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1. Introduction

How can chokeberry (Aronia) (poly)phenol-rich
supplementation help athletes? A systematic
review of human clinical trials¥

f
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Tom Clifford (29

Athletes are increasingly consuming (poly)phenol supplements to modify oxidative stress and/or exercise-
induced inflammation, in the hope that this will enhance exercise performance. Chokeberries are rich in
(poly)phenols and may therefore influence the health and performance of athletes. The objective of this
systematic review was to comprehensively explore the effects of chokeberry supplementation on per-
formance and exercise-induced biomarkers of oxidative stress, inflammation, and haematology in the ath-
letic population. A search was conducted in PubMed, Web of Science, and SCOPUS. Studies were
included if the participants were athletes, supplemented with chokeberry or chokeberry-based products,
and evaluated sports-related outcomes. A total of ten articles were included in the study. The participants
of all the studies were athletes and included rowers, football players, handball players, triathletes, and
runners. A qualitative comprehensive summary of the applications of chokeberry supplementation target-
ing the athletic population has been evaluated. This included the effect of chokeberry supplementation
on redox status, exercise-induced inflammation, haematology, iron metabolism, platelet aggregation,
metabolic markers, body composition, and exercise performance. Chokeberry (poly)phenol-rich sup-
plementation may be effective in enhancing the redox balance of athletes, yet more evidence is required
to provide solid conclusions on its effect on inflammation, platelet function, iron metabolism and exercise
performance.

sources of (poly)phenols, rich in anthocyanins, flavonols, fla-
vanols, proanthocyanidins, and phenolic acids.®> The (poly)

Black chokeberry (Aronia melanocarpa L.) is a perennial shrub
belonging to the Rosaceae family and native to the eastern
regions of North America." Chokeberries are gaining popular-
ity among consumers due to their high amount of (poly)
phenols which are regarded as crucial for chokeberry fruits’
high level of bioactivity.”> Chokeberries are among the best
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phenol content of chokeberry fruit is reported to range from
6.3 g per 100 g dry material (DM)* to 7.8 g per 100 g DM,’
which is approximately 3-8-fold that of red raspberry (Rubus
idaeus) and 10-times that of strawberry (Fragaria ananassa).®
The dark blue colour of chokeberry fruit is due to the high
concentration of anthocyanins, which represent ~25% of the
total (poly)phenol content.” Interestingly, it has been reported
that almost 40% of the antioxidant activity of chokeberries is
related to proanthocyanidins.® In terms of bioavailability, it
has been reported that chokeberry anthocyanins are recovered
in blood and urine in nanomolar concentrations, and glucuro-
nidation and methylation are two of the common metabolism
pathways of chokeberry anthocyanins.’ Generally, the bio-
availability of anthocyanins is affected by the extensive gut
microbial metabolism in the colon, leading to the breaking
down of the anthocyanin heterocycle which results in a wide
range of low molecular weight phenolic metabolites which are
more bioavailable and have higher absorption rates.'®
(Poly)phenols are increasingly researched for their pleiotro-
pic effects on human health. The common (poly)phenol
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intake in our diet could reach up to 1 g day ', this is about
10-100 times more than the intake of other antioxidants.'!
Most of the health benefits of (poly)phenols are ascribed to
their antioxidant and anti-inflammatory activities. Such effects
have led to interest from athletic populations. Indeed, anti-
oxidant and anti-inflammatory supplements are purported to
enhance exercise and/or accelerate recovery after strenuous
exercise.''® However, their use by athletes remains controver-
sial; while (poly)phenols regulate various mechanisms associ-
ated with exercise performance, antioxidants have also been
suggested to blunt training adaptations."*'®> While exercise-
induced increases in reactive oxygen species (ROS) production
may be crucial for training adaptations,'® when ROS pro-
duction exceeds the body’s antioxidant capacity, the resulting
oxidative stress may have a deleterious effect on recovery, per-
formance, and general health."”

Growing evidence suggests that (poly)phenols can upregu-
late endogenous antioxidant capacity via the nuclear respirat-
ory factor 2 (NRF2) pathway.'® NRF2, plays an important role
in mitochondrial biogenesis, and variants of the NRF2 gene
have also been associated with endurance performance.'
Another effect of oxidative damage is reduced vasodilatory
capacity and blood flow.”° (Poly)phenols have been shown to
enhance flow-mediated dilatation and endothelial function in
humans by promoting endothelial nitric oxide (NO) syn-
thesis.?* Furthermore, (poly)phenols have shown to reduce the
formation of peroxynitrite by inhibiting NADPH oxidase, one
of the key sources of superoxide production.”” At the same
time, this increases endogenous antioxidant capacity and pre-
serves NO bioavailability. In fact, it has been proposed that
(poly)phenols can modulate gene expression in general by
increasing the activity of transcription factors, but also by
affecting the expression of microRNAs.** Consequently, (poly)
phenol supplementation may counteract fatigue and improve
performance by improving the perfusion of the exercising
muscle.”® In practice it has been suggested that acute sup-
plementation (300 mg (poly)phenols 1-2 h before exercise)
may exhibit ergogenic properties during endurance and
repeated sprint exercise.>® On the other hand, chronic sup-
plementation (more than 3 days with >1000 mg (poly)phenols
prior to and following exercise) could be helpful to enhance
recovery after muscle damage.

Due to chokeberry’s high (poly)phenol content several
studies have investigated the effects of supplementation with
chokeberry fruits or derivates on biomarkers associated with
sports and exercise performance and recovery, such as inflam-
matory status,?® oxidative stress,?*>® and body composition.>
Indeed, oxidative stress and inflammation are important
factors closely related to muscle catabolism.’® Athletes per-
forming exhausting exercises, involving heavy training loads,
may be affected by sports anaemia due to depletion of iron
reserves.’’ This is caused by haemolysis, haematuria, and
increase in plasma volume as a result of intensive exercise.*>
(Poly)phenols may positively impact the cardiovascular status
of athletes by inhibiting of platelet function®® and iron metab-
olism.?® This is achieved by targeting specific thrombogenic
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pathways.?® Indeed, chokeberry (poly)phenols have been evalu-
ated for their effect on haematology, iron metabolism and
platelet aggregation in athletes.>®*%>°

Chokeberry fruit and chokeberry-based supplements are
principally of interest to athletes due to their high (poly)
phenol content in comparison to other sources of (poly)
phenols, and therefore potential use as an antioxidant and
anti-inflammatory. However, as chokeberry fruit may also
impact haematology and iron metabolism, supplementation
could alter several aspects of athlete’s health status and ulti-
mately enhance their performance. To our knowledge, the
effects of black chokeberan ry-based supplementation in
healthy people engaged in exercise, and athletes, have not
been reviewed comprehensively. Therefore, the aim of this sys-
tematic review is to evaluate the biological effects of choke-
berry fruit in athletic populations; specifically, the effects on
inflammation, oxidative stress, iron metabolism, haematologi-
cal markers, and performance.

2. Methods

The systematic review was conducted based on the recommen-
dation of The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).>*

The protocol of this systematic review was registered at the
Open Science Framework (https:/doi.org/10.17605/0SF.I0/Y832W).

2.1. Literature search

Three electronic databases (PubMed, Web of Science, and
SCOPUS) were searched for relevant studies on 17" November
2022 and updated on 14™ May 2023. The search strategy was
based on including (“chokeberry” OR “Aronia”) AND (“sport”
OR “performance” OR “athlete” OR “exercise”). An example of
the full electronic search strategy is provided in the ESIL.{ Two
of the reviewers (RZ and AAR) were responsible for indepen-
dently screening each article’s title, abstract, and full text. A
third reviewer (GC) arbitrated when needed.

2.2. Study selection

The inclusion criteria of this systematic review were: (i) clinical
trial (human study), (ii) participants supplemented with choke-
berry or chokeberry-based products, (iii) participants were ath-
letes and performed a type of sports activity as a part of a
sports team or as independent professional/semi-professional/
recreational athletes, or participants who were physically active
performing at least 1 h of exercise per day for at least 3 days a
week, (iv) study investigated sports and athletic-related out-
comes that are linked with exercise performance and bio-
markers, and (v) studies were peer-reviewed and written in
English. For eligible studies, the PICO considered was as
follows: population = athletes or physically active individuals,
intervention = chokeberry supplement, comparison = not
applicable, and outcomes = inflammation, oxidative stress,
iron metabolism, haematological markers, and performance-
related outcomes. The search strategy excluded (i) non-clinical
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studies (including in vitro and in vivo (animals)), (ii) clinical
studies that did not use chokeberry-based supplements (iii)
clinical studies with inactive or unhealthy participants, (iv)
studies evaluating outcomes not relevant to exercise perform-
ance and athletic metabolic status or biomarkers, (v) non-
English studies, and (vi) comments, editorials, or reviews.

2.3. Data extraction

Two of the reviewers (RZ and AAR) independently extracted the
data. The characteristics of the included studies are summar-
ized in Table 1. The following information was extracted: back-
ground (name of the first author and year of publication),
study design, focus topic, characteristics of athletes (number,
sports performed, sex, and age), supplementation intervention
(number of participants, supplementation form, and sup-
plementation dosage), placebo intervention (number of partici-
pants, placebo form, and placebo dosage), study duration,
experimental design, and key findings. We did not plan to
conduct a meta-analysis due the heterogeneity in study
designs, outcomes, and limited studies on this topic.

2.4. Risk of bias assessment

Two of the reviewers (RZ and AAR) independently assessed the
risk of bias for each included study according to the revised
Cochrane tool for assessing the risk of bias in randomised
trials (RoB 2 tool),>® and non-randomised studies of interven-
tions (ROBINS-I tool).>® A third reviewer (GC) arbitrated when
needed. For randomised studies, the assessment was based on
(1) bias arising from the randomisation process, (2) bias due
to deviations from the intended intervention, (3) bias due to
missing outcome data, (4) bias in the measurement of the
outcome, and (5) bias in the selection of the reported results.
For crossover studies, the risk of bias arising from period and
carryover effects was also considered. Each domain was
assessed and assigned either a low risk of bias, high risk of
bias or some concerns with respect to risk of bias. For non-ran-
domised studies, the assessment also evaluated the bias due
to confounding in addition to the domains stated for random-
ised studies. Visualising of the risk of bias assessment was per-
formed using robvis online tool.*”

3. Results

3.1. Study selection

The review identified 401 records by searching the three data-
bases, from which 352 non-clinical articles were identified and
removed before the screening. After removing duplicates, 23
articles remained and were screened by title, abstract, and key-
words by two of the reviewers (RZ and AAR) independently. A
third reviewer (GC) arbitrated when needed. Thirteen articles
were excluded for different reasons: supplementation was not
based on chokeberry (n = 3), the study did not target exercise
performance-related variables (targeted diseases such as
cancer (n = 3), hypercholesterolemia (n = 1), bowel disease (n =
1), intermittent claudication (n = 1)), the study did not target
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athletes or active individuals (n = 3), or the study evaluated the
bioavailability of chokeberry supplementation rather than
bioactivity (n = 1). Ten articles were assessed for eligibility, and
all ten were eligible and included in the qualitative synthesis
of the current systematic review. The details of the study selec-
tion process are shown in Fig. 1.

3.2. Characteristics of the included studies

Among the included studies, five studies were randomised
double-blind placebo-controlled trials,>> %% three studies
were randomised double-blind placebo-controlled crossover
trials,***! one study was single-blind placebo-controlled cross-
over trial,"> and one study was a non-randomised non-blind
trial.>® The participants of all the studies were athletes and
this included rowers (n = 38),>>?° football players (n = 42),>%>®
handball players (n = 48),”*° triathletes (n = 48),>™*' and
runners (n = 10).*

In terms of supplementation form and dosage of the
chronic studies four of nine chronic studies used pure choke-
berry juice®®® for a period of 4-8 weeks. Three of these
studies quantified the anthocyanin content of the juice such
that the dose of chokeberry anthocyanins was 330-3600 mg
day 1.252%28 Three studies used a two-ingredient fruit juice
containing chokeberry (5%) and citrus (95%).*°™*' The total
anthocyanin content of this juice was 50 mg day '. Two
studies used extracts, of which, one used dry chokeberry
extract®® and another one used aqueous chokeberry extract®® -
the anthocyanin content of these extracts was not determined.
The only acute study in this review used a chokeberry juice
with a (poly)phenol dose of 2600 mg.

3.3. General findings

The comprehensive search revealed that chokeberries in the
field of sports science has mostly been evaluated for its effects
on oxidative stress, inflammation, iron metabolism, and plate-
let aggregation.

3.3.1. Effect of chokeberry on redox status and exercise-
induced inflammation. Eight studies measured the effects of
chokeberry on markers of oxidative stress, i.e., lipid and DNA
oxidation.?¢"29:38:3941 Three studies found that chokeberry had
no effect on thiobarbituric acid reactive substances
(TBARS),”®*® while in one study TBARS was significantly
reduced, as were nitrites.”® In three studies by the same
author, chokeberry was shown to reduce other urinary bio-
markers of lipid peroxidation.***' In one study, 8-8-hydroxy-
deoxyguanosine was reduced after supplementation.*® In two
studies chokeberry increased total antioxidant capacity
(TAC),>® but not in another.”® Two studies measured
endogenous antioxidants; in one, superoxide dismutase was
reduced 24 hours- and glutathione peroxidase immediately-
post exercise compared to a control.>® In another non-con-
trolled study, superoxide dismutase, reduced glutathione, and
catalase activity were measured pre- and post-exercise follow-
ing 6 and 12 weeks of supplementation with chokeberry.*® At 6
weeks, compared to baseline, reduced glutathione was reduced
and SOD was lower post-exercise only. Relative to baseline, at

This journal is © The Royal Society of Chemistry 2023


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3fo00336a

View Article Online

Review

Food & Function

9-TI

OV pue

‘urunqre ‘OpHO-8 ‘urprday
‘urqordofw ‘uniiIdy ‘0T-TI ‘9-11
JO S[OAS] 9} AINSEIW 0) ISIIIIXD
19)J& PUEB 210J2( SIWI) JUIIIFIP
e Pa3aa[[0d a19m sajdures

pooid -potiad uonejyuswaddns
skep 06 23 Jo pua

so[nsded

aune[ad painoaery
-9011 3Uunjoo]
-[BOT)UIPI PIAIISY

(sjueprxonue
Jo T 13d X001,

[owrl 0TZ-0£T Surure3uod)

19B1X3 A119g20YPD Yor[q

pasiiydoA] Jo 8 9 paatasay

qn[D 132908 z2zs03phq
BZSIMEZ SN

[eL1) PI[[01IU0D

pue DPHO-§ PASLaIddP pue DVI dY) e pue Suruurdaq ay) e sIsa) woij ¢g = U :s1akerd wsT[oqeIdaw -oqaserd
Pue OT-TI ‘UNI 90URISIP PISLAIIUT unI A[INYs w og adeIsnnur popmoid  [reqooj arewr Sunok UoIl pue snyels puI[g-9[qnoOp ¢ £T0T ‘7D 32
Apueoyyrudis uonejuswa[ddng [ewxew pauriojrad syuedonied skep 06 Tr=u oT=u SEM UOIIeWLIOJUT ON [euorssajoxd-rurag A10jBUIUIR[FUT posIwiopuBy  ZOIMID[UEIS
,_&ep 3w 0092
(sjouayd4jod = a3esop [ouayd(£jod)
ou Ing ‘D UrweA {(spunodwos srjousayd
JO Junowre dwes Jo Tt 00T 12d AVO
oy urureuos) 3w 8'967T Sururejuod)
yuup oqadeld  2omf( eruore you-jouayd
Jo Tw 00T PaA1eddy  (A1od) Jo TW 00T PaAILdAY
so1eg0133e
(1iydonnau pue ak>ououw)
4o0xnar-91arerd pue (eI11/qII
u1001d00A[3 UN03[as-d) SIoNTRI
uoneande ja[a3e[d 10§ pasi[eue
a19m sajdwes poolg “Suruuni
I91e ( ¥ pue ‘(T ‘Ui G 3e
uonedardde joforeld  pue ‘Dur[aseq Je pajda[[0d d1am
aouanpjur jou pip Inq (erl  sajdures poorq ‘a9el UOYIeIew pro-s1eak g'o¢ ‘o3e
/q11 ur101dodA[3 pue unodas-d)  -Jjey parernuwrs 3uoj UD| "Iz e INOYSem (oouelsIp  ueow ‘wresy, Suruuny [eL1} 19A0SSOId
sIIew uoneAnde 3o[3e[d  uer pue dn paurem ASY, ‘s[eaw Noam T Suruuni Apoam ueqin aperdg Ppa[jonuod
JO uorssaidxa oy} paseardop  Isep[eaiq Ym uonejudwdddns  yIm s Jo uny 0 Aforewrxordde) w1y sofewt 0T =u  uonedaidde pue -oqaoed  ,020T ‘7p 32
Apueoryudis uonejuswa[ddng paatadar syuedoniegd  Aep auQ c=u ¢ =u >oam 1ad saomoerd IO :SISUUNI [EUONEIINSY UOTIBAIOR JI[are[d purq-o[3uis J1AOUBAIS
(Bururen dnoil
(proe pue[ 9%TT pue ‘Sumor  oqaseld a3 10J s1BA
I JO 9% T pue ,_Aep 3w 009¢ = a3esop JAISUIUT %8T “Suimor 21 F £°S pue dnoid
aurelaq Jo %99 uruedoojue {(Jusyuod QATSUIXD 9% ES) Noam pajuswarddns oy
3ururejuod) yuup - urueAOyIUE | W SW 7 12d urw 088 = awn[oA  10J SIBAA ['T F §°G Sem
ogaderd jo | _Aep M) 201n[ A119qax0yd 3ururen udwWISSasse douodradxa Sururen
TW OST PIAI2ISY  JO |_ABP TW (ST PIAIINY pu0d3s a103og Jo uoneInp ageroay
painseawr
a1am DV, pue ‘Aoeded
Burpuiqg-uo1r punoqun ‘AGroeded
Surpuig-uoir 18303 ‘urqordoAur
‘p1oe d1In ‘uolt ‘uniiieg ‘(eydre
-INLL) eydje 1039eJ SI1S0109U
Jowny (9-T1) 9 UR[NA[IUL
‘urproday Jo S[oAd] oYL,
‘porrad 1940031 INOY-F7 B 193J
pue 9533 a3 Sunajdwod 1aye (Sururen
INUTW JUO “)$3) ISIOIIXD Yord syadsuou 917
910J9q Pa399[[09 1M sa[dues pue 3uImoI dAISUIXd
S[9AJ] UOII PUE SOV, PASEaIoul pooig "dures A1oyeredard oy %T¥) doam 1od urw 0Z0T [eL1} Pa[[O1IU0D
Apueoyrudis pue eydie-INLL o pua ay3 Je pue Suruurdaq 2y = awnjoa 3ururen wea, 3urmoy wistjoqeau -oqaoeld . ¥10T ‘70 32
JO S[aAd] as1o19x2-)s0d Pasea1dap 1€ 19)9W0319 SUIMOI B UO 1S9} (QuawuISSasSE. IS11)  YSI[Od ) JO SIdUIdUT UoIl pue snyels purg-aiqnop uzoqufas
Apueoyruldis uoneyuawaddng w 000 € pawiojiad syuedonied — Syoom g 6=u 0T =u a10j2q) aseyd Jururery, — 6T = U :S1OMOY Aroyewrureyug pastwopuey  -eysuedieys
s3urpuyy Ao uisop [pyuswiiadxg  woneInp dnoid oqaseq dnoi8 pajuswoarddng peoy ururey, dnoid sy ordog, ulisap Apmys soyny
Apmig

snjejs seja1yie uo uonejuswsaiddns A11agax3oyd JO 10948 3y Bunen)eas sjely paseq-jediund jo Alewwns T aiqel

'90UB217 paModun 0'g uong LNy suowiwoD aaireas) e sepun pasusol|siapiesiyl |[EEGEEL ()
"INd ZF-TT 0T 9202/ST/Z U0 papeo|umod "€20Z 8Unf G0 UO Paus!and B[01MY ss800y usdO

Food Funct., 2023, 14, 5478-5491 | 5481

This journal is © The Royal Society of Chemistry 2023


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3fo00336a

View Article Online

Food & Function

Review

uondwnsuood 13)je Sa[ewdy

ul sviNd [e30) pue svidnd

9-U SE [[oMm SE ‘Sa[ew Ul (9-upigeD
pUE ‘€-Ug:07D ‘€-Ugi8TD SVINd)
sproe Aey pajernyesunijod pue
(£-uT:8TD ‘£-UT:9TD) -oUOUW JO
suoniodoxd paonpar pey sdnoid
Pa[[01U02-0q29ed ‘19AMOH

potiad uonuaAIaIuI

9Y) 193j€ puUE duIaseq

18 POUTULISIP dIOM SPIOE

Ayyey jo sadejuadrad pue ‘SYVAL
‘asooni3 ‘(uoneprxoiad prdi
Zurpnyour) snyess prdr 'y 61
10J Aep B 20UO ‘9S1019Xd Y13uams
pue ‘3uruonipuod ‘d1qoide

JO UOTIBUIQUIOD B PIAJOAUT

Jey) (suoseas uonnadwod

om) usam1aq) porrad

(sjouaydA4jod ou
ng ‘D urwelia jo
JUNOWE dwes dy)
ururejuod) yurp
oqaderd jo ,_Aep
TW 00T PIAIINY

_Aep

qVD 3w 065 = 23esop
Touayd(4jod) {(D ururelia
Jo 3w 6 pue spunodwod
srjouayd jo T 0ot 1od
VO 3W €°€ F £'98S 3ul
-urejuod) o[ A11ogqayoyd
JO ,_Aep Tw 00T PaAIOAY

(Ansuayur 10y 3y yaim
ng sasdIaxa Jo uoleu
-1quiod swes) ,_Aep

Yy ¢ :3ururen sndwep

(as1o109%
8uans pue ‘Suruonip
-uod ‘21qoIae JO uUoneuIq

[eL1) PI[[01IU0D

*S3[BWId) UI J0U INQ ‘Udw Ul Zururen A1ojeredaxd e Surnp -wod) | _Aep y ¢°1 :Apnis PIO S18d4 07-9T uonepixorad -oqaoerd
€-UE:8TD PUB 6-UT:8TD JO S[oad]  uonduwnsuod aom( A1ragqaxyoyo (soreway (soreway 2y} 21039q uawWI3ax ‘o3ueradeige =u pidiy pue purq-ajqnop ,2910T
a1} pasea1dap uonejuswarddng pawnsuod syuedonied  SYoam ¥ L‘sofewt £) 8 = u 0T ‘sofewr 8) 8T = u Bururen rendoy :s1akerd [reqpuey g saqyoid proe Ajes pastwiopuey ‘77v 72 214013
(proe ,_Kep 3w oge
JI JO 9%T pue = o3esop uruedooyjue
aurelaq Jo %99 ‘{(quaruod urue>oyIUE
ururejuod) yurp T 001 1od Sw ¢°691
oqaderd jo |_Aep yam) 2o1n[ A119qax0yd
TW 00T PRAI2ISY  JO |_ABP TW 00T PIAIIAY
painseawr
a1am (pIoe dnde[ pue ‘DHDOIN
‘HOW ‘ADI ‘LOH ‘dOH ‘DY)
s193owered poojq [eardojoydiow
pue ‘urungpe pue
‘urqordoAwr ‘uniirdy ‘urproday
‘uoir ‘Qv1, ‘oursouengAxoap
-,z-Kx01pAy-8 ‘syonpoid aandear
Apnis STy} UT pajenyead PIok OLINJIGIRAOTY) JO S[9AIT
s1o)owrered aouewojrad 1593 doaq a3 1933e ¢ pue
10 ‘redrwaydolq ‘resrdojoydiowr ‘Y ¢ ‘xaige A[pjerpawawl ‘o10§oq (os1010%9 pIo
a3 pape Apuedyrudis P2392[100 219Mm sapdures poog Aisuoyur-ydiy pue  -s1eak §°GT ‘o3 ueow [e11} P2[[0TIU0D
J0U PIP I ‘sopisag 'synsar  -3s93 doaq a3 Surwrograd 1933 ‘wnipaw ‘mof 3urpnpur) ‘0z = u ‘orew :s1akerd -oqaoerd
1593 doaq a3 Joagze Apueoyruss pue a10jaq uonejuawaddns Noom 1od UTW OFS-0TS  [[BqI00J [euolssajoid pul[g-9[qnop . 1270T ‘7 32
jou pip uonejyuswa[ddng paarooar syuedionied  SYdoM £ g=u Tr=u :awn [e30) Jururery, -wads 3UNOx  SSANS dAIBPIXO pasiwopuey  ZoIMaDn[uels
dnoid
(proe oqoaderd a3 10J s1eah
211D JO 9% T pue 1_Aep 3w gcpe = aSesop ¥'C ¥ 0°8 pue dnoid
Jurelxq Jo %99 UIueAdOyIuL {(JUANU0D paruawrddns ayy
3ururejuod) yuup  urueAOyIUE | _Tw SW €7 10J STBIA O0'T F 0°9 Sem
oqaderd jo |_Aep M) 201n[ A119qax0yd souariadxa Sururen
TW ST POAIOSY  JO ,_ABp TW 0ST PIAIIY Jo uoneInp aferoay
painseaur a1am poojq
Ul S[2A3] 218108[ pue ‘A1AnoR
aseun| aead ‘goH ‘(SUvAL pue
oqaoe[d 03 uostredurod XdD ‘aos) s1ajawered xopay
ur pourad 1940021 4 7 “porrad £1940021 4 $¢ € 3uimol[oy pourad
a3 Sumorjoy Apuesyruldis A1anoe pue ‘)s2) o) 10)e UTW T IS} uonnaduwods ay) pue
asenuwsip apIxoradns paseardsp 9STOIaXD [OEd 210J9q P[0 pourad uornyeredaxd oy
pUE 152} 2S10I9Xd A} 1d)ye a1om sa[dures pooyg "poriad udamiaq duwred Sururen [eL1} Pa[[O1IU0D
urur T 19)je pauruIaep Aianoe uonejuswdddns ayy 19338 ypuow-T & 3urmp 3ureq wea, 3urmoy -oqaoerd 5¢500C ‘v 30
asepixo1ad auoryieIn|3 Jo [9A9]  pue 210J3q pauriojrad sem 533 uey) 19y30 papraoid sem YsI[od 3 JO SIdqUIdUL purg-ajqnop JBIUSIZOZS
a1} pasea1ddp uonejuawa[ddng  9s1o19Xd SUIMOI [BJUSWIDIOUT UY  [IUOW T oT=u 6=u uoneurojur aspard oN - 6T = U :SIOMOY  SSIIIS JAIBPIXO pastwiopuey  -e)suAzoe[id
s3urpuyy Ao udisop rpyudwiadxg  uoneInp dnoi3 oqaselq dnoi3 payuoworddng peoj ururey, dnoid a3y ordog, udisap Apmys s1oyny
Apmg

'90UB217 paModun 0'g uong LNy suowiwoD aaireas) e sepun pasusol|siapiesiyl |[EEGEEL ()

"INd Z¥*TT:0T 920Z/ST/2 UO papeo|umoq €20 dUN GO UO paus!and 901y sseody uedO

(‘pauocD) T elqeL

This journal is © The Royal Society of Chemistry 2023

5482 | Food Funct,, 2023, 14, 5478-5491


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3fo00336a

View Article Online

Review

Food & Function

Apueoyyrudis

Pasea1dap sem vzIDd

-0S1-§ ATRULIN JO UOIEI)UIIUOD
oy, *sursouendoniu-g

JO UONBIIUIIUOD

a3 3ursearour Apueoyrudis
J[ym ‘ouruendAxorpAy-g

JO UONENUIU0D dU3 SUISLIIIIP

(*zaDd-os1-8) aueisoidost

suun pue ewserd ur saIjoqeILd
UOTIEPIXO YN( SINSEIW 0}
syuedionred woiy pajdo[[od a1om
sojdures aurin pue poojq 23e3s
Bururen-isod jonuos pue ‘o3es
ayejur oqaded/uonejuswarddns

[EELERBEIS

pue quade
Surnoaery ‘oAp pa1
paziioyIne ‘1ajem
ururejuod) yurp
ogaderd jo |_Aep
TW 00T PIAI2IY

1_Aep 3w 05

= a3esop uruelooypue
‘(oo vduvaouvjaut viuosy
JO %6 yam o1n[ snn
%66) 2oIn[ snn-eruore
3o ,_Aep Tw 00T PIAIOT

SF ¥ ¢SS :Sururen
1sod-joryuoo a10jog

61T T £76 :JUIWISSISSE
puo023s a10jod

0 F 0 :porrad Jnoysepm
61T + €26

JUSWISSIsse 1s11) a10Jod

SOT +800T
:3ururen-jonuod a1ojog

[eLI1} I9A0SSOId

Apueoyruds ‘oyeydsoydouowr ‘a3e3s dururen jonuod ‘a3e3s PIO S1eaA TZ-61 pa[[onuod
O1[04d-,6¢,c-outsouend  duUI[dse] [01IUOD dY) JO PU A ‘a3uer a3e {(areway -oqaoerd
Jo uonenuaduod onewse[d v ‘skep cf Jo uoneyuawa(ddns ,S'CFSLE 9 pue dJew 0T)  wWSIOqeILd YNA pulg-a[qnop (910 ‘7 32
o) paurejurew uonejuawaddng paaradar syuedonied skep ¢¥ g=u §=u :JUI[dSEBQ-[OIJUOD dI0Jod 9T = U :SIIIYILLN} A[A  :SSANS dAIBPIXO pasIwIOpUEy  SJIO[J-BIOIRD
blaae}
snoanbe A112qayoyd
3O | _Aep TW 0€ PaAIIY
M
SE paINSeaul 2IoM Poo[q [eseq
JO @OH pue dUTUNEdId ‘edIn
as0on3 ‘s[a0 pooiq ‘syuduod
-wod pidrt [aos pue Lvo)
WISAS 20UJOp dIRWAZUD Y3 JO
Aianoe pue [(HsD) suonpeinis
Ppaonpai] JuepIxonue dneWAZU
-auou Jo A1anoe ‘sYvdl ‘(ON)
apIxo U {(2Q?H) apixorad uad
-01pAY ‘(-%Q) [edIpERI UOTUR IPIXO
-19dns JO S[aA3] A1) dINSRIW 0}
(A19n0001) 359 peo] TeorsAyd a3
JO pud Y3 I9)JE SAINUIW QT pue
$1A00) N3] JO [9A3] A PISLAIIIP ‘(read) 3591 peoj [earsdyd oy
1 ‘sap1sag "Apuedyiudls  19)Je Ajp3erpawl ([eseq) a10jaq
uIqo[3owary pue S[[2d Pa1037]00 219Mm sajduues poojg
pooiq pa1 ‘urayoxdodr] fysusp  -painseawr a1om sjuedonied jo
-y31y Jo s[aad] a3 paseardur (3591 peoy [edrsAyd Aq - xewr?pA)
11 "uao1ad 1ey Apoq pue 18] Apoq 1amod d1qo1ae pue (Apoq
paseardap os[e uonejuswd[ddng 9} UTYIIM I9)em JO UOTININISIP
*K)1ATIOE dSe[eIRd PaseaIdul pue pue junowre yuajuod urajord
(saantu pue SYve.L) syuepxoord  pue [eraurw Apoq ‘o[asnuwa Apoq plo s1eak uonisodwod Apoq
JO S[oAS] AU PaseaIddp  [e10] ‘eJ Apoq [e10 ‘aFejuasrad papmoid  pz-91 ‘o8ue1 a8e 9T pue (SneIs Xopar) pauyap 62120T
Apueoyrudis uoneyuawa[ddng jey Apoq ‘IAEG) uonisodwiod Apog  sNoam 7T arqearidde JoN 9T =u SeM UOPBWIOJUT ON =  :SIdaAeld [[eqpUeH  SSOIIS dAIEPIXQ  A[9IeINdOB JON ‘7P 79 ZUD{ID
s3urpuyy Ao udisop rpyudwiadxg  uoneInp dnoi3 oqaselq dnoi3 payuoworddng peoj ururey, dnoid a3y ordog, udisap Apmys s1oyny
Apmg

'90UB217 paModun 0'g uong LNy suowiwoD aaireas) e sepun pasusol|siapiesiyl |[EEGEEL ()
"INd ZF-TT 0T 9202/ST/Z U0 papeo|umod "€20Z 8Unf G0 UO Paus!and B[01MY ss800y usdO

(‘pauocD) T elqeL

Food Funct, 2023, 14, 5478-5491 | 5483

This journal is © The Royal Society of Chemistry 2023


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3fo00336a

View Article Online

Food & Function

Review

S[oAd]

2 urpuedeisord d-HO-0T pue ‘va
suamoynay ‘duelsordoseg-s 1
-1da-G1 ‘oue3so1dosI-*¢1-03a)-S T

((sx1) sauexoquioIy)

pue ‘(sod) surpuerdeisord

‘(s111) sauaLnoNNa|

‘(sqosi) saurysoxdosrt)

surdijAxo Areurin amseaw

01 a3eys Sururen-isod [onuod
pue ‘a3els axyejul oqased
Juoneyuawa(ddns ‘a3els Sururen
[01U0d ‘93e)S dUI[ISE] [01IUO0D
oy jo pua ay e sjuedonied

(1oUd)00MS

pue quade
3unnoaeyy ‘oAp pa1
paziioyIne ‘1ajem
urureyuod) yurp
ogaderd jo ,_Aep
TW 00T PIAIRIY

*(s00d) a1eas peoT 2a1n03[qO oy Sursn pawiojiad sem uonesynuenb peoy Sururely, ,, *sa0URISqNS JANILAI PIOR DLINIIGIBRAOIY) —
Suvdl ‘Aroeded Juepixonue (8303 — DV ‘OseInwisip apixoradns — qOS ‘S[[22 poo[q P21 - DFY ‘OUISOUBNZAX0IPAX0IPAY-8 -~ DPHO ‘Dwn|oa I1e[ndsndiod ueaw — ADW ‘UOIBIIUIUOD UIqo[dowdey Ie[nosndiod ueaw — DHOW ‘uiqojdowaey]
1enosndiod uesw - HOW ‘0T UR[NI[INUI — OT-TI ‘9 UDNIMIAUI - 9-T[ ‘UIqo[dowaey — gOH “I1Id0jewaey — IDH ‘osepixorad auoryein(d - xdo ‘syusfeanba proe or[es — gvo ‘ose[eied — LyD ‘Xopul ssew Apoq - [INF :SUOIBIAIGQY

_Aep 3w 05

= o3esop uruelooypue
‘(oo nduvaouvjau viuosy
JO %S am 201N[ SN
%56) 201N[ snNo-eIUOIR
Jo ,_Aep Tw 00T PAAIDOY

S¥ F 7SS :3ururen
1sod-[onuod 210509

6TT F £T6 JUIUWISSISSE
pu0d3s a10jod

0 ¥ 0 :porrad Inoysem.
61T ¥ €76

JUSWISSISSE. ISI1J 210Jog

SOT ¥ 800T
:3ururen-[onuod 210jog

[eLI I2A0SS0Id

urpuedeisord Sursearour a[iym 3} WOIJ PajdI[[0d dIom PpIo s1edk 17-6T Pa[[01U0d
‘Zg ouBXOqUIOIYI-0IPAYDP-1T  so[dures auLIn INOY-INOJ-AUIM, ‘o8uer a3k {(orewd) UONRWIWIER[IUI PUB -oqaserd
pue *¢g urpuedesord-gT-rourp 'sfep ¢ jo uonejuawaddns LSSTFSLE 9 pue ofew 07) uoneprxorad prdip pur[g-a[qnop  ,,810T ‘7 32
-¢7 paseadap uonejuawaddng paaradar syuedonied skep ¢¥ g=u §=U :JUI[dSEBQ-[OIJUOD dI0JOg 9T = U :SIII[UYILLN A[A  :SSANS dANBPIXO pasIwIopuBy  SJIO[J-B[OIRD
S F ¢§¢ :3ururen
1sod-[onuod 210309
61T F €26 JUIWSSISSE
pu0d3s a10jod
0 ¥ 0 :porrad noysem
61T * €76
JUSWISSISS. ISI1J 210Jog
(1oU2)00MS
pue quade _Aep 3w 05
3unnoaeyy ‘oAp poa1 = o3esop urueooyjue
pazuoyne ‘103em (9o ndivaouvjau viuosy
ururejuod) yurp JO %S ym 2d1n[ SN
ogade[djo ,_Aep  9,S6) o[ snuo-eruore SOT ¥ 800T
TW 00T PRAI2dSY  JO |_ABp TW (00T PAAIISY  :SUIUIRIF-[O1IUOD 210§o
WAISAS SNOAIOU [BIJUD YIIM
payur| (saueisordost-owoyip-2q
pue sauejsordoInau-7g) siaxrew
SSOIIS QAIIEPIXO AINSBIUL
auejsordost-owoyip 03 23e3s Sururen-isod [o1U0d
%4-£1-1d2-£T JO UONEIUIIUOD pue ‘a3e)s axyejur oqaserd
9y pasea1dap osfe 1 “(duesord /uoneyuswaddns ‘aFels Sururen
-0Indu-*4-01 pue aueysordorndu  [onuod ‘@3e)s duI[Aseq [0TIU0D
71-01-1d2-0T JO UOIEIUIIUOD a1 Jo pua ay) Je syuedronred uonepeIdap  [el I9A0SSOId
a1} U 9SLIIIP B Aq Paoa[Jal) 9} WOIj PajdI[0d dIoM QuBIqUIAW Pa[[01IU0D
uonepe1dap suelquidwW [euoIndu  sajdures auLn IoY-1noj-Ausmy, plo s1ea 1z-61 ‘o3uer [eInau pue -oqaoed
M pajeroosse uopepixorad ‘sep ¢t jo uonejudw[ddns LSS F 6z ade {91 = u :sa9[yIely  uonepixorad pidy pulg-a[qnop 910 ‘7 32
pidiy paseardap uonejuswarddng paarada1 syuedonied skep ¢y g=u §=1u :JUI[dSE]-[O1IUOD d10Jog Jnpe 3unox  :SSAIS dANNEPIXO pastwopuey  SIIO[-BIoIeD
s3urpuyy Ao udisop rpyudwiadxg  uoneInp dnoi3 oqaselq dnoi3 payuoworddng peoj ururey, dnoid a3y ordog, udisap Apmys s1oyny
Apmg

'90UB217 paModun 0'g uong LNy suowiwoD aaireas) e sepun pasusol|siapiesiyl |[EEGEEL ()
"INd ZF-TT 0T 9202/ST/Z U0 papeo|umod "€20Z 8Unf G0 UO Paus!and B[01MY ss800y usdO

(‘pauocD) T elqeL

This journal is © The Royal Society of Chemistry 2023

5484 | Food Funct, 2023,14, 5478-5491


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3fo00336a

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

Open Access Article. Published on 05 June 2023. Downloaded on 2/15/2026 10:11:42 PM.

(cc)

View Article Online

Food & Function Review
[ Identification of studies via databases ]
)
Records removed before
H screening:
® Records identified from Records marked as ineligible,
E-g Databases (n = 401) PubMed, > non-clinical studies (n = 352)
t Scopus and Web of Science Duplicate records removed (n
] = 26)
—
Reports excluded (n = 13):
Refozrgs screened > Supplementation was not
(n=23) based on chokeberry (n = 3)
The study did not target
exercise performance-related
variables (n = 6)
The study did not target
Reports sought for retrieval athletes or active individuals
o (n = 10) (n=3) o
= Evaluated the bioavailability
s of chokeberry
g l supplementation rather than
(7] bioactivity (n = 1)
Reports assessed for eligibility
(n=10)
—/
SR
2
o Studies included in review
>
= (n=10)
=
—

Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.

12 weeks, catalase was increased, and reduced glutathione was
decreased, both pre-and post-exercise. Two measured inflam-
matory markers.”>*® In one tumour necrosis factor (TNF)-
alpha was lower 24-hour post-exercise following 8-week choke-
berry supplementation compared to a placebo.”” In the other
interleukin (I)L-6 was lower and IL-10 was higher after
supplementation.*®

3.3.2. Effect of chokeberry on haematology, iron metab-
olism and platelet aggregation. Three studies measured the
effects of chokeberry on haematology.>®*®**° One study
reported increased levels of HGB and RBC and decreased WBC
levels after 6 weeks of supplementation compared to baseline.
However, two placebo-controlled studies found no effect of
chokeberry on haemoglobin (HGB)***® and one in red blood
cell (RBC), haematocrit (HCT), mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH), and mean cor-

This journal is © The Royal Society of Chemistry 2023

puscular haemoglobin concentration (MCHC).>® Three studies
analysed markers of iron metabolism.>***® Eight weeks of cho-
keberry supplementation was found to increase iron levels
24 hours, but not immediately following a 2000 m row versus a
control.”® The same authors found no effect on other markers
(hepcidin, ferritin, myoglobin, total iron-binding capacity, unsatu-
rated iron-binding capacity). In the other studies, chokeberry did
not affect iron, hepcidin, or ferritin at any point (immediately,
post or 24 h) following an exercise endurance test.>*** One study
investigated the effects of acute chokeberry supplementation on
platelet aggregation;*> compared to a placebo, chokeberry
decreased the expression of platelet activation markers (P-selectin
and glycoprotein IIb/IIIa) but did not influence platelet aggrega-
tion following a simulated half-marathon race.

3.3.3. Effect of chokeberry on other outcomes. Other out-
comes studied included blood markers; albumin,?® creatine

Food Funct, 2023, 14, 5478-5491 | 5485
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kinase,”® creatinine,® fatty acids,>” glucose,”””** lactate,>>>°
lactic acid,?**® lipid profiles,”””*® urea,*® and uric acid.*® In
addition, four studies measured the effect of chokeberry sup-
plementation on body composition’”’>*?% and three on per-
formance parameters.”>*%*® In one study distance covered in a
multistage 20 m shuttle test was longer and post-exercise
lactate was higher after 90-day supplementation with choke-
berry.*® One study found decreased lactate and CK immedi-
ately post-exercise with chokeberry but not placebo.>® One
12-week uncontrolled study found that chokeberry decreased
body fat and body fat percentage and increased the levels of
high-density lipoprotein, glucose, creatinine, and urea relative
to baseline.>® Additionally, Petrovic and colleagues®” reported
decreased levels of C18:1n-9 and C18:3n-3 in men, but not in
females.

a)

5.

View Article Online

Food & Function
3.4. Risk of bias assessment

A total of eight out of ten studies were randomised controlled
trials, while two were non-randomised. Most of the random-
ised controlled trials were associated with a low risk of bias
(Fig. 2), except one study”® which was associated with some
concerns with respect to bias in measurement of outcome. No
clear information was provided regarding the awareness of
outcome assessors of the intervention received, yet it was prob-
ably not influenced by knowledge of intervention since
researchers were blinded to group assignment. The two non-
randomised studies*>*> were associated with a moderate risk
of bias due to moderate bias in the classification of interven-
tions and measurement of outcomes (Fig. 3). The bias in the
classification of intervention was linked with the lack of infor-

Risk of bias

Study

Sl Jls[e[e[e]
cecesce

D1: Bias arising from the randomization process
D2: Bias arising from period and carryover effects
D3: Bias due to deviations from intended intervention

D4: Bias due to missing outcome data

D5: Bias in measurement of the outcome
D6: Bias in selection of the reported result

b)

Bias arising from the randomization process
Bias arising from period and carryover effects
Bias due to deviations from intended intervention
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall

Judgement
- Some concem

. Low

Not applicable

0%

25% 50% 75% 100%

| . Not applicable . Critical . High D Some concern . Low

Fig. 2 Assessment of bias of the randomised studies according to RoB 2 tool — (a) traffic light plot and (b) summary plot.
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Domains:

D1: Bias due to confounding.

D2: Bias due to selection of participants.

D3: Bias in classification of interventions.

D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

Study

Cikiriz et al., 2021

b)

Bias due to confounding
Bias due to selection of participants

©
©

Judgement

= Moderate

.Low

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

0%

50% 75% 100%

. Low risk D Moderate risk

25%

Fig. 3 Assessment of bias of the non-randomised studies according to ROBINS-I tool — (a) traffic light plot and (b) summary plot.

mation about how the intervention status could have been
affected by the knowledge of the outcome.

4. Discussion

This is the first study to systematically evaluate the impact of
chokeberry (Aronia) supplementation on inflammation, oxi-
dative stress, iron metabolism, and platelet activation in ath-
letes. The current review identified 10 human studies that fit
the criteria; there was some evidence that chokeberry could
alter redox status, however, there were limited studies on the
other outcomes precluding any firm conclusions to be drawn
from the available evidence.

The studies in the current review were conducted on ath-
letes from several different disciplines; rowers, footballers,
handballers, triathletes, and runners. It is well documented
that high-intensity and/or prolonged exercise evoke a pro-oxi-
dative and proinflammatory response.*>**** Although the
generation of ROS and reactive nitrogen species (RNS) are
important signalling molecules in physiological processes,
excess generation of the most volatile ROS and RNS (e.g:, per-
oxynitrite), as is common after high strenuous exercise, can
overwhelm the endogenous antioxidant defence, causing oxi-
dative damage.*® As oxidative damage to proteins, lipids, and
DNA can affect force production and exercise performance,

This journal is © The Royal Society of Chemistry 2023

there is a significant interest in whether dietary supplements
with antioxidant properties can enhance performance.*
Chokeberries contain bioactive compounds that act as
natural antioxidants (e.g;, vitamin C and carotenoids®®),
although their antioxidative potential is predominantly attribu-
ted to their (poly)phenolics.*” In accordance, several studies
included in this review demonstrated that chokeberry sup-
plementation reduced markers of exercise-induced lipid per-
oxidation, even in those with vitamin C-matched
placebos,>***™*" and increased TAC following exercise.>*® I
addition, chokeberry supplementation modified antioxidant
enzymes. In one study, GPx activity immediately and SOD
activity 24 h following an incremental rowing exercise test were

n

lower compared to a placebo after 4 weeks.*® In another study,
following 12 weeks of supplementation catalase was increased
and GSH was decreased immediately and 10 min after a physi-
cal load test relative to baseline.>® Although not included in
the current review due to the non-athletic population Chung
et al., (2023) also reported the ability of chokeberry to modu-
late the glutathione defence system by increasing GSH avail-
ability and GPx activity immediately and 30 minutes post-exer-
*® These data could suggest (i) less reliance on the
endogenous antioxidant defence systems due to the antioxida-
tive capacity of the chokeberry or (ii) upregulation of endogen-
ous antioxidant production via the NRF2 antioxidant response

cise.

element pathway after longer-term chokeberry adminis-
tration.*® For example, chokeberry supplementation has been
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shown to activate NRF2 by degrading its repressor, Kelch-like
ECH-associated protein 1, leading to an increase in expression
of antioxidant enzymes in mice.’® However, due to the limit-
ations of the markers used to assess redox status in vivo®" and
the non-controlled study design of ref. 29, these findings
should be approached with caution. Nevertheless, based on
available studies, these findings suggest chokeberries have the
potential to influence redox status and therefore performance
during exercise that are negatively affected by the excess gene-
ration of ROS and RNS.

After an intense exercise bout, the increase in RONS is gener-
ally accompanied by further secondary inflammatory-mediated
damage.>**>*® In addition to antioxidant activities, the anti-
inflammatory properties of (poly)phenols are well documented.**
Specifically, (poly)phenols have been shown to interact with cellu-
lar enzymes and signalling pathways involved in the inflamma-
tory process.”> However, as compared to other (poly)phenol-rich
fruits the anti-inflammatory effects of chokeberry in exercise para-
digms have been examined to a much lesser extent.’® In the
current review, only two studies included inflammatory
markers.*>>® Both studies found that supplementation with cho-
keberry reduced markers of inflammation (TNF-a and IL-6) and
Stankiewicz et al., 2023 found an increase in anti-inflammatory
cytokine IL-10.>® While more studies are needed to corroborate
the findings of ref. 25, the potential anti-inflammatory actions of
chokeberries could have applications in exercise recovery by coun-
teracting any inflaimmatory-related damage to skeletal muscle. As
the oxidative and inflammatory response to exercise is now
widely accepted as playing a role in driving training adaptations,
athletes should be cautious of interfering with these processes
when adaptations are a priority (e.g:, during pre-season).
Notwithstanding, there is limited evidence that polyphenol sup-
plements disrupt training adaptations.>*>>>*>7

Additionally, exercise-induced oxidative stress and inflam-
mation can have deleterious physiological effects such as
enhanced platelet activation and anaemia.’®*® In one study,
acute chokeberry supplementation was shown to decrease the
expression of platelet activation markers (P-selectin and glyco-
protein IIb/IITa) but did not influence platelet aggregation follow-
ing a simulated half-marathon race.”” This may be beneficial to
those unaccustomed to prolonged exercise in which acute stress
can increase platelet hyperactivity and have negative conse-
quences on the cardiovascular system.®® In addition, anthocya-
nins, a major chokeberry (poly)phenol, have been shown to
protect erythrocytes from oxidative damage® and regulate iron
metabolism by inhibiting the expression of hepcidin.®® The role
of chokeberries in iron metabolism after exercise was reported in
three studies with one showing increased iron levels 24 hours,
but not immediately following, a 2000 m row”® and the other no
effect after a beep test.”® However, the two studies***® demon-
strated no effect on levels of hepcidin and the authors suggested
that the dynamics of serum iron are determined by a phase of
training rather than supplementation, thus the effects of choke-
berry on iron metabolism are not well evidenced.

A key strength of this study is that it is the first review to sys-
tematically and comprehensively review studies supplementing
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chokeberry in athletes, according to PRISMA guidelines.
Nevertheless, there a several limitations that should be
acknowledged. Firstly, we were not able to conduct a meta-ana-
lysis due the heterogeneity in study design, population, train-
ing status/types and supplementation regimes. Secondly, we
only found a small number of studies for each of the study out-
comes, which limits our interpretation of the findings due to
conflicting findings and the ability to draw evidence-based rec-
ommendations for athletes based on the current literature. For
example, it is not possible to suggest the recommended dose
of chokeberry supplementation. Although fruit juice was the
most common form of chokeberry supplementation, the
amount of anthocyanins in all the pure juice supplements was
not analysed or reported. Future studies should conduct an
analysis of the anthocyanin and polyphenol content of the
study supplement batch to help aid with critical analysis of the
study outcomes and recommended dose of chokeberry for ath-
letes. Finally, a limitation of the evidence included in this sys-
tematic review was the mixed quality, including methodologi-
cal rigour due to non-randomised or single-blinded studies
being included. Although this was done to gain a better
insight into the current literature, the findings should be inter-
preted cautiously as there is a need for further well-controlled
investigations in this area.

5. Conclusion

Taken together, the findings from the 10 studies in this review
suggest that chokeberry supplementation could alter redox
balance in athletes. However, there were insufficient studies
examining the effects of chokeberry supplements on other out-
comes of interest (inflammation, platelet function, iron metab-
olism and performance) to draw any firm conclusions. Further
large-scale, well-controlled investigations are needed to clarify
the potential benefits of chokeberry supplementation on these
biological markers in athletes.
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