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Background/Aim: Polyphenol compounds obtained from pomegranate havebenefi-
cial pharmacological activities in the treatment of diabetes mellitus type 2(DMT2). 
Most of DMT2 patients are overweight or obese and obesity by itself isvery much re-
lated to insulin resistance and abnormalities in insulin secretion. Thisclinical study 
aimed to evaluate the pomegranate peel extract (PoPEx) activity onanthropometric 
parameters and body composition of overweight patients with DMT2. Methods: 
Sixty patients with DMT2 on continuous metformin therapy were involved in 
this double-blind, placebo-controlled, randomised clinical trial. Patients from the 
study group (n=30) were treated with capsules containing PoPEx (250mg) twice a 
day for 8-week period, while those ones from the placebo group (n=30) received 
placebo capsules for the same period. Anthropometric characteristics(body 
weight, waist circumference, fat mass percentage, visceral fat level) weremeasured 
at the beginning and at the end of the study. Results: Eight-week treatment with 
PoPEx resulted in significant changes in BMI (mean value ± standard 
deviation: 0.18 ± 0.30 kg/m2) and body mass (0.48 ± 0.93kg). The intake of 
PoPEx produced a significant decrease in waist circumference(z = -4.613, p < 
0.001, r = 0.60) indicating a large effect size using Cohen’s d-test, and a non-
significant decrease in the level of visceral fat. The results showed anon-
significant reduction in fat mass percentage in PoPEx group (-0.58 ± 2.21 %,p = 
0.159) compared with the placebo group (0.14 ± 1.24 %, p = 0.546). Conclusion: 
The eight-week supplementation with PoPEx had a beneficial effecton 
anthropometry and body composition of overweight diabetic patients.

Keywords: pomegranate peel extract; overweight; obesity; diabetes mellitus type 2; 
anthropometry

Introduction

Nearly half a billion people worldwide or 9.3 % of  
all adults globally have diabetes mellitus (DM). The  
most common type of DM belongs to type 2 (DMT2), 
accounting for about 90 % of all diabetes cases and 
the prevalence of this disease is rising [1]. 
Hyperglycaemia is the most common clinical sign of  
DMT2 that occurs as a result of decreased insulin 
secretion and the inability of the body to fully respond 
to insulin, known as insulin resistance [1] [2].

Obese patients are at higher risk for non-
communicable diseases  including  DM [3].  Most  
DMT2 patients  are overweight or obese and obesity 
by itself is linked to insulin resistance and 
abnormalities in insulin secretion [3][4]. One of the 
most significant risk factors for metabolic disorders and 
its predisposition to DMT2 is abdominal distribution 
of fat [5]. Having in mind that DM is one of the 
leading causes of death worldwide and that DMT2 
and obesity together increase the mortality, it is not 
surprising that the prevention and treatment of DM and 
obesity are important public health measures [1] [6].
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Diabetes can be managed by different approaches, includ-
ing antidiabetic medication, nutrition, physical activity 
or herbal remedies [7] [8]. There is an increasing interest 
in identifying herbal compounds that have lipid-lowering 
activities or properties to reduce obesity [9]. According 
to some studies, polyphenols exert very potent anti-in-
flammatory effects  and can improve metabolic  condi-
tions  [8].  Pomegranate  is  an  excellent  source  of  po-
lyphenols (flavonoids, condensed tannins and hydrolys-
able tannins) with beneficial pharmacological properties 
and potential for treatment of various disorders including 
DM [10] [11] [12] [13]. According to the literature data, 
pomegranate peel extract (PoPEx) can affect adipocyte 
differentiation [9].  Adipocytes,  on the other hand, are 
very important in the development of metabolic distur-
bances that are related to obesity and DM [9] [14]. A re-
cent  clinical  study,  performed  in  obese  patients  with 
DMT2, clearly showed that PoPEx, containing ellagitan-
nins had a very potent hypolipaemic, hypoglycaemic and 
anti-hypertensive effects, but had no effect on body mass 
index (BMI), body weight, fat mass and fat-free mass 
[15].  However,  the  animal  and  cell  culture  studies 
suggest that dietary polyphenols may have a pronounced 
anti-inflammatory effect associated with a reduction of 
body weight and FM [16] [17].

Therefore, this clinical trial, as an arm of the existing 
clinical investigation, was aimed to study the effects of 
PoPEx on anthropometry and body composition in over-
weight patients with DMT2.

Methods

Study population

This study was designed as a randomised, double-blind, 
placebo-controlled clinical  trial  in  overweight  patients 
with type 2 diabetes mellitus. Patients were recruited at 
the Department Endocrinology of the University Clinical 
Centre of the Republic of Srpska, Banja Luka. All 
participants (40 - 65 years of age) were overweight 
(BMI ≥ 25 kg/m2), had poor glycaemic control 
(glycosylated haemoglobin, HbA1C ≥ 6.5%) and were 
treated with metformin for the period of at least one 
year before being enrolled in the study. Patients not 
enrolled in the study were those with inflammatory 
diseases, with chronic kidney or liver disease or those 
on hormone replacement therapy and antioxidant 
supplements. Patients on insulin treatment were not 
considered for the study.

Ethical Considerations

All the subjects interested in participating in this study
had to sign an informed consent. They were informed
about the study purpose and protocol, as well as on the
possible risks or benefits of treatment. This clinical study
was approved by the Ethics Committee of the Faculty of
Medicine, University of Banja Luka No 01-9-604-2/17
and the study was conducted according to the Declara-
tion of Helsinki.

Study design and medication

After randomisation, sixty patients were allocated into
two groups. The study group (n=30) received capsules
(250 mg) containing PoPEx twice daily for 8-weeks peri-
od, and the placebo group (n=30) received capsules con-
taining the same quantity of placebo. Participants had to
follow the study protocol without changing their dietary
habits, physical activities and medication regimens dur-
ing the study period. They participants were provided
with a fixed number of capsules needed for the course of
treatment.

Figure 1.
The study design and the participants flow diagram

The participant flow diagram and study design are pre-
sented in Figure 1.

Pomegranate peel extract

PoPEx was provided by Institute for Medicinal Plant Re-
search "Dr Josif Pančić", Belgrade, Serbia. Pomegranate 
fruits were obtained from Herzegovina, a southern re-
gion of Bosnia and Herzegovina. After being separated 
from the fruit, peels were dried at room temperature (4 -
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6 days). The dried peels were grounded with a 
laboratory mill to obtain the powder. Powdered 
pomegranate peel was extracted with 50% ethanol. 
After filtration, the extract was evaporated to 
dryness and put in capsules. Each capsule (250 mg) 
contained polyphenols (punicalagin, punicalin, 
ellagic acid, and gallic acid) in defined quantities. 
The detailed methods of preparation and quantifica-
tion of phenolic compounds of PoPEx were 
described in detail in a recently published paper [15].

Figure 2.
Chemical structures of main pomegranate peel polyphenols

The chemical formulae of these polyphenols are 
presented in Figure 2.

Energy and nutrient intake

Using a 3-day food diary records, the dietary intake 
was assessed at the beginning and at the end of the 
treatment period. The energy and nutrition intake 
were estimated every  day  using  the  Serbian 
Food  Composition Database, harmonised with the 
European Food Information Resource (Euro FIR) 
standards and integrated into the Euro FIR Food 
Platform and Balkan Food Platform [18]. The 
participants were advised not to change their usual 
daily diet.

Anthropometric measurements

The anthropometric measurements were performed 
at the beginning and the end of the study period by 
the same trained investigator. All measurements 
were taken in the morning hours on subjects wearing

underwear  only. Height was measured using a 
stadiometer (accuracy of 1 mm), waist 
circumference (WC) with a non-stretchable tape and 
the body mass by standard scale (accuracy of 100 
g). Body composition (FM, fat-free mass, visceral 
fat level, and phase angle) was determined using a 
Tanita bioelectrical  impedance  analyser  (Tanita  
Corporation, Tokyo, Japan). For skinfold thickness, 
Harpenden skinfold caliper (SF) was used. Triple 
measurements were taken on the right  side of  the 
body in four  standard places (biceps, triceps, 
subscapular and suprailiac), and the average value 
was used. BMI was calculated using the following 

formula: [weight (kg)/height (m)2].

Statistical analyses

For statistical analyses, the IBM SPSS 20 software 
was used (Chicago, IL, USA). All results were 
expressed as mean ± standard deviation and p < 0.05 
was considered significant.  For  comcomparisons  
between  the  groups, Student t-test and Mann-
Whitney U test were used. The distribution of 
variables was assessed by Shapiro-Wilk’s test. For 
the power of statistical significance, Cohen’s test 
was used, and the analysis of differences was per-
formed by paired sample t-test or Wilcoxon Signed 
Rang test. Pearson and Spearman correlation 
coefficients were used  to  assess  the  correlation  
between  body  mass change.

Results

Two patients (3.33 %), out of 60 enrolled in the 
study, did not complete the study. At baseline,there 
were no differences in age and DM and metformin 
therapy duration between the PoPExgroup and the 
placebo group (57.9 ± 6.1 years versus 56.9 ± 6.7 
years; 74.00 ± 49.2 months versus 74.8 ± 53.0 
months; 56.3 ± 38.0 versus 64.1 ± 49.8 months, 
respectively). In both study groups, no adverse 
effects were observed during the follow-up period. 
The baseline characteristics of the PoPEx and the 
placebo groups are presented in Table 1.
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PoPEx group Placebo group
Mean SD Mean SD

Body mass (kg) 90.00 16.58 93.20 16.03

WC (cm) 106.25 11.50 108.71 9.92

BMI (kg/m2) 30.96 4.37 31.75 4.86

Fat mass (%) 29.85 7.19 30.73 8.59

Fat free mass (%) 66.88 6.61 65.90 8.24

Visceral fat (level) 11.53 3.69 11.67 9.91

Phase angle 5.85 0.67 5.88 0.77

There were no significant differences in 
anthropometric variables between the PoPEx and 
the placebo group at baseline.

Mean  energy  intake  at  baseline  was  similar  in  
both groups (2333.6 ± 307.9 kcal and 2265.6 ± 
343.4 kcal, respectively). The 3-day diary food intake 
showed no significant changes in the energy and 
macronutrient intake during the study period. 

The mean fat energy intake was 920.2 ± 99.3 kcal in 
the PoPEx group and 881.1 ± 83.8 kcal in the 
placebo group, accounting for nearly 40% of fat 
energy. The average daily intakes of saturated fat 
the energy were 289.6 ± 31.5 kcal and 296.7 ± 
30.6 kcal in the PoPEx group and the placebo 
group,  respectively (Table 2).

Table 2. Energy and macronutrient intakes of patients with diabetes mellitus type 2, at baseline and at the end of 
the study

Week 0 Week 8
Mean SD Mean SD P-value

2333.6 307.9 2342.8 298.7 0.422

495.3 48.6 524.8 51.2 0.568

920.2 99.3 904.32 91.2 0.356

289.6 31.5 294.7 28.3 0.751

1181.9 131.4 913.4 111.2 0.532

2265.6 343.4 2284.3 346.6 0.492

471.2 46.4 484.2 47.3 0.588

881.1 83.8 890.2 88.7 0.411

296.7 30.6 287.8 29.3 0.682

PoPEx

Energy intake (kcal) 

Protein energy (kcal) 

Fat energy (kcal) 

SF energy (kcal) 

CH energy (kcal) 

Placebo

Energy intake (kcal) 

Protein energy (kcal) 

Fat energy (kcal) 

SF energy (kcal) 

CH energy (kcal) 913.3 101.2 909.9 91.3 0.512

PoPEx, pomegranate peel extract; SF, saturated fat; CH, carbohydrate; p values-paired t-test

Table 1. The baseline anthropometric characteristics of patients with diabetes mellitus type 2 (mean values and 
standard deviations, SD)
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After the intervention period, significant increase in 
BMI (0.18 ± 0.30 kg/m2) and body mass (0.48 ± 0.93 
kg) were noticed in the PoPEx group; z = -2.646, p = 
0.008 (r = 0.34) and z = -2.391, p = 0.016 (r =0.30), 
respectively. However, at the same time, the intake 
of PoPEx produced a significantly decreased WC, z = 
-4.613, p < 0.001 (r = 0.60), indicating a large effect size

using Cohen's test and a non-significant decrease in 
the level of visceral fat. In the placebo group, 
there were no statistical differences in the 
anthropometric characteristics at the end of the 
intervention period (Table 3).

Table 3. Changes in the outcomes of anthropometric characteristics in patients with diabetes mellitus type 2

PoPEx group Placebo group
Mean SD Mean SD

Body mass (kg) 0.48 * 0.43 -0.32 1.52

WC (cm) 2.17 *** 1.82 -0.97 2.71

BMI (kg/m2) 0.18 ** 0.30 -0.10 0.51

Fat mass (%) 2.21 0.14 1.24

Fat free mass (%)

-0.58

0.61 2.50 -0.21 1.31

Visceral fat (level) 0.92 0.11 0.50

Phase angle

-0.20

0.78 0.24 -0.01 0.24

PoPEx, pomegranate peel extract; WC, waist circumference; BMI, body mass index.*p < 0.05 Wilcoxon signed rank test; 
**p < 0.01; ***p < 0001

The relation between the bioelectrical impedance analysis 
(BIA) and skinfold thicknesses (SF) caliper measurements 
are illustrated in Figure 3. The correlation 
factor was high in the total sample (r = 0.887; p < 0.001), 
but it was lower for women compared with men (r = 0.93). 
The results showed a non-significant reduction in fat mass

Figure 3.
Correlation between two methods, bioelectrical impedance analy-
sis (BIA) and skinfold thicknesses (SF) for estimating the percent-
age of fat mass in diabetes mellitus type 2 patients
r = 0.887; p < 0.001

percenttage in the PoPEx group (-0.58 ± 2.21 %, p = 
0.159) compared with the placebo group (0.14 ± 1.24 %, p 
= 0.546). Besides, changes in phase angle value and fat-
free mass were non-significant (0.78 ± 0.24 and 0.61 ± 
0.25).
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Discussion

This clinical study was performed to examine the 
effects of the 8-week treatment with PoPEx on body 
composition and anthropometric parameters in 
overweight subjects with DMT2. The results 
indicated that PoPEx had a beneficial effect on WC, 
but the effects on body mass and anthropometric 
characteristics were not consistent. Compared to the 
placebo group, a significant effect on BMI  increase  
and  WC  decrease  was  noticed  in  the PoPEx 
group. However, the percentage of FM was de-
creased (-0.58 %) but the change was statistically not 
significant.  Moreover,  the recent results of an 
additional arm  of  this  study  undoubtedly  
demonstrated  hypolipaemic activity of PoPEx 
treatment with a beneficial effect on fatty acid 
composition indicating a strong influence on lipid 
metabolism [15].

Life-style management, including balanced nutrition 
and physical activity, are very important keys for 
improving glucose control in the context of DM 
self-management [19]. Having that in mind, at the 
beginning of this study, all participants completed a 
3-day food diary and all participants were asked not
to change the nutritional pattern. The results showed
that diabetic patients had a similar proportion of
macronutrients in the diet as the rest of the
population which what is in accordance with the
2019 Consensus Report [20]. Nearly 40 % of
calories taken originated from fat and saturated fat
energy and it was was higher than recommended.
Epidemiological studies suggested a positive
relationship between the saturated fat intake and
plasma cholesterol levels [21]. Furthermore, a
metaanalysis of randomised controlled clinical
trials on modification of dietary fats on
cardiovascular disease (CVD) risk suggested that
saturated fat energy reduction might reduce
cardiovascular events by 14% in patients with DMT2
[22]. In diabetic patients replacing 2% saturated fat
energy with polyunsaturated fatty acids (PU-FA)
energy was  associated  with  a  12  %-decrease  in
CVD mortality rate [23]. The results of this study
clearly showed that at the end of the intervention
period, the energy  intake  and  energy
macronutrient  proportion  remained the same in
both study groups.
The 8-weeks consumption of PoPEx induced a 
significant reduction in WC in the treatment group. 
WC is an independent predictive factor of chronic dise-

ase including DMT2 [24]. According to Lou et al 
[25], a change in WC can decrease the risk for 
DMT2, despite the lack of change in BMI. Several 
previous studies showed a significant influence on 
body mass after pomegranate extract consumption 
[26] [27]. Our findings are not in accordance with
the results  obtained from previous animal studies,
which have shown that pomegranate induces a
weight loss. Intake of pomegranate leaf extracts had
demonstrated a significant loss of body weight and a
percentage of FM, decreased lipid profile and a
decrease in the intestinal fat absorption in the animal
model. Lei et al [26] [27] have indicated that one of
the possible mechanisms by which leaf extract affects
the body mass is similar to the mechanism of drug
orlistat (Xenical) causing the decrease in the activity
of intestinal lipase, fat absorption, and increase of fat
excretion. The administration of the whole
pomegranate extract  significantly decreased the body
mass in overweight people, while there were no
changes in the placebo group [28]. Another study
noted that intake of 120 mL of pomegranate juice
during the 30 days led to a decrease in body mass
and total body fat percentage  [29].  Discrepancies
in  outcomes  of  these studies could be explained by
the differences in study protocols  and treatment
regimens  (different  study designs, different duration
of the interventional period, variations among
subjects, dosages and forms of pomegranate used)
[30]. The phase angle value has been reported
previously as a biomarker of fat-free mass and
changes of phase angle value and fat free-mass in
the PoPEX group confirm that assumption [31] [32].

Concerning the body composition changes in the 
PoPEx group, average weight gain was 0.48 ± 0.9 
kg, but the percent of FM was decreased by 0.58 ± 
2.2%. For the assessment of body composition in this 
study, two measurement tools were used, including 
BIA and SF caliper. The results showed a highly 
significant correlation between BIA and SF caliper 
(p< 0.001, r =0.887).

In  DMT2 patients,  atherosclerotic  CVD is  
the  major cause of morbidity and mortality. 
Although multiple factors  play  key  roles  
in  the  development  of  CVD  in DMT2, obesity 
is one of the factors that can be modified 
by dietary interventions [4]. Previous studies 
investigating the effects of the pomegranate 
consumption on BMI and  body  composition  are  
inconsistent.  According  to Ghefalti et al [33], 
supplementation with pomegranate extract showed a 
tendency to exert a beneficial effect on weight and 
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patients. Further studies are needed to explore the 
potential effect of PoPEx on adipokines and adipocyte 
functions in obese patients.
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the percentage of FM. Some in vivo and in vitro studies 
suggested that pomegranate had regulatory effects on 
dyslipidaemia and adipose tissue metabolism in 
human and animal adipose tissue [34]. Polyphenols 
as functional food components exert a potential 
anti-obesity effect through an impact on white 
adipocyte browning and activation of the brown adipose 
tissue. Induction of the beige adipocytes may 
be mediated via the adrenergic membrane 
receptors, resulting in the stimulation of 
lipolysis and thermogenesis [35].

Conclusion

The results of this study showed that eightweek 
supple-mentation with PoPEx had a beneficial effect 
on anthro-pometry and body composition of overweight

References

IDF diabetes atlas. 9th edition. Brussels: International Dia-1.
betes Federation. 2019. [Google Scholar]

Global report on diabetes. Geneva: World Health Organiza-2.
tion. 2016. [Google Scholar]

Low S, Chin MC, Deurenberg-Yap M. Review on epidemic3.
of  obesity.  Ann  Acad  Med  Singapore.  2009;38(1):57-65.
[Google Scholar]

Boden G. Role of fatty acids in the pathogenesis of insulin re-4.
sistance and NIDDM [published erratum appears in Diabetes
1997;46(3):536]. Diabetes. 1997;46(1):3-10. [Google Scho-
lar]

Huang T, Qi Q, Zheng Y, Ley SH, Manson JE, Hu FB, et al.5.
Genetic predisposition to central obesity and risk of type 2 di-
abetes:  Two  independent  cohort  studies.  Diabetes  Care.
2015;38(7):1306-1311. [Crossref] [Google Scholar]

Oldridge NB, Stump TE, Nothwehr FK, Clark DO. Preva-6.
lence and outcomes of comorbid metabolic and cardiovascu-
lar conditions in middleand older-age adults. J Clin Epidemi-
ol. 2001;54(9):928-934. [Crossref] [Google Scholar]

Banihani S, Swedan S, Alguraan Z. Pomegranate and type 27.
diabetes. Nutr Res. 2013;33(5):341-348. [Crossref] [Google
Scholar]

Shishehbor F, Mohammad SM, Zarei M, Saki A, Zakerkish8.
M, Shirani F, et al. Effects of concentrated pomegranate juice
on subclinical inflammation and cardiometabolic risk factors
for type 2 diabetes: A quasi-experimental study. Int J Endocri-
nol Metab. 2016;14(1):1-7. [Crossref] [Google Scholar]

Sorrenti V, Randazzo CL, Caggia C, Ballistreri G, Romeo9.
FV, Fabroni S, et al. Beneficial effects of pomegranate peel
extract and probiotics on pre-adipocyte differentiation. Front
Microbiol. 2019;10:660. [Crossref] [Google Scholar]

Akhtar S, Ismail T, Fraternale D, Sestili P. Pomegranate peel10.

and peel extracts: Chemistry and food features. Food Chem.
2015;174:417-425. [Crossref] [Google Scholar]

11. Vučić V, Grabež M, Trchounian A, Arsić A. Composition 
and potential health benefits of pomegranate: A review. Curr 
Pharm Des. 2019;25(16):1817-1827. [Crossref] [Google
Scholar]

12. Viuda-Martos M, Fernández-López J, Pérez-Álvarez JA.
Pomegranate and its many functional components as related
to human health: A review. Compr Rev Food Sci Food Saf.
2010;9(6):635-654. [Crossref] [Google Scholar]

13. Fenercioglu AK, Saler T, Genc E, Sabuncu H, Altuntas Y.
The effects of polyphenol-containing antioxidants on
oxidative stress and lipid peroxidation in Type 2 diabetes
mellitus without  complications. J Endocrinol Invest.
2010;33(2):118-124. [Google Scholar]

14. Kim SH, Plutzky J. Brown fat and browning for the treat-
ment of obesity and related metabolic disorders. Diabetes
Metab J. 2016;40(1):12-21. [Crossref] [Google Scholar]

15. Grabež M, Škrbić R, Stojiljković MP, Rudić-Grujić V, 
Paunović M, Arsić A, et al. Beneficial effects of pomegra-
nate peel extract on plasma lipid profile, fatty acids levels 
and blood pressure in patients with diabetes mellitus type-2: 
A randomized, double-blind, placebo-controlled study. J 
Funct Foods. 2020;64:103692-103692. [Crossref] [Google
Scholar]

16. Meydani M, Hasan ST. Dietary polyphenols and obesity. Nu-
trients. 2010;2(7):737-751. [Crossref] [Google Scholar]

17. Wang S, Moustaid-Moussa N, Chen L, Mo H, Shastri A, Su
R, et al. Novel insights of dietary polyphenols and obesity. J
Nutr Biochem. 2014;25(1):1-18. [Crossref] [Google
Scholar]

18. Gurinović M, Milešević J, Kadvan A, Djekić-Ivanković M, 
Debeljak-Martačić J, Takić M, et al. Establishment and ad- 

https://scholar.google.com/scholar_lookup?author=International+Diabetes+Federation&publication_year=2019&title=IDF+diabetes+atlas
https://scholar.google.com/scholar_lookup?author=World+Health+Organization&publication_year=2016&title=Global+report+on+diabetes
https://scholar.google.com/scholar_lookup?author=Low+S.&author=Chin+M.C.&author=Deurenberg-Yap+M.&publication_year=2009&title=Review+on+epidemic+of+obesity&journal=Ann+Acad+Med+Singapore
https://scholar.google.com/scholar_lookup?author=Boden+G.&publication_year=1997&title=Role+of+fatty+acids+in+the+pathogenesis+of+insulin+resistance+and+NIDDM+[published+erratum+appears+in+Diabetes+1997;46(3):536]&journal=Diabetes
https://scholar.google.com/scholar_lookup?author=Boden+G.&publication_year=1997&title=Role+of+fatty+acids+in+the+pathogenesis+of+insulin+resistance+and+NIDDM+[published+erratum+appears+in+Diabetes+1997;46(3):536]&journal=Diabetes
https://doi.org/10.2337/dc14-3084
https://scholar.google.com/scholar_lookup?author=Huang+T.&author=Qi+Q.&author=Zheng+Y.&author=Ley+S.H.&author=Manson+J.E.&author=Hu+F.B.&author=Qi+L.&publication_year=2015&title=Genetic+predisposition+to+central+obesity+and+risk+of+type+2+diabetes:+Two+independent+cohort+studies&journal=Diabetes+Care
https://doi.org/10.1016/s0895-4356(01)00350-x
https://scholar.google.com/scholar_lookup?author=Oldridge+N.B.&author=Stump+T.E.&author=Nothwehr+F.K.&author=Clark+D.O.&publication_year=2001&title=Prevalence+and+outcomes+of+comorbid+metabolic+and+cardiovascular+conditions+in+middleand+older-age+adults&journal=J+Clin+Epidemiol
https://doi.org/10.1016/j.nutres.2013.03.003
https://scholar.google.com/scholar_lookup?author=Banihani+S.&author=Swedan+S.&author=Alguraan+Z.&publication_year=2013&title=Pomegranate+and+type+2+diabetes&journal=Nutr+Res
https://scholar.google.com/scholar_lookup?author=Banihani+S.&author=Swedan+S.&author=Alguraan+Z.&publication_year=2013&title=Pomegranate+and+type+2+diabetes&journal=Nutr+Res
https://doi.org/10.5812/ijem.33835
https://scholar.google.com/scholar_lookup?author=Shishehbor+F.&author=Mohammad+S.M.&author=Zarei+M.&author=Saki+A.&author=Zakerkish+M.&author=Shirani+F.&author=Zare+M.&publication_year=2016&title=Effects+of+concentrated+pomegranate+juice+on+subclinical+inflammation+and+cardiometabolic+risk+factors+for+type+2+diabetes:+A+quasi-experimental+study&journal=Int+J+Endocrinol+Metab
https://doi.org/10.3389/fmicb.2019.00660
https://scholar.google.com/scholar_lookup?author=Sorrenti+V.&author=Randazzo+C.L.&author=Caggia+C.&author=Ballistreri+G.&author=Romeo+F.V.&author=Fabroni+S.&author=Timpanaro+N.&author=Raffaele+M.&author=Vanella+L.&publication_year=2019&title=Beneficial+effects+of+pomegranate+peel+extract+and+probiotics+on+pre-adipocyte+differentiation&journal=Front+Microbiol
https://doi.org/10.1016/j.foodchem.2014.11.035
https://scholar.google.com/scholar_lookup?author=Akhtar+S.&author=Ismail+T.&author=Fraternale+D.&author=Sestili+P.&publication_year=2015&title=Pomegranate+peel+and+peel+extracts:+Chemistry+and+food+features&journal=Food+Chem
https://doi.org/10.2174/1381612825666190708183941
https://scholar.google.com/scholar_lookup?author=Vučić+V.&author=Grabež+M.&author=Trchounian+A.&author=Arsić+A.&publication_year=2019&title=Composition+and+potential+health+benefits+of+pomegranate:+A+review&journal=Curr+Pharm+Des
https://scholar.google.com/scholar_lookup?author=Vučić+V.&author=Grabež+M.&author=Trchounian+A.&author=Arsić+A.&publication_year=2019&title=Composition+and+potential+health+benefits+of+pomegranate:+A+review&journal=Curr+Pharm+Des
https://doi.org/10.1111/j.1541-4337.2010.00131.x
https://scholar.google.com/scholar_lookup?author=Viuda-Martos+M.&author=Fernández-López+J.&author=Pérez-Álvarez+J.A.&publication_year=2010&title=Pomegranate+and+its+many+functional+components+as+related+to+human+health:+A+review&journal=Compr+Rev+Food+Sci+Food+Saf
https://scholar.google.com/scholar_lookup?author=Fenercioglu+A.K.&author=Saler+T.&author=Genc+E.&author=Sabuncu+H.&author=Altuntas+Y.&publication_year=2010&title=The+effects+of+polyphenol-containing+antioxidants+on+oxidative+stress+and+lipid+peroxidation+in+Type+2+diabetes+mellitus+without+complications&journal=J+Endocrinol+Invest
https://doi.org/10.4093/dmj.2016.40.1.12
https://scholar.google.com/scholar_lookup?author=Kim+S.H.&author=Plutzky+J.&publication_year=2016&title=Brown+fat+and+browning+for+the+treatment+of+obesity+and+related+metabolic+disorders&journal=Diabetes+Metab+J
https://doi.org/10.1016/j.jff.2019.103692
https://scholar.google.com/scholar_lookup?author=Grabež+M.&author=Škrbić+R.&author=Stojiljković+M.P.&author=Rudić-Grujić+V.&author=Paunović+M.&author=Arsić+A.&author=Petrović+S.&author=Vučić+V.&author=Mirjanić-Azarić+B.&author=Šavikin+K.&author=Menković+N.&author=Janković+T.&author=Vasiljević+N.&publication_year=2020&title=Beneficial+effects+of+pomegranate+peel+extract+on+plasma+lipid+profile,+fatty+acids+levels+and+blood+pressure+in+patients+with+diabetes+mellitus+type-2:+A+randomized,+double-blind,+placebo-controlled+study&journal=J+Funct+Foods
https://scholar.google.com/scholar_lookup?author=Grabež+M.&author=Škrbić+R.&author=Stojiljković+M.P.&author=Rudić-Grujić+V.&author=Paunović+M.&author=Arsić+A.&author=Petrović+S.&author=Vučić+V.&author=Mirjanić-Azarić+B.&author=Šavikin+K.&author=Menković+N.&author=Janković+T.&author=Vasiljević+N.&publication_year=2020&title=Beneficial+effects+of+pomegranate+peel+extract+on+plasma+lipid+profile,+fatty+acids+levels+and+blood+pressure+in+patients+with+diabetes+mellitus+type-2:+A+randomized,+double-blind,+placebo-controlled+study&journal=J+Funct+Foods
https://doi.org/10.3390/nu2070737
https://scholar.google.com/scholar_lookup?author=Meydani+M.&author=Hasan+S.T.&publication_year=2010&title=Dietary+polyphenols+and+obesity&journal=Nutrients
https://doi.org/10.1016/j.jnutbio.2013.09.001
https://scholar.google.com/scholar_lookup?author=Wang+S.&author=Moustaid-Moussa+N.&author=Chen+L.&author=Mo+H.&author=Shastri+A.&author=Su+R.&author=Bapat+P.&author=Kwun+I.&author=Shen+C.&publication_year=2014&title=Novel+insights+of+dietary+polyphenols+and+obesity&journal=J+Nutr+Biochem
https://scholar.google.com/scholar_lookup?author=Wang+S.&author=Moustaid-Moussa+N.&author=Chen+L.&author=Mo+H.&author=Shastri+A.&author=Su+R.&author=Bapat+P.&author=Kwun+I.&author=Shen+C.&publication_year=2014&title=Novel+insights+of+dietary+polyphenols+and+obesity&journal=J+Nutr+Biochem


Grabež, M. et al.

vances in the online Serbian food and recipe data base har-
monized  with  EuroFIR™  standards.  Food  Chem.
2016;193:30-38.  [Crossref]  [Google  Scholar]

Davies MJ, D'alessio DA, Fradkin JA, Kernan WN, Mathieu19.
CN, Mingrone G, et al.  Management of hyperglycemia in
type 2 diabetes, 2018: A consensus report by the American
Diabetes Association (ADA) and the European Association
for  the  Study  of  Diabetes  (EASD).  Diabetes  Care.
2018;41(12):2669-2701. [Crossref] [Google Scholar]

Evert AB, Dennison M, Gardner CD, Garvey W, Lau KHK,20.
Macleod J, et al. Nutrition therapy for adults with diabetes or
prediabetes:  A  consensus  report.  Diabetes  Care.
2019;42(5):731-745.  [Crossref]  [Google  Scholar]

van Dijk SJ, Feskens EJM, Bos MB, Hoelen DW, Heijligen-21.
berg R, Bromhaar MG, et al. A saturated fatty acid-rich diet
induces an obesity-linked proinflammatory gene expression
profile in adipose tissue of subjects at risk of metabolic syn-
drome. Am J Clin Nutr. 2009;90(6):1656-1664. [Crossref]
[Google Scholar]

Hooper L, Summerbell CD, Thompson R, Sills D, Roberts22.
FG, Moore HJ, et al. Reduced or modified dietary fat for pre-
venting  cardiovascular  disease.  Sao  Paulo  Med  J.
2016;134(2):182-183.  [Crossref]  [Google  Scholar]

Jiao J, Liu G, Shin HJ, Hu FB, Rimm EB, Rexrode KM, et23.
al. Dietary fats and mortality among patients with type 2 dia-
betes: Analysis in two population based cohort studies. BMJ.
2019;366:14009. [Crossref] [Google Scholar]

Amato MC, Guarnotta V, Giordano C. Body composition as-24.
sessment for the definition of cardiometabolic risk. J Endocri-
nol Invest. 2013;36(7):537-543. [Google Scholar]

Luo W, Guo Z, Hu X, Zhou Z, Wu M, Zhang L, et al. 2 years25.
change of waist circumference and body mass index and asso-
ciations with type 2 diabetes mellitus in cohort populations.
Obes Res Clin Pract. 2013;7(4):e290-e296. [Crossref] [Goo-
gle Scholar]

Lei F, Zhang XN, Wang W, Xing DM, Xie WD, Su H, et al.26.
Evidence of anti-obesity effects of the pomegranate leaf ex-
tract in high-fat diet induced obese mice. Int J Obes (Lond).
2007;31(6):1023-1029. [Crossref] [Google Scholar]

González-Ortiz M, Martínez-Abundis E, Espinel-Bermúdez27.

MC, Pérez-Rubio KG. Effect of pomegranate juice on insulin
secretion and sensitivity in patients with obesity. Ann Nutr
Metab. 2011;58(3):220-223. [Crossref] [Google Scholar]

Hosseini B, Saedisomeolia A, Wood LG, Yaseri M, Tavasoli28.
S. Effects of pomegranate extract supplementation on inflam-
mation in overweight and obese individuals: A randomized
controlled  clinical  trial.  Complement  Ther  Clin  Pract.
2016;22:44-50. [Crossref] [Google Scholar]

Stockton A, Farhat G, McDougall GJ, Al-Dujaili EAS. Effect29.
of pomegranate extract on blood pressure and anthropometry
in adults: A double-blind placebo-controlled randomised clin-
ical  trial.  J  Nutr  Sci.  2017;6(11):e39.  [Crossref]  [Google
Scholar]

Sahebkar A, Simental-Mendía LE, Giorgini P, Ferri C, Gras-30.
si D. Lipid profile changes after pomegranate consumption:
A systematic review and meta-analysis of randomized con-
trolled  trials.  Phytomedicine.  2016;23(11):1103-1112.
[Crossref]  [Google  Scholar]

Yamada Y, Buehring B, Krueger D, Anderson RM, Schoeller31.
DA, Binkley N, et al. Electrical properties assessed by bio-
electrical impedance spectroscopy as biomarkers of age-relat-
ed loss of skeletal muscle quantity and quality. J Gerontol A
Biol Sci Med Sci. 2017;72(9):1180-1186. [Crossref] [Goo-
gle Scholar]

Jun MH, Kim S, Ku B, Cho JH, Kim K, Yoo HR, et al. Glu-32.
cose-independent segmental phase angles from multi-frequen-
cy bioimpedance analysis to discriminate diabetes mellitus.
Sci Rep. 2018;8(1):648. [Crossref] [Google Scholar]

Gheflati A, Mohammadi M, Ramezani-Jolfaie N, Heidari Z,33.
Salehi-Abargouei A, Nadjarzadeh A, et al. Does pomegra-
nate consumption affect weight and body composition?: A
systematic  review  and  meta-analysis  of  randomized  con-
trolled clinical trials. Phytother Res. 2019:1-12. [Crossref]
[Google Scholar]

El-Hadary AE, Ramadan MF. Phenolic profiles, antihyperg-34.
lycemic,  antihyperlipidemic,  and  antioxidant  properties  of
pomegranate  (  Punica  granatum  )  peel  extract.  J  Food
Biochem. 2019;43(4):1-9. [Crossref] [Google Scholar]

Silvester AJ, Aseer KR, Yun JW. Dietary polyphenols and35.
their roles in fat browning. J Nutr Biochem. 2019;64:1-12.
[Crossref] [Google Scholar]

https://doi.org/10.1016/j.foodchem.2015.01.107
https://scholar.google.com/scholar_lookup?author=Gurinović+M.&author=Milešević+J.&author=Kadvan+A.&author=Djekić-Ivanković+M.&author=Debeljak-Martačić+J.&author=Takić+M.&author=Nikolić+M.&author=Ranković+S.&author=Finglas+P.&author=Glibetić+M.&publication_year=2016&title=Establishment+and+advances+in+the+online+Serbian+food+and+recipe+data+base+harmonized+with+EuroFIR™+standards&journal=Food+Chem
https://doi.org/10.2337/dci18-0033
https://scholar.google.com/scholar_lookup?author=Davies+M.J.&author=D'alessio+D.A.&author=Fradkin+J.A.&author=Kernan+W.N.&author=Mathieu+C.N.&author=Mingrone+G.&author=Rossing+P.&author=Tsapas+A.&author=Wexler+D.J.&author=Buse+J.B.&publication_year=2018&title=Management+of+hyperglycemia+in+type+2+diabetes,+2018:+A+consensus+report+by+the+American+Diabetes+Association+(ADA)+and+the+European+Association+for+the+Study+of+Diabetes+(EASD)&journal=Diabetes+Care
https://doi.org/10.2337/dci19-0014
https://scholar.google.com/scholar_lookup?author=Evert+A.B.&author=Dennison+M.&author=Gardner+C.D.&author=Garvey+W.&author=Lau+K.H.K.&author=Macleod+J.&author=Mitri+J.&author=Pereira+R.F.&author=Rawlings+K.&author=Robinson+S.&author=Saslow+L.&author=Uelmen+S.&author=Urbanski+P.B.&author=Yancy+W.S.&publication_year=2019&title=Nutrition+therapy+for+adults+with+diabetes+or+prediabetes:+A+consensus+report&journal=Diabetes+Care
https://doi.org/10.3945/ajcn.2009.27792
https://scholar.google.com/scholar_lookup?author=van+Dijk+S.J.&author=Feskens+E.J.M.&author=Bos+M.B.&author=Hoelen+D.W.&author=Heijligenberg+R.&author=Bromhaar+M.G.&author=de+Groot+L.C.&author=de+Vries+J.H.&author=Müller+M.&author=Afman+L.A.&publication_year=2009&title=A+saturated+fatty+acid-rich+diet+induces+an+obesity-linked+proinflammatory+gene+expression+profile+in+adipose+tissue+of+subjects+at+risk+of+metabolic+syndrome&journal=Am+J+Clin+Nutr
https://doi.org/10.1590/1516-3180.20161342t1
https://scholar.google.com/scholar_lookup?author=Hooper+L.&author=Summerbell+C.D.&author=Thompson+R.&author=Sills+D.&author=Roberts+F.G.&author=Moore+H.J.&author=Smith+G.D.&publication_year=2016&title=Reduced+or+modified+dietary+fat+for+preventing+cardiovascular+disease&journal=Sao+Paulo+Med+J
https://doi.org/10.1136/bmj.14009
https://scholar.google.com/scholar_lookup?author=Jiao+J.&author=Liu+G.&author=Shin+H.J.&author=Hu+F.B.&author=Rimm+E.B.&author=Rexrode+K.M.&author=Manson+J.E.&author=Zong+G.&author=Sun+Q.&publication_year=2019&title=Dietary+fats+and+mortality+among+patients+with+type+2+diabetes:+Analysis+in+two+population+based+cohort+studies&journal=BMJ
https://scholar.google.com/scholar_lookup?author=Amato+M.C.&author=Guarnotta+V.&author=Giordano+C.&publication_year=2013&title=Body+composition+assessment+for+the+definition+of+cardiometabolic+risk&journal=J+Endocrinol+Invest
https://scholar.google.com/scholar_lookup?author=Luo+W.&author=Guo+Z.&author=Hu+X.&author=Zhou+Z.&author=Wu+M.&author=Zhang+L.&author=Liu+J.&publication_year=2013&title=2+years+change+of+waist+circumference+and+body+mass+index+and+associations+with+type+2+diabetes+mellitus+in+cohort+populations&journal=Obes+Res+Clin+Pract
https://doi.org/10.1159/000330116
https://scholar.google.com/scholar_lookup?author=González-Ortiz+M.&author=Martínez-Abundis+E.&author=Espinel-Bermúdez+M.C.&author=Pérez-Rubio+K.G.&publication_year=2011&title=Effect+of+pomegranate+juice+on+insulin+secretion+and+sensitivity+in+patients+with+obesity&journal=Ann+Nutr+Metab
https://doi.org/10.1016/j.ctcp.2015.12.003
https://scholar.google.com/scholar_lookup?author=Hosseini+B.&author=Saedisomeolia+A.&author=Wood+L.G.&author=Yaseri+M.&author=Tavasoli+S.&publication_year=2016&title=Effects+of+pomegranate+extract+supplementation+on+inflammation+in+overweight+and+obese+individuals:+A+randomized+controlled+clinical+trial&journal=Complement+Ther+Clin+Pract
https://doi.org/10.1017/jns.2017.36
https://scholar.google.com/scholar_lookup?author=Stockton+A.&author=Farhat+G.&author=McDougall+G.J.&author=Al-Dujaili+E.A.S.&publication_year=2017&title=Effect+of+pomegranate+extract+on+blood+pressure+and+anthropometry+in+adults:+A+double-blind+placebo-controlled+randomised+clinical+trial&journal=J+Nutr+Sci
https://scholar.google.com/scholar_lookup?author=Stockton+A.&author=Farhat+G.&author=McDougall+G.J.&author=Al-Dujaili+E.A.S.&publication_year=2017&title=Effect+of+pomegranate+extract+on+blood+pressure+and+anthropometry+in+adults:+A+double-blind+placebo-controlled+randomised+clinical+trial&journal=J+Nutr+Sci
https://doi.org/10.1016/j.phymed.2015.12.014
https://scholar.google.com/scholar_lookup?author=Sahebkar+A.&author=Simental-Mendía+L.E.&author=Giorgini+P.&author=Ferri+C.&author=Grassi+D.&publication_year=2016&title=Lipid+profile+changes+after+pomegranate+consumption:+A+systematic+review+and+meta-analysis+of+randomized+controlled+trials&journal=Phytomedicine
https://doi.org/10.1093/gerona/glw225
https://scholar.google.com/scholar_lookup?author=Yamada+Y.&author=Buehring+B.&author=Krueger+D.&author=Anderson+R.M.&author=Schoeller+D.A.&author=Binkley+N.&publication_year=2017&title=Electrical+properties+assessed+by+bioelectrical+impedance+spectroscopy+as+biomarkers+of+age-related+loss+of+skeletal+muscle+quantity+and+quality&journal=J+Gerontol+A+Biol+Sci+Med+Sci
https://scholar.google.com/scholar_lookup?author=Yamada+Y.&author=Buehring+B.&author=Krueger+D.&author=Anderson+R.M.&author=Schoeller+D.A.&author=Binkley+N.&publication_year=2017&title=Electrical+properties+assessed+by+bioelectrical+impedance+spectroscopy+as+biomarkers+of+age-related+loss+of+skeletal+muscle+quantity+and+quality&journal=J+Gerontol+A+Biol+Sci+Med+Sci
https://doi.org/10.1038/s41598-017-18913
https://scholar.google.com/scholar_lookup?author=Jun+M.H.&author=Kim+S.&author=Ku+B.&author=Cho+J.H.&author=Kim+K.&author=Yoo+H.R.&author=et+al.&publication_year=2018&title=Glucose-independent+segmental+phase+angles+from+multi-frequency+bioimpedance+analysis+to+discriminate+diabetes+mellitus&journal=Sci+Rep
https://doi.org/10.1002/ptr.6322
https://scholar.google.com/scholar_lookup?author=Gheflati+A.&author=Mohammadi+M.&author=Ramezani-Jolfaie+N.&author=Heidari+Z.&author=Salehi-Abargouei+A.&author=Nadjarzadeh+A.&publication_year=2019&title=Does+pomegranate+consumption+affect+weight+and+body+composition?:+A+systematic+review+and+meta-analysis+of+randomized+controlled+clinical+trials&journal=Phytother+Res
https://doi.org/10.1111/jfbc.12803
https://scholar.google.com/scholar_lookup?author=El-Hadary+A.E.&author=Ramadan+M.F.&publication_year=2019&title=Phenolic+profiles,+antihyperglycemic,+antihyperlipidemic,+and+antioxidant+properties+of+pomegranate+(+Punica+granatum+)+peel+extract&journal=J+Food+Biochem
https://doi.org/10.1016/j.jnutbio.2018.09.028
https://scholar.google.com/scholar_lookup?author=Silvester+A.J.&author=Aseer+K.R.&author=Yun+J.W.&publication_year=2019&title=Dietary+polyphenols+and+their+roles+in+fat+browning&journal=J+Nutr+Biochem
https://doi.org/10.1016/j.orcp.2012.02.005
https://scholar.google.com/scholar_lookup?author=Luo+W.&author=Guo+Z.&author=Hu+X.&author=Zhou+Z.&author=Wu+M.&author=Zhang+L.&author=Liu+J.&publication_year=2013&title=2+years+change+of+waist+circumference+and+body+mass+index+and+associations+with+type+2+diabetes+mellitus+in+cohort+populations&journal=Obes+Res+Clin+Pract
https://doi.org/10.1038/sj.ijo.0803502
https://scholar.google.com/scholar_lookup?author=Lei+F.&author=Zhang+X.N.&author=Wang+W.&author=Xing+D.M.&author=Xie+W.D.&author=Su+H.&author=Du+L.J.&publication_year=2007&title=Evidence+of+anti-obesity+effects+of+the+pomegranate+leaf+extract+in+high-fat+diet+induced+obese+mice&journal=Int+J+Obes+(Lond)



