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Abstract
Recent literature evidence indicates the potential use of chokeberry preparations in the prevention and treatment of some chronic 
noncommunicable diseases. The aim of the present study was to evaluate the effects of the three months oral chokeberry juice 
supplementation in type 2 diabetic patients, as well as its influence on hematological parameters and certain parameters of the renal 
dysfunction. The study was designed as an open-label trial, which included 35 patients who have received the herbal supplement, 
polyphenol-rich chokeberry juice (150 ml/day, three times a day for 50 ml), in addition to their standard therapy. Chokeberry juice as a 
rich source of polyphenol compounds could be an effective preventive and therapeutic agent in diabetes mellitus type 2. Hematological 
and biochemical parameters were measured at baseline, after 3 months with the chokeberry juice supplementation and after the 
next 3 months without the chokeberry juice supplementation (follow-up period). Significant difference was noticed in the levels of  
LDL-cholesterol, glycated hemoglobin and serum creatinine (p < 0.05), as well as in the levels of some hematological parameters, such as 
white blood cell and lymphocyte count (p < 0.01), hematocrit, blood hemoglobin, mean corpuscular volume, hemoglobin and hemoglobin 
concentration and red blood cell count (p < 0.05). The daily consumption of the chokeberry juice could improve the health status in 
patients with type 2 diabetes mellitus, in combination with their standard therapy.
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Highlights:
•	 Chokeberry juice supplementation improves health in diabetic patients.
•	 The juice intake improves lipid and glucose metabolism parameters.
•	 Risk of diabetes complication development is reduced by the juice intake.
•	 The juice intake improves inflammatory and hematological status in patients.
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Introduction

In recent years, many researchers and scientists from the 
field of food science and medicine have increasingly recom-
mended the use of various plant products in the prevention 
and treatment of noncommunicable diseases, such as cardio-
vascular diseases (heart attacks and stroke), cancers, chronic 
respiratory diseases (chronic obstructive pulmonary disease 
and asthma) and diabetes. Literature data show that the use 
of medicinal plants products and the diet rich in fruits and 
vegetables could improve the health status in patients, as well 
as decrease the risk of the disease development (Bloom et al., 
2011; Kris-Etherton et al., 2002).

Today, diabetes mellitus (DM) has become a public health 
care problem of considerable magnitude in many countries. 
Every year the number of diabetic patients increases so that it 
is assumed that by 2025, this number reaches at least 300 mil-
lion (IDF Clinical Guidelines Task Force, 2006). It is necessary 
to raise awareness of prevention in those people who are at risk 
of developing the disease, as well as in the whole population in 
order to reduce the risk factors leading to it. The improvement 
of the dietary pattern is one of the most important preventive 
measures which may reduce the incidence of diabetes and also 
improve the quality of life in diabetic patients (Narayan et al., 
2000). Insulin and oral antidiabetic drugs, such as thiazolidin-
ediones, biguanides, α-glucosidase inhibitors, and glinides, 
are the currently available therapy for DM. However, most of 
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these drugs have prominent side effects and may increase the 
risk of diabetic complications. Natural products and food that 
have beneficial antidiabetic properties could be used as an al-
ternative drug for the prevention of DM, as well as in the early 
stage of the disease. These alternative drugs have fewer side 
effects, a lower risk for drug interactions and they simplify 
therapeutic regimen (Krentz and Bailey, 2005).

Aronia melanocarpa (Michx.) Elliott (black chokeber-
ry, chokeberry, aronia, aronia berry), a woody shrub of the 
Rosaceae family, has been used in the traditional medicine 
for centuries worldwide. The interest for the chokeberry and 
chokeberry’s secondary metabolites with a highly expressed 
antioxidant activity have recently increased mainly due to 
their health-promoting effects and their possible use in the 
prevention and treatment of many diseases (Kokotkiewicz 
et al., 2010; Kulling and Rawel, 2008). Literature data have 
shown many pharmacological activities of the chokeberry 
in vivo and in vitro, such as: gastroprotective, hepatoprotec-
tive, antidiabetic, anti-inflammatory, antioxidative, antiviral, 
antimutagenic, anticancer and radioprotective. It has been 
demonstrated that the chokeberry fruits, extract or juice, have 
a beneficial effect on several risk factors for cardiovascular dis-
orders, improve the oxidative and lipid status, reduce the level 
of insulin, reduce the blood pressure in patients with meta-
bolic syndrome, even after a myocardial infarction, and induce 
normalization of the hemostasis parameters in patients with 
metabolic syndrome (Borowska and Brzóska, 2016; Sikora et 
al., 2012; Skoczynska et al., 2007; Valcheva-Kuzmanova et al., 
2007a, b).

Therefore, the aim of the present study was to investigate 
whether three months of oral chokeberry juice supplementa-
tion (150 ml/day, three times a day for 50 ml) would induce 
and sustain the improvement of hyperglycemia, cardiovascu-
lar risk factors such as hyperlipidemia, high blood pressure 
(BP) and body weight, as well as the initial renal dysfunction 
and blood count in individuals with type 2 diabetes. To the 
best of our knowledge, the influence of the chokeberry juice 
supplementation on the hematological parameters and certain 
parameters of renal dysfunction in type 2 diabetic patients 
who receive oral antidiabetic drug therapy has not yet been 
published. Therefore we investigated the effects of the choke-
berry juice supplementation on those parameters in addition 
to other biochemical parameters related to diabetes mellitus 
type 2.

 
Materials and methods

Patients and study design
The patients were recruited from the Endocrinology Clinic, 
Clinical Center of Nis, Serbia, associated with the Medical  
Faculty, University of Nis. The study was undertaken according 
to the Helsinki Declaration and approved by the Institutional 
Review Board (IRB) of the Clinical Center in Nis, Serbia (num-
ber 9672/96). All subjects provided written informed consent. 
This study was designed as a prospective, open-label trial. Thir-
ty-five patients (23 women and 12 men) were included in the 
study. The inclusion criteria were: age 35–65, all participants 
had DM type 2 and had been receiving oral antidiabetic drugs 
therapy for at least 6 months. The exclusion criteria were: vi-
tamins, flavonoids, and fish oil supplement intake during the 
six-week period before the study and women that were on an 
oral contraceptive therapy during the study. The patients had 
been also receiving 150 ml of polyphenol-rich chokeberry juice 
per day (three times a day for 50 ml) for a period of 3 months 

as part of their regular diet, together with their standard ther-
apy. Biochemical parameters were measured at baseline, af-
ter 3 months of therapy with the chokeberry juice and after  
3 months without the chokeberry juice therapy (6 months after 
the baseline), follow-up period. The measurements obtained 
after six months were used as the self-control, for the same 
group of patients, as they hadn’t had the juice supplementa-
tion for the following three months (Calvo et al., 2016; Maitre 
et al., 2017; Skoczynska et al., 2007). During the whole study, 
standard patient’s antidiabetic therapy was not changed.

Arterial blood pressure (BP) was measured three times 
in the right arm with a patient in the sitting position. Blood 
pressure, body weight, and height were measured using the 
standardized protocols on the same day when the blood and 
urine was taken. The body mass index (BMI) was calculated as 
weight (kg)/height (m2).

Polyphenol-rich chokeberry juice
The chokeberry juice used in this study was donated from Nu-
trica d.o.o., Belgrade, Serbia. Fruits of the black chokeberry 
were collected from a plantation field in the mountain Suvobor 
(750 m a.s.l.), Serbia. The berries were handpicked in August 
2011 and stored at +5 °C for 24 h. Fresh berries were crushed 
and squeezed in a wine horizontal screw press. The yield of the 
juice with respect to the weight of the fresh fruits was 73%. 
The juice was filtered, pasteurized at 80 °C for 10 min and 
stored at 0 °C until the beginning of the study.

Analysis of phenolic compounds
The total concentration of phenols was estimated by Folin- 
Ciocalteu method as described by Waterman and Mole (1994), 
with slight modifications. 200 μl of juices were added to 1 ml 
of 1 : 10 diluted Folin-Ciocalteu reagent. After 4 min, 800 μl of 
sodium carbonate (75 g/l) was added. After 2 h of incubation at 
room temperature, the absorbance at 765 nm was measured. 
Gallic acid (0–100 mg/l) was used for calibration of a standard 
curve. The results were expressed as gallic acid equivalents per 
g of fresh weight (GAE/g FW). Triplicate measurements were 
taken and mean values were calculated.

Total anthocyanin content was examined according to the 
procedure described in European Pharmacopeia 6.0 (Council 
of Europe and European Pharmacopoeia Commission, 2007), 
with slight modifications. Briefly, 95 ml of methanol were 
added to the juice (10 g equivalent of fresh berry), and me-
chanically stirred for 30 min, then filtered into a 100 ml volu-
metric flask. The filter was rinsed and diluted to 100 ml with 
methanol. A 50-fold dilution of this solution in a 0.1 percent 
v/v solution of hydrochloric acid in methanol was prepared. 
The absorbance of the solution was measured at 528 nm, us-
ing a 0.1 percent v/v solution of hydrochloric acid in metha-
nol as the compensation liquid. The content of anthocyanins, 
expressed as cyanidin-3-O-glucoside chloride, was calculated 
from the expression: A × 5000/718 × m (A = absorbance at 
528 nm; 718 = specific absorbance of cyanidin-3-O-glucoside 
chloride at 528 nm; m = mass of the substance to be examined 
in grams). Triplicate measurements were taken and mean val-
ues were calculated.

Biochemical assays
A detailed medical evaluation was performed at the baseline 
in order to evaluate whether the patients are eligible for the 
study. Venous blood samples and first-morning urine from 
patients were taken within the 24 h of checking the inclusion 
criteria and after an overnight fast of 12 h. Standard analyses 
were performed on the same day. Hematological and routine 
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biochemical parameters and biochemical markers were esti-
mated by the Olympus AU 400 (Olympus, Tokyo, Japan) ana-
lyzer using the standard methods in a biochemical laboratory, 
such as the level of hemoglobin (HGB) and complete blood 
count parameters (UIBC, unsaturated iron binding capacity; 
TIBC, total iron binding capacity; Fe, iron concentration; Hgb, 
blood hemoglobin; WBC, white blood cell count; NEUT, neu-
trophils; LYMPH, lymphocytes; MONO, monocytes; EO, eosin-
ophils; BASO, basophils; HCT, hematocrit; MCV, mean corpus-
cular volume; MCH, mean corpuscular hemoglobin; MCHC, 
mean corpuscular hemoglobin concentration; RDW-SD, RBC 
distribution width; PLT, platelet; MPV, mean platelet volume; 
RBC, red blood cell count), high sensitive C-reactive protein 
(hs-CRP), level of glucose (GLU), level of total cholesterol 
(CHOL), level of LDL-cholesterol (LDL), level of HDL-choles-
terol (HDL), level of triglycerides (TG), urea level (URE), cre-
atinine level (CRE), microalbuminuria and urine creatinine 
(CRE) level. The concentration of HbA1C was measured using 
an ion-exchange chromatography method (Bio Rad, California, 
US).

Statistical analysis
The sample size was calculated assuming that, through repeat-
ed measurements, we will receive a medium effect size, ηp2 = 
0.06, α = 0.05 and a study power of 80%. Based on those param-
eters, the minimum sample size was 33. The sample size calcu-
lation was performed in G*Power 3.1.9.2. As two main analy-
ses, the Friedman test (i.e., a non-parametric test for testing 
the difference between several related samples /groups/) and 
the repeated measures analysis of variance (ANOVA) (which is 
used when the same parameter has been measured under dif-
ferent conditions on the same subjects) were conducted. The 
post hoc analysis was done (Wilcoxon signed-rank tests were 
conducted with a Bonferroni correction applied, resulting in 
a significance level set at p < 0.017) to evaluate differences be-
tween two time-points. Considering the small sample size, the 
analysis was conducted for all parameters in which a statistical 
significance was found for p-value < 0.1 instead of p-value < 
0.05. The correlation analysis (Pearson correlation) was also 
conducted with the purpose of showing the strength of the as-
sociation between the groups or variables. The analyses were 
performed using the SPSS statistical software package (ver. 
20.0; Chicago, IL, USA). The data are shown as mean values ± 
standard deviation (SD) and p-values indicated a statistical sig-
nificance.

 
Results

Total phenolic content was 413.0 ± 5.1 mg GAE/100 g FW and 
the amount of total anthocyanins was 172.7 ± 4.4 mg/100 g.

The characteristics of the study population were deter-
mined at baseline (age, gender, body mass index, values of 
systolic and diastolic blood pressure, as well as the type of pre-
vious therapy for every participant) (Table 1).

The results of the analysis of biochemical parameters, body 
mass index and blood pressure values at baseline, after three 
months of the herbal drug therapy and after the next three 
months without the therapy (six months from the baseline), 
as well as the p-values are shown in Table 2.

The results of the analysis of blood count parameters val-
ues at baseline, after three months of the herbal drug thera-
py and after the next three months without the therapy (six 
months from the baseline), as well as the p-values are shown 
in Table 3.

Table 1. Characteristics of the study population at baseline

Variables Mean ± SD

Age (years) 56.3 ± 6.8

DM duration (years) 7.56 ± 3.1

BMI (kg/m2) 28.8 ± 4.7

SBP (mmHg) 129.7 ± 17.9

DBP (mmHg) 82.8 ± 9.4

Smokers %(number) 45.7 (16)

ACE inhibitors therapy/sartans %(number) 14.2 (5)

β-blockers therapy %(number) 11.4 (4)

Combination therapy %(number) 40 (14)

All values are presented as mean ± SD. DM, diabetes mellitus  
type 2; BMI, body mass index; SBP, systolic blood pressure;  
DBP, diastolic blood pressure.

 
Discussion

The growing incidence of diabetes mellitus type 2, as a com-
mon public health problem in industrialized countries, could 
be reduced by the elimination of the risk factors leading to 
it. Cardiovascular diseases and diabetes mellitus accounts for 
48% (18.2 million) and 3.5% (1.33 million) respectively of the 
38 million deaths due to NCDs in 2012 (WHO, 2016). The im-
provement of the dietary pattern in high-risk patients is con-
sidered to be effective protection and preventive measure for 
the reduction of disease development. Literature data demon-
strated the association between the polyphenolic content in 
berries and their antidiabetic effects by achieving and main-
taining glucose homeostasis (Edirisinghe and Burton-Free-
man, 2016). Epidemiological studies indicate that anthocya-
nin consumption from different plant foods is associated with 
a reduced type 2 diabetes risk (Wedick et al., 2012).

Chokeberry juice is a rich source of polyphenol compounds 
that could be effective preventive and therapeutic agents in 
DM type 2 (Banjari et al., 2017; Simeonov et al., 2002; Yamane 
et al., 2017). Chokeberry juice supplementation in patients 
with DM type 2 could have an impact on the patient’s health 
and well-being. The use of chokeberry with the standard oral 
antidiabetic drugs could prevent the development of diabetic 
complications such as diabetic nephropathy, as well as improve 
the hematological and lipid parameters in patients.

Our results demonstrated the decrease in the levels of all 
measured lipid parameters, as well as the fasting blood glucose 
levels and the concentration of HbA1C, after three months 
of the supplementation with the chokeberry juice. Repeated 
measurements after the next three months without the sup-
plementation showed again the increase in the levels of all 
these parameters. This could be the evidence of the therapy 
effects even though the statistical analysis authenticated a sig-
nificant difference between the three-time measurements only 
in the concentration of LDL (p < 0.05) and HbA1C (p < 0.05).

Some literature data indicate that aronia berries could be 
effective in the prevention of obesity, which is probably con-
nected to their antioxidative activity (Kardum et al., 2014; Shin 
and Jung, 2016). Our results demonstrated a statistically sig-
nificant difference in BMI measurements (p < 0.01), although 
the decrease in the values after the three-month therapy was 
slight. The significant change in systolic and diastolic blood 
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Table 2. Mean values of biochemical parameters, body mass index and blood pressure at baseline, after three months of herbal drug therapy 
and after six months from the baseline

Baseline After three months After six months p- value p1- value p2- value p3- value

GLU (mmol/l) 8 (6.2–9.6) 7.6 (6.2–8.6) 7.4 (6.1–9) 0.083 0.042 0.104 0.754

HbA1C (mmol/mol) 59.1 ± 19 55.1 ± 14.7 59.4 ± 15.8 0.012 0.193 0.417 0.004

TC(mmol/l) 6.1 ± 1.3 5.7 ± 1.1 6.1 ± 1.5 0.169

LDL-C (mmol/l) 3.7 ± 1 3.3 ± 1 3.8 ± 1 0.039 0.037 0.138 0.015

HDL-C (mmol/l) 1.1 (1–1.3) 1.2 (1–1.3) 1.1 (0.9–1.3) 0.544

TG (mmol/l) 2.2 (1.5–3.3) 1.9 (1.6–3.1) 2 (6.1–8.9) 0.823

hs-CRP (mg/l) 1.9 (1.1–4.4) 2.9 (1.3–3.9) 2.5 (1.1–4.8) 0.972

Hgb (g/l) 136.7 ± 12 137.6 ± 12.6 140.8 ± 12.7 0.018 0.774 0.008 0.014

UREA (mmol/l) 5 (4.2–5.8) 4.6 (4.2–5.2) 4.9 (4.2–5.6) 0.194

CREAT (µmol/l) 76.8 ± 14.3 74.7 ± 13.9 77.9 ± 16.7 0.035 0.087 0.259 0.013

Microalbuminuria (mg/l) 8.3 (5.9–17) 6.5 (3.9–14) 8.3 (4.4–13.6) 0.829

Urine CREAT (mmol/l) 9.8 (7–13.6) 6.7 (4.5–10.6) 8.8 (6.6–11.9) 0.074 0.015 0.072 0.204

BMI (kg/m2) 28.8 ± 4.7 28.4 ± 4.5 29± 4.4 0.006 0.021 0.257 0.002

SBP (mmHg) 129.7 ± 17.9 128.7 ± 17.1 130.2 ± 15.3 0.596

DBP (mmHg) 82.8 ± 9.4 83 ± 8.5 82.7 ± 8.7 0.989

Values are presented as mean ± SD or median (interquartile range); p-value < 0.05 was considered significant and obtained using the Friedman 
test or ANOVA; p1, p2 and p3-values < 0.017 were considered significant (Bonferroni correction) and obtained using the Wilcoxon signed – rank 
tests (the post hock analysis); p1-difference between the baseline and measurement after the three months; p2-difference between the baseline and 
measurement after the six months; p3-difference between the measurement after the three and six months from the baseline. GLU, blood glucose; 
HbA1C, glycated hemoglobin; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;  
TG, triglycerides; hs-CRP, high sensitive C-reactive protein; UREA, blood urea; CREAT, blood creatinine; BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure.

Table 3. Mean values of blood count parameters at baseline, after three months of herbal drug therapy and after six months from the 
baseline

Baseline Three months Six months p-value p1- value p2- value p3- value

Transferrin (g/l) 2.4 ± 0.3 2.5 ± 0.2 2.5 ± 0.3 0.140

Ferritin (µg/l) 67.6 (32.5–93.3) 43.9 (26.1–100.9) 55.7 (25.2–100) 0.063 0.003 0.037 0.376

UIBC (µmol/l) 43.6 ± 9.6 45.4 ± 10.2 44.4 ± 9.8 0.347

TIBC (µmol/l) 60.8 ± 7 61.1 ± 6.5 59.9 ± 6.3 0.328

Fe (µmol/l) 16.4 (13.4–20.6) 15.1 (10.3–18.7) 14.1 (11.6–18.4) 0.114

Hgb (g/l) 136.7 ± 12 137.6 ± 12.6 140.8 ± 12.7 0.018 0.774 0.008 0.014

WBC (109/l) 7.2 ± 1.5 6.8 ± 2.1 6.9 ± 1.5 0.011 0.114 0.081 0.394

NEUT (109/l) 3.8 (3.3–4.4) 3.8 (2.8–4.3) 3.7 (3.1–4.3) 0.123

LYMPH (109/l) 2.5 ± 0.8 2.3 ± 0.8 2.4 ± 0.7 0.003 0.007 0.145 0.054

MONO (109/l) 0.4 ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.395

EO (109/l) 0.1 (0.1–0.2) 0.1 (0.1–0.2) 0.2 (0.1–0.3) 0.352

BASO (109/l) 0.05 (0.04–0.08) 0.06 (0.04–0.09) 0.07 (0.06–0.09) 0.160

HCT (l/l) 0.4 ± 0.03 0.4 ± 0.03 0.4 ± 0.04 0.014 0.026 0.641 0.008

MCV (fl) 88.4 ± 4.1 87.5 ± 3.8 87.7 ± 3.4 0.026 0.017 0.062 0.602

MCH (pg) 28.3 ± 1.5 28.8 ± 1.6 28.9 ± 1.6 0.001 0.013 0.000 0.871

MCHC (g/l) 321.2 ± 10.3 329.9 ± 10.4 321.1 ± 51.3 0.000 0.001 0.000 0.538

RDW-SD (fl) 13.1 ± 1.3 13 ± 1.8 12.6 ± 0.9 0.009 0.209 0.000 0.057

PLT (109/l) 264.4 ± 50.9 261.2 ± 48.9 265.1 ± 49.7 0.819

MPV (fl) 9.1 ± 1.3 10 ± 1.5 9.9 ± 1.4 0.005 0.000 0.001 0.539

RBC (1012/l) 4.8 ± 0.3 4.7 ± 0.3 4.8 ± 0.4 0.040 0.254 0.242 0.015

Values are presented as mean ± SD or median (interquartile range); p-value < 0.05 was considered significant and obtained using the Friedman test or 
ANOVA; p1, p2 and p3-values < 0.017 were considered significant (Bonferroni correction) and obtained using the Wilcoxon signed-rank tests (the post 
hock analysis); p1-difference between the baseline and measurement after the three months; p2-difference between the baseline and measurement 
after the six months; p3-difference between the measurement after the three and six months from the baseline. UIBC, unsaturated iron binding 
capacity; TIBC, total iron binding capacity; Fe, iron concentration; Hgb, blood hemoglobin; WBC, white blood cell count; NEUT, neutrophils;  
LYMPH, lymphocytes; MONO, monocytes; EO, eosinophils; BASO, basophils; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean 
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW-SD, RBC distribution width; PLT, platelet; MPV, mean platelet 
volume; RBC, red blood cell count.
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pressure in our study population after the three months of the 
chokeberry juice therapy, as well as after the follow-up period, 
was not established. The study population we included consist-
ed of diabetic patients that had already received the standard 
antihypertensive therapy. On the other hand, it was noticed 
that blood pressure significantly decreased in the non-phar-
macologically treated hypertensive subjects after four weeks 
of the chokeberry juice administration (Kardum et al., 2015).

In our study, the three-month therapy with chokeberry 
juice resulted in decreased levels of all measured lipid param-
eters, except for the concentration of plasma HDL cholester-
ol which was without change. After the next three months 
follow-up, the increase in the levels of these parameters was 
observed, which could be explained by the therapeutic effects 
of the chokeberry juice. A significant decrease was confirmed 
only in LDL concentration (p < 0.05). Other researches with 
animal models or humans also confirmed the improvement 
of lipid profile during the use of the chokeberry preparations 
(Borowska and Brzóska, 2016; Kardum et al., 2015; Sikora et 
al., 2012; Skoczynska et al., 2007; Valcheva-Kuzmanova et al., 
2007b). A study of Skoczynska et al included the overweight 
or obese men with mild hypercholesterolemia and lasted 
18 weeks with a daily chokeberry juice therapy of 150 ml for 
six weeks, followed by six weeks without the juice therapy, and 
the next six weeks again with the therapy. It showed a decrease 
in the circulating levels of total and LDL cholesterol, as well 
as in serum triglycerides, glucose, homocysteine and fibrino-
gen levels and the increase in serum HDL cholesterol. Blood 
pressure values were also significantly decreased, while no dif-
ference was found in the levels of hs-CRP as the inflammatory 
marker (Skoczynska et al., 2007). In patients with metabolic 
syndrome, after eight weeks of the chokeberry extract admin-
istration (300 mg per day), a decrease in the levels of serum 
total and LDL cholesterol was observed, as well as in the tri-
glyceride levels, but with no changes in HDL cholesterol levels, 
which is in accordance with our results (Sikora et al., 2012).

It is well known that inflammation processes and fat accu-
mulation lead to damage in the glucose metabolism and insulin 
resistance which could be the cause of endothelial dysfunction 
and other inflammatory states (Cardillo et al., 2002; Hamdy 
et al., 2003). A significant positive correlation (p < 0.05) was 
found among the values of hs-CRP, which is the marker of in-
flammation and the parameters of glycemic control (blood glu-
cose and HbA1C levels), as well as with some of the parameters 
that are related to the renal dysfunction (blood creatinine and 
urea, urine creatinine and microalbuminuria). There are many 
literature data that indicate a connection between an intensive 
glycemic control in patients with diabetes and the reduction 
of the incidence and progression of diabetic nephropathy, as 
well as other complications (Bi et al., 2012; King et al., 1999). 
It is well known that in diabetic patients, the glycation of var-
ious proteins increases. The increased levels of glycated hemo-
globin (HbA1C), which is often used clinically as the standard 
chronic glycemic control indicator, could be associated with 
the development and progression of chronic diabetic compli-
cations (Cohen, 1998). The maintenance of HbA1C at a low 
level and the strict control of glycemia are two very important 
factors in the prevention of the development of diabetes com-
plications, such as nephropathy (Umayahara et al., 2017). Our 
results showed a decrease in the levels of both, blood glucose 
and glycated hemoglobin, after the chokeberry juice supple-
mentation, which could be of importance for the reduction of 
the incidence of diabetes complications. The decrease in the 
values of parameters related to the initial stage of the renal 
dysfunction (serum creatinine and urea, urine creatinine and 

microalbuminuria) after the juice intake confirmed the effects, 
even though only the decrease in the values of blood creati-
nine (p < 0.05) was statistically significant. After the follow-up 
period (three months without the juice supplementation), the 
increase of those parameters was noticed. Therefore, the de-
creases in the values of the parameters during the first three 
months were due to the chokeberry juice effects. The correla-
tion analysis confirmed a strong positive correlation before 
and after the chokeberry juice therapy for all the parameters 
(p < 0.05). To the best of our knowledge, there is no literature 
information concerning the effectiveness of chokeberry prod-
ucts in renal disorders.

Literature data have shown the association of some hema-
tological parameters, such as peripheral WBC count and type-
2 diabetes, micro and macro-vascular complications, coronary 
artery disease and stroke (Ford, 2002; Tong et al., 2004). It 
was demonstrated that the increase in differential cell counts, 
eosinophil, neutrophil, and monocyte, led to an increased in-
cidence of coronary artery disease (Olivares et al., 1993; Pren-
tice et al., 1982). WBC count could be an important predictor 
of the development and the progression of diabetic complica-
tions (Chung et al., 2005). A study that included the subjects 
with risk factors for type 2 DM demonstrated the associations 
of HCT, Hgb, RBC, and WBC with β-cell dysfunction and glu-
cose concentrations (Hanley et al., 2009). Our results showed 
a significant decrease in WBC (p < 0.05) and lymphocyte count 
(p < 0.01), while the decrease in other differential cell count 
was not significant. The significant changes were noticed in 
the levels of HCT, Hgb, MCV, MCH, MCHC, as well as in the 
RBC count (p < 0.05). Hemoglobin levels were increased after 
the three-month therapy; on the other hand, the level of blood 
Fe was lower after the chokeberry juice intake. The correlation 
analysis showed the strong positive correlation between the 
values at the baseline and after the three months of the juice 
therapy (p < 0.05). Changes in the values of clinically relevant 
hematological parameters could be the evidence of the choke-
berry juice therapy effects. The decrease in the values of WBC 
and LYMPH count may indicate a reduction of inflammatory 
processes that influence the diabetes progression. Further-
more, it is necessary to conduct more comprehensive and de-
tailed clinical investigations in the field of hematology in order 
to confirm those effects and show the association between the 
therapy and hematological parameters.

The presented results are in accordance with the earlier 
results that demonstrated the decrease in lipid and glucose 
parameters after supplementation with the chokeberry prepa-
ration. These effects could be related to the antioxidative and 
anti-inflammatory properties of the chokeberry preparations 
(Badescu et al., 2015; Broncel et al., 2010; Naruszewicz et 
al., 2007; Qin and Anderson, 2012; Rugina et al., 2015), con-
sidering the fact that the oxidative stress and inflammatory 
processes both contribute to the development of diabetes and 
metabolic syndrome, as well as of the cardiovascular disorders 
(Asmat et al., 2016; Naruszewicz et al., 2003, 2007; Rugina et 
al., 2011; Zhu et al., 2012). The review of the referential liter-
ature has shown that A. melanocarpa berries and the derived 
products could improve glucose metabolism by increasing the 
effectiveness of insulin (Qin and Anderson, 2012). Moreover, 
some of the compounds identified in the chokeberry juice, 
such as chlorogenic acid and cyanidin 3-O-arabinoside, could 
modulate the glucose and lipid metabolism (Braunlich et al., 
2013; Meng et al., 2013).

Certainly, we should mention several limitations of our 
study. First of all, we analyzed patients with DM type 2 in three 
different measurement periods: at the baseline, after a three-
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month therapy with the chokeberry juice and after the next 
three months without the therapy (follow-up period). It is well 
known that the lack of a parallel control group, with the DM 
type 2 patients consuming the placebo juice at the same time, 
weakens the strength of our results. These diabetic patients 
were on their standard dietary regimen during the study, with-
out sugar intake, as they always are. Making the placebo juice 
for the control group that is very similar to the chokeberry 
juice, with the same color and taste, was very difficult especial-
ly for those diabetic patients (any sugar intake is forbidden). 
Also, the patients had metabolic syndrome as well as some car-
diovascular disorders, which made the placebo making harder. 
Considering all these circumstances, we decided to conduct 
the study with a longer follow-up period, where the subjects 
could be their own controls, without the interruption of their 
dietary pattern during the intervention and the follow-up pe-
riod. Since this was a pilot study, we believe some useful in-
formation could be given, due to the different literature data 
regarding the potential chokeberry health benefits, even in the 
absence of a control group. Further research could be focused 
on the realization of the clinical investigation of chokeberry 
supplementation in patients with diabetes mellitus as well as 
other noncommunicable diseases. It should include a large 
number of participants; therefore, the results could be more 
relevant for therapy and clinical use.

 
Conclusions

In conclusion, the three-month daily consumption of the 
chokeberry juice could improve the health status in patients 
with type 2 diabetes mellitus, in combination with their 
standard therapy. We demonstrated the decrease in the values 
of glycemic and lipid parameters, as well as in the values of 
parameters that were related to the initial stage of the renal 
dysfunction and diabetic nephropathy. Moreover, we observed 
the influence of the juice intake on some hematological and 
inflammatory parameters. Nevertheless, it is necessary to con-
duct some further epidemiological, well-controlled studies to 
confirm these findings.
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