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Abstract: Abnormal metabolism of substances in the body can result in metabolic disorders which
include obesity, cardiovascular diseases, diabetes, hypertension, chronic kidney disease, liver disease,
or cancer. Foods rich in antioxidants can help to prevent and treat various types of disorders.
Chokeberry fruits are rich in polyphenols, especially cyanidins, and therefore, can show a beneficial
health effect. The aim of this study was to summarize and systematize reports about the effects of
chokeberry on various metabolic parameters. Studies from 2000 to 2021, published in the PubMed
and Google Scholar databases, were reviewed. The review of studies shows that chokeberry may
have a positive effect in dyslipidemia and hypertension and may increase the body’s antioxidant
defense mechanisms. The anti-inflammatory effect, in turn, may translate into a reduction in the
risk of metabolic disorders over a longer period of use. Changes in glucose levels were reported by
studies in which the intervention lasted more than 10 weeks in patients with carbohydrate metabolism
disorders. The effects of protecting the liver, inhibiting platelet aggregation, lowering uric acid levels,
and having a protective effect on the kidneys require additional confirmation in human clinical trials.
Consumption of chokeberry fruit did not impact on anthropometric measurements; however, it
seems that chokeberry fruit can be recommended in many metabolic disorders due to the richness of
bioactive ingredients.

Keywords: metabolic disorders; obesity; metabolic syndrome; diabetes; hyperglycemia; hypertension;
dyslipidemia; inflammation

1. Introduction

Negative changes in the metabolism of substances in the body such as carbohydrates
and lipids or inflammatory factors can result in metabolic disorders [1] which include
obesity, insulin resistance, cardiovascular diseases, chronic kidney diseases, gastrointestinal
diseases, liver diseases, neurodegenerative diseases, and cancer [2]. It seems that many of
these disorders are influenced by the so-called Western lifestyle, including a diet high in
calories and rich in processed foods, as well as low physical activity. Many of these disorders
are interconnected and influence each other [3]. Obesity, that is, excess adipose tissue, plays
a special role, which consequently contributes to the emergence of further disorders or
disease entities [4]. According to the data of the World Health Organization from 2016,
approximately 13% of the adult population (18 years or older) is obese (body mass index
(BMI) > 30 kg/m2), while 39% of adults are overweight (BMI of 25–29.9 kg/m2) [5]. Visceral
fat and, to a lesser extent, subcutaneous fat are metabolically active tissues, which in excess
will interfere with the natural functioning of the body by secreting certain substances. Many
of them are important for normal metabolism and food intake regulation. In some disorders,
certain cell secretion signals are impaired, in other disorders, cells are resistant to the effects
of some of these signals. Some of these are hormones, others are proinflammatory signals,
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among them are adiponectin, interleukin 6, tumor necrosis factor-α (TNFα), resistin, leptin,
and angiotensinogen orplasminogen activator inhibitor-1 (PAI-1) [6]. Moreover, obesity
and other metabolic disorders are often associated with chronic inflammation [1,7]. In
1988, Reaven described the phenomenon of the coexistence of various cardiovascular risk
factors and proposed the definition of syndrome X [8]. Subsequently, this definition has
been refined over the years as the metabolic syndrome (MetS) [9]. The MetS, also called
insulin resistance syndrome, is a pathological condition that is a set of various risk factors
for cardiovascular disease and type 2 diabetes [10]. The most recent definition of MetS
has been proposed by the International Diabetes Federation (IDF) and the American Heart
Association/National Heart, Lung and Blood Institute [11,12]. Actually, MetS is diagnosed
when at least three of the following five risk factors have been identified: elevated waist
circumference, elevated triglycerides, reduced HDL cholesterol, elevated blood pressure,
and elevated fasting glucose [13].

MetS is diagnosed in one-third of the United States population and one-quarter of the
European population [14,15]. Our previous study showed that MetS criteria were met by
36% of the Polish population [16].

Today, solutions are sought that could support the prevention and treatment of
metabolic disorders. Particular attention is being given to products that are sources of
antioxidants [17,18], for example, chokeberry fruit which can have a beneficial effect on
health due to its high content of bioactive components, especially polyphenols [19–21].
In animal studies, chokeberry fruitt has been shown to have beneficial effects on cer-
tain metabolic disorders, such as antidiabetic [22–24], hepatoprotective [25–29], hypoten-
sive [30,31], hypolipidemic [26,32–35], anti-inflammatory [36–41], antidepressant [42], anti-
neurodegenerative [43–45], antibacterial [46], and antiviral [47] effects. Positive effects were
also proven in two meta-analysis studies. The authors of these meta-analyses reported
effects on lipid profile and blood pressure, but they did not observe an impact on some
parameters of inflammation status [48,49].

Chokeberries, as compared with other berries, are distinguished by their particularly
high antioxidant activity [50]. They contain flavonoids, including anthocyanins (consti-
tuting about 40% of total polyphenols), procyanidins (about 35% of total polyphenols),
flavonols, and flavanols, as well as phenolic acids [51–53]. Among these, anthocyanins in
chokeberry fruit provide a source of cyanidin-3-galactoside, cyanidin-3-glucoside, cyanidin-
3-arabinoside, and cyanidin-3-xyloside [54]. Chokeberry phenolic acids include chloro-
genic and neochlorogenic acids; flavanols, in particular epikatechins; and flavonols, in
particular quercetin glycosides [54–56]. Among other substances, chokeberry fruit also con-
tains vitamins (including vitamin C, B vitamins, carotenoids, vitamin K, and tocopherols),
macroelements (calcium, magnesium, phosphorus, and potassium), and trace elements
(copper, iodine, iron, manganese, zinc, and selenium) [51,57,58]. Chokeberry fruit is also a
source of dietary fiber, including cellulose, hemicellulose, lignin, and pectins [51,52].

Fresh chokeberry fruit is characterized by a sour taste, and therefore, it are rarely eaten
raw. Products made of chokeberry fruit include juices, dried fruit, fiber, jams, preserves,
syrups, teas, tinctures, and powdered fruit in the form of supplements [19,51]. These
products differ in the content of bioactive ingredients [19,56,59,60]. It is worth noting
that the content of bioactive ingredients in chokeberry fruit may be influenced by various
factors, including fruit variety, form of serving, harvest time, fruit ripeness, processing, and
storage methods [19,21,53,54,56,61–63].

The aim of this review was to discuss the impact of consuming chokeberry fruit
products in the form of juice or extract on selected metabolic disorders and to discuss
the mechanisms of actions. This research is a compendium containing a summary of the
current knowledge about the impact of chokeberry fruit on metabolic disorders. In this
review, for the first time, we summarize and systematize the reports by numerous studies
on the various effects of chokeberry fruit.
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2. Materials and Methods

In this study, we consider studies from 2000 to 2021. This time period was selected
in order to narrow down the scope of the searched articles. The databases searched were
Google Scholar and PubMed. The following terms were entered: ‘aronia melanocarpa’,
‘chokeberry’, ‘metabolic syndrome’, ‘obesity’, ‘diabetes’, ‘glucose’, ‘dyslipidemia’, ‘hyper-
lipidemia’, ‘lipid profile’, ‘cholesterol’, ‘blood pressue’, ‘hypertension’, ‘insulin resistance’,
‘inflammation’, ‘antioxidant status’, ‘anthropometric measurements’, ‘BMI’, ‘body weight’,
‘uric acid’, ‘creatinine’, ‘fibrinogen’, ‘kidney diseases’, ‘liver diseases’, and ‘blood clotting’.
We included publications which contained information about the characterization of choke-
berry products and an existing metabolic disorder (at least one). We excluded animal and
cell line studies and all studies were in English. The exclusion criteria are shown in Figure 1.

Figure 1. Literature review results, including exclusion factors.
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3. Results and Discussion

Each subsection describes cell culture and animal research, while human clinical
studies are summarized in the tables. The tables concern the influence of chokeberry fruit
(juice or extract) on selected metabolic disorders.

Tables 1–9 provide an overview of the studies on metabolic disorders and the effects
of chokeberry fruit on: anthropometric measurements (Table 1), carbohydrate metabolism
(Table 2), blood pressure (Table 3), lipid profile (Table 4), inflammation and antioxidant
status (Tables 5 and 6), blood clotting (Table 7), liver functions (Table 8), uric acid, and
creatinine level (Table 9). All information presented in the tables is statistically significant.

Figure 2 shows selected mechanisms of the impact of chokeberry fruit on metabolic disorders.

Figure 2. Selected mechanisms of the impact of chokeberry fruit on metabolic disorders.

Graphical markings in the tables in the form of arrows were used to better present the
effects of chokeberry fruit on specific biochemical parameters.

3.1. Impact of Chokeberry on Anthropometric Measurements

Anthropometric measurements have been used to assess the nutritional status of
children and adults. Among the anthropometric measurements, we can distinguish body
mass index (BMI), circumference (waist, limbs, and hips), and the thickness of skin folds [64].
The body mass index takes into account both height and weight. A BMI score of of 25–29.9 is
overweight, while a score of 30 and above is obesity [5]. It is well known that BMI scores are
not always reliable markers of obesity, since this indicator does not reflect body fat content.
Thus, people who do strength training, due to their high muscle mass, will have high
BMI scores [65]. In 2009, during the unification of the metabolic syndrome criteria, waist
circumference was considered to be an optional criterion and specific for ethnic groups [13].
According to The International Diabetes Federation criteria of metabolic syndrome from
2006, waist circumferences have not differed among women and men in Europid, Middle
East, and Mediterranean Sub-Saharan African populations and were ≥80 cm for females
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and ≥94 cm for males. However, this indicator was lower for men in Asian, Ethnic Central,
and South American populations (≥90 cm) [11].

The relationship between consumption of chokeberry juice/extract and anthropomet-
ric parameters seems to be unclear. It has been suggested that some polyphenols such as
epigallocatechin gallates, resveratrol, and curcumin may affect cellular metabolism by mod-
ulating signaling pathways, including 5’ AMP-activated protein kinase (AMPK); inhibit the
proliferation of preadipocytes and adipocytes; stimulate lipolysis and β-oxidation of fatty
acids; and inhibit the accumulation of triglycerides [66]. A meta-analysis from 2018 showed
that among the flavonoid subclasses, flavanols lowered BMI in whole populations and
in Asian subgroups under 50 years of age, as well as decreased waist circumference [67].
However, in the case of anthocyanins, there have also been reports of their beneficial
effect on body weight. Prior et al. (2008) showed that dietary supplementation of obese
C57BL/6 mice fed a high-fat diet (60% energy from fat) and anthocyanin-rich berry extract
from blueberries (2.9 mg/g of purified anthocyanins) decreased body weight and body
fat as compared with a control group [68]. In another study, also in obese mice fed a
high-fat diet, extracts of chokeberry, white mulberry, and a combination of chokeberry and
mulberry for 14 weeks inhibited weight gain. Moreover, an increase in the expression of
proteins related to AMPK signaling was observed in the case of combining the supply of
chokeberry and white mulberry [69]. In a study by Kowalska et al. (2017), among other
things, the effect of chokeberry extract on differentiated 3T3-L1 adipose cells was observed.
The use of the extract in the amount of 100 µg/mL significantly decreased adipogenesis
and lipogenesis. Moreover, it decreased leptin expression and increased adiponectin [70].
This may indicate a beneficial effect of chokeberry fruit on weight reduction.

Data from studies in humans are summarized in Table 1. In a study by Tasic et al.
(2021), the authors observed decreased BMI in a group of men with metabolic syndrome
(with diabetes) as well as decreased waist circumference (WC) and body weight (BW) in
each group after 4 weeks of supplementation with chokeberry extract [71]. In turn, in a
study by Kardum, Petrović-Oggiano et al. (2014) there was a decrease in WC, and BMI, and
a downward trend in the case of BW [72]. Other studies in people with metabolic disorders
reported no effect on anthropometric parameters [73–79]. In studies with healthy people,
also no effect was seen [80].

It seems that consumption of chokeberry fruit in a short period of time (from 4 to
8 weeks) has no effect on anthropometric measurements. The overall daily diet and the
caloric deficit in weight loss are very important. However, in the long term, chokeberry
fruit may change the energy metabolism of adipose tissue by changing gene expression,
which, so far, has only been proven in animal studies.
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Table 1. Impact of chokeberry fruit on anthropometric measurements in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of
Chokeberry Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 44
(11/33)

Myocardial infarctionand statin
therapy for at least 6 months

(mean age 66, BMI 26.5 kg/m2)

Chokeberry flavonoid extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 85 mg 6 No changes BMI↔ [78]

n = 47
(32/15)

MetS (n = 25, age 42–65,
BMI 31.05 kg/m2)

Healthy (n = 22, BMI 24.15 kg/m2)

Chokeberry extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 100 mg 8 No changes BMI↔,

WC↔ [77]

n = 52
(31/21)

MetS (n = 38, age 42–65,
BMI 31.1 kg/m2), healthy (n = 14,

age 42–65, BMI 24.4 kg/m2)

Chokeberry extract
(Agropharm, Pieńków,

Poland)
3 × 100 mg 8 Low-fat diet BMI↔,

WC↔ [74]

n = 70
(42/28)

Group I: patients with MetS who
received chokeberry
extract supplements

(n = 25, age 50–69, BMI 30.9 kg/m2)
Group II: healthy—control group
(n = 45, age 55–71, BMI 23 kg/m2)

Group III: patients with MetS treated
with ACE inhibitors—control group
(n = 25, age 50–69, BMI 29.2 kg/m2)

Chokeberry extract (Aronox,
Agropharm, Pieńków,

Poland)
3 × 100 mg 8

No changes
(inhibition product

containing
chokeberry)

BMI↔,
WC↔ [75]

n = 20
(20/0)

Postmenopausal women with
abdominal obesity

(WC > 88 cm, age 45–65,
BMI 36.1 kg/m2)

Chokeberry supplement
(Nutrika d.o.o.,

Belgrade, Serbia), prepared
from pure chokeberry juice
enriched with 2 g of stable

glucomannan fibers
(Luralean, Shimizu, Japan)

100 mL 4 No changes
BMI↓,
WC↓
BW↔

[72]

n = 38
(24/14)

Mildly elevated BP,
SBP 130–159 mmHg,
DBP 85–99 mmHg

(mean age 55.8, BMI < 35 kg/m2)

Cold-pressed 100%
chokeberry juice (Kiantama
Ltd., Suomussalmi, Finland)

or convection oven-dried
chokeberry

powder (Finnish Berry
Powders Ltd., Ähtäri,

Finland)

300 mL chokeberry juice
or 3 g dried

chokeberry powder
8 No changes BMI↔,

BW↔ [76]
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Table 1. Cont.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of
Chokeberry Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 84
(52/32)

Subjects with cardiovascular risks
(mean age 40.6, BMI 27.29 kg/m2)

Chokeberry
juice with a high-dose of

polyphenols and
chokeberry juice with a

low-dose of polyphenols
(Nutrika Ltd., Belgrade,

Serbia)

100 mL 4

Avoiding excessive
quantities of other

foods rich in
polyphenols

Low-dose of
polyphenols

group:
BMI↔

High-dose of
polyphenols

group: BMI↔

[73]

n = 144
(74/70)

MetS according to the
AHA guidelines

(age 50–60, BMI 30.1–34.4 kg/m2)
I. n = 42, fMetS

II. n = 42, mMetS
III. n = 32, fMetS-DM
IV. n = 28, mMetS-DM

Standarized chokeberry
extract (Alixir 400 PROTECT,

Pharmanova, Belgrade,
Serbia)

30 mL of extract (prior
or during dinner) 4 No changes

fMetS:
BW↓, WC↓, BMI↔

mMetS:
BW↓, WC↓, BMI↔

fMetS-DM:
BW↓, WC↓, BMI↔

mMetS-DM:
BW↓, WC↓, BMI↓

[71]

↑—increase, ↓—decrease,↔—no changes, BMI—body mass index; BP—blood pressure; BW—body weight; DBP—diastolic blood pressure; DM2—type 2 diabetes mellitus; fMetS—
female with metabolic syndrome; fMetS-DM—female with metabolic syndrome and confirmed type 2 diabetes mellitus; MetS—metabolic syndrome; mMetS—male with metabolic
syndrome; mMetS-DM—male with metabolic syndrome and type 2 diabetes mellitus; nd—no data; SBP—systolic blood pressure; WC—waist circumference.
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3.2. Impact of Chokeberry on Carbohydrate Metabolism

It seems that chokeberry fruits, due to the fact that they are a rich source of an-
thocyanins as well as other polyphenols, can improve the parameters of carbohydrate
metabolism [55,57]. The mechanisms of action of polyphenols, including anthocyanins,
have been partially explored in animal and cellular models. As antioxidants, polyphenols
help to fight reactive oxygen species. They can, therefore, be of special importance because
diabetes is accompanied by an increase in reactive oxygen species caused by, among others,
self-oxidation of glucose molecules and the formation of advanced glycation products [81].
Their metabolites may also play other roles in human cells such as influencing signaling
pathways and there are also several other mechanisms that should be considered. Polyphe-
nols reduce the absorption of glucose in the intestine and slow down the digestion of
carbohydrates as a result of interaction with α-amylase (in the mouth and intestines) and
α-glucosidase (in the intestine), as well as with sodium-dependent glucose transporter
(SLGT1) [82–84]. Additionally, these compounds stimulate insulin secretion in the pancreas,
activate insulin receptors, and regulate the release of glucose from the liver [83,85,86].
Polyphenols may also affect gene expression and intracellular signaling pathways [87].

In a 2017 study, a positive effect of 12 week of supplementation with purified an-
thocyanins was observed on glycemia in adults with prediabetes or early untreated type
2 diabetes mellitus (DM2). There was a decrease in glycosylated hemoglobin, an increase in
adipsin, and a decrease in visfatin, which are associated with obesity and DM2, influencing,
among other things, insulin sensitivity [88].

Another research also found a beneficial effect of anthocyanin supplementation puri-
fied from the bilberry and blackcurrant (total anthocyanin content was 80 mg/capsule) for
24 weeks on fasting plasma glucose, homeostatic model assessment of insulin resistance
(HOMA-IR), and adiponectin levels [89]. Adiponectin is an adipokine which is secreted
mainly by white adipose tissue. It plays an important role in increasing tissue sensitivity to
insulin by enhancing the AMPK and peroxisome proliferator-activated receptor α (PPAR-α)
pathways in skeletal muscle and liver [90]. Thus, it increases the oxidation of free fatty
acids. Moreover, it exhibits anti-atherosclerotic and anti-inflammatory properties [91].

Hypoglycemic effects of chokeberry fruit were found in studies on animals [22–24].
Additionally, chokeberry fruits may have a beneficial effect by protecting pancreatic β-cells
from oxidative damage [92]. In a study on diabetic mice, chokeberry juice inhibited α-
glucosidase in the upper part of the small intestine, which contributed to a decrease in
glucose levels [93]. The inhibitory effect on α-glucosidase was associated with the presence
of anthocyanins, especially cyanidin-3-arabinoside [94]. Additionally, in a study by Kozuka
et al. (2015), substances contained in chokeberry juice were found to inhibit the activity
of another enzyme, i.e., dipeptidyl peptidase IV (DPP IV) in vitro. DPP IV is an enzyme
that inactivates incretins such as glucagon-dependent insulinotropic polypeptide (GIP) and
glucagon-like peptide-1 (GLP-1). This, in turn, leads to a decrease in insulin secretion [95].
Inhibitors of this enzyme are used in the treatment of DM2 [96]. The greatest inhibitory
effect was noted with cyanidin-3,5-diglucoside as compared with cyanidin and cyanidin-3-
glucoside [93,97].

Worsztynowicz et al. (2014) studied the effect of chokeberry extract on the activity
of α-amylase and pancreatic lipase in vitro. Three types of chokeberry extracts (aqueous,
methanolic, and acetic) inhibited the enzymes. After subjecting the extracts to reverse-
phase preparative chromatography and high-performance liquid chromatography–mass
spectrometry to determine the inhibitors, it was found that both anthocyanins and phenolic
acids exhibited inhibitory properties against α-amylase and pancreatic lipase. Chloro-
genic acid turned out to be the strongest pancreatic α-amylase inhibitor, and cyanidin-3-
glucoside—pancreatic lipase [98]. Bräunlich et al. (2013) also confirmed that berries and
bark extracts from chokeberry exhibited α-glucosidase inhibitory properties, especially
procyanidin-enriched subfractions [94]. In another study, chokeberry extract served to
rats with DM2 significantly reduced blood glucose and insulin levels. This effect was
due to the influence on the activity of hepatic glucose metabolism enzymes, i.e., glucoki-
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nase, glucose-6-phosphatase, pyruvate kinase, and phosphoenolpyruvate carboxykinase.
Additionally, chokeberry extract contributed to the activation of the phosphoinositide
3-kinase (PI3K)/protein kinase B (Akt) signaling pathway through, among other things,
the elevation of insulin receptor substrate 2 (IRS-2) and glucose transporter 2 (GLUT 2) [99].
However, many mechanisms still need to be confirmed in human clinical trials.

Table 2 summarizes the studies conducted in humans. In the study by Tasic et al.
(2021), the effects of supplementation with a standardized chokeberry extract (30 mL daily)
on fasting glucose levels in patients with metabolic syndrome (MetS) without DM2 and
with MetS connected with DM2 were investigated. The intervention lasted 4 weeks, while
the level of glucose and other components was measured after 2 and 4 weeks of intervention.
A significant effect of the extract on lowering glucose levels was observed in men and
women with DM2, which, however, was due to higher glucose levels at the beginning
of the study. The decrease in glucose after 4 weeks was over 14% in men with DM2 and
approximately 24% in women with DM2. Men with MetS but without diabetes had a
surprising increase in glucose levels: from 5.68 mmol/L to 6.99 mmol/L after 2 weeks
and to 5.93 mmol/L after 4 weeks of intervention. In turn, in women with MetS without
diabetes, a decrease of 0.07 mmol/L after 2 weeks of supplementation, while after 4 weeks
the glucose level increased and was similar to the value before supplementation [71].

On the one hand, in a study by Broncel et al. (2010), the effect of 2 months of supple-
mentation with chokeberry extract on fasting glucose levels in people with MetS was not
observed [77].

On the other hand, a positive effect was observed in a study by Milutinović et al.
(2019), where 3 months of consuming 150 mL of chokeberry juice daily by DM2 patients
contributed to a decrease in fasting glucose and glycosylated hemoglobin levels (HbA1c).
Interestingly, after the next 3 months, the decrease in glucose level continued, while the
level of HbA1c returned to the value from before the treatment [100]. This may indicate a
change in the diet by the participants of the study and a persistent elevated level of glucose,
because glycosylated hemoglobin is formed as a result of glycation of globin, that is, the
attachment of a glucose molecule to it [101].

The hypoglycemic effect of chokeberry was also noted by Lancrajan et al. (2012). In a
patient with hypercholesterolaemia, hypertension, and deregulated protein metabolisms,
there was a decrease from 102.88 mg% to 83 mg% of glucose level with an intake of 30 mL
of chokeberry extract for 40 days. However, due to the fact that this study was conducted
with only one patient, this publication can only guide the research by pointing to a positive
effect. In addition, there is no information about the medications used by the patients and
possible dietary changes [102].

Positive effects have also been observed in patients with hypercholesterolemia in a
study by Skoczyńska et al. (2007) [103] and in overweight people in a study of Gancheva
et al. (2021) [104]. In the study by Skoczyńska et al. (2014), four measurements were made
during the intervention, i.e., before the start of the study, after a 6-week consumption, after
a 6-week break in juice consumption, and again after 6 weeks of juice consumption. There
was a decrease in fasting glucose levels from 99.3 mg/dL before the start of the study to
91.6 mg/dL after the end of the intervention [103]. In a study by Gancheva et al. (2021),
the researchers assessed the impact of consuming 150 mL of chokeberry juice per day
on various parameters of overweight people, but they did not have any other metabolic
disorders. Overweight was defined as BMI of 25–29.9 kg/m2 and waist-to-height ratio of
≥0.49 for females and 0.53 for males. The researchers reported a decrease in fasting blood
glucose (from 5.95 to 5.74 mmol/L) and HbA1c levels (from 5.70 to 5.47%) after 3 months
of intervention [104].

In other studies taking into account carbohydrate metabolism, no effects of chokeberry
(juice or supplement) were observed in people with metabolic disorders [72,76,78,79].
Interestingly, in a study by Yamane et al. (2017), they also observed a significant decrease
in glucose levels in healthy people. Subjects consumed 100 mL of chokeberry juice before
a meal of 200 g of rice as compared with a placebo. They measured the level of glucose
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before the meal and 30 min after drinking 100 mL of chokeberry juice or placebo. Next, the
glucose level was measured 30, 45, 60, 75, 90, 120, and 150 min after eating the meal. In
addition, researchers found a reduction in the levels of DPP IV and α-glucosidase enzymes
by consuming chokeberry juice (40 µL) in vitro [105]. In other studies on healthy people,
the effect of chokeberry juice was not observed [80,106,107].

Adiponectin also plays an important role in carbohydrate disorders. In a study by
Naruszewicz et al. (2007), an increase in adiponectin was observed after 6 weeks of
ingestion of chokeberry extract by people with myocardial infarction [78].

Changes in glucose levels were have been reported in studies in which the intervention
lasted 10 weeks [102] or 12 weeks [100,103,104]. Only in a study by Lancrajan et al. (2012),
30 mL of alcoholic chokeberry extract (10%) was used [102], while in the other studies
the amount of juice was from 100 to 300 mL daily [72,76,79,100,104]. HbA1c levels also
decreased in studies by Gancheva et al. (2021) and Milutinović et al. (2019), in which the
juice was administered for 12 weeks [100,104]. Surprisingly, adiponectin levels increased in
a study by Naruszewicz et al. (2007) after just 6 weeks [78]. Only in a study by Tasic et al.
(2021), a standardized chokeberry extract (30 mL/day) was used [71] in contrast to the
other studies involving the extract without standardization [72,77,78,102]. The standardized
extract was composed of polyphenols (431 mg/30 mL), anthocyanins (120 mg/30 mL),
potassium sorbate (35.1 mg/30 mL), and low content of ethanol (0.04% v/v) [71].

In a study by Tasic et al. (2020), changes were observed after 4 weeks in people with
MetS and coexisting diabetes [71]. Importantly, a decrease in glucose levels was noted in
two studies involving people suffering from DM2, i.e., in studies by Milutinović et al. (2019)
and Tasic et al. (2021) [71,100]. In studies by Gancheva et al. (2021), Kardum, Milovanović
et al. (2015), and Naruszewicz et al. (2007), the exclusion criteria were not clearly defined,
and people with carbohydrate metabolism disorders were not excluded, especially in the
studies by Gancheva et al. (2021) and Naruszewicz et al. (2007), where the average glucose
level was over 100 mg/dL in the study group before the intervention [78,79,104].

In addition, the content of polyphenols in a portion of the product may be important,
but it is difficult to compare these data, because not all authors considered the content of
polyphenols in a portion and used a different form of presenting the content of polyphenols.
For example, in a study by Kardum, Petrović-Oggiano et al. (2014), the polyphenol content
expressed in mg of gallic acid (GAE) was 586.7 mg/100 mL and in a study by Kardum,
Milovanović et al. study (2015) it was 386 mg GAE/100 g juice [72,79]. This could have had
an impact, among other factors, on the final result. It follows that both the longer use of
100% chokeberry juice (10 weeks or more) and the coexistence of type 2 diabetes mellitus
may have a better effect of chokeberry on carbohydrate metabolism.
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Table 2. Impact of chokeberry on carbohydrate metabolism in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of
Chokeberry Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 44
(11/33)

Myocardial infarction and statin
therapy for at least 6 months

(mean age 66, BMI 26.5 kg/m2)

Chokeberry flavonoid extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 85 mg 6 No changes glucose↔

adiponectin↑ [78]

n = 58
(0/58)

Mild hypocholesterolemia
(TC > 200 mg/dL) without
pharmacological treatment

(mean age 54.1, BMI 27.7 kg/m2)
without DM2

Organic chokebery juice
(A. M. Lech,

Dzieciolowo, Poland)
250 mL

18 (12 weeks with
drinking chokeberry

juice)
No changes glucose↓ [103]

n = 47
(32/15)

MetS (n = 25, age 42–65,
BMI 31.05 kg/m2) without DM2,

healthy (n = 22, BMI 24.15 kg/m2)

Chokeberry extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 100 mg 8 No changes glucose↔ [77]

n = 1

Hypercholesterolemia, arterial
hypertension, and

deregulated protein metabolism
(67 years old) without DM2

Alcoholic extract of
crude chokeberry

fruits (10%)
30 mL 10 nd glucose level↔ [102]

n = 20
(20/0)

Postmenopausal women with
abdominal obesity (WC > 88 cm,

age 45–65, BMI 36.1 kg/m2)

Chokeberry supplement
(Nutrika d.o.o.,

Belgrade, Serbia), prepared
from pure chokeberry juice
enriched with 2 g of stable

glucomannan fibers
(Luralean, Shimizu, Japan)

100 mL 4 No changes glucose↔ [72]

n =23
(11/12)

High normal BP or grade I
hypertension: SBP = 130–159 mmHg,
DBP = 85–99 mmHg, no regular use

of antihypertensive drugs was
declared by 23 patients (mean

age 47.5, BMI nd)

Organic chokeberry juice
(Conimex Trade

d.o.o., Belgrade, Serbia)
200 mL 4 No changes glucose↔ [79]

n = 38
(24/14)

Mildly elevated BP:
SBP 130–159 mmHg,

DBP 85–99 mmHg (mean age 55.8,
BMI < 35 kg/m2) without DM2

Cold-pressed 100%
chokeberry juice (Kiantama
Ltd., Finland) or convection

oven-dried chokeberry
powder (Finnish Berry
Powders Ltd., Finland)

300 mL chokeberry juice
or 3 g dried chokeberry

powder
8 No changes glucose↔ [76]

n = 35
(23/12)

DM2 and oral antidiabetic drugs
therapy for at least 6 months

(mean age 56.3, BMI 28.8 kg/m2)

Chokeberry juice (Nutrica
d.o.o., Belgrade, Serbia)

150 mL (three times
daily for 50 mL) 12 No changes glucose↓, HbA1c↓ [100]
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Table 2. Cont.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 144
(74/70)

MetS according to the AHA
guidelines (age 50–60,
BMI 30.1–34.4 kg/m2)

I. n = 42, fMetS
II. n = 42, mMetS

III. n = 32, fMetS-DM
IV. n = 28,

mMetS-DM

Standarized chokeberry
extract (Alixir 400 PROTECT,

Pharmanova, Belgrade,
Serbia)

30 mL (prior or during
dinner) 4 No changes

fMetS:
glucose↔

mMetS:
glucose↑

fMetS-DM:
glucose↓

mMetS-DM:
glucose↓

[71]

n = 22
(13/9)

Overweight (n = 11, mean age 51.9,
BMI 25–30 kg/m2), healthy (n = 11,
mean age 41.4, BMI 18–25 kg/m2)

Chokeberry juice (Aronia
Alive Agriculture Ltd., Sofia,

Bulgaria)

150 mL (50 mL, three
times daily before

meals)
12 nd FPG↓,

HbA1c↓ [104]

↑—increase, ↓—decrease,↔—no changes, AHA—American Heart Association; BMI—body mass index; BP—blood pressure; DBP—diastolic blood pressure; DM2—type 2 diabetes
mellitus; FBG—fasting plasma glucose; fMetS—female with metabolic syndrome; fMetS-DM—female with metabolic syndrome and confirmed type 2 diabetes mellitus; HbA1c—
hemoglobin A1c; MetS—metabolic syndrome; mMetS—male with metabolic syndrome; mMetS-DM—male with metabolic syndrome and type 2 diabetes mellitus; nd—no data;
SBP—systolic blood pressure; WC—waist circumference.
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3.3. Impact of Chokeberry on Blood Pressure

According to the American Heart Association (AHA), hypertension can be diagnosed
when a person’s systolic blood pressure (SBP) in the office or clinic is ≥140 mm Hg and/or
their diastolic blood pressure (DBP) is ≥90 mm Hg, following repeated examination. The
risk factors for hypertension include the presence in a patient’s history of: cardiovascular
diseases, diabetes, dyslipidemia, kidney diseases, smoking, alcohol consumption, or inade-
quate diet, as well as genetic burden (family history of hypertension, hypercholesterolemia,
diabetes, and CVD premature) [108]. Additionally, hypertension itself is also one of the
most important risk factors for cardiovascular disease, stroke, and kidney failure [109]. The
prevalence of hypertension is increasing worldwide. This is especially true of low and
middle developing countries [110]. Reducing obesity and sodium intake and increasing
the consumption of potassium or polyphenols in the diet may be important both in the
prevention and in the treatment of hypertension [111,112].

According to a meta-analysis from 2019, the consumption of flavonoids was not
associated with a reduction in the risk of hypertension, while in the case of the subclasses
of these compounds, consumption of anthocyanins was associated with an 8% reduction
in the risk of hypertension [113]. The beneficial effects of polyphenols are related to
their antioxidant and anti-inflammatory effects, as well as their influence on regulatory
pathways, for example, on the expression of specific genes [114]. The consumption of
anthocyanins, apart from their antioxidant activity, may be associated with an increase in
endothelial nitric oxide and a reduction in the production of vasoconstrictor molecules, for
example, angiotensin II, endothelins, and thromboxanes [115]. In addition to providing
polyphenols, chokeberry is also a source of essential potassium [116]. In people with
metabolic syndrome, a decrease in systolic (SBP) and diastolic (DBP) pressure have been
reported after intervention with chokeberry extract [71,75,77].

Table 3 summarizes the studies performed in people who consumed chokeberry juice
or other products. In a study by Broncel et al. (2010), there were decreases in systolic
blood pressure from 143.40 to 131.83 mmHg and in diastolic blood pressure from 87.2 to
82.13 mmHg, after 2 months of supplementation with chokeberry extract (100 mg three
times daily) [77]. Sikora et al. (2014) observed decreases in SBP from 131.83 to 126.3 mmHg
and DBP from 86.8 to 80.5 mmHg during interventions also with a chokeberry supplement
(100 mg three times daily) [75]. Similar drops in SBP and DBP were noted by Tasic et al.
(2021) [71]. In a study by Naruszewicz et al. (2007), chokeberry extract was also used
in the amount of 255 mg per day for 6 weeks (3 × 85 mg/day). The extract with the
declared composition was taken by people after myocardial infarction and being treated
with statins. Statin therapy lasted at least 6 months (80% dose of 40 mg/day simvastatin).
After 1.5 months, the SBP decreased by 11 mmHg (from 132.2 to 121.2 mmHg) and the
DBP decreased by 7 mmHg (86.3 to 79.1 mmHg). The authors of the study emphasizes
that chokeberry flavonoids may have dsignificantly reduced the risk of ischemic heart
disease [78].

In patients diagnosed with hypertension, in a study by Kardum et al. (2015), choke-
berry juice was used in the amount of 200 mL per day. After 4 weeks, there was a decrease
in SBP during the 24-h measurement and in awake SBP and DBP, while sleep SBP and
DBP remained unchanged [79]. In a study by Skoczyńska et al. (2007), SBP and DBP were
decreased after 18 weeks of dietary intervention with chokeberry juice. The study included
patients with mild hypercholesterolemia. Daily consumption of organic chokeberry juice in
the amount of 250 mL lasted a total of 12 weeks. In the study, after 6 weeks of regular juice
consumption, there was a 6-week juice break, and then chokeberry juice was reintroduced
for another 6 weeks. Despite the interruption, the drop in blood pressure was sustained.
Ultimately, the authors observed decreases in SBP from 138.6 to 125.1 mmHg and in DBP
from 89 to 82 mmHg [103]. In turn, in a study by Loo et al. (2016), in patients with mild
hypertension, there was only a statistically significant decrease in daytime DBP ambulatory
after 8 weeks of consuming 300 mL organic chokeberry juice or 3 g dried chokeberry
powder daily. In the remaining types of blood pressure (daytime SBP and 24-h SBP, awake,
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sleep and night DBP. and SBP), a downward but statistically insignificant trend (p > 0.05)
was observed [76].

In another study by Kardum et al. (2014), 100 mL of pure chokeberry juice enriched
with 2 g of stable glucomannan fibers was administered to postmenopausal women with
abdominal obesity. The researchers only observed a decrease in SBP, while no change in
DBP [72].

In patients with DM2 in a study by Milutinović et al. (2019), consumption of choke-
berry juice in the amount of 150 mL/day did not bring any effects [100]. Pokimica et al.
(2019) only observed the effect of 100 mL/day chokeberry juice with high-dose polyphenols
after 4 weeks on SBP and DBP in people with cardiovascular risk factors [73]. Therefore,
some polyphenols from chokeberry could play an important roles, but it is not known which
polyphenolic compound exhibits the strongest action. A study by Tjelle et al. (2015) also
confirmed hypotensive properties. This study was not included in this review due to the use
of a mixture of juices from different fruits. Tjelle et al. (2015) studied the impact of: (1) com-
mercial juice based on red grapes (67.7%), chokeberry (14.5%), cherry (12%) and bulberry
(5.8%); (2) juice based on (1), but containing more polyphenols by adding polyphenol-rich
extract from blackcurrant press residue (15%); and (3) a placebo. The study lasted 12 weeks
and included 72 people (50–70 years) with pre-hypertension (130/85–139/89 mmHg) and
62 people with stage 1 and 2 hypertension (140/90–179/109 mmHg). The blood pressure
was significantly reduced in the groups taking juice rich in polyphenols in people with
hypertension. In people with pre-hypertension, the effect of juice was much weaker [117].

In studies with healthy people, chokeberry juice did not contribute to a statistically
significant reduction in blood pressure [80,107] and in one study with the extract, only a
reduction in DBP was observed [118]. Chokeberry juice or extract will probably not have a
significant effect on the blood pressure of healthy people.

In hypertension, it is also worth mentioning the role of the angiotensin converting
enzyme (ACE). It is responsible for regulating blood pressure and maintaining fluid home-
ostasis by influencing the renin-angiotensin-aldosterone and kallikrein-kinin systems. It is
involved in the conversion of angiotensin I to angiotensin II, contributing to vasoconstric-
tion and the release of aldosterone, and the breakdown of bradykinin. Thus, it causes an
increase in blood pressure [119]. The evaluation of the activity of this enzyme can serve
as an evaluation of the effectiveness of hypertension therapy with ACE inhibitors [120].
In a study by Sikora et al. (2014), supplementation with chokeberry extract contributed
to a 25% decrease in ACE-1 activity after a month and a 30% decrease after 2 months of
intervention in people with MetS who did not use antihypertensive and hyperlipidemic
therapy [75]. In a study by Yamane et al. (2017), they also showed a decrease in ACE
activity in vitro. Inhibition of activity was demonstrated at 95% by 40 µL of chokeberry
juice [105]. When talking about blood pressure, it is worth mentioning endothelin-1 (ET-1).
It is a substance which regulates various physiological processes such as vascular tone, and
ET-1 neurotransmission is associated with the pathophysiology of heart disease [121,122].
Higher levels of ET-1 in plasma have been reported in people with congestive heart failure.
This substance has a pro-arrhythmic effect, influencing the secretion of neurohormones
such as vasopressin, adrenaline, and angiotensin II. It can also directly cause hypertrophy
and fibrosis of the heart muscle [122]. In a study by Broncel et al. (2010), a decrease in ET-1
was reported in patients with MetS after 2 months of serving chokeberry extract in the form
of a supplement [77].

Currently, it is known that chokeberry may have a positive effect on lowering blood
pressure. Most studies have shown positive effects of consuming juice in the amount of
100–300 mL per day, as well as supplements in standardized and non-standardized forms.
The exception was a study by Milutinović et al. (2019), in which no positive effect was
observed [75]. The review showed that the positive effects of the juice on blood pressure
could be observed after 4–12 weeks, and in the case of the extract, after 4–6 weeks.
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Table 3. Impact of chokeberry on blood pressure in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 44
(11/33)

Myocardialinfarction and statin
therapy for at least 6 months (mean

age 66, BMI 26.5 kg/m2)

Chokeberry flavonoid extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 85 mg 6 No changes SBP↓,

DBP↓ [78]

n = 58
(0/58)

Mild hypocholesterolemia (TC > 200
mg/dL) without pharmacological

treatment (mean age 54.1,
BMI 27.7 kg/m2)

Organic chokebery juice
(A. M. Lech, Dzieciolowo,

Poland)
250 mL

18 (12 weeks with
drinking chokeberry

juice)
No changes SBP↓,

DBP↓ [103]

n = 47
(32/15)

MetS (n = 25, age 42–65,
BMI 31.05 kg/m2),

healthy (n = 22, BMI 24.15 kg/m2)

Chokeberry extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 100 mg 8 No changes

SBP↓,
DBP↓

endthoteline-1↓
[77]

n = 70
(42/28)

Group I: patients with MetS who
received chokeberry
extract supplements

(n = 25, age 50–69, BMI 30.9 kg/m2)
Group II: healthy—control group
(n = 45, age 55–71, BMI 23 kg/m2)

Group III: patients with MetS treated
with ACE inhibitors—control group
(n = 25, age 50–69, BMI 29.2 kg/m2)

Chokeberry extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 100 mg 8

No changes
(inhibition product

containing
chokeberry)

SBP↓,
DBP↓,
ACE↓

[75]

n = 20
(20/0)

Postmenopausal women
withabdominal obesity (WC > 88 cm,

age 45–65, BMI 36.1 kg/m2)

Chokeberry supplement
(Nutrika d.o.o., Belgrade,

Serbia), prepared from pure
chokeberry juice

enriched with 2 g of stable
glucomannan fibers

(Luralean, Shimizu, Japan)

100 mL 4 No changes SBP↓,
DBP↔ [72]

n = 23
(11/12)

High normal BP or grade I
hypertension: SBP = 130–159 mmHg,
DBP = 85–99 mmHg, no regular use

of antihypertensive drugs
(mean age 47.5, BMI nd)

Organic chokeberry juice
(Conimex Trade

d.o.o., Belgrade, Serbia)
200 mL 4 No changes

24 h SBP↓,
24 h DBP↔,
awake SBP↓,
awake DBP↓,
sleep SBP↔,
sleep DBP↔

24 h pulse blood
pressure↔,

sleep pulse blood
pressure↔, awake

pulse blood
pressure↓

[79]
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Table 3. Cont.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 38
(24/14)

Mildly elevated BP:
SBP 130–159 mmHg,

DBP 85–99 mmHg (mean age 55.8,
BMI < 35 kg/m2) without DM2

Cold-pressed 100%
chokeberry juice (Kiantama
Ltd., Finland) or convection

oven-dried chokeberry
powder (Finnish Berry
Powders Ltd., Finland)

300 mL chokeberry juice
or 3 g dried chokeberry

powder
8 No changes

daytime
ambulatory DBP↓
24 h SBP/DBP↔,

daytime
ambulatory SBP↔,
night SBP/DBP↔,

awake
SBP/DBP↔,

sleep SBP/DBP↔

[76]

n = 35
(23/12)

DM2 and oral antidiabetic drugs
therapy for at least 6 months

(mean age 56.3, BMI 28.8 kg/m2)

Chokeberry juice (Nutrica
d.o.o., Belgrade, Serbia)

150 mL (three times
daily for 50 mL) 12 No changes SBP↔, DBP↔ [100]

n = 84
(52/32)

Subjects with cardiovascular risks
(mean age 40.6, BMI 27.29 kg/m2)

Chokeberry
juice with a high dose of

polyphenols and
chokeberry juice with a low

dose of polyphenols (Nutrika
LTD, Belgrade, Serbia)

100 mL 4

Avoiding excessive
quantities of other

foods rich in
polyphenols

low-dose of
polyphenols

group:
SBP↔, DBP↔
high-dose of
polyphenols

group:
SBP↓, DBP↓

[73]

n = 144
(74/70)

MetS according to the
AHA guidelines

(age 50–60, BMI 30.1–34.4 kg/m2)

I. n = 42, fMetS
II. n = 42, mMetS

III. n = 32, fMetS-DM
IV. n = 28, mMetS-DM

Standarized chokeberry
extract (Alixir 400

PROTECT, Pharmanova,
Belgrade, Serbia)

30 mL of extract (prior
or during dinner) 4 No changes

fMetS:
SBP↓, DBP↓, HR↔

mMetS:
SBP↓, DBP↓, HR↔

fMetS-DM:
SBP↓, DBP↓, HR↔

mMetS-DM:
SBP↓, DBP↓, HR↔

[71]

↑—increase, ↓—decrease,↔—no changes, ACE—angiotensin-converting enzyme; AHA—American Heart Association; BMI—body mass index; BP—blood pressure; DBP—diastolic
blood pressure; DM2—diabetes mellitus 2; fMetS—female with metabolic syndrome; fMetS-DM—female with metabolic syndrome and confirmed type 2 diabetes mellitus; HR—heart
rate; MetS—metabolic syndrome; mMetS—male with metabolic syndrome; mMetS-DM—male with metabolic syndrome and type 2 diabetes mellitus; nd—no data; SBP—systolic blood
pressure; WC—waist circumference.
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3.4. Impact of Chokeberry on Lipid Profile

Incorrect lipid profiles are mainly related to diets that are rich in saturated fatty acids,
simple sugars, and processed foods, and also related to low physical activity [123,124]. Ele-
vated levels of total cholesterol, low density lipoprotein cholesterol (LDL-cholesterol), and
triglycerides are directly associated with increased cardiovascular risk and mortality [125].
Polyphenols such as flavonoids, lignans, and hydroxycinnamic/hydroxybenzoic acids can
reduce lipase activity [126,127]; they can also modify lipid absorption in the intestine by
influencing the lipid emulsification process, which has been shown with tea catechins [128].
Additionally, as demonstrated, flavanols, flavonols, flavones, isoflavones, flavanones, phe-
nolic acids, anthocyanidins, and quercetin-3-O-rutinoside can bind to LDL at biologically
relevant concentrations [129]. The action of anthocyanins, in turn, may be associated with
lowering cholesterol levels by influencing the activity of AMPK [130]. AMPK inhibits the
enzyme 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA), as well as the
activity of acetyl-coenzyme A carboxylases ACC1 and ACC2. HMG-CoA is one of the main
enzymes limiting cholesterol biosynthesis [131].

In addition, a reduction in the activity of carboxylases reduces the formation of fatty
acids and, consequently, a decrease in triglycerides [132]. In addition, polyphenols have
an antioxidant effect, and thus, reduce the risk of cholesterol oxidation [133,134]. Due
to the high content of polyphenols, chokeberry fruit can modify the level of lipids. Its
lipid-lowering effect has been confirmed in animal studies [24,32–35], which may be caused
by, among other things, the influence on the expression of genes responsible for intestinal
metabolism, which has been demonstrated in studies on Caco-2 cells of the intestine. Choke-
berry extract decreases the expression of genes for 3-hydroxy-3-methylglutaryl coenzyme
A reductase and sterol regulatory element binding protein 2 (responsible for cholesterol
synthesis), Niemann-Pick C1-like1 and scavenger receptor class B type 1 (responsible for
cholesterol uptake), and ATP-binding cassette transporter A1 (responsible for basolateral
cholesterol efflux). Chokeberry extract has also been associated with increased uptake of
LDL-cholesterol by cells and the level of proteins or mRNA which mediate apical choles-
terol efflux to the intestinal lumen [135]. However, in one animal study, despite lowering
cholesterol, no effect on the expression of genes responsible for cholesterol metabolism in
the liver was reported [136].

Information on studies conducted in humans is provided in Table 4; During these
studies, participants consumed various products from chokeberry. In studies involving
patients with metabolic syndrome, changes in their lipid profiles were observed after
supplementation with chokeberry extract, i.e., 100 mg of chokeberry extract, three times
daily [74,75,77,137] or 30 mL of chokeberry extract once a day [71]. Results from these
studies highlighted the following: a decrease in total cholesterol (TC) [71,74,75,77,137], LDL
cholesterol (LDL-C) [71,74,75,77,137], and triglycerides (TG) [74,77,137] and an increase in
plasma HDL cholesterol (HDL-C) [137]. Reductions in TC have been recorded at levels of
about 5% to even approximately 27%. The largest decrease was observed by Tasic et al.
(2021) in women with MetS and accompanying diabetes. This may also be due to the fact
that the initial TC level was also high [71]. Duchnowicz et al. (2018), in turn, measured the
level of cholesterol in erythrocytes and recorded a decrease of approximately 26% [137].
LDL-C in the abovementioned studies decreased from about 2.45 to 11% as compared with
the initial value [71,74,75,77,137]. The greatest decrease in TG was reported in a study by
Broncel et al. (2010), i.e., about 13% lower TG value after 2 months of supplementation with
chokeberry extract [77]. HDL-C increased in a study by Duchnowicz et al. (2018) reported
at around 3% as compared with baseline in people with MetS [137]. Positive changes in
lipid profiles have been observed after 1 [71] or 2 months of supplementation [74,75,77,137].

In other studies, a positive effect of chokeberry on lipid metabolism was also observed
in people with metabolic disorders. Milutinović et al. (2019) observed a statistically signifi-
cant decrease in LDL-C, i.e., from 3.7 to 3.3 mmol/L and a decrease, but not statistically
significant, in TC (from 6.1 to 5.7 mmol/L) and TG (from 2.2 to 1.9 mmol/L), as a result
of 3 months of consuming chokeberry juice (150 mL/day), while after another 3 months
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without the juice, these values were similar to the initial state before the intervention.
The HDL-C level did not change [100]. Duchnowicz et al. (2012) observed a decrease
in TC from 4.85 to 3.58 mg/mL in patients with hypercholesterolemia after 2 months of
intervention with chokeberry extract (300 mg daily) [137]. In a study by Lancrajan et al.
(2012), a 40-day intervention with 30 mL of chokeberry extract contributed to a decrease
in total cholesterol, LDL cholesterol, and triglycerides [102]. In a study by Skoczyńska
et al. (2007), researchers also observed a decrease in TC, LDL-C, and TG in men with mild
hypocholesterolemia [103]. In addition, there was a drop in plasma homocysteine levels
from 9.4 to 8.8 µM/L.

On the other hand, in a study by Naruszewicz et al. (2007), there was no effect on the
lipid profile or on the level of homocysteine. However, it is worth emphasizing that, in this
study, statin therapy was used simultaneously, which could have distorted the results [78].

Homocysteine is an amino acid that plays a role in the metabolism of methionine.
Its increased level is considered to be one of the risk factors for the development of car-
diovascular diseases, due to redox imbalance [138]. According to a meta-analysis in 2018,
elevated levels were associated with an increased risk of diabetic retinopathy, especially in
patients with DM2 [139]. In a study from 2011, its level correlated with an increase in heart
failure in patients after a myocardial infarction [140]. In another study from 2017, elevated
homocysteine levels (≥12 µmol/L) were correlated with increased risk of long-term cardio-
vascular events in patients after coronary implantations of artery bare metal stents [141].
Lowering the level of homocysteine may be important in the prevention of cardiovascular
diseases. In a study by Kardum, Milovanović et al. (2015), in patients with the presence of
high normal BP or grade I hypertension, there was a decrease in TG from 1.95 to 1.57 mM,
while there were no changes in TC, LDL-C, and HDL-C after 4 weeks of consuming 200 mL
of organic chokeberry juice daily [79].

However, in a study by Kardum et al. (2014) on postmenopausal women with ab-
dominal obesity, no significant changes in TC, TG, and LDL-C were reported after an
intervention consisting of 100 mL daily of chokeberry juice enriched with 2 g of stable glu-
comannan fibers for 4 weeks. Surprisingly, a statistically significant decrease in HDL-C was
observed, by about 6% as compared with the baseline value. The authors did not consider
the possible cause of this phenomenon. In contrast, researchers have reported a statisti-
cally significant increase in n−3 polyunsaturated fatty acids in membrane phospholipids.
Moreover, a significant increase in docosahexaenoic fatty acid, as well as a decrease in the
n−6/n−3 ratio [72]. Increasing the level of omega-3 fatty acids may have a beneficial effect
on reducing cardiovascular risk, as shown in a meta-analysis of 13 randomized, controlled
trials with 127,477 participants in 2019 [142]. Similarly, in a study by Kardum et al. (2014),
healthy individuals showed an increase in n−3 polyunsaturated fatty acids (PUFAs), total
PUFAs, the C22/6n−3 ratio, and the n−6/n−3 ratio, as well as a decrease in monoun-
saturated fatty acids (MUFAs) and an increase in unsaturation index [80]. Pokimica et al.
(2019) also found no effect on TC, LDL-C, HDL-C, and TG, but showed an increase in total
n-6 polyunsaturated fatty acids, the n−6/n−3 ratio, and the arachidonic/eicosapenteonic
acid ratio [73]. In other studies on overweight people and people with mildly elevated
blood pressure, no changes in lipid profiles were found [76,104].

Loo et al. (2016) also studied the effect of juice consumption on the level of apolipopro-
teins A and B [76]. Apolipoproteins are proteins that are responsible for lipid binding.
Apo-B is a building block of very low, low, and medium density lipoproteins and may
reflect the amount of atherogenic molecules in the body. In turn, lipoprotein A is included
mainly in high-density lipoproteins [143]. However, researchers have not reported the
influence of chokeberry on these parameters.

In studies with healthy subjects, changes in plasma lipid levels have also been ob-
served [106,144]. On the one hand, Petrovic et al. (2016) reported a decrease in TG in men
(from 0.87 to 0.64 mmol/L), while in women an increase in TG (from 0.47 to 0.67 mmol/L),
after 4 weeks. On the other hand, no changes in TC values were observed [106]. Xie et al.
(2017) found a decrease in TC and LDL-C after 12 weeks of supplementation with choke-
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berry extract in healthy ex-smokers. Interestingly, the authors noted a correlation between
the reduction in LDL-C and an increase in the urinary excretion of cyanidin-3-O-galactoside
and its metabolites [144]. In the remaining studies on healthy subjects, no changes in
cholesterol and triglyceride levels were observed after the intervention [80,107,145].

Apart from the values of lipid parameters, oxidized lipids also play a key role in the
development of atherosclerosis [146]. Thiobarbituric acid reactive substances (TBARS)
are a by-product of lipid peroxidation and are determined using thiobarbituric acid [147].
Duchnowicz et al. (2012) observed a decrease in lipid peroxidation from 0.464 to 0.281 µmol
TBARS/g Hb, after 2 months of consuming chokeberry extract [148]. Similarly, in a study
by Gancheva et al. (2021), TBARS value decreased after 3 months by 9.61 nmol/mL [104].
In turn, Naruszewicz et al. (2007) reported a decrease in oxidized cholesterol in people
with myocardial infarction from 91.6 to 67.7 U/L, as measured by a non-competitive ELISA
test [78].

A positive effect of chokeberry on a reduction in lipid peroxidation was also observed
in healthy people [80,107,149]. In a study by Kardum et al. (2014), there was a decrease in
plasma TBARS after 12 weeks of consuming chokeberry juice [80]. Similarly, Pilaczyńska-
Szcześniak et al. (2005) observed a decrease in the TBARS index in rowers, both after
training and in the 24-h recovery period [149]. In turn, in a study by Petrovic et al. (2016)
on healthy male and female handball players, there was a statistically significant decrease
in TBARS after 4 weeks in men, while there were no changes in women [106].

A study from 2021 assessed the effect of chokeberry juice consumption on the meta-
lation of long interspersed nucleotide element 1 (LINE-1) in peripherial blood leukocytes
in women with cardiovascular risk factors, including those who were overweight and
dyslipidemic [150]. LINE-1 is considered to be an important factor in assessing the global
methylation of the genome in the body. DNA methylation is an epigenetic process that re-
duces gene expression. LINE-1 methylation has been shown to be associated with metabolic
disorders such as carbohydrate and lipid metabolism disorders [151–153]. Dietary com-
ponents, including polyphenols, may influence DNA methylation [154,155]. Among the
polyphenols influencing DNA methylation are catechin, epicatechin, (−)-epigallocatechin-
3-O-gallate (EGCG), quercetin, and genistein [154,155]. Stojković et al. (2021) showed a
decrease in LINE-1 methylation after 4 weeks of consuming chokeberry juice in women, and
thus, as the authors emphasized, chokeberry may have had a cardioprotective effect [150].

Chokeberry fruit positively affects the levels of total cholesterol, LDL cholesterol, and
triglycerides in the blood, as well as reduces levels of lipid peroxidation. The effects were
reported both with the consumption of chokeberry juice (with the greatest hypolipidemic
effect after a minimum of 12 weeks of consumption) and the consumption of chokeberry
extract for a minimum period of 4 weeks. It is worth mentioning that the consumption of
the juice after 4 weeks (150 mL daily) can lower the level of LDL-cholesterol oxidation. It
seems that people with metabolic syndrome and hypercholesterolemia may benefit from
consumption of chokeberry fruit.



Nutrients 2022, 14, 2688 20 of 44

Table 4. Impact of chokeberry on lipid profile in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 44
(11/33)

Myocardial infarction and statin
therapy for at least 6 months in 44

patients (mean age 66,
BMI 26.5 kg/m2)

Chokeberry flavonoid
extract (Aronox,

Agropharm,
Pieńków, Poland)

3 × 85 mg 6 No changes

TC↔,
LDL-C↔,
HDL-C↔,

TG↔,
homocysteine↔

[78]

n = 58
(0/58)

Mild hypocholesterolemia (TC > 200
mg/dL) without pharmacological

treatment (mean age 54.1,
BMI 27.7 kg/m2)

Organic chokebery juice
(A. M. Lech,

Dzieciolowo, Poland)
250 mL

18
(12 weeks with

drinking
chokeberry juice)

No changes
TC↓

LDL-C↓
TG↓

homocysteine↓
[103]

n = 47
(32/15)

MetS (n = 25, age 42–65,
BMI 31.05 kg/m2),

healthy (n = 22, BMI 24.15 kg/m2)

Chokeberry extract
(Agropharm, Pieńków,

Poland)
3 × 100 mg 8 No changes

TC↓
LDL-C↓

TG↓
[77]

n = 45
(31/14)

Hypercholesterolemia without
pharmacological treatment (n = 25,

mean age 55.9,BMI nd), healthy
(n = 20, mean age 50.3, BMI nd)

Chokeberry extract (Aronox,
Agropharm, Pieńków,

Poland)
3 × 100 mg 8 No changes

erythrocytes:
TC↓

lipid peroxidation↓
TBARS↓

[148]

n = 1

Hypercholesterolemia, arterial
hypertension, and deregulated

protein metabolism (67 years old)
without DM2

Alcoholic extract of crude
chokeberry
fruits (10%)

30 mL 10 nd
TC↓

LDL-C↓
HDL-C↔,

TG↓
[102]

n = 52
(31/21)

MetS (n = 38, age 42–65,
BMI 31.1 kg/m2),

healthy (n = 14, age 42–65,
BMI 24.4 kg/m2)

Chokeberry extract
(Agropharm, Pieńków,

Poland)
3 × 100 mg 8 Low-fat diet

TC↓,
LDL-C↓,

HDL-C↔,
TG↓

[74]

n = 20
(2/0)

Postmenopausal women with
abdominal obesity (WC > 88 cm,

age 45–65, BMI 36.1 kg/m2)

Chokeberry supplement
(Nutrika d.o.o., Belgrade,

Serbia), prepared from pure
chokeberry juice

enriched with 2 g of stable
glucomannan fibers

(Luralean, Shimizu, Japan)

100 mL 4 No changes

TC↔,
LDL-C↔,
HDL-C↓,

TG↔
membrane fatty acid

profile in erythrocytes:
SFA↔, MUFA,

n-6 PUFA↔, n-3
PUFA↑, total PUFA↔,
n-6/n-3↓ unsaturation

index↑

[72]
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Table 4. Cont.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 70
(42/28)

Group I: patients with MetS who
received chokeberry extract

supplements
(n = 25, age 50–69, BMI 30.9 kg/m2)

Group II: healthy—control group
(n = 45, age 55–71, BMI 23 kg/m2)

Group III: patients with MetS treated
with ACE inhibitors—control group
(n = 25, age 50–69, BMI 29.2 kg/m2)

Chokeberry extract (Aronox,
Agropharm, Pieńków,

Poland)
3 × 100 mg 8

No changes
(inhibition product

containing
chokeberry)

TC↓,
LDL-C↓,
HDL-C↓

[75]

n = 23
(11/12)

High normal BP or grade I
hypertension: SBP = 130–159 mmHg,

DBP = 85–99 mmHg, no regular
useof antihypertensive drugs (mean

age 47.5 ± 10.4, BMI nd)

Organic chokeberry juice
(Conimex Trade d.o.o.,

Belgrade, Serbia)
200 mL 4 No changes

TC↔
LDL-C↔
HDL-C↔

TG↓
[79]

n = 38
(24/14)

Mildly elevated BP: SBP 130–159
mmHg,

DBP 85–99 mmHg (mean age 55.8,
BMI <35 kg/m2) without DM2

Cold-pressed 100%
chokeberry juice

(KiantamaLtd, Finland) or
convection oven-dried

chokeberry
powder (Finnish Berry
Powders Ltd., Finland)

300 mL chokeberry juice
or 3 g dried chokeberry

powder
8 No changes

TC↔
HDL-C↔

TG↔
Apo-A1↔
Apo-B↔

[76]

n = 77
(40/37)

Children and adolescents (age 13–19)
with MetS (modified criteria of

the IDF)

Chokeberry extract (Aronox,
Agropharm, Pieńków,

Poland)
3 × 100 mg 8 No changes

TC↓
LDL-C↓
HDL-C↑

TG↓
[137]

n = 35
(23/12)

DM2 and oral antidiabetic drugs
therapy for at least 6 months (mean

age 56.3, BMI 28.8 kg/m2)

Chokeberry juice (Nutrica
d.o.o., Belgrade, Serbia)

150 mL (three times
daily for 50 mL) 12 No changes

TC↓
LDL-C↓
HDL-C↓

[100]
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Table 4. Cont.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 84
(52/32)

Subjects with cardiovascular risks
(mean age 40.6, BMI 27.29 kg/m2)

Chokeberry
juice with a high dose of

polyphenols and
chokeberry juice with a low

dose of polyphenols
(Nutrika LTD,

Belgrade, Serbia)

100 mL 4

Avoiding excessive
quantities of other

foods rich in
polyphenols

low-dose of
polyphenols group:

TC↔, LDL-C↔,
HDL-C↓, TG↔

high-dose of
polyphenols group:

TC↔, LDL-C↔,
HDL-C↔, TG↔

oxLDL↓, oxLDL/TC
ratio↓, oxLDL/LDL-C↓

changes in fatty acids in
both groups:
- PUFA n-6↑

- n6/n3 ratio (low-dose
of polyphenols group)↑

- arachi-
donic/eicosapenteonic

acid rate↑
- saturated fatty acids↑

[73]

n = 22
(13/9)

Overweight (n = 11, mean age 51.9,
BMI 25–30 kg/m2), healthy (n = 11,
mea n age 41.4, BMI 18–25 kg/m2)

Chokeberry juice (Aronia
Alive Agriculture Ltd.,

Sofia, Bulgaria)

150 mL (50 mL—three
times daily

before meals)
12 nd

TC↔,
LDL-C↔,
HDLC↔,

TG↔,
TBARS↓

[104]

n = 144 patients
(74/70)

MetS according to the AHA
guidelines (age 50–60, BMI 30.1–34.4

kg/m2)
I. n = 42, fMetS

II. n = 42, mMetS
III. n = 32, fMetS-DM
IV. n = 28, mMetS-DM

Standarized chokeberry
extract (Alixir 400

PROTECT, Pharmanova,
Belgrade, Serbia)

30 mL (prior or during
dinner) 4 No changes

fMetS:
TC↓, LDL-C↓, HDL-C↑,

TG↔
mMetS: TC↓, LDL-C↓,

HDL-C↔, TG↔
fMetS-DM: TC↓,

LDL-C↓, HDL-C↔,TG↓
mMetS-DM: TC↓,

LDL-C↓, HDL-C↔,
TG↓

[71]

↑—increase, ↓—decrease, ↔—no changes, ACE—angiotensin-converting enzyme; AHA—American Heart Association; Apo A-1—apolipoprotein A-1; Apo B—apolipoprotein B;
BMI—body mass index; BP—blood pressure; DBP—diastolic blood pressure; DM2—type 2 diabetes mellitus; fMetS—female with metabolic syndrome; fMetS-DM—female with
metabolic syndrome and confirmed type 2 diabetes mellitus; HDL—high-density lipoprotein; IDF—International Diabetes Federation; LDL—low-density lipoprotein; MetS—metabolic
syndrome; mMetS—male with metabolic syndrome; mMetS-DM—male with metabolic syndrome and type 2 diabetes mellitus; nd—no data; oxLDL—oxidized low density lipoprotein;
SBP—systolic blood pressure; TBARS—thiobarbituric acid reactive substances; TC—total cholesterol; TG—triglicerydes; WC—waist circumference.
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3.5. Impact of Chokeberry on Inflammation and Antioxidant Status

Inflammation is a natural reaction of the immune system to various factors, usually
harmful, including mechanical damage to tissues; viral, bacterial, or parasitic infections;
chemical damage, for example, burns; as well as allergic or autoimmune reactions [156].
On the one hand, during acute inflammatory processes, harmful stimuli are removed
and tissue repair processes are initiated. On the other hand, if the inflammatory process
is prolonged, then a chronic inflammation occurs, and thus, a continuous generation
of oxidative stress [157]. Chronic inflammation is significantly associated with many
metabolic disorders [158] including atherosclerosis [159], ischemic heart disease [160],
diabetes [161], liver diseases [162], kidney diseases [163], neurodegenerative diseases [164],
and autoimmune diseases [165]. During this phenomenon, the activation of immunological
processes takes place, including the main signaling pathways: nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB), mitogen-activated protein kinase (MAPK), and
Janus kinase signal transducer and activator of transcription proteins (JAK-STAT) [166].

A balance in the body between pro-oxidative and antioxidant processes is extremely
important. The body has natural enzymatic mechanisms, such as glutathione peroxidase or
catalase, but with increased inflammatory processes it is important to supply antioxidants
from the outside [167].

Chokeberry, due to its high content of polyphenols, may be one such product [51].
Inflammation in the body can be monitored by labeling specific biomarkers, such as
acute phase proteins, mainly C-reactive protein (CRP); interleukins (IR); serum amyloid A;
procalcitonin; cytokines, mainly tumor necrosis factor-α (TNFα); and interferon γ (IFNγ).
Some of these biomarkers are disease specific [168]. Animal studies have shown that
chokeberry can reduce inflammation as well as can improve antioxidant status [36–41]. In
a study involving human cells, chokeberry extract inhibited the activation of the NF-κB
pathway in RAW 264.7 macrophage cells and the release of interleukins IL-6 and IL-8 and
TNFα in peripheral monocytes [169]. Another study on human endothelial cells showed
possible anti-atherosclerotic effects of chokeberry. Chokeberry extract inhibited mRNA
expressions of interleukins (IL-1β, IL-6, and IL-8) and monocyte chemoattractant protein-
1 (MCP-1) upregulated by TNFα. Additionally, the extract inhibited the expression of
vascular cell adhesion molecule-1 (VCAM-1), decreased monocyte/endothelial adhesion,
as well as the signal transducer and activator of transcription proteins 3 (STAT-3)/interferon
regulatory factor 1 (IRF-1) pathway. It contributed to a reduction in inflammation [170].

In a study by Loo et al. (2016), the effects of consuming 300 mL of 100% chokeberry
juice/day or 3 g dried chokeberry powder/day on significant reductions in IL-10 (by
1.9 pg/mL) and TNFα (by 0.67 pg/mL) were reported in subjects with mildly elevated
blood pressure. The authors of the study also emphasized that IL-4 and IL-5 showed a
downward trend. However, the intervention did not reduce the remaining measured inter-
leukins (IL-6, IL-7, IL-8, and IL-13) and granulocyte-macrophage colony-stimulating factor
(GM-CSF) [76]. Naruszewicz et al. (2007) observed a decrease in high sensitivity C-reactive
protein (hsCRP), high sensitivity interleukin-6 (hsIL-6), oxidized LDL (ox-LDL), soluble
intercellular adhesion molecule-1 (S-ICAM), soluble vascular cell adhesion molecule-1
(S-VCAM), MCP-1, and F2-isoprostane, in people with myocardial infarction [78]. Elevated
levels of adhesion molecules, i.e., S-ICAM and S-VCAM, indicate endothelial dysfunction
and increase the risk of developing various pathologies, including atherosclerosis, cancer,
or neurodegenerative diseases [171,172]. MCP-1 plays an important role in atherosclerosis,
influencing the growth of other types of cells involved in the formation of atherosclerotic
lesions [173]. Additionally, MCP-1 may bind to oxLDL and affect monocyte movement in
atherosclerosis [174]. In turn, F2-isoprostane is formed during the peroxidation of arachi-
donic acid. They are important markers of oxidative damage [175,176]. At the same time,
lowering these markers reduces the risk of metabolic disorders.

Tasic et al. (2021), in turn, determined the level of white blood cells (WBC), lympho-
cytes (LYM), and CRP after 2 and 4 weeks of taking a standardized chokeberry extract, in
patients with metabolic syndrome without diabetes and with diabetes. After 2 weeks of
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supplementation, no statistically significant differences were observed in these parameters.
The exception was a decrease in CRP in women with MetS, but without diabetes (from
5.8 to 2.8 mg/L), which did not change in the next measurement (after 2 weeks). In the
remaining groups, a downward, but statistically insignificant, trend was observed after
2 weeks. In women and men without diabetes, a decrease in WBC levels was found (from
7.0 to 6.6 (109 cells/L) for women and from 8.9 to 7.0 (109 cells/L) for men) after 4 weeks.
No changes in the LYM levels were observed in any of the studied groups [71]. In a study
by Gancheva et al. (2021), the effect of consumption of juice for 3 months on a reduction in
CRP of overweight people was observed (from 4.1 to 3.06 mg/L) [104]. In other studies
involving MetS patients, no reducing effect of chokeberry extract on the level of CRP was
found [75,77]. Changes in CRP were also not reported in patients with mild hypercholes-
terolemia [103], high normal or I degree hypertension [79], as well as in people with anemia
and hemodialysis [177]. Taking into account healthy individuals, a study by Xie et al.
(2017) reported that there was also no effect of chokeberry on the determined parameters
of inflammation (CRP, IL-6, IL-1B, TNFα, adiponectin, vascular adhesion molecules, and
chemokines) [144].

Maintaining the proper antioxidant status of the plasma and the activity of antioxidant
enzymes is essential in reducing chronic inflammation. Food rich in antioxidants plays an
important role [178]. Glutathione peroxidase (GPx) is an intracellular enzyme that reduces
the level of hydrogen peroxide and reduces lipid peroxidation [179]. It is important in the
development and prevention of chronic diseases [180]. A relationship has been shown
between the consumption of chokeberry juice and an increase in the level of this enzyme in
women with abdominal obesity [72] and in healthy subjects [107]. Pilaczyńska-Szcześniak
et al. (2005) observed a decrease in GPx one minute after an activity test in healthy athletes
after 4 weeks of daily consumption of chokeberry juice [149]. Other antioxidant enzymes
that have been considered in studies involving chokeberry are superoxide dismutase (SOD)
and catalase (CAT).

Milosavljevic et al. (2021) observed an increase in catalase and the level of reduced
glutathione, which is a strong antioxidant [181], in hemodialysis patients after 30 days of
consuming 30 mL of chokeberry extract daily [177]. In addition, they noted a decline in
the plasma levels of the prooxidants: superoxide anion radical and nitrites. In a study
by Gancheva et al. (2021), an increase in SOD activity was observed, while no change in
CAT was observed, which was the opposite of the study by Milosavljevic et al. (2021), in
which no changes in SOD were observed [104,177]. In studies with healthy people, both a
decrease and no changes in SOD [72,107,144] and CAT were noted [72,144]. Pilaczyńska-
Szcześniak et al. (2005) did not observe statistically significant changes in SOD, but 24 h
after training, the enzyme activity after supplementation was slightly lower than before
supplementation [149]. In a study by Nowak et al. (2016), a significant increase in blood
antioxidant status was also observed in healthy people [145]. Kardum et al. (2014) did
not observe changes in total oxidative status (TOS), while a decrease in total antioxidative
capacity (TAC) and in pro-oxidant antioxidant balance (PAB) were reported [80].

Not all studies confirm the beneficial effect of chokeberry on inflammatory markers,
mainly CRP. Similarly, in the case of antioxidant enzymes, the research is ambiguous.
However, the effect of chokeberry seems to be promising due to its high antioxidant
content, which is very important in the prevention and the treatment of metabolic disorders.
This issue requires further research in humans.
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Table 5. Impact of chokeberry on inflammation in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the GROUP Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 44 (11/33)
Myocardial infarction and statin

therapy for at least 6 months
(mean age 66, BMI 26.5 kg/m2)

Chokeberry flavonoid
extract (Aronox, Pieńków,

Agropharm, Poland)
3 × 85 mg 6 No changes

hsCRP↓,
hsIL-6↓,

ox-LDL↓,
S-ICAM↓,
S-CAM↓,
MCP-1↓,

F1-isoprostane↓

[78]

n = 58
(0/58)

Mild hypocholesterolemia (TC >
200 mg/dL) without

pharmacologicaltreatment
(mean age 54.1, BMI 27.7 kg/m2)

Organic chokebery juice
(A. M. Lech, Dzieciolowo,

Poland)
250 mL

18 (12 weeks with
drinking

chokeberry juice)
No changes CRP↔ [103]

n = 47
(32/15)

MetS (n = 25, age 42–65,
BMI 31.05 kg/m2),

healthy (n = 22,
BMI 24.15 kg/m2)

Chokeberry extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 100 mg 8 No changes CRP↔ [77]

n = 70
(42/28)

Group I: patients with MetS who
received chokeberry extract

supplements
(n = 25, age 50–69,
BMI 30.9 kg/m2)

Group II:
healthy—control group

(n = 45, age 55–71,
BMI 23 kg/m2)

Group III: patients with MetS
treated with ACE

inhibitors—control group
(n = 25, age 50–69,
BMI 29.2 kg/m2)

Chokeberry extract
(Aronox, Agropharm,

Pieńków, Poland)
3 × 100 mg 8

No changes
(inhibition

product
containing

chokeberry)

CRP↔ [75]
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Table 5. Cont.

Number of
Participants (n)
(Women/Men)

Characteristics of the GROUP Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 23
(11/12)

High normal BP or grade I
hypertension:

SBP = 130–159 mmHg,
DBP = 85–99 mmHg,

no regular use
of antihypertensive drugs
(mean age 47.5, BMI nd)

Organic chokeberry juice
(Conimex Trade

d.o.o., Belgrade, Serbia)
200 mL 4 No changes CRP↔ [79]

n = 38
(24/14)

Mildly elevated BP:
SBP 130–159 mmHg,

DBP 85–99 mmHg (mean age
55.8, BMI < 35 kg/m2)

without DM2

Cold-pressed 100%
chokeberry juice

(Kiantama Ltd., Finland)
or convection oven-dried

chokeberry powder
(Finnish Berry Powders

Ltd., Finland)

300 mL chokeberry
juice or 3 g dried

chokeberry powder
8 No changes

IL-10↓,
TNFα↓,
IL-4-↔,
IL-5↔,
IL-6↔,
IL-7↔,
IL-8↔,

IL-13↔,
GM-CSF↔

[76]

n = 35
(23/1)

DM2 2 and oral
antidiabetic drugs

therapy for at least 6 months
(mean age 56.3, BMI 28.8 kg/m2)

Chokeberry juice (Nutrica
d.o.o., Belgrade, Serbia)

150 mL (three times
daily for 50 mL) 12 No changes

WBC↓,
LYM↓,
CRP↔

[100]

n = 22
(13/9)

Overweight (n = 11, mean age
51.9, BMI 25–30 kg/m2), healthy

(n = 11, mean age 41.4,
BMI 18–25 kg/m2)

Chokeberry juice (Aronia
Alive Agriculture Ltd.,

Sofia, Bulgaria)

150 mL (50 mL, three
times daily before

meals)
12 nd CRP↓ [104]

n = 30
(11/19)

Anemia: Hb < 110 g/L, and
hemodialysis >3 months, >3
times week (mean age 62.93,

BMI 25.82 kg/m2)

Polyphenol-rich
standardized chokeberry

extract (EU-Chem
Company, Belgrade,

Serbia)

30 mL 4 nd
CRP↔,

leukocytes↔,
TNFα↔

[177]
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Table 5. Cont.

Number of
Participants (n)
(Women/Men)

Characteristics of the GROUP Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 144
(74/70)

MetS according to the AHA
guidelines (age 50–60, BMI

30.1–34.4 kg/m2)
I. n = 42, fMetS

II. n = 42, mMetS
III. n = 32, fMetS-DM
IV. n = 28, mMetS-DM

Standarized chokeberry
extract(Alixir 400

PROTECT, Pharmanova,
Belgrade, Serbia)

30 mL (prior or
during dinner) 4 No changes

fMetS:
WBC↓, CRP↓,

LYM↔

mMetS:
WBC↓, CRP↔,

LYM↔

fMetS-DM:
WBC↔, CRP↔,

LYM↔

mMetS-DM:
WBC↔, CRP↔,

LYM↔

[71]

↑—increase, ↓—decrease,↔—no changes, ACE—angiotensin-converting enzyme; AHA—American Heart Association; BMI—body mass index; BP—blood pressure; CRP—C-reactive
protein; DBP—diastolic blood pressure; DM2– type 2 diabetes mellitus; fMetS—female with metabolic syndrome; fMetS-DM—female with metabolic syndrome and confirmed type
2 diabetes mellitus; GM-CSF—granulocyte-macrophage colony-stimulating factor; Hb—hemoglobin; hsCRP—high sensitivity C-reactive protein; hsIL-6—high sensitivity interleukin 6;
IL—interleukin; LYM—lymphocytes; MCP-1—monocyte chemoattractant protein-1; MetS—metabolic syndrome; mMetS—male with metabolic syndrome; mMetS-DM—male with
metabolic syndrome and type 2 diabetes mellitus; nd—no data; oxLDL—oxidized low density lipoprotein; SBP—systolic blood pressure; S-ICAM—soluble intercellular adhesion
molecule-1; S-VCAM—soluble vascular cell adhesion molecule-1, TNFα—tumor necrosis factor-α; WBC—white blood cells.
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Table 6. Impact of chokeberry on antioxidant status in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 20
(20/0)

Postmenopausal women
withabdominal obesity
(WC > 88 cm, age 45–65,

BMI 36.1 kg/m2)

Chokeberry supplement
(Nutrika d.o.o., Belgrade,

Serbia), prepared from
pure chokeberry juice

enriched with 2 g of stable
glucomannan fibers
(Luralean, Shimizu,

Japan)

100 mL 4 No changes
GSH-Px↑,
SOD↔,
CAT↔

[72]

n = 22
(13/9)

Overweight (n = 11, mean age
51.9, BMI 25–30 kg/m2), healthy

(n = 11, mean age 41.4,
BMI 18–25 kg/m2)

Chokeberry juice (Aronia
Alive Agriculture Ltd.,

Sofia, Bulgaria)

150 mL (50
mL—three times

daily before meals)
12 nd SOD↑

CAT↔ [104]

n = 30
(11/19)

Anemia: Hb < 110 g/L and
hemodialysis >3 months, >3
times week (mean age 62.93,

BMI 25.82 kg/m2)

Polyphenol-rich
standardized chokeberry

extract (EU-Chem
Company, Belgrade,

Serbia)

30 mL 4 nd

CAT↑,
reduced

glutathione↑
superoxide

anion↓,
radical↓,
nitrite↓

hydrogen
peroxide↔,

SOD↔

[177]

↑—increase, ↓—decrease, ↔—no changes, BMI—body mass index; CAT—catalase; GSH-Px—plasma glutathione peroxidase; Hb—hemoglobin; nd—no data; SOD—superoxide
dismutase; WC—waist circumference.
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3.6. Impact of Chokeberry on Blood Clotting

Blood coagulation is associated with a greater risk of atherosclerosis, which in turn
may lead to heart disease [182]. A number of proteins and coagulation factors are involved
in the coagulation process, and almost all of them are also present in atherosclerotic
lesions [182,183]. It seems that flavonoids and isoflavones can act favorably and can reduce
blood clotting [184]. In a study by Bijak et al. (2011) in vitro, chokeberry extract prolonged
the clotting time and decreased the maximum rate of fibrin polymerization in human
plasma [185]. In a study by Malinowska et al. (2012), the effect of chokeberry extract on clot
formation using human plasma and purified fibrinogen as well as fibrin lysis in an in vitro
hyperhomocysteinemia model was assessed. A positive effect of chokeberry extract on
hemostatic properties of fibrinogen or plasma was observed [186]. Another in vitro study
also found a beneficial effects of chokeberry extract on reduced adenosine diphosphate
(ADP)-activated platelet adhesion and inhibition of the amidolytic activity of thrombin and
plasmin [187].

Human studies have also shown promising results. Sikora et al. (2012) examined
various parameters related to clotting processes, and the most important, in our opinion,
are summarized in Table 7, i.e., platelet aggregation, fibrinolysis, and clot preparation. They
observed inhibited platelet aggregation after a month of supplementation with chokeberry
extract in people with MetS. Inhibition of platelet aggregation was reduced in maximal
aggregation and initial velocity of the process but also an increase in the time after which
maximal aggregation was reached. In addition, a decrease in overall clot formation and
fibrinolysis was observed after one month. However, after 2 months, these effects became
less visible as compared with the values before supplementation [74].

In a study by Broncel et al. (2010), monthly supplementation with chokeberry extract
in patients with MetS had no effect on the level of fibrinogen, while a significant increase
was observed after two months [77]. In a study by Skoczyńska et al. (2007) in people with
mild hypocholesterolemia, a decrease in fibrinogen was observed as a result of consuming
organic chokeberry juice [103]. In a study by Loo et al. (2016), no effect of consuming
300 mL juice/day or 3 g dried chokeberry powder/day on platelet aggregation as mea-
sured by collagen. and adenosine diphosphate closure time (CADP-CT) and collagen and
epinephrine closure time (CEPI-CT) were observed [76]. Surprisingly, Tasic et al. (2021)
observed an increase in platelets level (PLT) after 4 weeks of juice consumption in diabetes
patients [71]. In studies on healthy runners, a positive effect of chokeberry juice was re-
ported, which, thanks to the content of polyphenols, could counteract platelet aggregation
caused by a half-marathon. The expressions of clotting proteins, P-selectin and GPIIb-IIIa
expressions, were significantly reduced in the chokeberry juice group as compared with a
placebo [188].

The effect of chokeberry on blood clotting is promising but requires further human
research due to insufficient scientific evidence supporting this effect.

3.7. Impact of Chokeberry on Liver Functions

The liver has many important functions in the body. It is responsible for functions
such as detoxification processes, production of coagulation factors, bile, storage of iron
and some vitamins, as well as the metabolism of proteins, lipids, and carbohydrates [189].
Chronic liver diseases, including alcoholic liver disease and non-alcoholic fatty liver disease
(NAFLD), hepatitis, liver fibrosis, cirrhosis, drug-induced liver diseases, and viral hepatitis,
can lead to disruption of its functioning [190]. One of the symptoms is an increase in the
level of liver enzymes, i.e., alanine aminotransferase (ALT), aspartate aminotransferase
(AST), γ-glutamyl transferase (GGTP) [191]. An extremely important role in liver dis-
eases is played by antioxidants that reduce inflammation and increase its detoxification
functions [192,193]. The hepatoprotective effect of chokeberry has been shown in animal
studies [25–28,194]. In one study on rats, the effect of a polyphenol-rich chokeberry extract
on the modulation of microbiota was observed, which in turn improved the intestinal
barrier function and at the same time the efficiency of the liver. The authors considered
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the influence of the main polyphenols of aronia, i.e., anthocyanidins, flavonols, and hy-
droxycinnamates [25]. In another rat study, a reduction in fatty liver disease in NAFLD
was observed due to chokeberry extract inhibiting the expression of genes responsible
for de novo lipogenesis in the liver, including sterol regulatory element-binding protein,
acetyl-CoA carboxylase, and fatty acid synthase [27]. In a study on C57BL/6N mice fed a
high-fat diet, inhibition expression of peroxisome proliferator-activated receptors (PPARs)
improved liver functions, lipid profiles, and antioxidant capacity in response to treatments
of chokeberry extract [195].

Yang et al. (2020) examined the anti-fibrotic effect of chokeberry anthocyanins on the
liver of mice. Liver damage was caused by carbon tetrachloride. It has been shown to inhibit
fibrosis by reducing the expression of proinflammatory factors, including interleukins and
TNFα, inhibition of transforming growth factor β1 (TGF-β1) production and collagen I
deposition and α-smooth muscle actin (α-SMA) expression [196]. Kozłowska et al. (2020)
also confirmed the beneficial effect of chokeberry supplementation on the inhibition of liver
fibrosis in rats exposed to cadmium by improving collagen protein homeostasis [197]. The
strong antioxidant properties of chokeberry may also protect against exposure to heavy
elements. Mężyńska et al. (2019) assessed the effect of 0.1% chokeberry extract on the liver
of rats with low and moderate environmental exposure to cadmium. Administration of
chokeberry extract decreased the concentration of prooxidants and oxidative stress in the
liver, lowered the level of liver enzymes, and enhanced the action of protective enzymatic
and non-enzymatic mechanisms in the liver [194].

In studies on humans, there are also positive indications of the effects of chokeberry.
In a study by Tasic et al. (2021), they noted a decrease in AST in men and women with
MetS without diabetes after 2 and 4 weeks of using chokeberry juice, while a decrease in
AST in people with diabetes was only observed in women. A decrease in ALT was found
in non-diabetic women with MetS after 4 weeks of consumption of chokeberry juice. A
reduction was also observed in diabetic women after 2 weeks of using the juice, but after
4 weeks there was a slight increase in this enzyme. No effect was found in both non-diabetic
and diabetic men with MetS. The effect on the surprising increase in direct bilirubin was
observed after 4 weeks only in women and men with accompanying diabetes. The effect
was not seen in people with MetS without diabetes [71]. However, no significant changes
were found in a study by Kardum, Milovanović et al. (2015), in which chokeberry juice
was consumed by people with the presence of high normal BP or grade I hypertension [79].
Gancheva et al. (2021) observed the effect of chokeberry juice only on the level of GGTP,
i.e., a decrease from 33.9 to 29.3 U/L after 3 months, which was not observed by Loo et al.
(2016), where GGTP levels remained unchanged after 2 months of intervention [76,104]. In
the case of healthy individuals, in a study by Kardum, Konić-Ristić et al. (2014), no effect
of supplementation with organic chokeberry juice (100 mL/day) on ALT and AST was
observed [80].

Research shows that chokeberry may have a beneficial effect by increasing antioxidant
potential, but no significant effect on the level of liver enzymes has been reported. Perhaps
the consumption time should be longer, therefore, it seems that it requires high-quality
clinical trials.
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Table 7. Impact of chokeberry on blood clotting in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 58
(0/58)

Mild hypocholesterolemia (TC > 200
mg/dL) without pharmacological

treatment (mean age 54.1,
BMI 27.7 kg/m2)

Organic chokebery juice (A.
M. Lech, Dzieciolowo,

Poland)
250 mL

18 (12 weeks with
drinking chokeberry

juice)
No changes fibrinogen↓ [103]

n = 47
(32/15)

MetS (n = 25, age 42–65,
BMI 31.05 kg/m2),

healthy (n = 22, BMI 24.15 kg/m2)

Chokeberry extract
(Agropharm, Pieńków,

Poland)
3 × 100 mg 8 No changes fibrinogen↑ [77]

n = 52
(31/21)

MetS (n = 38, age 42–65,
BMI 31.1 kg/m2),

healthy (n = 14, age 42–65,
BMI 24.4 kg/m2)

Chokeberry extract
(Agropharm, Pieńków,

Poland)
3 × 100 mg 8 Low-fat diet

platelet
aggregation↔,
fibrinolysis↔,

clot preparation↔
[74]

n = 38
(24/14)

Mildly elevated BP:
SBP 130–159 mmHg,

DBP 85–99 mmHg (mean age 55.8,
BMI < 35 kg/m2) without DM2

Cold-pressed 100%
chokeberry juice
(KiantamaLtd,

Finland) or convection
oven-dried chokeberry
powder (Finnish Berry
Powders Ltd., Finland)

300 mL of chokeberry
juice or 3 g of dried
chokeberry powder

8 No changes
CEPI-CT↔,

CADP-CT↔,
PLT↔

[76]

n = 144 patients
(74/70)

MetS according to the AHA
guidelines (age 50–60,
BMI 30.1–34.4 kg/m2)

I. n = 42, fMetS
II. n = 42, mMetS

III. n = 32, fMetS-DM
IV. n = 28, mMetS-DM

Standarized chokeberry
extract (Alixir 400 PROTECT,

Pharmanova, Belgrade,
Serbia)

30 mL (prior or during
dinner) 4 No changes

fMetS, mMetS:
PLT↔

fMetS-DM,

mMetS-DM:
PLT↑

[71]

↑—increase, ↓—decrease,↔—no changes, AHA—American Heart Association; BMI—body mass index; BP—blood pressure; CADP-CT—collagen and adenosine diphosphate closure
time; CEPI-C—collagen and epinephrine closure time; DM2—type 2 diabetes mellitus; fMetS—female with metabolic syndrome; fMetS-DM—female with metabolic Syndrome and
confirmed type 2 diabetes mellitus; MetS—metabolic syndrome; mMetS—male with metabolic syndrome; mMetS-DM—male with metabolic syndrome and type 2 diabetes mellitus;
PLT—platelet count.
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Table 8. Impact of chokeberry on liver functions in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 23
(11/12)

High normal BP or grade I
hypertension: SBP = 130–159 mmHg,
DBP = 85–99 mmHg, no regular use

of antihypertensive drugs was
declared by 23 patients

(mean age 47.5, BMI nd)

Organic chokeberry juice
(Conimex Trade

d.o.o., Belgrade, Serbia)
200 mL 4 No changes AST↔

ALT↔ [79]

n = 38
(24/14)

Mildly elevated BP:
SBP 130–159 mmHg,

DBP: 85–99 mmHg (mean age
55.8 years, BMI < 35) without DM2

Cold-pressed 100%
chokeberry juice (Kiantama
Ltd, Finland) or convection

oven-dried chokeberry
powder (Finnish Berry
Powders Ltd., Finland)

300 mL chokeberry juice
or 3 g dried

chokeberry powder
8 No changes GGTP↔ [76]

n= 22
(13/9)

overweight (n = 11, mean age 51.9,
BMI 25–30 kg/m2), healthy (n = 11,
mean age 41.4, BMI 18–25 kg/m2)

Chokeberry juice (Aronia
Alive Agriculture Ltd.,Sofia,

Bulgaria)

150 mL (50 mL, three
times daily

before meals)
12 nd

ALT↔
AST↔
GGTP↓

[104]

n = 144
(74/70)

MetS according to the AHA
guidelines (age 50–60,
BMI 30.1–34.4 kg/m2)

I. n = 42, fMetS
II. n = 42, mMetS

III. n = 32, fMetS-DM
IV. n = 28, mMetS-DM

standarized chokeberry
extract (Alixir 400 PROTECT,

Pharmanova, Belgrade,
Serbia)

30 mL (prior or
during dinner) 4 No changes

fMetS:
AST↓, ALT↓,

dBIL↔

mMetS:
AST↓, ALT↔,

dBIL↔

fMetS-DM:
AST↓, ALT↔,

dBIL↑

mMetS-DM:
AST↔, ALT↔,

dBIL↑

[71]

↑—increase, ↓—decrease,↔—no changes, AHA—American Heart Association; ALT—alanine transaminase; AST—aspartate transaminase; BMI—body mass index; BP—blood pressure;
dBIL—direct bilirubin; DM2—type 2 diabetes mellitus; fMetS—female with metabolic syndrome; fMetS-DM—female with metabolic syndrome and confirmed type 2 diabetes mellitus;
GGTP—gamma-glutamyl transpeptidase; MetS—metabolic syndrome; mMetS—male with metabolic syndrome; mMetS-DM—male with metabolic syndrome and type 2 diabetes
mellitus; nd—no data.
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3.8. Impact Chokeberry on Uric Acid and Creatinine Level

Uric acid is a product of the enzymatic breakdown of purine nucleosides and free ni-
trogen bases [198]. Elevated levels of uric acid are observed, among other things, in obesity,
hypertriglyceridemia, hypertension, kidney diseases, and diabetes [199,200]. Studies have
also shown a relationship between hyperuricemia and the components of MetS [201–204].
However, its antioxidant and pro-oxidative activity in the abovementioned diseases is
taken into account [205,206].

A slight increase in uric acid was observed after 3 months of consuming chokeberry
juice by healthy people in a study by Kardum, Konić-Ristić et al. (2014), however, this
increase was not statistically significant [80]. The effect was also not visible in people with
MetS [77], hypercholesterolemia [103], and in people with the presence of high normal
BP or grade I hypertension [79]. As shown in a study from 2021 carried out on mice,
chokeberry anthocyanins may be beneficial in renal ischemia-reperfusion injury in mice.
Mice with kidney damage were given a mixture of cyanidins (cyanidin-3-arabinoside,
cyanidin-3-glucoside, and cyanidin-3-galactoside) and anthocyanins at 50 mg/g/12 h.
Administration of the mixture resulted in an improvement in kidney function by alleviating
the degree of kidney damage, and reducing proinflammatory cytokines, oxidative stress,
creatinine levels, apoptosis, and lipid peroxidation [207]. The level of creatinine, in turn,
can be a sign of the condition of the kidneys. However, it is emphasized that it is not the
best diagnostic indicator due to its variability. Creatinine values may fluctuate depending
on the level of muscle mass, dietary protein intake, or medications used [208]. In a study
by Milutinović et al. (2019), creatinine in the blood decreased after 3 months, but it was not
statistically significant. Moreover, after 6 months of supplementation, there was a significant
increase in creatinine as compared with the value after 3 months of supplementation.
Creatinine values determined in urine fell by about 32% after 3 months, while after the
next 3 months, the level was similar to the value from before the intervention [100]. In a
study by Kardum, Milovanović et al. (2015), blood creatinine remained unchanged [79].
The impact chokeberry on creatinine level remains unclear.

Another indication of the condition of kidneys is microalbuminuria. Microalbuminuria
is the appearance of tiny amounts of protein in the urine. It is used as a diagnostic indicator
of kidney disease, especially in diabetes. However, its high level may also be associated with
a higher risk of heart disease [209]. A meta-analysis from 2014 showed a correlation between
a decrease in the level of albumins in the urine and a decrease in cardiovascular events
in patients with hypertension and/or diabetes [210]. In a meta-analysis from 2021, it was
shown that microalbuminuria defined as urinary albumin excretion (30–300 mg/24 h urine)
or albumin/creatinine ratio 30–300 mg/g from a spot urine or equivalent value, showed
an independent relationship with all-cause mortality or major adverse cardiovascular
events in hypertensive patients [211]. In a study by Milutinović et al. (2019), there were
no statistically significant changes in the level of albumin in the urine after a 3-month
intervention with chokeberry juice [100].

It follows that chokeberry does not affect uric acid levels, however, as mentioned
earlier, it may be related to a short intervention time. The effects on kidney health also
require further research due to a lack of research in this area.
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Table 9. Impact of chokeberry on uric acid and creatinine levels in intervention studies.

Number of
Participants (n)
(Women/Men)

Characteristics of the Group Type of Chokeberry
Product

Dose of Chokeberry
Product per Day

Time of
Intervention

(Weeks)
Changes in Diet Results References

n = 58
(0/58)

Mild hypocholesterolemia (TC > 200
mg/dL) without pharmacological

treatment (mean age 54.1,
BMI 27.7 kg/m2)

Organic chokebery juice (A.
M. Lech Dzieciolowo,

Poland)
250 mL

18 (12 weeks with
drinking chokeberry

juice)
No changes uric acid↔ [103]

n = 47
(32/15)

MetS (n = 25, age 42–65,
BMI 31.05 kg/m2),

healthy (n = 22, BMI 24.15 kg/m2)

Chokeberry extract
(Agropharm, Poland) 3 × 100 mg 8 No changes uric acid↔ [77]

n = 23
(11/12)

High normal BP or grade I
hypertension: SBP = 130–159 mmHg,
DBP = 85–99 mmHg, no regular use

of antihypertensive drugs
(mean age 47.5, BMI nd)

Organic chokeberry juice
(Conimex Trade

d.o.o., Belgrade, Serbia)
200 mL 4 No changes

uric acid↔,
urea↔, creatinine

↔
[79]

n = 35
(23/12)

DM2 and oral antidiabetic drugs
therapy for at least 6 months

(mean age 56.3, BMI 28.8 kg/m2)

Chokeberry juice (Nutrica
d.o.o., Belgrade, Serbia)

150 mL (three times
daily for 50 mL) 12 No changes

creatinine↓,
urea↔,

urine creatinine↔,
microalbuminuria↔

[100]

↑—increase, ↓—decrease,↔—no changes, BMI—body mass index; BP—blood pressure; DBP—diastolic blood pressure; DM2—type 2 diabetes mellitus; MetS—metabolic syndrome;
nd—no data; SBP—systolic blood pressure.
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The strength of our literature review is the fact that it comprehensively presents
various directions of the effects of chokeberry fruit on metabolic disorders, and it collects
and clearly summarizes scientific evidence for the effectiveness of chokeberry fruit. The
review also gives recommendations as to the use of specific amounts of chokeberry juice or
extract in particular metabolic disorders. Additionally, the review of the literature revealed
shortcomings in the research carried out so far, which gives an indication of what future
research should be directed at.

This literature review has several limitations. Manuscripts published after 2000 were
reviewed, perhaps earlier work could cover other aspects that were not described in later
publications. However, we wanted to present more recent scientific reports. Moreover,
despite a careful literature review, it is possible that some studies may have been omitted.
Additionally, most of the studies were conducted in the European population, which
may cause bias in the interpretation of the results. It is also worth adding that metabolic
disorders are usually interrelated and are not one separate disorder which translates into
difficulties in interpreting the results.

4. Conclusions

Nowadays, we can observe the common occurrence of many metabolic disorders.
Chokeberry products, especially juice and extract, are still widely researched. According
to the review, chokeberry may have beneficial effects on certain disorders because it is
high in antioxidants. A positive effect on glucose and lipid metabolism, blood pressure,
and increasing the antioxidant potential were observed. A positive effect on carbohydrate
metabolism was observed when consuming chokeberry juice for a minimum of 10 weeks
(150–300 mL juice daily). In turn, for a standardized extract, the hypoglycemic effect in
people with diabetes may occur after 4 weeks. The amount of juice that can influence the
pressure varies according to the time of consumption. The hypotensive effect may occur
after 4–12 weeks (200–300 mL of juice daily). In turn, for the extract, this time ranges from
4 to 6 weeks. The effect on LDL cholesterol was observed after 12 weeks (150 mL of juice
per day), and in the case of the extract after 4 weeks. Triglycerides can decrease even after
4 weeks of consumption of the juice (200 mL per day). The influence on the other metabolic
parameters discussed in this paper is not clear. However, animal studies assessing the
effects of chokeberry on liver function, blood clotting, and kidney function are promising,
whilemore human studies are required. Chokeberry is a product with high nutritional
value, therefore, it can be recommended as part of the daily diet, for example, in the form
of juice, for healthy and sick people. However, further clinical trials are needed to draw
firm conclusions about its effects on other disorders.
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A.; Glibetić, M. Chokeberry Juice Containing Polyphenols Does Not Affect Cholesterol or Blood Pressure but Modifies the
Composition of Plasma Phospholipids Fatty Acids in Individuals at Cardiovascular Risk. Nutrients 2019, 11, 850. [CrossRef]
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