paziwixew uo[elo1sas | sauowloH-ayel uioid pue
SSeWw Ues| pue paziwiuiw %49 | 01 pajeposse |3 ‘eAljes eIA djyoid jeuowloy
9q Aew uieb ey [erpuaiayeld dANY | -93ed pue ‘(A11swiioed 12311pul) '1591U02-150d S}99M 9 0] 1591U0D £102
159}U0-1S04'S|enpIAIpUl ‘Wd | ‘%49 | :uonisodwod dINY ‘(Splojunys ‘punosesyn -a1d y2am | {(sih 05-81) SsaI3|yYIe ueky-yuws
uaaM1I3q 3|qeuen Alybiy Apog (1e} pue QHD | ) ‘s|g) uomisodwod Apog anbisAyd |einjeu sjew / pue S31495-95ED 1 ‘[19qdwe)

s1 uoissaiddns YNy 210u sioyiny  1sajuod-1sod axeiul Abiaua | :381@  ‘(sPoj 191p) pansasqo saibaens 1a1g 9ewsy g ul sabueyd |edibojoisAyqd aA1Dadsold "YISIIH “U3[Xa1L

SUBWWO)D) sbuipuy utepy passaippe adodg ubisap Apnis ERIEYETEN
£19A0331 1531U03-350d, JO Sdadsy

‘(panunuod) 'L 9|qeL



516 e S. CHICA-LATORRE ET AL.

3. Results
3.1 Profile of studies reviewed

Of the 12 included articles, all were case studies observing one or more athletes across
physique contest phases. Most articles reviewed were published between 2018 and 2021
(58%, n = 7). Six studies (50%) reported on one individual athlete, five studies (42%)
followed 2 to 15 athletes, and one study observed a total of 50 participants, 27 of which
were physique athletes, and the remaining were a non-competing control group. Across
all the reviewed studies, the total number of physique athletes observed post-contest was
70 (n = 26 male, n = 44 female). Case study and case series populations ranged in age from
20 to 50 years. The articles were divided relatively evenly between mixed male and female
studies (33%, n = 4), exclusively female (25%, n = 3), and exclusively male (42%, n = 5).
Most studies following physique competitors post-contest were limited in duration, with
four studies (33%) collecting data for less than 2 months, and six studies (50%) collating
data between 2 and 6 months post competition. There were six major factors identified
that had a direct impact on physiological recovery post-contest: (1) body composition, (2)
dietary intake, (3) resting metabolic rate (RMR), (4) endocrine measures recovery, (5)
menstrual cycle recovery, and (6) psychological aspects of recovery.

3.2 Body composition

Body composition was reported in 92% (n = 11) of the case studies, with measures including
bioimpedance analysis (BIA), bioimpedance spectroscopy (BIS), amplitude-mode ultrasono-
graphy, dual-energy x-ray absorptiometry (DXA), air-displacement plethysmography, and
skinfold assessments. All case studies measuring body composition employed at least two
of these techniques, with a maximum of four. The total number of participants measured for
body composition in the post-contest period was 69 (n = 25 male, n = 44 female). For case
studies that observed athletes for up to 2 months post-contest (n = 4), an increase in fat
mass toward pre-contest preparation baseline body composition was observed in all
athletes [8,26-28]. Beyond this timeframe, fat mass either returned to- or exceeded baseline
measures prior to contest preparation between 9 weeks and 6 months post-contest [16,32-
36]. Rapid weight gain (up to 9 kg) was commonly seen immediately post-contest within the
first 4 weeks [26,27,33]. Lean body mass was maintained during this time [10,27,32], or in the
case that lean mass was lost during contest preparation, lean mass was recovered within 2—
5 months post-contest [34,36].

3.3 Dietary intake

Diet was observed in all case studies through weighed food records or meal diaries (83%,
n = 10), or through the combination of a food diary and 24 hr diet recall (17%, n = 2). An
immediate increase in energy intake was observed post-contest with ad libitum eating in
50% (n = 6) of case studies [7,26,27,32,35,36]. Longstrom et al. observed one female
athlete who increased calorie intake post-contest by 97% coinciding with a 22% increase
in fat mass and restoration of physiological function within 10 weeks [33]. A structured
gradual increase in energy intake was a strategy observed in 42% (n = 5) of case studies
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where athletes followed various protocols to restore pre-contest baseline body fat per-
centages or to restore energy availability [16,28,33,34,37]. These protocols involved
increasing energy availability in a stepwise manner with the target of increasing body
mass by 1% per week [16], or by increasing calorie intake gradually, as seen by Pardue
et al. where carbohydrate and fat intake were increased by 10-30 g and/or 4-10 g,
respectively, each week of the recovery phase up to five months post-contest [34].
These structured gradual approaches to increasing energy availability were observed
between 9 weeks and 5 months post-contest with high variability between individuals
[16,33,34,37]. Protein intake commonly remained above 2 g.kg_1 throughout the duration
of the post-contest recovery phase [36,37].

3.4 Resting metabolic rate (RMR)

RMR was observed in 59% of the total participants (n = 41) using indirect calorimetry.
Estimated energy availability using the following equation (energy intake (kcals)-EEE
(kcals))/fat-free mass (FFM; kg), was an alternative method used by Halliday et al. to assess
changes to metabolic rate in a female athlete [37]. For studies following athletes less than
2 months post-contest, 24 athletes saw no significant change in RMR, and two female
athletes increased RMR or returned to pre-contest baseline RMR levels within 4 weeks
post-contest [16,33]. Additionally, Trexler et al. showed a positive association between
RMR restoration and body fat percentage between the pre-contest preparation phase and
4 to 6 weeks post-contest [26]. Studies observing athletes for 2 to 6 months found 13 out
of 15 participants experienced an increase in RMR or energy availability, toward or
achieving pre-contest preparation baseline measures [8,33-37]. Participants who did
not see an increase during this time either experienced RMR suppression or no significant
change (n = 2) suspected due to exercise induced amenorrhea [8,33]. Within this time, two
athletes exceeded pre-contest baseline RMR measures by 5-8% [36,37].

3.5 Endocrine measures

Endocrine measures were observed in 75% (n = 9) of case studies via blood serum (n = 7),
saliva samples (n = 1), or a mixture of the two (n = 1). The most common endocrine
measures performed on participants included testosterone (n = 58), thyroid hormones
including T4, T3, and/or TSH (n = 37), leptin (n = 61), cortisol (n = 53), ghrelin (n = 17),
sex hormone-binding globulin (SHBG) (n = 10), insulin (n = 25), and estradiol (n = 28).
Testosterone increased toward baseline measures pre-contest preparation or reached base-
line within 4 to 6 weeks post-contest across the most male participants (n = 17) [26,27,36].
Two male physique athletes were observed to require up to 6 months post-contest to
recover testosterone levels [34,35]. Testosterone remained below pre-contest baseline
measures in most female athletes (n = 35) observed up to 4 months post-contest [26,32].
Ghrelin and thyroid hormones were observed to increase toward pre-contest baseline
measures, although they did not fully reach baseline until up to 6 months post-contest
[32-35]. Leptin was observed to increase toward or reach pre-contest baseline measures
within 4 months post-contest, however it was also shown to remain below baseline
measures up to the final data point at 6 months [27,32,33]. Cortisol decreased within 4 to
6 weeks post-contest, which was previously elevated within the weeks leading up to
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contest day [26,27]. SHBG and insulin increased or returned to baseline within 4-6 weeks
post-contest [26,27,36]. Estradiol was monitored in only one female athlete post-contest,
with measures returning to pre-contest baseline levels within 4 months post-contest [32].

3.6 Menstrual function

Menstrual function was tracked via questionnaires in four case studies. Across 33 female
athletes, most experienced menstrual irregularities across individual study timeframes
(n=31)[16,32,33,37]. Hulmi et al. reported 7 out of 27 athletes experiencing amenorrhea
up to 4 months post-contest [32]. Halliday et al. observed one athlete experiencing the
return of menses 71 weeks post-contest [37]. Normalized menstrual function within
10 weeks post-contest was observed in one female athlete coinciding with the greatest
increase in energy intake, body mass, and fat mass [33].

3.7 Psychological aspects of recovery

Psychological aspects were observed in five case studies using a range of questionnaires,
such as the Eating Attitude 26-item questionnaire (EAT-26), the Profile of Mood States
questionnaire (POMS), and other body image and anxiety scales, such as the Body
Appreciation Scale (BAS-2), Social Physique Anxiety Scale (SPAS), and the Perceived
Stress Scale (PSS) [8,28,35]. Anxiety, weight phobia, compulsive self-monitoring, body
image concern, and total mood disturbance was generally greatest immediately post-
contest and within the first 4 to 8 weeks post-contest [8,28,33,35]. Psychometric scores
trended toward baseline within 6 months post-contest [33,35].

4. Discussion

Among the research articles included in this review, there were six common physiological
parameters of concern arising from contest preparation. These were body composition, dietary
intake, RMR, endocrine measures, menstrual cycle irregularities, and psychological aspects.
During the post-contest recovery phase, these six parameters tended to return to baseline
measures within six-month post-contest; however, RMR, endocrine measures, menstrual func-
tion, and psychological measures may take longer to achieve full recovery for some athletes.

4.1 Body composition

In the post-contest recovery phase, it is common for physique athletes to experience body
composition changes associated with rapid weight gain. These changes in body composi-
tion are likely associated with fat gain due to diminished RMR and hedonic responses to
food, such as extreme hunger, hyperphagia, and binge eating that are often observed
during the recovery period [7]. Such a phenomenon is contrary to the goals of minimizing
body fat overshooting beyond pre-contest baseline measures and assisting preparation
for future physique contests [2,34]. However, favoring fat regain may be necessary for
physique athletes as persistent low body fat in both sexes has been known to interfere
with the recovery of physiological outcomes, leading to further disruptions in RMR and
sex hormones [7,17]. Three case studies observed that athletes typically return to baseline
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body fat levels within 2-6 months post-contest [16,35,36]. Roberts et al. suggest a faster
return to baseline body fat levels within 1-2 months post-contest is preferential for full
physiological recovery [7]. This indicates that although body fat regain could be contrary
to the athletes’ objectivesfor example, bypassing pre-contest baseline levels (fat over-
shooting), it is likely a fundamental part of the recovery period for an athlete’s full
physiological recovery post-contest. Hence, a strategic return to baseline body fat levels
is imperative to optimize health and future training performance.

A gradual increase in total body mass of 1% per week post-contest is another strategy
used to return to baseline body fat levels and minimize fat overshooting while facilitating
physiological recovery [16,26]. Following this strategy, Tinsley et al. showed a return to
baseline body composition and RMR by 9 weeks post-contest along with a reduction in
uncontrolled eating behaviors [16]. However, in some athletes, these uncontrolled eating
behaviors driven by hedonic responses to food could in turn be an impediment to this
gradual approach. Hedonic responses to food may persist beyond baseline body fat
restoration, hence promoting excess fat accumulation, or fat overshooting, and weight
gain until lean mass is recovered [38,39]. During contest preparation, energy availability is
generally not sufficient to support muscle hypertrophy [21], hence maintaining muscle mass
during contest preparation becomes a key factor to minimize fat overshooting post-contest.
To achieve muscle maintenance, an athlete’s training is the main modifiable factor to
support muscle mass, followed closely by adequate protein intake [9]. As a result, the
importance of a structured resistance training program extends beyond the preparation
phase and into the recovery phase to support lean mass restoration. Therefore, post-contest
restoration of lean mass requires the continuation of a structured resistance training
program, increased energy intake, and adequate protein intake to support muscle growth
and minimize fat overshooting. Such recommendations may minimize post-contest hedonic
responses to food and body fat overshooting, facilitating full physiological recovery.

4.2 Dietary intake

All case studies observed dietary intake of physique athletes transitioning from
a negative to positive energy balance post-contest. Athletes chose to either implement
a structured gradual increase of energy intake, termed “reverse dieting,” or alternatively
an ad libitum energy intake strategy immediately post-contest, often linked to compul-
sive eating and hyperphagia [7,33-35]. Dietary decisions were made by athletes and/or
coaches, and for those not following an ad libitum approach, gradual increases in
dietary intake were determined by coinciding with increases in body weight [16].
Although both strategies could be used in the recovery phase as preferred by the
athlete, this review demonstrates that there is a gap regarding evidence-based recom-
mendations to increase energy intake post-contest. Therefore, dietary recommenda-
tions for individuals post-contest should be considered with caution and explored at the
discretion of the athlete and coaches.

An acute increase in energy intake immediately post-contest is a common ad
libitum eating practice described by physique athletes as it lines up with an athlete’s
refeeding impulses experienced post-contest [12,26]. Such sharp increases in energy
intake may have favorable effects contributing to RMR restoration, as suggested by
Trexler et al., where RMR increased 5.3% above predicted values within 6 weeks post-contest
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alongside a 90% increase in energy intake, which was also correlated to an increased body fat
and high-protein intake [26]. Similarly, less structured ad libitum dietary strategies to increase
energy intake post-contest have been shown to restore hormones associated with hunger
(leptin, ghrelin, insulin) in as little as 3 weeks post-contest [7]. However, it is also noted that
these strategies may contribute to body fat overshooting and undesirable body composition
outcomes for the athletes, mostly when prolonged above maintenance energy intake [7].
Therefore, ad libitum increases in energy intake after a period of LEA, such as the post-contest
recovery phase, may be more beneficial as an acute strategy to satiate refeeding impulses
experienced by the athlete [17]. This could then be followed by a more structured approach to
restoring energy availability by either returning to maintaining energy intake or gradually
increasing energy intake toward maintenance. Prolonging ad libitum intake beyond 1 to
2 weeks post-contest should be considered on an individual basis, bearing in mind the
athlete’s body composition goals, psychological state, and requirements for physiological
recovery.

The second strategy of structuring a gradual approach to increase energy intake post-
contest (reverse dieting), may offer an energy restoration strategy to minimize fat over-
shooting while facilitating physiological recovery [33,34]. This strategy involves maintaining
a high protein intake (above 2 g.kg™"), alongside a gradual increase in carbohydrates and fat
(e.g. 10-30 g carbohydrate and/or 4-10 g fat added per week) to return body fat and lean
mass to pre-contest baseline levels [16,34,37]. This dietary approach may also coincide with
a stepwise reduction in aerobic exercise to facilitate restoration of energy availability [34].
However, despite anecdotes in the gray literature, reverse dieting remains a theoretical
concept and this approach might slow physiological recovery as it prolongs fat restoration
[33]. While following a reverse dieting strategy, participants with minimal weight gain
showed the least improvements to RMR and endocrine measures as opposed to one female
who immediately increased intake by 97% and achieved a 22% increase in body mass
alongside full RMR recovery and menstrual function restoration [33]. Although this struc-
tured gradual approach to increased energy intake has potential benefits for athlete body
composition, the recovery phase will require a longer time frame for full physiological
recovery in comparison to an acute increase in energy availability and body fat restoration.
Furthermore, based on the available literature and anecdotal evidence, in practice there are
barriers regarding adherence to controlled reverse dieting post-contest due to diet fatigue
experienced after 16-plus weeks of contest preparation and restrictive eating [2]. Therefore,
another proposed method of restoring energy availability post-contest could involve an
immediate return to maintaining energy intake. Athletes and coaches should consider
adequate macronutrient intake, prioritizing protein, and continuing a structured resistance
training program while implementing a gradual reduction of aerobic exercise to support full
physiological restoration throughout the recovery phase.

4.3 Resting metabolic rate (RMR)

A small number of case studies directly monitored RMR in physique athletes using indirect
calorimetry. Although indirect calorimetry is a valid method for measuring RMR, inaccura-
cies often occur in athletic populations, including physique athletes, where training regimes
may inflate RMR for up to 48 hours after training [40]. This was reflected in a study by
Mitchell et al., where no change in RMR was observed in physique athletes pre- and post-
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contest, despite fluctuations in body composition and sex hormones, which was suggested
to be an inaccurate measure associated with high-frequency training regimes [27].
Restoration of RMR was found to be associated with the recovery of other aspects of the
athlete’s physiology (i.e. body composition and endocrine function), therefore monitoring
RMR restoration alongside other physiological measures supports interpretation of RMR
fluctuations [26,33]. It is recommended that future research measures RMR pre- and post-
contest, while considering the limitations of indirect calorimetry and aim to minimize the
confounding effect of an athlete’s training program on RMR accuracy.

Reductions in RMR from baseline pre-contest levels to contest day are commonly seen
in physique athletes [26]. Although highly variable across individuals, physique athletes
can experience reductions in RMR as low as 20% below baseline levels at the end of the
preparation phase [36]. Furthermore, how fast weight is lost during the preparation phase
may have a direct impact on reductions in RMR. This has been previously shown in
a systematic review looking at overweight and obese individuals undergoing gradual
versus rapid weight loss where greater reductions in RMR were seen during rapid weight
loss [41]. Physique athletes may experience similar downregulations of RMR, depending
on their contest preparation strategies. Further, heterogeneity of contest preparation
strategies used by athletes could be a major contributor of observed RMR variability.
Regardless of the reduction of RMR observed, the time window required for RMR recovery
post-contest is largely unknown. Full reversal of suppressed RMR took place in as little as 4
to 6 weeks post-contest in some athletes, while others required beyond 6 months
[8,16,33,36]. Body fat reduction achieved during contest preparation, alongside energy
restriction and potential muscle catabolism, is known to directly downregulate RMR [42].
Recovery of RMR s likely intertwined with some degree of fat mass and fat-free mass
restoration [7]. Likewise, increased energy availability and high protein intake may play
a role in the recovery of RMR [26]. Anecdotally, there is a common belief that greater
muscle mass can yield a higher RMR [43]. However, in physique athletes, muscle mass
alone has shown little to no effect on RMR preservation throughout contest preparation
[7,36]. Instead, RMR restoration post-contest is likely associated with factors other than
muscle mass, such as refeeding strategies, energy availability, and total body mass and fat
restoration [7,36]. This suggests that RMR restoration strategies should focus on increas-
ing energy availability and total body mass.

4.4 Endocrine measures

A high degree of attention in the literature is given to hormonal disruptions in both
male and female physique athletes, mainly immediately before and after the contest. In
particular, the synthesis and function of sex hormones (testosterone and estrogen),
thyroid hormones (T3 and T4), and hunger and energy balance hormones (leptin,
ghrelin, insulin, and cortisol), fluctuate in response to physiological changes during
contest preparation. Nine studies in this review evaluated testosterone and/or leptin,
and less than five studies observed thyroid measures, cortisol, insulin, and/or ghrelin.
Despite the apparent increasing popularity of hormone investigations within physique
athletes’ post-contest studies, there is currently insufficient evidence outlining the time
in which full restoration of hormonal function occurs. Some studies suggest as little as
4 weeks to recover hormonal function and others demonstrate a continuous increase in
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hormone levels toward baseline beyond 6 months post-contest [34,35]. Such pronounced
discrepancies are suspected to be due to individual variations regarding energy availability
and fat mass restoration, as well as the inter-study variability in measured hormonal
parameters, perhaps as a result of resource availability and time limitations [26]. The
heterogeneity of the data included within the reviewed articles hinders the ability to
interpret the rate of recovery and the following comments should be considered with care.
There is a variety of hormones that are especially relevant to the physiological
recovery of physique athletes, including hunger hormones such as leptin, ghrelin, and
insulin, and endocrine hormones such as estrogen, testosterone, and thyroid hor-
mones. Similar to RMR, transitioning from a negative to positive energy balance post-
contest is likely to have immediate favorable effects on leptin, ghrelin, and insulin
[44]. The full recovery of hormone measures is likely influenced by fat mass and total
weight restoration, as well as energy availability, and the continuation of extreme
exercise regimes [7,8,20,32-34]. As a result, prolonged downregulation of hormones
often occurs in athletic populations, where LEA and chronically high physical activity
levels are commonly experienced [20]. This is seen in physique athletes post-contest
who remain at low body fat levels or maintain extreme exercise regimes, likely
perpetuating the suppression of leptin and leading to a cascade of effects on thyroid
hormones and the reproductive and growth hormone axis [20,26,34]. Considering the
available evidence, to minimize the unfavorable effects of hormonal downregulation,
it is suggested that physique athletes promptly transition to a positive energy balance
post-contest via an increase in energy intake and a reduction in exercise demands.

4.5 Menstrual function

Articles included in this review were relatively evenly focused on male and female
subjects, which is useful as females are typically under-represented in sport science
research [45]. However, across the studies reviewed, only one study observed female
sex hormones, of which estrogen returned to baseline measures by 4 months post-
contest [32]. This aligned with menstrual cycle irregularities and amenorrhea experi-
enced by participants during this time frame [32], which tend to be more prominent
in physique contest categories that require lower levels of fat mass, such as figure and
bodybuilding categories [7]. These hormonal disruptions contribute to rapid weight
regain, often referred to as weight cycling or fat overshooting, by driving compulsive
eating and hyperphagia, mood disturbances, reduced energy expenditure or reduced
exercise performance, and the onset of eating disorders and other negative physio-
logical impacts [42]. Given the wide spectrum of physiological disruptions, and their
adverse outcomes common to this sport, such as menstrual cycle irregularities, further
investigation into evidence-based approaches to minimize these effects is imperative.

Considering the regular occurrence of menstrual irregularities and amenorrhea in
female physique athletes, the study of female sex hormones in this population represents
a substantial gap in knowledge that warrants further investigation [16,32,33]. Halliday et al.
demonstrated that menstrual function restoration can take up to 71 weeks post-contest,
independent of energy availability and body composition returning to baseline levels in
half of that time [37]. The variability of menstrual cycle recovery is individual to the athlete
and interlinked with energy availability, body mass, eating behaviors, and endocrine factors



JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION e 523

[46]. Longstrom et al. observed that menstrual function restoration may be possible within
10 weeks post-contest through a rapid increase in energy intake and fat mass restoration
[33]. However, these findings could also be related to increases in visceral fat mass,
suggesting that diminished fat mass around internal organs play a role in downregulating
female sex hormones involved in ovulation and menstrual bleeding [32]. Increased energy
availability immediately post-contest and visceral fat restoration may be advantageous for
menstrual cycle recovery post-contest, although further research is required.

4.6 Psychological aspects of recovery

Studying psychological measures within the context of dietary manipulation and pro-
nounced changes in body composition as seen in physique athletes, is imperative due to
the entwined nature of eating behaviors, body image, and their impact on physiological
recovery post-contest. Across the reviewed articles, the methodology used to assess
psychological aspects varied, including eating behavior questionnaires, body image and
anxiety measures, and other validated surveys. The current evidence reports an increase in
uncontrollable eating behaviors, hyperphagia, and mood disturbances in the early phases
of recovery [7,16,35,36]. These responses tend to shift toward baseline levels 2-6 months
post-contest, presumably coinciding with the full physiological recovery of the athlete
[16,35]. The inconsistency in approaches to assessing psychological aspects of post-contest
recovery in these athletes limits the capacity to draw conclusions, and consequently, the
psychological aspects of post-contest recovery in physique athletes remain largely unex-
plored. Hence, researchers are encouraged to include validated measures of psychological
wellbeing in future studies. Individual nutritional recommendations for post-contest recov-
ery should consider strategies that are in the best interest of psychological health.

4.7 Applications to other areas of sport

Physique athletes provide insight into the negative impacts of extreme dieting and how
dietitians, sports scientists, and other health-care professionals can facilitate full physio-
logical recovery from such physiological states. Relative Energy Deficiency in Sport (RED-
S) and LEA are the most commonly studied across athletic populations, such as endurance
athletes and weight-making sports [47]. However, these issues can also occur in non-
athletic populations where societal pressures and body image perceptions drive dietary
restrictions and states of LEA [48]. Gradual weight loss (0.5 to 1.0 kg per week) approaches
have been deemed appropriate across both athletic and non-athletic populations to
minimize the negative effects on RMR and optimize sustainable body fat loss, as opposed
to rapid weight loss [9,41]. However, regardless of the weight loss strategy, adverse
physiological outcomes still exist when individuals experience a sustained energy deficit
and significant body fat loss [7,10]. Post-diet recovery strategies to mitigate the risk of
ongoing negative physiological adaptations related to LEA and RED-S are essential for
long-term maintenance of results while also supporting optimal physiological function.
Investigations into the physique of athletes present an opportunistic case for unraveling
recovery strategies post-dieting.
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4.8 Limitations

The understanding of post-contest recovery for physique athletes is predominantly
informed by a small number of heterogeneous case studies and case series. Most studies
followed only 1 athlete (50%) or between 2 and 15 athletes (42%), and recovery phases
observed were overall short; often less than 10 weeks long [8,16,26-28,33]. One study
following a female physique athlete reported complete physiological recovery occurred
at 71 weeks [37], approximately seven times more than the average recovery length
assessed by current studies. A longer period of observation might be needed along with
a larger sample size to provide more robust recommendations. However, lengthy periods
of observation could impact the accuracy of self-reported dietary intake and compliance.
Also, physique athletes’ baseline physiology prior to contest preparation varied, that is,
starting body fat percentage, occurrence of low leptin levels, and menstrual irregularities
[36,37]. These variabilities may mislead the interpretation of post-contest recovery, there-
fore future research should aim to collect participants with similar baseline physiology.

5. Conclusion
5.1 Recommendations for post-contest recovery

Recommendations for physique athletes preparing for contest day are relatively well
established. Less is known about post-contest recovery, as the current literature is limited
to observational case studies with small sample sizes and varied methods for observing
physiological and psychological outcomes. The limited body of evidence suggests
a gradual return to baseline measures occurs for body composition, RMR, and endocrine
measures during post-contest recovery, so long as the athlete increases energy availability
and body fat mass. These measures tend to occur over a period of six months with high
levels of variability within individuals and potentially requiring longer recovery times.

Dietary strategies to facilitate physiological restoration in these athletes are unclear.
Potential strategies to further explore are: (1) a structured gradual increase in dietary
intake aimed at reaching maintenance energy levels; (2) an acute ad libitum increase in
dietary intake immediately post-contest to facilitate continued dietary adherence, fol-
lowed by a structured gradual increase in intake toward maintenance energy levels; or (3)
an immediate return to maintenance dietary intake. Based on the available evidence, it is
recommended that any of these strategies be implemented alongside a high protein
intake and strategically managing training type and load. It remains to be seen which of
these dietary strategies are preferential to restore baseline physiology.

5.2 Recommendations for future research

There remains a large gap in our understanding of post-contest recovery for physique
athletes. Future research should consider intervention studies to compare various post-
contest dietary strategies using randomized trials with a controlled manipulation of
energy restoration post-contest. Study designs require a balance between observation
lengths to fully collect recovery data while minimizing the burden associated with lengthy
data collection periods.
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List of abbreviations

RMR resting metabolic rate

LEA low energy availability
CHO carbohydrate

LBM lean body mass

BM body mass

FFM fat free mass

BF body fat

HR heart rate

BP blood pressure

T testosterone

E2 estradiol

C cortisol

SHBG sex hormone binding globulin
T3 triiodothyronine

T4 thyroxine

Mg magnesium

AST aspartate transaminase
ALT alanine aminotransferase
BUN blood urea nitrogen

WBC white blood cell count
AGR albumin globulin ratio
IGF-1 insulin-like growth factor-1
LFT liver function tests

CK creatine kinase

FM fat mass

EA energy availability

EP exercise performance

AAS androgenic anabolic steroids.
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