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Associations of polyphenols intake and the risk of dyslipidemia  
in the Siberian urban population 

Batluk T. I., Denisova D. V., Berezovikova I. P., Shcherbakova L. V., Malyutina S. K., Ragino Yu. I. 

Aim. To identify associations of polyphenols’ (PP) consump-
tion in general, as well as their classes with the risk of dysli
pidemia in the Novosibirsk population aged 45-69 years.
Material and methods. In 2003-2005, as a part of the inter-
national project HAPIEE “Determinants of cardiovascular 
diseases in Eastern Europe: a multicenter cohort study”, 
a  population sample (n=9360) aged 45-69 years (mean 
age — 57,6 years) was examined in Novosibirsk. There were 
4266 men and 5094 women. For the analysis of nutrition, 
a Food Frequency Questionnaire (FFQ) was used (141 pro
duct names). The content of PP and their classes was evalu-
ated using the European database Phenol-Explorer 3.6. The 
food habits of the population were taken into account. The 
determination of total (TC) and high-density lipoprotein cho-
lesterol (HDL-C) levels were carried out by enzymatic 
method. Hypercholesterolemia was established at TC >5,0 
mmol/L (190 mg/dL). HDL-C <1,0 mmol/L in men and <1,2 
mmol/L in women were considered as HDL-hypocholestero
lemia. The concentration of low-density lipoprotein choles-
terol (LDL-C) was calculated with the Friedewald formula 
(1972): TC-HDLC-TG/5. LDL-hypercholesterolemia was 
established at LDL-C <3,0 mmol/L.
Results. In comparison with the low PP consumption quar-
tile, the odds for hypercholesterolemia in the highest con-
sumption quartile for Other PP was 20% lower (OR 1,2, con-
fidence interval (CI 1,01-0,14), p=0,033), for phenolic 
acids — 20% lower (OR 1,2 (CI 1,01-1,42), p=0,04) and for 
stilbenes  — 37% lower (OR 1,37 (CI 1,15-1,64), p=0,001). 
The risk of HDL-hypocholesterolemia was lower in the quar-
tile of high general PP consumption by 18% (OR 1,18 (CI 
1,002-1,4), p=0,051), of phenolic acids by 32% (OR 1,32 (CI 
1,11-1,57), p=0,001) and of other PP by 20% (OR 1,2 (CI 

1,01-1,41), p=0,04). In comparison with the low PP con-
sumption quartile, the odds for LDL-hypercholesterolemia in 
the high consumption quartile for Other PP decreased by 
16% (OR 1,16 (CI 1,002-1,355), p=0,049), for lignans — by 
33% (OR 1,33 (CI 1,14-1,56), p<0,001).
Conclusion. General intake of PP and their particular classes 
(phenolic acids, stilbenes, and Other PP) reduces the dysli
pidemia risk in Siberian population. 

Key words: polyphenols, blood lipids, population, dyslipi
demia.
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Сardiovascular diseases keep the lead in the global 
mortality patterns [1]. The main causes of cardiovascu‑
lar diseases (CVD) are non-modifiable (age, sex, family 
history) and modifiable (smoking, sedentary lifestyle, 
alcohol abuse, inappropriate diet) risk factors. The 
results of various multicenter studies show a high preva‑
lence of CVD and their risk factors [2, 3]. For example, 
the observational study ESSE-RF revealed a high 
prevalence of hypercholesterolemia (HCE) in Russia — 
57,6% (age group 25-64 years), with an increase to 
74,5% in the age group 55-64 years [4].

Researchers from different countries pay great 
attention to studying the effect of diet on various car‑
diovascular risk factors, including changes in blood 
lipid levels. In recent years, interest has increased in 
assessing the impact of polyphenols’ (PP) consump‑
tion on risk factors. Large population studies de
monstrated that a high content of PP in the diet 
reduces blood lipids (NHANES, HAPIEE, Moli-
sani, PREDIMED) [5-8]. Also, a PP rich diet influ‑
enced the lipid profile. For example, consumption of 
cocoa and cocoa-containing products (chocolate), 
olives and olive oil increases high-density lipoprotein 
cholesterol (HDL-C), while green tea lowers total 
cholesterol (TC) and low-density lipoprotein choles‑
terol (LDL-C) [9-11].

Thus, most studies demonstrate a positive effect 
of PP consumption on blood lipids. The contribution 
of PP certain classes in the regions vary, depending 
on the geography and eating habits of the population, 
which also needs to be taken into account. However, 
there are still no large studies on the consumption 
of PP in Russia.

The aim of the study was to identify associations 
of polyphenols’ (PP) consumption in general, as well 
as their classes with the risk of dyslipidemia in the 
Novosibirsk population aged 45-69 years.

Material and methods
As a part of the international project HAPIEE 

“Determinants of cardiovascular diseases in Eastern 
Europe: a multicenter cohort study”, a population 
sample (n=9360) aged 45-69 years (mean age — 57,6 
years) was examined in Novosibirsk. There were 4266 
men and 5094 women. All participants signed 
informed consent. Local ethics committee approved 
this study. The levels of TC and HDL-C was deter‑
mined by the enzymatic method using standard Bio‑
con (Germany) kits using a biochemical analyzer 
Labsystem (Finland). HCE was established at TC 
>5,0 mmol/L (190 mg/dL). HDL-C <1,0 mmol/L 
in men and <1,2 mmol/L in women were considered 
as HDL-hypocholesterolemia. The concentration of 
LDL-C was calculated with the Friedewald formula 
(1972): TC-HDLC-TG/5. LDL-HCE was estab‑
lished at LDL-C <3,0 mmol/L. 
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For the analysis of nutrition, a Food Frequency 
Questionnaire (FFQ) was used (141 product names). 
The content of PP and their classes was evaluated 
using the European database Phenol-Explorer 3.6. 
[13]. The eating habits of the population were taken 
into account. Dietary survey was not performed for 
70 people due to technical reasons.

Statistical analysis was performed using the soft‑
ware package SPSS (v. 17). Normality of distribution 
was analyzed. We calculated age-standardized arith‑
metic mean value (M) and 95% confidence interval 
(CI). The data in the tables and text are presented as 
M (95% CI). Since the distribution of variables was 
non-normal, the medians (Me) and the interquartile 
range (25%, 75%) were calculated. Mann-Whitney 
U-test was used for the сomparison of variation series 
of two independent groups. Risk was assessed by cal‑
culating OR (95% CI). Differences were considered 
significant at p<0,05.

Results 
We divided all participants on the following groups: 

with HCE (HCE+) and without HCE (HCE-); HDL-
hypocholesterolemia+ and HDL-hypocholesterolemia; 
LDL-HCE+ and LDL-HCE-.

We revealed that men without HCE had a higher 
content of phenolic acids, stilbenes and Other PPin 
the diet. The content of PP classes in diets of women 
with/without HCE was the same (Table 1). Sex dif‑
ferences were observed in the consumption of pheno‑
lic acids, Other PP, and lignans both in groups with 
and without HCE. The total amount of PP consumed 
was greater in men with HCE than in women.

The consumption of PP rich products characteris‑
tic of the Siberian population (cereals, pulses, white/
brown bread, vegetables, potatoes, fresh fruits and 
berries, dried fruits, sweets (not including sugar), tea, 
coffee, alcohol, vegetable oil) was assessed. Men and 
women had different eating habits, which leads to dif‑
ferences in the consumption of most foods. It is 
worth noting that in men, the consumption of pota‑
toes, white bread, brown bread, tea, as well as alcohol 
was significantly higher than in women, regardless of 
HCE. Women were more likely to eat fruits and ber‑
ries were in all studied groups, in contrast to men 
(p<0,001). Alcohol consumption in HCE- men was 
12,3 (10,9-13,7) ml/day, in HCE+ men  — 12,8 
(12,2-13,5) ml/day. In women, this parameter 
amounted to 2,3 (1,9-2,7) ml/day and 1,9 (1,8-2) ml/
day, respectively (p<0,001).

To assess the HCE risk in relation to the con‑
sumption of PP and their certain classes, an odds 
ratio was calculated. We revealed that for the entire 
population, the odds of developing HCE in the high 
consumption quartile of other PP was 20% less than 
in the low consumption quartile: OR 1,2 (CI 1,01-

Ta
bl

e 
2

C
on

su
m

pt
io

n 
of

 v
ar

io
us

 P
P 

cl
as

se
s 

in
 g

ro
up

s 
w

ith
 a

nd
 w

ith
ou

t H
D

L-
hy

po
ch

ol
es

te
ro

le
m

ia
 

M
en

Р 
(1

-2
)

W
om

en
Р 

(3
-4

)
Р 

(1
-3

)
Р 

(2
-4

)
HD

L-
hy

po
ch

ol
es

te
ro

le
m

ia-
 (1

)
HD

L-
hy

po
ch

ol
es

te
ro

le
m

ia+
 (2

)
HD

L-
hy

po
ch

ol
es

te
ro

le
m

ia-
 (3

)
HD

L-
hy

po
ch

ol
es

te
ro

le
m

ia+
 (4

)
M

 (9
5%

 C
I)*

М
е 

(2
5%

, 7
5%

)
M

 (9
5%

 C
I)*

М
е 

(2
5%

, 7
5%

)
M

 (9
5%

 C
I)*

М
е 

(2
5%

, 7
5%

)
M

 (9
5%

 C
I)*

М
е 

(2
5%

, 7
5%

)
Nu

m
be

r o
f p

at
ie

nt
s,

 
n

40
19

22
2

40
34

10
15

To
ta

l o
f 

po
lyp

he
no

ls,
 m

g
12

75
,2

  
(1

25
5,

2-
12

95
,2

)
11

22
,2

  
(8

47
,6

-1
53

4,7
)

12
32

,2
  

(1
14

7,2
-1

31
7,3

)
11

10
,3

  
(8

24
,2

-1
56

6,
2)

12
07

,2
  

(1
18

8,
2-

12
26

,1)
10

73
,5

  
(8

04
,7-

14
57

,3
)

11
76

,5
  

(1
13

8,
6-

12
14

,3
)

10
51

,6
  

(7
66

,7-
14

20
,2

)
<0

,0
01

0,
04

5

Fl
av

on
oi

ds
, m

g
86

0,
4 

 
(8

43
,2

-8
77

,5
)

70
6,

6 
 

(4
95

,7-
10

87
,6

)
84

8,
5 

 
(7

75
,5

-9
21

,6
)

69
0,7

  
(4

90
,3

-1
11

6,
6)

84
6,

6 
 

(8
30

,5
-8

62
,7

)
71

2,1
  

(4
99

,4
-1

06
4,

6)
82

6,
6 

 
(7

90
,5

-8
60

,7
)

69
7,2

  
(4

85
-1

03
8,

6)
0,

04

Ph
en

ol
ic 

ac
id

s,
 m

g
27

4,
6 

 
(2

69
,7-

27
9,6

)
25

7,3
  

(1
91

,5
-3

18
,3

)
25

1,1
  

(2
30

-2
72

,2
)

24
3,7

  
(1

71
,1-

30
8,1

)
0,

04
6

23
7 

 
(2

32
,2

-2
41

,8
)

20
6,7

  
(1

51
,8

-2
78

,4
)

22
5,7

  
(2

16
,1-

23
5,

2)
20

1 
 

(1
45

,1-
27

2,
2)

<0
,0

01
<0

,0
01

Ot
he

r p
ol

yp
he

no
ls,

 
m

g
88

  
(8

7-
88

,9
)

87
,9

  
(6

8-
10

7,3
)

81
,4

  
(7

7,4
-8

5,
5)

83
,4

  
(5

4,7
-1

06
,8

)
0,

02
2

66
,2

  
(6

5,
3-

67
,2

)
60

,9
  

(4
4,

9-
85

,2
)

65
,3

  
(6

3,
4-

67
,1)

59
,8

  
(4

3,
6-

83
,3

)
<0

,0
01

<0
,0

01

Lig
na

ns
 m

g
44

,7
 (4

3,
9-

45
,6

)
39

,5
 (2

7,3
-5

5,1
)

43
,8

 (4
0,

3-
47

,4
)

39
,1 

(2
8,

5-
56

,3
)

50
,3

 (4
9,

4-
51

,2
)

44
,4

 (3
1-

61
,6

)
49

,8
 (4

8-
51

,7
)

44
,3

 (3
0,

4-
61

,3
)

<0
,0

01
0,

00
9

St
ilb

en
e 

m
g

7,3
 (7

,1-
7,4

)
6,

8 
(6

,7-
7,3

)
7,1

 (6
,6

-7,
7)

6,
8 

(6
,7-

7,5
)

6,
8 

(6
,7-

6,
9)

6,
8 

(6
,7-

7)
6,

8 
(6

,6
-7,

1)
6,

8 
(6

,7-
7)

N
ot

e:
 р

 —
 M

an
n-

W
hi

tn
ey

 U
-te

st
, *

 —
 d

at
a 

ar
e 

st
an

da
rd

ize
d 

by
 a

ge
.



8

Russian Journal of Cardiology 2020; 25 (5) 

8

0,14), p=0,033. In the high consumption quartile of 
phenolic acids, it was also 20% less: OR 1,2 (CI 1,01-
1,42), p=0,04. In the high consumption quartile of 
stilbenes, the risk of HCE was reduced by 37%: OR 
1,37 (CI 1,15-1,64), p=0,001.

Sex differences in the odds of developing HCE 
were identified. For men in the high consumption 
quartile of stilbenes, the risk was reduced by 55%, 
compared with the low consumption quartile: OR 
1,55 (CI 1,21-1,97), p<0,001; in the high consump‑
tion quartile of Other PP, it decreases by 28%: OR 
1,28 (CI 1,02-1,6), p=0,034. For women, HCE risk 
was independent of PP amount consumed.

Table 2 presents data for groups with/without 
HDL-hypocholesterolemia.

Men with HDL-hypocholesterolemia consumed 
less phenolic acids and Other PP. HDL-hypocholes‑
terolemia+ women were less likely to consume f lavo‑
noids compared to the HDL-hypocholesterolemia- 
group. Sex differences were observed in all groups 
regarding the consumption of both PP in general and 
their certain classes, except for f lavonoids and stil‑
benes (Table 2).

HDL-hypocholesterolemia- men had higher con‑
sumption of white bread, vegetables, coffee and alco‑
hol compared with HDL-hypocholesterolemia+. 
Women without HDL-hypocholesterolemia were 
more likely to consume coffee, alcohol and sweets, 
not including sugar.

Men consumed white bread, potatoes, sweets, not 
including sugar and alcohol significantly more than 
women, regardless of the presence of HDL-hypo‑
cholesterolemia. On the contrary, women preferred 
fruits, berries, dried and canned fruits.

In the highest consumption quartile of PP for the 
entire population, the risk of HDL-hypocholestero
lemia was 18% lower than in the low consumption 
quartile: OR 1,18 (CI 1,002-1,4), p=0,051; for 
women  — 23% lower: OR 1,23 (CI 1,02-1,5), 
p=0,035. In the high consumption quartile of pheno‑
lic acids for the entire population, the risk decreases 
by 32%: OR 1,32 (CI 1,11-1,57), p=0,001, for 
women — by 27%: OR 1,27 (CI 1,04 -1,54), p=0,021. 
In the high consumption quartile of Other PP for the 
entire population, risk decreases by 20%: OR 1,2 (CI 
1,01-1,41), p=0,04.

Table 3 presents the data in groups with/without 
LDL-HCE. Regardless of LDL-HCE, men had 
a  high consumption of Other PP (p<0,001), while 
women were more likely to consume lignans 
(p<0,001).

We detected a high consumption of white bread, 
potatoes and alcohol in all groups in men compared 
with women. Women were significantly more likely 
to consume fresh fruits and berries (205,4 (189,5-
221,4) g/day and 230,1 (223,9-236,2) g/day in groups 
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cholesterolemia risk. In the PREDIMED study, the 
level of HDL-C increased in parallel with an increase 
in the total urine excretion of PP [18]. However, 
methods for estimating the PP consumption varied. 
According to studies by Kim K, et al., Sohrab G, et 
al., an increase in the HDL-C levels was affected by 
the consumption of f lavonoids [19, 20]. At the same 
time, our data did not correspond with the data of the 
A Nationwide Study (Polish WOBASZ II cohort): in 
men, a higher consumption of PP was significantly 
associated with low HDL-C levels (OR 1,410; 95% 
CI 1,080-1,842). According to the authors, the results 
can be explained by the eating habits of both sexes 
and the difference in normal ranges for HDL-C [21].

It is quite difficult to compare the results of stud‑
ies with different aims. Many authors have studied 
specific products indicating their effect on the lipid 
profile. However, one cannot ignore that, although 
the products are sources of certain PP classes, they 
also contain other classes of PP and other substances. 
Other authors studied PP consumption in relation to 
the metabolic syndrome, which in turn included 
blood lipid parameters. A little number of researchers 
studied only consumption and a certain risk factor, as 
shown in our study.

Thus, associations of PP consumption and blood 
lipid profile in the Novosibirsk population were iden‑
tified. Consumption of PP in general, and especially 
phenolic acids, stilbenes, and Other PP reduced the 
risk of dyslipidemia. Despite the fact that the obtained 
data were consistent with the other studies, there are 
many conflicting results for different populations, 
which suggests the need for further studies.

Relationships and Activities: the study was carried 
out as part of State Assignment № AAAA-
A17-117112850280-2 and was supported by RF 
President grant for leading scientific schools 
(№ NS-2595.2020.7).

without LDL-HCE and with LDL-HCE), compared 
with men (155,4 (144,5-166,3) g/day and 175,5 
(169,7-181,3) g/day, respectively (p<0,001)).

The risk of LDL-HCE in the entire population 
was reduced by 16% in the high consumption quartile 
of other PP, compared with the low consumption 
quartile: OR 1,16 (CI 1,002-1,355), p=0,049. In 
men, the odds of fourth quartile of stilbene consump‑
tion decreased by 30% compared to the first quartile: 
OR 1,3 (CI 1,05-1,610), p=0,018; in women  — by 
31%: OR 1,31 (CI 1,038-1,66), p=0,024; in the entire 
population  — by 33%: OR 1,33 (CI 1,14-1,56), 
p<0,001).

Discussion
This study identified associations between the 

consumption of PP, their certain classes and the risk 
of dyslipidemia in the Novosibirsk population: HCE, 
HDL-hypocholesterolemia and LDL-HCE. The 
data in the groups with/without HCE and with/with‑
out LDL-HCE obtained by us were partially consis‑
tent with the Moli-sani study, where high PP con‑
sumption was associated with lower levels of TC and 
LDL-C [8], and consistent with the meta-analysis of 
resveratrol consumption, which significantly reduced 
the concentration of TC and LDL-C in the blood 
[14]. However, there were conflicting data regarding 
resveratrol, where it did not affect the lipid profile 
[15]. It should also take into account the different 
stilbene sources (in particular, resveratrol) in the 
Novosibirsk population and in others. The main stil‑
bene sources in Siberia for men and women are veg‑
etables and fruits. In other populations, for example, 
in the Polish HAPIEE cohort, the main sources of 
stilbenes were alcohol (beer and wine), and in the 
SUN cohort, red wine and grapes [16, 17].

In people without/with HDL-hypocholestero
lemia, PP in general, phenolic acids and Other PP 
make a greater contribution to reducing HDL-hypo‑



10

Russian Journal of Cardiology 2020; 25 (5) 

10

1.	 WHO Cardiovascular diseases (CVDs). (2016) Available online: http://
www.who.int/mediacentre/factsheets/fs317/en/ (29 Feb 2020).

2.	 Boylan S, Welch A, Pikhart H, et al. Dietary habits in three Central and 
Eastern European countries: the HAPIEE study. BMC Public Health. 
2009;9:439. doi:10.1186/1471-2458-9-439.

3.	 Boylan S, Lallukka T, Lahelma E, et al. Socio-economic circum-
stances and food habits in Eastern, Central and Western European 
populations. Public Health Nutr. 2011;14(4):678-87. doi:10.1017/
S1368980010002570.

4.	 Muromtseva GA, Kontsevaya AV, Konstantinov VV, et al. The preva-
lence of non-infectious diseases risk factors in Russian population 
in 2012-2013 years. The results of ECVD-RF. Cardiovascular Therapy 
and Prevention. 2014;13(6):4-11. (In Russ.) doi:10.15829/1728-8800-
2014-6-4-11.

5.	 Guo X, Tresserra-Rimbau A, Estruch R, et al. Effects of polyphenol, 
measured by a biomarker of total polyphenols in urine, on cardiovas-
cular risk factors after a long-term follow-up in the PREDIMED Study. 
Oxidative Medicine and Cellular Longevity. 2016;2016:11. doi:10.1155
/2016/2572606.2572606.

6.	 Peñalvo JL, López-Romero P. Urinary enterolignan concentrations are 
positively associated with serum HDL cholesterol and negatively asso-
ciated with serum triglycerides in U.S. adults. J Nutr. 2012;142(4):751-
6. doi:10.3945/jn.111.150516.

7.	 Grosso G, Stepaniak U, Micek A, et al. Dietary polyphenols are 
inversely associated with metabolic syndrome in Polish adults of the 
HAPIEE study.  European Journal of Nutrition.  2017;56(4):1409-20. 
doi:10.1007/s00394-016-1187-z.

8.	 Pounis G, Bonaccio M, Di Castelnuovo A, et al. Polyphenol intake 
is associated with low-grade inflammation, using a novel data 
analysis from the Moli-sani study. Thrombosis and Haemostasis. 
2016;115(2):344-52. doi:10.1160/TH15-06-0487.

9.	 Mellor DD, Sathyapalan T, Kilpatrick ES, et al. High-cocoa poly-
phenol-rich chocolate improves HDL cholesterol in type 2 diabe-
tes patients. Diabet Med. 2010;27(11):1318-21. doi:10.1111/j.1464-
5491.2010.03108.x.

10.	 Tsartsou E, Proutsos N, Castanas E, Kampa M. Network Meta-
Analysis of Metabolic Effects of Olive-Oil in Humans Shows the 
Importance of Olive Oil Consumption With Moderate Polyphenol 
Levels as Part of the Mediterranean Diet. Front Nutr. 2019;6:6. 
doi:10.3389/fnut.2019.00006. 

11.	 Onakpoya I, Spencer E, Heneghan C, Thompson M. The effect of 
green tea on blood pressure and lipid profile: a systematic review and 

meta-analysis of randomized clinical trials. Nutr Metab Cardiovasc 
Dis. 2014;24(8):823-36. doi:10.1016/j.numecd.2014.01.016.

12.	 Cardiovascular prevention 2017. National guidelines. Russian Journal 
of Cardiology. 2018;(6):7-122. (In Russ.) doi:10.15829/1560-4071-
2018-6-7-122. 

13.	 Rothwell JA, Pérez-Jiménez J, Neveu V, et al. Phenol-Explorer 3.0: 
a major update of the Phenol-Explorer database to incorporate data 
on the effects of food processing on polyphenol content. Database 
2013, 10.1093/database/bat070.

14.	 Guo F, Li JM, Tang J, Li D. Effects of resveratrol supplementation on 
risk factors of non-communicable diseases: A meta-analysis of ran-
domized controlled trials, Crit. Rev. Food Sci. Nutr., 2017;1-15. doi:10.
1080/10408398.2017.1349076. 

15.	 Haghighatdoost F, Hariri M. Effect of resveratrol on lipid profile: 
An updated systematic review and meta-analysis on randomized 
clinical trials. Pharmacol Res.  2018;129:141-50. doi:10.1016/j.
phrs.2017.12.033.

16.	 Grosso G, Stepaniak U, Topor-Mądry R, et al. Estimated dietary 
intake and major food sources of polyphenols in the Polish arm of the 
HAPIEE study. Nutrition. 2014;30(11-12):1398-403. doi:10.1016/j.
nut.2014.04.012. 

17.	 Mendonça RD, Carvalho NC, Martin-Moreno JM, et al. Total poly-
phenol intake, polyphenol subtypes and incidence of cardiovas-
cular disease: The SUN cohort study. Nutr Metab Cardiovasc Dis. 
2019;29(1):69-78. doi:10.1016/j.numecd.2018.09.012.

18.	 Medina-Remón A, Casas R, Tressserra-Rimbau A, et al. PREDIMED 
Study Investigators. Polyphenol intake from a Mediterranean diet 
decreases inflammatory biomarkers related to atherosclerosis: a sub-
study of the PREDIMED trial. Br J Clin Pharmacol. 2017;83(1):114-28. 
doi:10.1111/bcp.12986. 

19.	 Kim K, Vance TM, Chun OK. Greater flavonoid intake is associated with 
improved CVD risk factors in US adults. Br. J. Nutr. 2016;115:1481-8. 
doi:10.1017/S0007114516000519.

20.	 Sohrab G, Hosseinpour-Niazi S, Hejazi J, et al. Dietary polyphenols 
and metabolic syndrome among Iranian adults. Int J Food Sci Nutr. 
2013;64(6):661-7. doi:10.3109/09637486.2013.787397. 

21.	 Zujko ME, Waśkiewicz A, Witkowska AM, et al. Dietary Total Antioxidant 
Capacity and Dietary Polyphenol Intake and Prevalence of Metabolic 
Syndrome in Polish Adults: A Nationwide Study. Oxid Med Cell Longev. 
2018:7487816. doi:10.1155/2018/7487816.

References


