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ABSTRACT

Purpose of the study: Chocolate, renowned for its abundance of bioactive flavonoid compounds, is recognized as a delectable food option with pur-
ported benefits for both athletes and general population. Nevertheless, there is no consolidated overview detailing the effects of chocolate consumption
specifically among football players. This review aims to elucidate the diverse impacts of chocolate consumption on football players.

Methods: A systematic search adhering to the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guidelines studies
that met the inclusion criteria was conducted in the databases of Google Scholar, PubMed (MEDLINE), Scopus, Embase, and Web of Science to April
01, 2024. Forthy-eight articles were retrieved, of which nine studies met the inclusion criteria.

Results: The findings of these studies indicate that chocolate consumption is associated with a decrease in diastolic blood pressure, mean blood
pressure, plasma cholesterol, Low-density lipoprotein cholesterol, malondialdehyde, urate, platelet count, mean platelet volume, and platelet distribution
width. It was found to reduce intestinal permeability as well as muscle damage biomarkers such as creatine kinase, lactate dehydrogenase. Furthermore,
chocolate consumption was associated with an increase in vitamin E/cholesterol ratio, antioxidant power, mean daily exercise time, heart rate, time to
fatigue, physical performance, and improvement in redox status.

Conclusion: Despite the limited number of studies in this area, small sample sizes, and the presence of limitations in each study, chocolate consump-
tion has demonstrated the potential to enhance athletic performance and recovery in football players. However, further research is essential to fully
understand the scope of these effects.
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BnusHue notpebneHuns Wwokonaga Ha 340poBbe U Pe3ynLTaTUBHOCTb
dyTOONUCTOB: CUCTEMATMUYECKUN 0630p

M.M. Xanezu"', ®. Axmaou’, M. Xogmeiicmep?

" YHusepcumem [lepcudcKozo 3aausa, bywep, NpaH

2lleHmp 3auwjumsl npag nompebumenel edepansbHol 3emnau basapus, MioHxeH, FfepmaHus

PE3IOME

Iens uccnenoBanus: [llokomnay, n3BeCTHBI CBOMM 00M/IMeM 610AKTVBHBIX (DIaBOHOMSHBIX COENVIHEHNIT, 00/IafaeT IpefIoIaraeMoil I0Ib30it
KaK /I CIIOPTCMEHOB, TaK 1 [/is obmieit momymsanyu. TeM He MeHee He CYILIECTBYeT CHCTEMATHYeCKOro 0630pa IUTepaTypsl, HOAPOOHO ONMUCHIBA-
IOLIEro BIMsAHNE HOTpebIeHNs IOoKo/afia, 0CoOeHHO cpenu pyT6omuctoB. Llenbio aToro 0630pa 6pU10 MpoaHaMU3NPOBaTh 3¢ (EeKTH HOTPeOIeHN
1moKomaja Ha GyT6onmcToB.

Matepuaibl ¥ METOMbI: CHCTEMATIYECKIIT IOUCK MCCIETOBAHMIL, COOTBETCTBYIOINX KPUTEPMAM BK/IIOYEHNS, B COOTBETCTBUY C pEKOMEH AN~
mu Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) npoBopuics B 6asax gaHHbIX Google Scholar, PubMed (MEDLINE),
Scopus, Embase u Web of Science ¢ MomenTa nx cosganus go 1 anpens 2024 r. HaiteHo 48 crareit, 9 MCC/Ie[OBaHMIT M3 KOTOPBIX COOTBETCTBOBANIN
KPUTEPUAM BKIIOUEHISL.

Pesynbratbr: [ToTpeieHne IOKO/Mafa CBA3aHO CO CHIDKEHNEM [AMACTOMMYECKOTO apTepMalbHOTO [IaBJICHNs, CPEFHEIO apTepUalbHOIO JaBie-
HISI, YPOBHSI XOJIECTEPIHA B ITa3Me, IMIIONPOTENHOB HusKoit otHocTy (JIITHII-X), MaoHOBOro AManbAeriyia, ypaTos, KONMIecTBa TpPOMOOLUTOB,
cpenHero o6beMa TPOMOOLMTOB I IIMPIHBL PacIIpefe/ieHNsl TPOMOOLIUTOB, @ TAK)Ke CHIDKEHMEM IIPOHMIIAEMOCTH KUIIeYHNKA. BbIIo 06HApyKeHO
CHIDKeHJe KOHIIEHTPALMU ChIBOPOTOYHBIX MapKepOB MTOBPEX/EeHVsI MBIIIL], TAKMX KaK KpeaTMHKIMHA3a, TaKTarjernaporenasa. Kpome roro, morpe-
6r1eHye OKOIa/za OBIIO CBA3AHO C yBe/MMYeHIeM aHTHOKCUAHTHOI aKTVBHOCTH, CPETHETO eKefHeBHOIO BpeMeHN YIIPa>KHEHMIt, YaCTOThI CePieTHBIX
COKpAllleHNMI1, BpeMeH) 10 YTOM/IEHMs, PpU3NIecKoil paboTOCIIOCOOHOCTIL U YIyULIeHNEeM OKMCINTETbHO-BOCCTAHOBIUTEIBHOTO CTATyCa, COOTHOLIIE-
Hus ButamuHa E u xomecrepona.

3akmrouenne: HecMoTpst Ha OrpaHIYeHHOE KOMMYECTBO MCCIESOBAHMIL, HeGOMbIINe pa3sMepsl BBIOOPOK ¥ HajIM4ie OTPaHNIeHNIT B KaXKIOM JC-
cefoBaHNy MOTpeb/IeHne MIOKOMafa MMeeT OTEHIAN A/ YIydIIeHNs CIIOPTUBHBIX Pe3yIbTaTOB 1 BOCCTAHOBIeHNUs y ¢pyT60micToB. Ilpu aTom
HeoOXONMMBI Ja/IbHelIIe UCCTIefOBaHNA A/ IO/THOTO IIOHMMAaHNA MaciuTaba sTuxX 3¢ (HeKToB.

Kniouesvie cnosa: moxonag, Kakao, KaKao-MOPOLIOK, GpyTOOI, COKKep

KOH(i)II]/IKT MHTEPECOB: AaBTOPDI 3aAB/IAIOT 06 OTCYTCTBUMN KOH(bHMKTa MHTEPECOB.

s purnposanms: Xanern M.M., Axmanu @., Xopmericrep M. BiusiHue norpe6ieHns IOKOIafia Ha 3[0POBbe U Pe3yIbTaTUBHOCTD QyTOOMM-
CTOB: CUCTeMaTH4ecKnit 0630p. CnopmusHas meduyuna: Hayka u npakmuxa. 2024;14(3):26-34. https://doi.org/10.47529/2223-2524.2024.3.2
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* ABTOp, OTBETCTBEHHBII 3a MEPENNCKY

1. Introduction [11], as well as decreased muscle soreness and intestinal per-

Football (soccer) is the most globally renowned sport, meability [12]. Pieterse et al [13] discovered that Ironman ath-
characterized by athletes executing rapid mouvements, such letes experienced reductions in heart rate (HR), systolic blood
as high-speed sprints, quick directional shifts, leaps, and nu- pressure, and pH after consuming low-fat chocolate-flavored
merous tackles [1]. Furthermore, players main focus is main- milk. highlighting its potential as an oral recovery solution for
taining possession of the ball while strategically positioning extreme endurance athletes. Similarly, Kocakulak et al dem-
it on the field to secure victories [2, 3]. After engaging in onstrated that consuming dark chocolate mitigated oxidative
these activities, football players require active recovery peri- stress markers among high-intensity kickboxing athletes [14].
ods or passive rest to restore energy during competitive peri- Furthermore, several studies conducted on non-have
ods [4]. One crucial aspect of athletes’ training and recovery also revealed favorable effects of chocolate consumption.
periods, particularly for football players, involves adhering These effects include improvements in mitochondrial COX
to a suitable diet and consuming appropriate foods. Proper activity (cytochrome c oxidase), capillary density, leg muscle
nutrition enhances physical performance and supports the perfusion, central nucleus [15], cognitive performance and
achievement of athletic goals [5, 6, 7]. endurance in hypoxic conduitions [16], body mass, waist-to-

Chocolate is widely regarded as a popular dietary choice hip ratio, fat mass, high-sensitivity C-reactive protein (hs-
among athletes, including football players due to its favorable CRP), Tumor necrosis factor-alpha (TNF-a), Interleukin-6
taste and perceived benefits. These benefits include improv- (IL-6), leptin, resistin, Retinol-binding protein-4 (RBP-4),
ing the recovery process, enhancing aerobic, anaerobic, and Monocyte chemoattractant protein-1 (MCP-1), irisin, adi-
strength metrics [8-10] with improving follistatin/myostatin ponectin concentrations [17], and total antioxidant capacity
ratio, leptin level, body fat percentage, body fat composition (TAC) [18].
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Despite numerous studies elucidating the diverse ef-
fects of chocolate intake among athletes and general popu-
lation, a comprehensive synthesis of its specific influence
on football players remains lacking. Thus, the objective of
this systematic review is to analyze the existing evidence on
the varied effects of chocolate consumption among football
players.

2. Materials and methods

2.1. Protocol and registration

The systematic review adhered to the guidelines outlined
in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [19, 20] and ethical guidelines in
sports and exercise science research [21]. Furthermore, the
systematic review was registered in the international pro-
spective systematic review database under the registration
number CRD42024539612.

2.2. Data Sources and Search Strategies

This research was conducted on April 1, 2024, by
searching international databases, including Google
Scholar, PubMed (MEDLINE), Scopus, Embase, and Web
of Science. Following the use of the keywords (“Football”
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OR “soccer” OR “American Football”) and (“Chocolate*”
OR “Cocoa Powder*”), without applying language and
publication year restrictions, finally, 48 articles were ob-
tained for review. For example, the Scopus search strategy
is presented in Table 1.

2.3. Study selection

Initially, all retrieved titles and abstracts were evalu-
ated. Duplicates were identified and manually removed.
Subsequently, the remaining articles were screened based on
their titles and abstracts, and relevant articles were selected.
The search for published studies was then independently
conducted by two authors (MMK and FA), and any discrep-
ancies were resolved through discussion among the remain-
ing researchers.

2.4. Data extraction and quality assessment

Following the screening process, relevant data were ex-
tracted from eligible studies using a predefined extraction
template. This template included information such as author
names, titles, publication years, participant demographics,
intervention details, study design, and research findings. The
quality of the study was evaluated for potential biases related

Table 1

Scopus search strategy

Tab6bnuma 1

Crpaterus noucka B Scopus

Database Search strategy
Scopus (TITLE-ABS (“football” OR “American Football” OR “soccer”)) AND (TITLE-ABS (“Chocolate*” OR “Cocoa Powder*”)).
[ Identification of studies via databases and registers ]
Records identified from: Records removed before
Databases (n = 5; screening:
_§ Pubmed = 11, Duplicate records removed
® Embase = 11, (n=20)
2 Scopus = 14,
= Web of Science = 12)
)
o >
= Registers (n = 48)
Records screened Records excluded
o (n=28) (n=17)
'c
8
g A4 Reports excluded:
Reports assessed for eligibility Review article (n = 1)
(n=11) > Book text (n = 1)
° \4
)
= Studies included in review
E (n=9)

Fig. 1. Study Selection Flowchart for Inclusion in Systematic Review

Puc. 1. Cxema otbopa nccnegoBaHuin Ansi BKIKOYEHUS B cUCTemMatuieckmin ob3op
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to randomization, blinding, and outcome assessment, utiliz-
ing the NIH Study Quality Assessment Tool for Controlled
Intervention Studies [22].

3. Results

3.1. Search Selection and Inclusion of Publications

A total of 48 articles were identified through searches
across five electronic databases. Upon transfer to the bibli-
ography management software (Endnote), duplicates were
automatically removed, resulting in 20 articles being elimi-
nated. Subsequently, the titles, abstracts, and full texts of the
remaining 28 articles were evaluated, leading to the exclusion
of 19 articles that did not align with the research objectives,
were review articles, or were part of a book. Finally, the re-
maining nine articles underwent comprehensive analysis and
were included in this study (fig. 1). The process of article se-
lection from the databases is illustrated in a flowchart follow-
ing the PRISMA diagram.

3.2. Characterization of Studies

A total of 160 football players (8 women and 152 men)
were included in this study. Eight studies only included men
[12,23-29], and one study [30] included both men and wom-
en. Three studies were conducted across European countries:
Italy [12, 27] and Spain [26]; Five studies were conducted in
the Americas: USA [24, 28, 30], Argentina [23], and Brazil
[29]; and one article was also conducted in Asia (Iran) [25]
(Table 2).

The articles were published in various academic jour-
nals, including the Journal of the International Society of
Sports Nutrition (2 articles) [24, 29], Journal of Immunology
Research [23], The Journal of Strength and Conditioning
Research [30], British Journal of Sports Medicine [25],
The Journal of Sports Medicine and Physical Fitness [26],
Oxidative Medicine and Cellular Longevity [27], Nutrition
[28], and Nutrients [12] (one article each).

Chocolate was consumed in different forms: chocolate
milk [23, 24, 28-30], chocolate butter [23], chocolate solu-
tion [25, 26], and dark chocolate [12, 27] (Table 2).

3.3. Outcome Measurement

Studies have examined the impact of chocolate consump-
tion on various factors associated with the risk of vascular
disease, oxidative stress, and physical activity (including
systolic, diastolic, mean blood pressure, plasma cholesterol
levels, Low-density lipoprotein cholesterol (LDL-C) levels,
malondialdehyde levels, urate activity, lactate dehydrogenase
(LDH) levels and the ratio of vitamin E to cholesterol) [23].
Other parameters studied include serum creatine kinase
(CK) levels, myoglobin (Mb) levels, muscle pain, fatigue rat-
ing, and isometric quadriceps strength, Maximal Voluntary
Contraction (MVC) [24]. In addition, research has explored
the effects on body recovery level [28, 30]; Platelet factors
(platelet count (Plt), mean platelet volume (MPV), and plate-
let distribution width (PDW)) [25]; markers of muscle dam-
age, oxidative stress and, physical fitness [26-28]; Sensory

29

acceptance and digestive complaints [29]; and the rate of in-
testinal permeability and use [12].

4. Discussion

This review aimed to systematically evaluate studies ex-
amining the impact of chocolate consumption on oxidative
stress, muscle damage, hemostatic, biochemical, hematologi-
cal, and physiological changes in football players. Research
indicates that the consumption of various forms of chocolate,
such as chocolate milk, chocolate butter, chocolate drinks,
and dark chocolate, can positively influence the physiologi-
cal conditions of football players. Despite methodological
differences among the studies, the results from all nine stud-
ies that met the inclusion criteria for this systematic review
consistently showed that consuming chocolate in various
doses can enhance muscle recovery, reduce oxidative stress,
and improve athletic performance in football players.

Football is a demanding sport characterized by intense
physical exercises and movements that engage various mus-
cle groups, inevitably leading to oxidative stress and muscle
damage [31]. Increased training or competition volume,
when not paired with adequate recovery, can results in non-
functional overreaching (NFOR). This condition is associ-
ated with reduced performance and a higher incidence of in-
juries, often accompanied by elevated inflammatory markers
[32]. To mitigate these effects, appropriate nutritional strate-
gies should be implemented to reduce the levels of these in-
flammatory markers.

Chocolate, which is rich in flavonoids and polyphenols,
can effectively reduce oxidative stress and muscle damage
induced by exercise because of its potent antioxidant prop-
erties [33, 34]. In this regard, studies conducted by Fraga
et al. [23], Gilson et al. [24], Gonzalez-Garrido et al. [26],
and Cavarretta et al. [27] on football players have confirmed
that chocolate consumption can enhance antioxidant capac-
ity, thereby reducing muscle damage biomarkers such as CK
and LDH, which subsequently leads to improved athletic
performance. Increased endurance and heart rate observed
in football players [24, 30] are additional effects of choco-
late consumption. These effects are likely due to the role of
antioxidants in preventing and accelerating recovery from
exercise-induced fatigue [35].

Furthermore, it has been observed that following a
match/training session, football athletes experience altera-
tions in homeostatic, biochemical, and hematological pa-
rameters, which may arise from the intensity, duration,
and stress associated with the exercise or competition [36,
37]. Consumption of various foods can also lead to similar
changes in individuals. Studies have shown that chocolate
consumption by football athletes can reduce diastolic blood
pressure, mean blood pressure, plasma cholesterol, LDL cho-
lesterol, malondialdehyde, urate activity, and LDH, as well as
increase vitamin E/cholesterol [23, 25].

Milk and chocolate milk, which contain carbohydrates,
protein, and other beneficial nutrients simultaneously, are
popular among adults [30, 38] and adolescent athletes [40]
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Summary of the included studies
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Table 2

Ta6bnuma 2

Population

A(uthors (ageand | Region Stu.dy Supplementation protf)col Type. Main results
year) sex) design (type, dose, and duration) of exercise
Consumption of FCMC:
Trained at decrease in diastolic blood pressure,
Jeast twice a mean blood pressure, plasma cholesterol,
A flavanol-containing milk week. at least LDL-cholesterol, malondialdehyde,
28 voun chocolate (FCMC); 105 g for th)e ast urate, and lactate dehydrogenase (LDH)
ma}l’e socgcer Random- (168 mg of flavanols)/day two earl)‘s (be- activity, and an increase in vitamin
Fraga et al. lavers Argen- ized cross. OR cocoa butter chocolate fore Zn d dur- E/cholesterol.
(2005) [23] | P2 tina (CBC); 105 g (< 5 mg of :
(18-20 over study ing the study . .
cars) flavanols)/day period, played No relevant changes in these variables
¥ p » PRAYEC | (Vere associated with CBC consumption.
14 davs in at least one
4 90-min-match .
er week) No changes in the plasma levels of
p (-)-epicatechin were observed following
the analysis of fasting blood samples
Increases in mean daily exercise time and
One week of . .
13 male normal 'base- heart rate (HR) between baseline exercise
soccer Isocaloric chocolate milk (CM) line' trainin and ITD, with no difference between
Gilson et al. | plavers United Random- | (504 kcal; 84 g CHO; 28 g Pro; followed b 8 treatments.
(2010) [2 4]' ?MZan ace | States ized cross- |7 g Fat), after each ITD four davs g’f No treatment*time effects were observed
~195 +gb 3 over study increasz d for myoglobin (Mb), muscle soreness,
ST 4 days . fatigue rating, and Maximal Voluntary
years) training dura- .
tion (ITD) Contraction (MVC).
Decreased serum creatine kinase (CK)
Low-fat chocolate milk
13 athletes 1 g carbohydrate per kg or No significant differences in run time
Spaccaro- | (8 women, mean volume of 615 + 101 ml | Preseason were reported for either grou
P Random- b group
tella and 5 men) United ized cross- practice For men only, there was a trend of
Andzel (mean age | States On both days, the beverages sessions for increased time to fatigue with chocolate
J over stud Y & )
(2011) [30] |=19.5%1.1 Y | were consumed immediately | soccer milk compared with carbohydrate-elec-
years) after the first practice and trolyte beverage
again 2 hours later
20 healthy
Soleimani rr;ale soccer Semi-ex- | One dose of cocoa solution Desp itel\/tl}ll)e\751gnéﬁpcgr‘1/tvlnfctreatsi 1r}13 platelet
etal. (2013) players Iran erimental |(18.75 g cocoa powder in Bruse Test count, > an . atter the bruse
(Mean age P & P test, cocoa consumption 2 h before the
[25] 8 study 300 ml 4 % sucrose solution) ? P ..
=22+1 test decreased these values significantly
years)
Trained five
days a week
(before and .
15 profes- Interven- Jurine the Decreased muscle damage biomarkers of
Gonzéilez- |sional male tion Cocoa (0.375 g/kg body mass stud )g and CK and LDH.
Garrido et | soccer Spain | studv with in 300 mL water for 7 days a Z d at least Modified redox status by decreasing
al. (2017) | players P Y [average, 25.1 g of cocoa per bray . oxidative damage and increasing the total
pre/post- one 90-min s . L
[26] (15-18 . day]) antioxidant capacity and GSH-Px activity.
ears old) design match per Increase in physical performance
Y week in the 4
Mexican Foot-
ball Federation

30
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Table 2. Continuation

Tabnuua 2. I[IpopgomxeHue

Population .
Authors (ageand | Region Stu.dy Supplementation protf)col Type. Main results
(year) sex) design (type, dose, and duration) of exercise
24 male Random-
Cavarretta elite foot- ized Dark Chocolate/day (40 g; 208 Intensive Increased antioxidant power
ball players Controlled |every 12h) . Lo
etal. (2018) (mean age Italy Study; physical Reduction in muscle damage markers
(271 =17.240.7 double- |30 days exercise (CK and LDH)
years) blind
No changes were observed between the
groups over time for isometric torque,
Chocolate milk (CHOC) or vertical jump performance, and yo-yo
13 male Random- | chocolate milk with additional cotng betweeh fria’s. .
. . . No interaction was found in Urinary
collegiate ized cocoa flavanols (CocoaCHOC) | Drop jump o .
de Carv- . ) markers of oxidative stress (isoprostanes)
Iho et al rugby United | Controlled | (1 g/carbohydrate/kg/day; im- | protocol on levels between the trials
a o1 | players States | Study, mediately post- and 2-h after | day 5 of the . ) .
(2019) [28] . ) . No main effect (treatment x time) was
(18-26 double- rugby practice) intervention - .
cars) blind observed for Urinary markers of oxida-
Y 7 davs tive stress (isoprostanes).
24 Although not significant, the Cocoa-
CHOC group ran 97 m further than the
CHOC group in the yo-yo test
Low-fat, lactose-free, and
leucine-enriched chocolate
10 male cow milk prototype (CML) A 90-min
da Silva et football Random- football match
al, (2021) players Brazil ized (~630mL) in aliquots at three simulation Improvement in Product Acceptability
) (mean age Controlled |separate moments: 50% at Index and sensorial acceptability
[29] . . protocol
=23+2 Study time 0, 30% at 45 min, and (EMP)
years) 20% at 75 min.
(drink the entire offered vol-
ume quota in 5min)
24 young
elite male Random-
Nocella et | football ized Dark chocolate Intensive Decreased intestinal permeability.
al. (2023) | players Italy Controlled (40 g; 20 g every 12 h) physical Levels of LPS, zonulin, and occludin did
[12] (Mean age Study 30 days exercise not change
=172+0.7
years)

Abbreviations: FCMC: A flavanol-containing milk chocolate; CBC: Cocoa butter chocolate; m: meter; min: minute; h: hour; g: Gram;

mg: Milligram; ml: milliliter; kg: Kilogram; LDL: Low-density lipoprotein; LDH: Lactate dehydrogenase; CM: Chocolate milk;

ITD: Increased training duration; HR: Heart rate; Mb: Myoglobin; MVC: Maximal Voluntary Contraction; CK: Creatine kinase;

MPYV: Mean platelet volume; PDW: Platelet distribution width; CHOC: Chocolate milk; CocoaCHOC: Chocolate milk with additional cocoa
flavanols; CML: Leucine-enriched chocolate cow milk prototype; FMP: Football match simulation protocol; LPS: Lipopolysaccharide.

are likely due to their combination of taste and convenience.
However, lactose intolerance, gastrointestinal discomfort,
and reduced appetite resulting from high-intensity training
can prevent some athletes from benefiting from these valu-
able beverages [29, 39]. In their study, da Silva et, al. [29]
found that football players who consumed chocolate as a
sports drink exhibited improved product acceptance and fa-
vorable sensory acceptance. This outcome appears to be at-
tributed to the variety of chocolate flavors [40] and the mini-
mal occurrence of gastrointestinal discomfort reported with
this supplement [41].

31

Although proper nutrition and dietary supplements
can help prevent cell damage and increased intestinal per-
meability caused by exercise, the consumption of various
supplements, such as antioxidants, has demonstrated am-
biguous findings [42-44]. Furthermore, few studies have
reported the effects of polyphenol supplements on exer-
cise-induced intestinal dysfunction [45, 46]. Therefore, ad-
ditional research is necessary to justify the incorporation
of any supplement into an athlete’s nutrition program. For
instance, Nocella et al. demonstrated that chocolate con-
sumption by soccer players reduced intestinal permeability
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[12]. This effect is likely due to the polyphenols in choco-
late, which can modulate the intestinal microbiota, reduce
oxidative stress, improve inflammatory status, and enhance
intestinal barrier function [47].

Hence, it appears that various chocolate formats can en-
hance the physical fitness of football players by mitigating
and averting muscle damage. Consequently, there is a need
to underscore the significance of incorporating chocolate
into prevailing sports supplement regimens to augment the
performance caliber of football athletes. By enhancing play-
ers’ physiological states, chocolate can amplify their athletic
prowess and overall well-being during both training sessions
and competitive events.

This study has certain limitations, including small sample
sizes and variations in participant characteristics such as age
and gender, as well as differences in the type, dosage, and

Abbreviations

PRISMA: Preferred Reporting Items for Systematic
Review and Meta-Analyses; LDL-C: Low-density lipoprotein
cholesterol; MPV: Mean platelet volume; PDW: Platelet dis-
tribution width; CK: Creatine kinase; LDH: Lactate dehydro-
genase; HR: Heart rate; hs-CRP: High-sensitivity C-reactive
protein; TNF-a: Tumor necrosis factor-alpha; IL-6:
Interleukin-6; RBP-4: Retinol-binding protein-4; MCP-1:
Monocyte chemoattractant protein-1; TAC: Total antioxi-
dant capacity; Mb: Myoglobin; MVC: Maximal Voluntary
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