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Context: Consuming antioxidant-rich foods has been associated with potential
benefits in managing chronic diseases by reducing oxidative stress and inflamma-
tion. Objective: This systematic review aimed to evaluate the effects of Aronia
melanocarpa (aronia berry or chokeberry) on human inflammation biomarkers
and antioxidant enzymes. Data Sources: A systematic search was conducted
across multiple databases, including PubMed, Scopus, Science Direct, and Web of
Science, to identify relevant studies investigating the potential effects of aronia on
human inflammation biomarkers and antioxidant enzymes between April 2022
and November 2023. Data Extraction: The selection of studies followed the
PRISMA guidelines, data screening was conducted by 4 independent reviewers, and
data extraction and risk-of-bias assessments were performed by 2 independent
reviewers using the Cochrane Risk of Bias 2 tool. Data Analysis: A total of 1986
studies were screened, and 18 studies that met the inclusion criteria were included
in a systematic review that investigated the anti-inflammatory effects of aronia on
various health parameters. These studies primarily focused on the effects of aronia
on cardiometabolic diseases, performance in sport, and other health parameters.
Conclusions: This study examined the effects of Aronia intervention on human
health outcomes using aronia juice, extract, or oven-dried powder for a period of 4
to 13weeks. The primary health parameters considered were C-reactive protein
(CRP), interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a), interleukin-8 (IL-8),
interleukin-10 (IL-10), interleukin-18 (IL-16), superoxide dismutase (SOD), catalase
(CAT), and reduced glutathione peroxidase (GSH-Px). The results showed that aro-
nia had a beneficial effect on several inflammatory cytokines, including reductions
in CRP, TNF-a. and IL-6 concentrations, as well as elevated IL-10 levels. Moreover,
positive changes have been observed in antioxidant enzyme systems, including;
elevated SOD, GSH-Px and CAT activity. The findings of the presented studies pro-
vide evidence that Aronia melanocarpa may have beneficial effects on inflamma-
tory markers. Systematic Review Registration: PROSPERO registration No.
CRD42022325633.
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INTRODUCTION

Aronia melanocarpa, known as black chokeberry,
belongs to the Rosaceae family and is originally from
North America. It is widely cultivated as a nutraceutical
in Poland, Germany, and Russia.' In addition, it is a
low-maintenance crop that effectively repels pests, and
it is consumed in European countries in the form of
fruit juices, jams, jellies, and teas as part of the diet.?
Aronia berries are black-purple, with a 6-13 mm diame-
ter and a weight of 0.8-2 g. Among berries, aronia ber-
ries are widely recognized for their high polyphenol and
bioactive content, which makes them an excellent
source of antioxidants, and they are deemed to have
numerous health benefits.>* The aronia peel contains
73% of the anthocyanins, while the flesh contains 78%
of the phenolic acids.” Notably, the European Food
Safety Authority (EFSA) has confirmed the “antioxidant
effects” health claim for aronia.®

Extensive research has been conducted on antioxi-
dants in the last 20 years due to the discovery of the role
of free radicals in the development of diseases.”
Oxidative stress within the cell emerges due to the
imbalance between reactive oxygen species (ROS) pro-
duction and antioxidant defense systems.®” Both oxida-
tive stress and inflammation are central to the
development and progression of several chronic dis-
eases, including chronic obstructive pulmonary disease
(COPD), diabetes, cardiovascular diseases (CVDs),
neurodegenerative diseases, and cancer.'” Chronic
inflammation is characterized by increased production
of pro-inflammatory cytokines IL-183, IL-6, IL-8, and
TNF-a, and hepatic acute-phase proteins, e.g. C-reactive
protein (CRP).!112

Given their therapeutic value in the prevention and
treatment of disease, plant-derived bioactive com-
pounds have attracted significant interest in recent
years. These compounds can be obtained from whole
plants, plant extracts, or isolated components with com-
plete phytochemical profiles."” Antioxidant compounds,
including polyphenols, play a protective role by mitigat-
ing the harmful impact of ROS and subsequently
prompting the upregulation of antioxidative enzymes
such as catalase, superoxide dismutase, and glutathione
peroxidase.'* Polyphenols, more precisely anthocyanins,
are responsible for the anti-inflammatory properties of
berries, supporting their use in human diets and as diet-
ary supplements.'>'°

In aronia, the types of anthocyanins include
cyanidin-3-galactoside, cyanidin-3-glucoside, cyanidin-
3-arabinoside, and cyanidin-3-xyloside; types of phe-
nolic acids include chlorogenic and neo-chlorogenic
acids; types of flavanols include epicatechin and querce-
tin glycosides."” '  Proanthocyanidins specifically

procyanidins constitute 40% of aronia berries’ in vitro
antioxidant activity, followed by anthocyanins (24%),
hydroxycinnamic acids (18%), and epicatechin (11%).%
Procyanidins are considered better antioxidants than
their monomers.”> Cyanidin and its glucosides, the pri-
mary anthocyanin components in aronia extracts, dem-
onstrate extremely potent anti-inflammatory activity.**
It has been reported that cyaniding-3-glucoside metabo-
lites, the predominant anthocyanin species in aronia,
promote a significant reduction in the inflammatory
mediator proteins, including IL-6, in human vascular
cells.”

It has been suggested that Aronia can help prevent
the onset of chronic diseases, including diabetes, CVD,
and immune system disorders.”**® Numerous studies
have reported anti-inflammatory effects being associ-
ated with Aronia melanocarpa, which have been attrib-
uted to inhibition of the release of inflammatory
cytokines.”*>* Aronia extract has been shown to have
an anti-inflammatory effect on endotoxin-induced uvei-
tis in rats’ eyes by suppressing TNF-a and blocking the
expression of nitric oxide synthase (NOS).*! According
to a recent study conducted to assess the anti-
inflammatory properties of aronia juice on human
peripheral monocytes, aronia juice intake was shown to
be associated with a significant improvement in
immune system function by suppressing the release of
pro-inflammatory cytokines such as IL-6, IL-8, and
TNF-a,* and upregulating IL-10 production in mouse
splenocytes.'® A recent study by Jang et al proposed the
use of the aronia bioactive fraction as a nutraceutical
agent for suppressing airway inflammation. That study
found that the fraction significantly decreased the
mRNA expression of TNF-qa, IL-6, IL-8, and IL-1§ in
lipopolysaccharide-stimulated human bronchial epithe-
lial cells.*® Zapolska-Downar et al (2012)* reported the
anti-inflammatory and antioxidative properties of
Aronia melanocarpa extract on human aortic endothe-
lial cells. In addition to in vivo and in vitro studies, aro-
nia berry has been reported to have an anti-
inflammatory effect in human studies.”> >> Collectively,
these studies indicate that aronia, which has rich antiox-
idant content, can have a role in the prevention of dis-
eases associated with chronic inflammation and
oxidative stress.

Physical exercise is another condition that results
in the release of ROS and oxidative stress. During exer-
cise, the energy requirement can increase by 10 to 15
times compared with resting, thus increasing ROS pro-
duction. Regular exercise can have beneficial and detri-
mental effects on the body, depending on the intensity,
duration, and frequency.”® Studies have demonstrated
that increased oxygen consumption during exercise
increases ROS production. The accumulation and
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production of ROS and cytokines can positively and
negatively affect the body.””*® As a negative impact,
insufficient levels of antioxidants counteract the pro-
duction of ROS during exercise, which can lead to oxi-
dative stress.”” Although humans have an adequate
antioxidant defense system, it has been hypothesized
that antioxidant supplementation can improve perform-
ance in individuals who exercise intensely.*® It has been
observed that antioxidant supplementation elevates
both plasma and cellular antioxidant levels, thereby mit-
igating the oxidative stress response.’>*! As anthocya-
nins possess antioxidant and anti-inflammatory
properties that combat fatigue and promote recovery,
berry supplementation is claimed to have ergogenic
potential due to its ability to reduce oxidative stress.*>*
Polyphenols may improve exercise performance by
improving antioxidant capacity. However, the precise
underlying mechanisms remain unclear and require
further investigation.** Furthermore, the relative
impacts of different sources of antioxidant supplements
on reducing oxidative stress and pro-inflammatory
cytokines remains uncertain.”®

Despite growing animal studies on the health bene-
fits of aronia, the limited number of systematic human
studies on aronia focuses mainly on its lipid-lowering
effects, glucose-lowering effects, and cardiovascular
health effects**>*® in athletes.*” Concurrently, a signif-
icant gap exists in the systematic review literature for
evaluating the anti-inflammatory effects of aronia in
clinical studies. Therefore, conducting a systematic
review that exclusively focuses on the anti-
inflammatory effects of aronia in human randomized,
placebo-controlled clinical trials can provide a critical
understanding of this area. This systematic review
aimed to synthesize the quantitative data on the aronia
berry’s anti-inflammatory effects from randomized,
placebo-controlled clinical trials to summarize the cur-
rently available evidence on the potential anti-
inflammatory effects of aronia.

METHODS

The protocol was registered in the “PROSPERO
International Prospective Register of Systematic
Reviews” (PROSPERO 2022 no. CRD42022325633).

Search Strategy

Four databases (PubMed, Web of Science, Science
Direct, and Scopus) were searched for trials conducted
with aronia and the effects of aronia on human inflam-
mation markers and antioxidant enzymes between
April 2022 and November 2023. The search strategy for
the specific databases included the following index

Nutrition Reviews® Vol. 00(0):1-16

terms, titles, or abstracts: ([Inflammation markers OR
antioxidant enzymes OR IL-6 OR TNF-a OR CRP OR
IL-188 OR IL-8 OR IL-10 OR CAT OR SOD OR GSH-
Px] AND [Aronia OR black chokeberry OR Aronia mel-
anocarpa] AND [human]). The research strategy for the
databases has been provided as supplementary material.

Four reviewers (B.S., EXK., M.G.C,, and A.Y.Z)
independently screened one database each for this sys-
tematic review, and another reviewer (S.A.) resolved
any discrepancies. This systematic review was per-
formed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Inclusion and Exclusion Criteria

Randomized controlled clinical trials that investigated
the effect of black chokeberry on human inflammation
biomarkers and antioxidant enzymes were considered
for the review. The PICOS criteria were used to define
the research question for the review. The inclusion cri-
teria of the review were (1) human participants regard-
less of age, sex, and health status, (2) articles in the
English language, (3) outcomes that measured at least
one of the following: TNF-a, IL-6, IL-10, IL-8, IL-1 b,
SOD, CAT, or GPx, and (4) short-term and long-term
interventions that declared a quantitative or quantifiable
aronia dose and form. Studies were excluded when (1)
there was an in vivo design or they were conducted on
animals, (2) observational and case studies, (3) the study
language was other than English, and (4) aronia was
mixed with other substances (Table 1).

Quality Assessment

After removing duplicates, 2 investigators screened the
titles and abstracts of the articles to select the eligible
studies, and any disagreements were resolved through
discussion via consulting with other investigators. Two
reviewers (B.S. and E.K.) independently evaluated the
risk of bias for each included study using the Cochrane
Risk of Bias Tool 2.0 (RoB2)*® for randomized trials. In
the case of randomized studies, the assessment encom-
passed (1) bias arising from the randomization process,
(2) bias due to deviations from the intended interven-
tion, (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,
consideration was also given to the risk of bias arising
from the duration of the intervention and carryover
effects. Each domain underwent assessment and was
categorized as having low risk of bias, high risk of bias,
or some concerns regarding bias risk (Figure 1).
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Table 1. PICOS Criteria for Inclusion and Exclusion of Studies

Parameter Inclusion criterion

Exclusion criterion

In vitro, animals

Aronia combined with other ingredients
Any intervention

Studies without available data

Participant Humans

Intervention Aronia extract, juice, or oven-dry powder

Comparison Control group (received no intervention)

Outcomes Inflammatory markers (CRP, IL-6, TNF-q, IL-8, IL-10, IL-1B) and
antioxidant enzymes (SOD, CAT, GSH-Px)

Study design Interventional trials (including randomized controlled trials,

Systematic reviews, meta-analyses, reviews

single-arm studies, parallel studies, 2-arm studies, and

placebo-controlled studies)

Abbreviations: CAT, catalase; CRP, C-reactive protein; GSH-Px, reduced glutathione peroxidase; IL, interleukin; SOD, superoxide dismu-

tase; TNF-a, tumor necrosis factor alpha.

Risk-of-bias domains

Domains:
D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention. =
D3: Bias due to missing outcome data. ‘ Low
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Bias arising from the randomization process

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

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

eeceeee
eeeevee
eCevvee

Judgment

Some concerns

0%

25% 50% 75% 100%

| [l Lowrisk ] Some concerns

Figure 1. Assessment of Bias of the Randomized Studies According to the RoB 2 Tool*

The Risk Of Bias In Non-Randomized Studies
of Interventions (ROBINS-I)** was used for the
non-randomized study to assess the bias. In the case of
non-randomized studies, the assessment encompassed
(1) bias due to confounding (2) bias due to selection of
participants (3) bias in classification of interventions (4)
bias due to deviations from intended interventions (5)
bias due to missing data (6) bias in measurement of out-
comes (7) bias in selection of the reported result
(Figure 2).

Risk of Bias Assessment

Seven out of the 18 studies were randomized controlled
trials; 2 were crossover studies, while 9 were non-
randomized. Randomized control trials were assessed in
terms of risk of bias. The risk-of-bias assessment was
visualized using the Robvis online tool.”’

Most randomized controlled trials were associated
with a low risk of bias, except for 3 studies, which were
associated with some concerns about bias in the
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outcome measurement. No clear information was pro-
vided regarding the assessors’ awareness of the outcome
of the intervention received. However, knowledge of the
intervention probably did not influence the findings,
since the researchers were blinded to the assignment of
individuals to groups. For the nonrandomized studies,
the overall risk of bias was assessed as follows: serious
risk approximately 40%, critical risk approximately
25%, moderate risk approximately 25%, and low risk
approximately 10%.

RESULTS

Study Selection

A total of 1986 studies were screened for inclusion in
this systematic review. After the elimination process, a
total of 18 studies were included. Figure 3 summarizes
the study selection process, which included an assess-
ment of articles based on title, abstract, and full text.
None of the remaining studies included in our system-
atic review were randomized or employed a blind trial
design. The participants in these studies were a diverse
group, including healthy adults in 2 of the studies,”">
and hemodialysis patients with CVD risk in 1 study.”
The remaining studies focused on patients with cardio-
metabolic risk,’+3>2%37760,62,63.63 sports-related
research,”®>* ! and healthy adults.**

Study Characteristics

The studies were performed internationally and encom-
passed the following countries: Poland (n= 6),>>36:54-37
Serbia (n=6),>>°>%°! Bulgaria (n= 1), Finland
(n=1),"* Denmark (n=1),% Germany (n= 1),°! South
Korea (n=1),°* and the USA (n=1).%> The studies
investigated cardiometabolic diseases (1= 10),3435°357-
60,62,63,65 sports-related research (n= 5),36:°4-56,61
healthy adults (n = 3).>">>%*

The types of aronia used in the interventions were
aronia extract (n = 10),>>°1>3>%37:58:61,63-65 414 hia juice
(n=8).>4709253:365960.62 anq aronia juice and oven-
dried aronia powder (n= 1).>* The content of the aro-
nia products used in the studies has been provided as
supplementary material. The intervention periods were
12 weeks (n= 6)’52,54,59,61,62,65 8weeks (n—= 4)’34,56,57,64
dweeks (n=15)"""80 Guweeks (n=1)," 7weeks
(n=1),"° and 13 weeks (n=1)."> Most of the studies had
adult participants (n = 14). Three of the studies focused on
individuals with metabolic syndrome (MetS),™*"® and
another 2 examined hypertensive patients;*** additionally,
1 study focused on patients with type 2 diabetes,”® 1 study
involved individuals who had a medical history of myocar-
dial infarctions (MIs),”” 1 study involved hemodialysis

and
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patients with CVD risk,”® 1 study involved former smok-
ers,”® and 1 study involved individuals who were classified
as overweight.*>

This systematic review found that only 3 CVD-
related studies followed a nonrandomized, nonblind
trial approach. Of the 5 sports studies analyzed, only 1
did not use a randomized or blinded trial design. All
participants in these studies were athletes, including
rowers (n=38), football players (n=42), and handball
players (n = 16).

We examined the studies conducted with healthy
adults in the health studies section (n = 3). Additionally,
we included the study by Chung et al (2023)** that
examined healthy adults after exercise (n = 70) while
investigating healthy adult populations.

Anti-Inflammatory Parameters

Of 15 of the included studies, 10 investigated
CRP +355357-60626365 1) g 36:51-5357:61-65 g CAT 5b
53,57,61-65 5 | _g 343554-566465 ¢ (Gpy 36:51.5257.6465 4

TNF-q,***»%% 2 IL-8,°*%° 2 IL-10,*** and 1 IL-18.%

Type of Aronia

Six of the 7 studies utilizing aronia extract used standar-
dized products manufactured by companies. It was
observed that 30 mL/day liquid extract was provided in
3 studies conducted in Serbia,>**®®! and commercially
available products (300 mg/d and 255 mg/d) were used
in 2 studies conducted in Poland.>*” A 6 g/day lyophi-
lized extract was administered in a particular study,
without specifying its content.” Regarding the form
and dosage of supplementation, aronia anthocyanins
ranged from 40 to 63.7 mg per 100 g or 100 mL.

All studies that involved juice consumption utilized
commercially manufactured fruit juices. Both research
studies conducted by Kardum et al (2014; 2015)°>°
used the same brand of fruit juice, while 2 separate stud-
ies in Poland also supplied the same brand of juice. The
juices exhibited varying anthocyanin contents, ranging
from 23 to 172.7mg per 100mL. Individuals were
exposed to anthocyanin amounts ranging from 34.5 to
an impressive 330.6 mg/day of anthocyanin. Loo et al
(2016)** indicated that 100 mL of juice was prepared
from 106 g of aronia berries.

Key Results

Table 2 summarizes the study design, duration, subjects’
characteristics, type and dose of aronia, and results from
articles investigating the influence of aronia consumption
on inflammation biomarkers and antioxidant enzymes.
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Figure 2. Assessment of Bias of the Non-Randomized Studies According to the ROBINS-I Too

DISCUSSION
Cardiometabolic Diseases

The systematic review indicated that Aronia melano-
carpa demonstrated a mixed yet promising impact on
reducing key inflammatory biomarkers in individuals
with MetS, obesity, and cardiovascular risk. Despite
some studies showing no significant changes in specific
biomarkers, the aronia intervention consistently

|49

improved antioxidant enzyme activity, suggesting
potential benefits in managing oxidative stress and
inflammation across various cardiometabolic health
conditions. The findings for the oxidative stress and
inflammatory markers indicated the following: CAT,
IL-1 p, IL-6, and IL-8 showed no change; IL-10
decreased; SOD showed no change or increased; CRP
showed no change or decreased; hsCRP decreased or
increased; TNF-a showed no change or decreased; and
GPx increased or showed no change.

Nutrition Reviews® Vol. 00(0):1-16
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Identification of studies via databases and registers

Records identified through
= databases (n = 1986)
£ Scopus (n = 538)
8 Web of Science (n = 357)
5= PubMed (n = 236)
5 Science Direct (n = 855)
= Articles added from other
sources (7 = 2)
First screening of records
n=19)
Second screening of records
& (n=061)
-
g
5
)
\ 4
Full-text articles assessed for
eligibility
(n=235)
) ¢
3
S Studies included in the review
E (n=18)
[~
~—

Figure 3. Flow Diagram of the Screening Process

Modifiable risk factors such as hypertension, dysli-
pidemia, poor glucose tolerance, obesity, and smoking,
along with lifestyle factors such as an unhealthy diet and
physical inactivity, contribute to the development of
cardiometabolic diseases through their role in increas-
ing oxidative stress.®>®” A polyphenol-rich diet is recog-
nized as having protective effects and it is considered
that it may reduce the risk factors for cardiometabolic
disorders through antioxidant processes or by regulat-
ing intracellular signaling pathways, hormones, and
enzymes.®®””’ Even though the existing clinical studies
have shown that Aronia melanocarpa extract or juice
has beneficial properties on several risk factors for car-

. . . 57-60,71
diometabolic disorders,

the precise influence of
aronia on the inflammatory markers remains unclear.*®
Foods and natural products with antidiabetic and

lipid-lowering properties are of interest as an alternative

Nutrition Reviews® Vol. 00(0):1-16

Records removed:
Title indicated the criteria were not met
(n=1907)

Records excluded:
Duplicate (n = 18)

Reports excluded:
In vitro studies (n =11)
Animal studies (7 = 9)
Aronia combined with other ingredients (n = 2)
Non-English (n = 2)
No inflammation markers or antioxidant
enzymes (n =2)

Full-text articles excluded, due to

No inflammation markers or antioxidant
enzymes (n =9)

Aronia combined with other ingredients
(n=3)

In vitro studies (7 = 2)

The parameter only determined before
supplementation (n = 2)

to the use of drugs in preventing chronic inflammatory
diseases due to a lower risk of drug interactions.”>”* In
a study examining aronia extract’s effects on women
with MetS, significant reductions in CRP levels were
noted (from 5.8+2.4mg/L to 2.8+0.6mg/L, P<.05)
following the intervention.”® Conversely, the study by
Broncel et al (2010)*’ found no significant change in
CRP levels among MetS patients receiving aronia
extract (3x100mg/day) over an 8-week period.
Broncel et al did, however, observe increased GPx activ-
ity, reduced erythrocyte CAT activity, and increased
erythrocyte SOD levels after the same intervention
period.”” Similar to the studies with aronia, studies with
other berries in individuals with MetS have reported
mixed results regarding CRP levels.”*””® In one study,
individuals with MetS who consumed the acai beverage
(325mL twice daily) for 12weeks showed small to
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moderate increases in exercise-induced CRP compared
with a placebo group.”” Another study’® found no sig-
nificant changes in fasting plasma high-sensitivity (hs)-
CRP levels after MetS individuals consumed 50g of
freeze-dried blueberry powder daily for 8 weeks com-
pared with a control group, while one study observed
reduced hs-CRP levels in MetS individuals following
consumption of approximately 400g of fresh
bilberries.”*

In a further study, aronia juice supplementation in
type 2 diabetic patients did not result in statistical
changes in hs-CRP.* Similarly, in a study in which type
2 diabetic men and women were given 1500 mg of cran-
berry extract daily for 12 weeks, no significant change in
CRP levels was observed.””

Following a 90-day intervention with 150 mg of
aronia extract in hypercholesterolemic men, no statisti-
cally significant change was observed in their levels of
SOD, CAT, or hs-CRP.”> Furthermore, in studies
involving adults with moderate hypercholesterolemia,
consumption of 50g/day of freeze-dried strawberries
for 4 weeks did not result in significant changes in hs-
CRP levels as compared with the control group.”®
Another study examining individuals with hypercholes-
terolemia reported inconsistent effects of wolfberry
extract consumption on SOD and CAT activities, with
minimal observed differences.”’

Oxidative stress in hypertension causes dysfunction
in the production of nitric oxide (NO), resulting in vas-
oconstriction and increased blood pressure caused by
ROS in endothelial cells. Furthermore, there is a reduc-
tion in the availability of antioxidants.**®*' In turn, diet-
ary modifications and antioxidant supplementation are
recommended for controlling blood pressure and vascu-
lar endothelial damage.82 Loo et al (2016)** reported
decreased concentrations of IL-10 and TNF-a but no
changes in CRP, IL-6, or IL-8 levels after an 8-week
intervention with 300 mL/day of aronia juice and 3 g/
day of oven-dried powder in hypertensive patients.
Correspondingly, another study found that, while CRP
levels in hypertensive patients were reduced after
4 weeks of consuming 200 mL/day of aronia juice, this
result was not statistically significant.”” Other berry
studies, partially supporting aronia studies, have shown
similar mixed results.*>"®> A study in hypertensive men
who consumed a daily mix of 640 mg of blueberries and
black currants for 4weeks observed no significant
changes in hs-CRP, TNF-a, or IL-6 levels.*’
Additionally, postmenopausal women with hyperten-
sion who consumed blueberries for 8 weeks showed no
significant changes in CRP levels, although SOD levels
significantly increased at 4 and 8 weeks compared with
baseline in both the blueberry and control groups.**
However, middle-aged adults with elevated brachial
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blood pressure who consumed 500 mL/day of cranberry
juice for 8 weeks showed that baseline CRP values might
moderate treatment effects.”’

Studies show that high-dose statin therapy reduces
CVD mortality risk by decreasing CRP levels below
2mg/L. Moderate doses combined with natural poly-
phenols are recommended as an alternative therapeutic
approach. In patients with a history of MIs, 255 mg/day
of aronia extract for 6 weeks was associated with signifi-
cantly reduced hs-CRP (P <.007) compared with the
placebo group.’ Research on polyphenol-rich interven-
tions in hemodialysis patients has shown their potential
to mitigate oxidative stress and inflammation, which are
common complications associated with the disease.***’
In a study that included 30 hemodialysis patients with
at least one CVD risk, 30 days of standardized aronia
extract intake was associated with increased CAT levels,
while no significant change was observed in SOD, CRP,
or TNF-q levels.”

Contrastingly, a study involving males with at least
one CVD risk factor found no change in IL-6, TNF-q,
or hs-CRP after 6 weeks of supplementation with a wild
25g/day blueberry drink, compared with the control
group.®® In another study in individuals at risk of CVD,
a 4-week intervention with 330mL of bilberry juice
resulted in decreased IL-6 and hs-CRP levels, but an
increase in TNF-a levels.*

Analyses suggest that baseline inflammatory status
may influence the effects of berry supplementation on
specified CVD risk factors. Individuals with elevated
CRP may be experiencing a greater physiological chal-
lenge that cannot be overcome with aronia juice bioac-
tives alone.” In this regard, aronia berry juice could be
beneficial before the onset of chronic diseases or in
inflammatory status. A study by Tasic et al (2021)°®
included in this systematic review found that aronia
supplementation led to a significant decrease in CRP
levels, particularly in the group with elevated baseline
CRP levels.

In obesity, the increase in visceral fat accumulation
is associated with increased production of ROS, and
prolonged oxidative stress results in a decrease in the
activity of antioxidant enzymes, which increases the sus-
ceptibility of cells to oxidative damage.”® > Gancheva et
al (2021)®* researched overweight and healthy individu-
als who consumed aronia juice (50 mL) 3 times daily
for 3 months. Aronia juice consumption reduced CRP
levels and improved the antioxidant defense system by
increasing the SOD activity in the overweight group.®”
In interventions ranging from 6 to 12 weeks for obese
and overweight participants, studies with berries such as
freeze-dried blueberry powder, freeze-dried strawberry
beverages, and strawberry juice showed no effect on
CRP levels.”> > However, cranberry juice interventions
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were associated with reduced CRP levels in overweight
and obese patients.”>®’

Cigarette smoking leads to increased oxidative
stress and inflammation, with studies showing elevated
levels of precursor cytokines like IL-8, IL-1f, and IL-6
in smokers.”® Additionally, former smokers experience
impaired vascular and antioxidant function, highlight-
ing the need for additional strategies to reduce their
CVD risk.®® Former smokers who consumed 500 mg of
aronia extract for 12 weeks showed no statistical differ-
ence in inflammatory markers such as IL-6, TNF-a, and
IL-15 or in the activity of antioxidant enzymes such as
CAT, GSH-PX, SOD.**

Among the inflammatory markers, CRP, TNF-q,
and IL-6 are particularly noteworthy, as they are
believed to contribute to the development of insulin
resistance and cardiometabolic diseases, which often
feature low-grade inflammation.”” Diminishing these
markers through aronia supplementation could offer
advantages in postponing and preventing cardiovascular
issues.

Sport Studies

Studies evaluating the effects of aronia supplementation
on athletes have generally focused on changes in oxida-
tive stress and inflammation markers. The studies
included in this review suggested that aronia supple-
mentation may reduce oxidative stress and inflamma-
tion: IL-6 exhibited both decreases and no changes, IL-
10 showed increases, CAT demonstrated increases,
SOD displayed both decreases and no changes, TNF-a
showed decreases, and GPx exhibited decreases.
However, the results are conflicting.

Polyphenol supplements may enhance exercise per-
formance by influencing oxidative stress and inflamma-
tion.*>*’ However, athletes must be cautious of
interfering with these processes, especially during peri-
ods where adaptations to training are prioritized, as in
pre-season. Aronia, rich in polyphenols, holds promise
in influencing both the health and performance of ath-
letes, including effects on redox status, exercise-induced
inflammation, and exercise performance.

Due to its high polyphenol content, aronia has been
the subject of numerous studies investigating its effects
on biomarkers associated with exercise, sporting per-
formance, and recovery, encompassing inflammatory
status®>>® and oxidative stress.’®>>°' A recent system-
atic review of human clinical trials of aronia supplemen-
tation among athletes revealed its potential to alter the
redox balance.”” The results of a study that examined
endogenous antioxidants found that after 4 weeks of
consuming 150 mL of aronia juice, rowers exhibited
lower GPx activity in samples collected 1 minute after

Nutrition Reviews® Vol. 00(0):1-16

the exercise test; in addition, SOD activity was reduced
in samples obtained during a 24-hour recovery period,
compared with subjects who received the placebo.’
Another study provided 30mL aronia extract for
12 weeks to handball players and measured SOD, gluta-
thione, and CAT activity pre- and post-exercise.’ After
6 weeks, the levels of glutathione decreased, and the lev-
els of SOD were lower, specifically, after exercise. At
12 weeks, catalase levels had increased, while reduced
glutathione levels decreased pre- and post-exercise.

Moreover, a growing amount of research is investi-
gating the relationship between inflammatory markers
and aronia supplementation. A study on rowers subse-
quently assessed 24-hour post-exercise inflammation
markers during 8 weeks of 150 mL/day aronia juice
consumption. The findings from the research indicated
that TNF-a levels were lower in rowers with aronia sup-
plementation compared with those administered a pla-
cebo.”® Supporting the previous evidence, Stankiewicz
et al (2023)°* found that IL-6 levels decreased, whereas
IL-10 levels increased, following supplementation in
football players. On the other hand, other research from
Stankiewicz et al (2021)%° reported no change in IL-6
levels in adolescent football players after 7weeks of
200 mL/day aronia juice consumption.” Thus far, these
findings suggest that aronia may have anti-
inflammatory potential, which could be particularly val-
uable in exercise recovery, by mitigating inflammation-
related damage to skeletal muscle.

Similar studies have investigated the effects of other
types of berries on inflammatory status. In 3 studies
evaluating the anti-inflammatory effects of blueberries
on athletes, no changes were observed in IL-6 lev-
els.*>19%1%! Comparable with the study by Stankiewicz
et al (2023)>* with aronia supplementation, one of those
studies showed an increase in IL-10 levels'®’; however,
another study showed no change in IL-10 levels after
blueberry supplementation: the IL-6, IL-8, and IL-10
inflammation markers were not altered in trained ath-
letes who consumed 250 g/day of whole blueberries for
6weeks.*’ In a randomized controlled study, the sub-
jects showed no differences in their IL-8 or IL-6 levels,
but their IL-10 levels increased after consuming 375 g of
blueberries 1hour before running on a treadmill for
2.5 hours at the end of a 6-week experimental period.'*
Additionally, in study participants who consumed a
blueberry smoothie after a 60-hour exercise session,
there were no reductions in IL-6 levels, compared with
those who consumed a placebo smoothie without blue-
berries.'”" In contrast, college students who drank
450 mL of black currant nectar twice a day for 8 consec-
utive days showed a decrease in IL-6 levels 24 hours
post-exercise, compared with those in a placebo
group.'” Overall, the evidence for a beneficial
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relationship between other types of berries and inflam-
matory status is currently inconclusive.

Findings varied across studies, with some reporting
reductions in oxidative stress and inflaimmation
markers, while others showed an increase in antioxidant
capacity. These results highlight the complexity of the
effects of aronia on these biological markers and under-
score the need for further research.*”>*** In summary,
although the current studies have offered some insight
into the potential benefits of aronia supplementation for
exercise performance and recovery, more extensive and
well-controlled investigations are necessary to deter-
mine the practical applications and benefits of incorpo-
rating aronia into athletes’ dietary regimens. Further
studies are needed to help establish a clearer under-
standing of its effects on the biological responses of
athletes.

Studies of Healthy Individuals

Aronia studies on healthy individuals have demon-
strated a significant increase in activity of the antioxi-
dant defense system. The findings of the studies in this
section on oxidative stress and inflammatory markers
were as follows: IL-6 exhibited no change; CAT demon-
strated no change; GPx showed both increases and no
change; and SOD displayed decreases, no change, and
increases.

The literature has evaluated the impact of aronia
not only on inflammation in diseases but also on
healthy individuals.”">>®* In a study of healthy women
who consumed 100 mL of organic aronia juice daily for
3 months, Kardum et al (2014)°> observed that GPx
activity tended to rise from the beginning of the study
until its end, and that SOD activity showed an increase
only after the mid-point of the study.

Moreover, a study by Chung et al (2023)°* with a
non-athletic healthy adult population, revealed that aro-
nia may modulate the glutathione defense system by
increasing glutathione availability and GPx activity,
immediately as well as 30 minutes post-exercise. In a 4-
week aronia extract intervention study involving 50 mL
doses administered to healthy male volunteers,
Bakuradze et al (2019)°! reported a decrease in SOD
activity, while the GPx and CAT activities remained
unaffected. Contrarily, in a randomized crossover study
involving 30 healthy adults, consumption of 200 mL/day
of either agai or jucara juice for 4 weeks was associated
with significant increases in CAT activity (275.1% for
acaf) and GPx activity (15.3% for agai), with jucara juice
showing a notable increase in CAT activity (~15.0%)
compared with the baseline.'"’

Additionally, in studies involving other berries (eg,
black currant, bilberry, and sea buckthorn berry)
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conducted in healthy populations, significant outcomes
have been observed for inflammation parameters.'%*~'%
Although these parameters are not directly comparable
with those examined in the aronia studies in our review,
notable results have been documented. In one study,
supplementation with 240 mg of black currant extract
taken, both before and after exercise in healthy men and
women, resulted in early suppression of TNF-a and IL-
6 secretion 24 hours post-exercise.'”* Similarly, a study
with 110 overweight and obese women reported
decreased plasma TNF-a concentrations following a
33-35day intervention with 100g of frozen whole bil-
berries daily.'® In another study involving a healthy
population, consumption of 28g/day of frozen sea
buckthorn berries for 90 days was associated with a
reduction in hs-CRP levels.'*

STRENGTH AND LIMITATIONS

The systematic review undertaken has several strengths
that enhance its credibility and significance. The adher-
ence to PRISMA guidelines ensured a comprehensive
and systematic analysis of clinical studies, mainly focus-
ing on aronia’s anti-inflammatory  properties.
Additionally, exclusively including randomized con-
trolled trials supported the review’s reliability, ensuring
a higher quality of evidence. However, the review
encountered limitations that were primarily caused by
considerable heterogeneity among the included studies.
Variability in intervention types, dosages, participant
demographics, and participant health conditions hin-
dered the synthesis of the evidence and the formulation
of evidence-based recommendations. Furthermore, the
lack of consistent reporting and analysis of the antho-
cyanin content in certain aronia supplements limited
the precision of the outcome assessments and the deter-
mination of optimal dosages. It should be underlined
that the level of antioxidant activity and the quantities
of the polyphenolic compounds in chokeberries can
vary depending on the environmental factors affecting
the plant, such as climate conditions and crop growth.*>
Importantly, aronia supplementation appears to pose
little risk of interaction with existing interventions,
compared with other herbal supplements that have
demonstrable adverse effects.'””>'® Although there are
no known reports of aronia supplementation having
adverse or injurious side effects, clinicians should still
exercise caution when administering it to patients.
Including mixed-quality evidence from nonrandomized
or single-blinded studies underscores the need for cau-
tious interpretation and highlights the necessity for fur-
ther well-controlled investigations in this field. Despite
these limitations, the systematic review is a valuable
platform for future research, offering a basis for more
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robust investigations into the efficacy and potential
applications of aronia supplements in reducing
inflammation.

CONCLUSION

The present systematic review highlighted the potential
of Aronia melanocarpa to exert positive effects on
inflammatory markers, including in patients with vari-
ous diseases, healthy participants, and athletes. The var-
iation in the observed outcomes for aronia
supplementation, in terms of exercise-related markers
exhibited diverse and complex responses, reflect the
intricate system of interactions involved in oxidative
stress, inflammation, and antioxidant capacity.
Consequently, more rigorous, controlled investigations
are imperative in order to comprehensively elucidate
aronia’s potential health benefits and applications in
athletes’ dietary regimens. These findings should be
confirmed in a long-term study, with the integration of
a greater number of randomized controlled studies, to
determine the effect of aronia on the indicated oxidative
markers.
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