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A B S T R A C T

Background: Anthocyanins, one of the major plant bioactive substances, possess anti-oxidative and anti-in-
flammatory capacity. However, their dose–response relationship has remained unclear. The present study in-
vestigated the dose–response relationship of anthocyanins with oxidative stress and inflammation in subjects
with dyslipidemia.
Design: and Participants: A total of 169 participants with dyslipidemia were randomly assigned to placebo
(n = 43), anthocyanins 40 mg/day (n = 44), 80 mg/day (n = 40), or 320 mg/day (n = 42) groups. Urine 8-iso-
prostaglandin F2α (8-iso-PGF2α), 8-hydroxy-2′-deoxyguanosine (8-OHdG) and serum malonaldehyde (MDA),
total superoxide dismutase (T-SOD), UA (uric acid), interleukin (IL)-6, IL-10, tumor necrosis factor-α (TNF-α),
and C-reactive protein (CRP) were measured at baseline, at 6 weeks, and at 12 weeks.
Results: Anthocyanin supplementation (320 mg/day) for 6 weeks significantly improved T-SOD versus baseline
(P < 0.05). A slight reduction in serum IL-6, TNF-α, and urine 8-iso-PGF2α from the baseline was observed at 12
weeks in the group receiving 40 mg/day anthocyanins. Anthocyanins (80 mg/day) significantly reduced serum
IL-6 (−20%), TNF-α (−11%) and urine 8-iso-PGF2α (−27%) versus baseline (P < 0.05). Moreover, 320 mg/
day anthocyanin supplementation reduced serum IL-6 (−40%), TNF-α (−21%), MDA (−20%) and urine 8-iso-
PGF2α (−37%) and 8-OHdG (−36%) than 80 mg/day and 40 mg/day anthocyanins, P value < 0.05.
Anthocyanin supplementation has dose-response relationships with decreased inflammatory cytokines IL-6, TNF-
α and oxidative stress biomarkers 8-iso-PGF2α, 8-OHdG and MDA (P for trend,< 0.05). Furthermore, a strong
positive correlation was observed between the changes in the urine 8-iso-PGF2α , 8-OHdG levels and serum IL-6
levels in subjects from anthocyanin groups after 12 weeks of treatment.
Conclusions: Supplementation of anthocyanins for 12 weeks positively improved the anti-oxidative and anti-
inflammatory capacity in a dose–response manner in individuals with dyslipidemia.
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1. Introduction

Dyslipidemia, including increased blood total cholesterol (TC), tri-
glycerides (TG), and low-density lipoprotein cholesterol (LDL-C), and
decreased high-density lipoprotein cholesterol (HDL-C), is a global
health problem. Recent epidemiologic surveys have revealed that the
prevalence of dyslipidemia reached up to 34.0% in Chinese [1,2] and
up to 16.58% in Korean adults [3]. Accumulation of these risk factors
significantly increases the risk of coronary heart disease (CHD) and its
equivalents such as type 2 diabetes and obesity [4–6].

It has been well documented that dyslipidemia results in elevated
levels of low-grade inflammatory cytokines, such as interleukin (IL)-6,
tumor necrosis factor (TNF)-α, and C-reactive protein (CRP) [7,8].
Moreover, serum CRP, IL-6, and TNF-α concentrations have been re-
peatedly reported to be directly associated with several cardiovascular
as well as metabolic diseases [9,10]. Meanwhile, evidence from ex-
perimental work indicated a strong association between dyslipidemia
and oxidative stress [11–13]. Dyslipidemia lead to the generation of
excess free radicals via several biochemical pathways and induce oxi-
dative stress [14]. Oxidative stress can be defined as an imbalance
between the production and elimination of reactive oxygen species
(ROS). It may favor the oxidation of biomolecules such as lipids, pro-
teins, and DNA, resulting in cell damage and loss of biological function
[15]. In this sense, oxidative stress may play a decisive role in the pa-
thogenesis and progression of chronic metabolic diseases [16,17].
Among the many types of ROS-induced oxidative modifications, urine
8-hydroxy-2′-deoxyguanosine (8-OHdG) and 8-iso-prostaglandin F2α (8-
iso-PGF2α) have been widely used as sensitive markers of oxidative
stress [18,19]. In addition, other biomarkers have been studied to
monitor the production of ROS, such as malonaldehyde (MDA) as a
surrogate marker of oxidative stress [20]. Furthermore, elevated oxi-
dative stress and inflammation are highly interrelated and cross-pro-
mote each other in a vicious cycle, resulting in the progression of CHD
outcomes [21]. Therefore, for subjects with dyslipidemia, anti-in-
flammatory and anti-oxidative therapy has been proposed as a pro-
mising and effective strategy for preventing metabolic diseases.

Anthocyanins, a subgroup of flavonoids, are responsible for the
production of red-orange to blue-violet pigments in plants (fruits, ve-
getables, flowers, and grains) [22,23]. Previous human studies have
demonstrated that anthocyanin-rich foods or anthocyanin extracts in-
hibited metabolic diseases owing to their anti-oxidative and anti-in-
flammatory capacity [24,25]. Among most intervention studies, only a
single dose of anthocyanins was used to observe their effect on oxida-
tion and inflammation as well as lipid profile. Thus, the effective dose
of anthocyanin supplementation to induce beneficial functions has re-
mained unclear. The aim of this randomized controlled trial was to
determine the dose–response effect of anthocyanin supplementation on
oxidative and inflammatory response in individuals with dyslipidemia.

2. Subjects and methods

2.1. Subjects

Participants were recruited from local communities in Guangzhou,
China, through advertising flyers and clinicians’ recommendations at
three community hospitals. Potential participants were interviewed by
trained research staff over the telephone or in person with a structured
screening questionnaire. Participants with a medical record of hy-
perlipidemia were further invited to a clinical visit to undergo a serum
lipid measurement test to confirm their eligibility (Fig. 1). The inclusion
criteria were: (1) men and women aged 35–70 years; (2) dyslipidemia
comprising either two or more of the following four criteria [26]:
fasting serum TG ≥ 150 mg/dL (1.70 mmol/L), TC ≥ 200 mg/dL
(5.20 mmol/L), LDL-C ≥ 120 mg/dL (3.12 mmol/L), or HDL-
C ≤ 35 mg/dL (0.91 mmol/L); and (3) less eating out and weight
stability in the past 3 months. The exclusion criteria included: (1)

taking any medications known to affect lipid metabolism such as sta-
tins, currently or within the past 6 months; (2) taking any anthocyanin
supplements or anthocyanin-rich foods currently or within the past 2
months; (3) lactating or pregnant women; (4) and suffering from severe
acute or chronic illness. The study was approved by the Ethics Com-
mittee of Sun Yat-sen University, and informed consent was obtained
from each participant before conducting any experiment. The trial was
registered at ClinicalTrials.gov (NCT03415503).

2.2. Experimental design

This was a 12-week, randomized, double-blind, placebo-controlled
trial with supplementation of multiple doses of anthocyanin. A total of
169 eligible subjects were randomly assigned to one of the four dosing
groups: placebo (n = 43), or anthocyanins at 40 (n = 44), 80 (n = 40),
or 320 (n = 42) mg/day by a list of random numbers generated by
SPSS v22.0 (SPSS Inc., Chicago, IL, USA). Oral capsules with the same
weight, appearance, and package were used in three types as 40 or
80 mg anthocyanins (Medox), and placebo capsules. Subjects in four
groups were all instructed to consume two capsules twice daily pre-
ferably 30-min after breakfast and supper for 12 weeks. In details,
subjects in placebo group consumed four placebo capsules, subjects in
40 mg Antho group consumed one 40 mg Medox and three placebo
capsules, subjects in 80 mg Antho group consumed one 80 mg Medox
and three placebo capsules, and subjects in 320 mg Antho group con-
sumed four 80 mg Medox capsules per day. Subject compliance was
assessed by counting the number of returned packages when they re-
ceived their supplements once every 2 weeks. They were asked to
maintain their usual dietary intake and physical activities. The 24-h
dietary recall data on 3 consecutive days were collected in the first
week, intermediate stage (after 6 weeks), and at the endpoint of our
intervention (after 12 weeks). Nutrient intakes were calculated using a
computer-aided nutritional analysis program for professionals (Chinese
Food Composition Table) [27].

2.3. Study supplements

Medox is a vegetable-encapsulated anthocyanin extracts from wild
Norwegian bilberries and blackcurrants manufactured in Norway by
MedPalett Pharmaceuticals and the Biolink Group. The Medox capsules
contain 80 mg or 40 mg anthocyanins, both of which comprise 17
different natural anthocyanins purified from bilberry (Vaccinium myr-
tillus) and blackcurrant (Ribes nigrum; refer to Supplemental Tables
S1–S3 for the ingredients of anthocyanins capsules). Anthocyanin
capsules also contain 4% pullulan, maltodextrin, and citric acid to
maintain the stability, whereas the placebo capsules contain only
pullulan and maltodextrin [28]. The anthocyanin and placebo capsules
have identical weight, appearance, and package.

2.4. Anthropometric analyses

Anthropometric measurements were performed by a trained ex-
aminer. Body weight (BW), body height (BH), neck circumference (NC),
waist circumference (WC), and hip circumference (HC) were measured
according to the standard protocols. Body mass index (BMI) was cal-
culated based on BW and BH: BMI (kg/m2) = BW (kg)/BH2 (m2). The
waist hip ratio (WHR) was calculated based on WC and HC: WHR
(%) = WC (cm)/HC (cm) × 100%. Heart rate and blood pressure (BP),
including systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured using a validated oscillometric technique (Omron
U30 Intellisense, JPN). BP and heart rate were determined in the non-
dominant upper arm after a 20-minute resting period on each arm
twice. Four values were recorded at 2-minute intervals, and the average
of these measures was considered. All measurements were obtained
using standardized procedures and periodically calibrated instruments.
Individual information was collected by the trained staff via face-to-
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face interview based on a structured questionnaire on socio-demo-
graphic data, dietary habits, and living habits.

2.5. Determination of biochemical biomarkers

Overnight fasting (8–10 hour) venous blood samples were collected
between 8:00 am and 9:00 am at baseline, and after 6 and 12 weeks.
Samples were immediately centrifuged at 3000 rpm for 15 min at 4 °C.
Each participant's serum sample was divided into several aliquots and
stored at −80 °C until analysis. First-morning urine sample was col-
lected in two containers and stored at −80 °C until subsequent ana-
lyses.

Fasting blood samples were subjected to a complete lipid profile,
including LDL-C, HDL-C, TG, TC, apolipoprotein A-1, and apolipopro-
tein B. Other biochemical analyses included fasting blood glucose
(FBG), insulin (FINS), uric acid (UA), and CRP concentrations that were
measured using the Cobas c311 automated assay analyzer (c311, Roche
Diagnostics, Switzerland). The homoeostasis model assessment of in-
sulin resistance (HOMA-IR) was calculated based on FBG and FINS:

HOMA-IR = FINS (mU/mL) × FBG (mmol/L)/22.5. Serum IL-6 was
analyzed using commercial kits (catalog no. HS600C, R&D Systems,
Minneapolis, USA). Serum IL-10 was assessed using a cytometric cy-
tokine bead array human enhanced sensitivity master buffer kit (cat-
alog no.558274, BD Biosciences, San Jose, CA, USA). Serum TNF-α was
determined using a commercial enzyme-linked immunosorbent assay
(ELISA) kit (catalog no. DP1000, SIEMENS, Munich, Germany). Serum
MDA was determined using a commercial ELISA kit (catalog no. S0131,
Beyotime, Shanghai, China). The serum total superoxide dismutase (T-
SOD) activities were measured using a T-SOD assay kit (catalog no.
A001-1-2, Jiancheng, Nanjing, China) and the hydroxylamine method.
Urine 8-iso-PGF2α was determined in spot urine samples, because
Helmersson and Basu reported that urinary F2-isoprostane isomers
concentrations in spot urines showed no significant variation from
concentrations measured in 24-hour urine samples in the same healthy
individuals by radioimmunoassay [29]. Urine 8-iso-PGF2α was analyzed
by competitive enzyme immunoassay (EIA) kit (catalog no.516351,
Cayman Chemical Company, Ann Arbor, MI, USA) [30–32]. Urine 8-
OHdG was measured using an ELISA Kit (catalog no.CSB-E10140h,

Fig. 1. Study participants’ flow diagram.
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CUSABIO, Wuhan, China). Values for 8-iso-PGF2α and 8-OHdG were
normalized by per milligram of creatinine in urine, which was mea-
sured using the Mindray UA-6800 automated assay analyzer (Shenzhen,
China).

2.6. Sample size planning

Sample size estimation was conducted using the PASS software
(version 11.0, NCSS Inc.). In our previous clinical trial [33], supple-
mentation with 320 mg/day of anthocyanins resulted in a 0.34 mmol/L
(13.1 mg/dL) decrease in LDL-C levels relative to the levels in the group
treated with placebo. Based on the conventional assumption of a two-
tailed α level of 0.05 and β level of 0.10, it was determined that 38
subjects should be recruited per group. Allowing for a 10% drop-out
rate, at least 42 subjects were required in each group.

2.7. Statistical analysis

The data are expressed as mean ± standard error of mean (SEM)
unless otherwise stated. Variables with skewed distributions were
logarithmically transformed to achieve a normal distribution. The
percent change after 6 weeks and 12 weeks were calculated as follows:
(value after intervention-value at baseline)/value at baseline × 100%.
Comparability of the four groups at baseline was assessed by a one-way
analysis of variance (ANOVA) and post hoc analysis with Bonferroni
correction for multiple comparisons. Student's t tests for paired data
were used accordingly to assess changes within the group from baseline
to follow-up. Differences in the percent change in biomarkers between
the intervention groups were analyzed by ANOVA, after logarithmic
transformation on the ratio. An extension of the Wilcoxon rank sum test
was used to test for linear trends across groups. Pearson correlation
coefficients (r) were calculated to assess the associations between the
changes in oxidative stress and inflammatory biomarkers over the 12-
week study period. All statistical analyses were two-tailed and per-
formed using SPSS v22.0 (SPSS Inc., Chicago, IL, USA). Statistical sig-
nificance was set at an α level of 0.05.

3. Results

3.1. Baseline characteristics and diet monitoring

The baseline characteristics of individuals with dyslipidemia are
shown in Table 1. Participants were predominantly females (73.4%)
with their age ranging from 35 to 70 years and a BMI of 24.1 kg/m2

(range: 17.1–33.5 kg/m2). Participants in the four groups were com-
parable in terms of age, gender, smoking status, BW, BMI, NC, WC,
WHR, HR, and SBP, except DBP (P < 0.05). Moreover, the baseline
parameters for lipids, glucose, and insulin were comparable among the
four study groups.

Dietary intake data at baseline and at the end of 12 weeks are shown
in Table 2. There were no significant differences in energy or nutrient
intake among four groups. No significant differences were observed
between the groups in the daily intake of anthocyanins and vitamins,
with anti-oxidative capacity, at baseline and after a 12-week interven-
tion.

3.2. Effects of anthocyanin on serum inflammatory cytokines

The absolute changes in inflammatory cytokines concentration from
baseline to follow-up (at 6 and 12 weeks) were assessed within the
groups (Fig. 2, Table 3). After 6 weeks, the inflammatory cytokines did
not significantly change. After 12 weeks, 40 mg/day anthocyanins
moderately reduced the serum IL-6 and TNF-α from the baseline, but
without significance (Fig. 2a and b). However, a 12-week anthocyanin
supplementation at 80 mg/day and 320 mg/day significantly decreased
the serum IL-6, with baseline 2.71 ± 0.18 pg/mL and

2.34 ± 0.19 pg/mL to final 1.98 ± 0.18 pg/mL and 1.06 ± 0.18 pg/
mL, respectively (P < 0.05, Fig. 2a, Table 3), as well as TNF-α, with
baseline 6.17 ± 0.25 nmol/L and 6.39 ± 0.55 nmol/L to final
5.39 ± 0.40 nmol/L and 4.92 ± 0.53 nmol/L, respectively
(P < 0.05, Fig. 2b, Table 3).

The percent change from baseline to 12 weeks in inflammatory
cytokines was compared between the groups (Table 3). Next, we
checked whether the serum cytokines levels decreased linearly with the
dose of anthocyanin (Fig. 3). The reduction in serum IL-6 from baseline
to 12 weeks in both the 80 mg anthocyanin (−20%, P < 0.05) and
320 mg anthocyanin (−40%, P < 0.01) groups was significantly dif-
ferent from the change in the placebo group (8%) (Table 3). Similarly,
the reduction in serum TNF-α from the baseline to 12 weeks in the
320 mg anthocyanin group (−21%) was different from the alteration in
the placebo group (5%; P < 0.01) (Table 3). The reduction in IL-6 (P
for trend < 0.001) and TNF-α (P for trend < 0.01) was further found
to be significantly dependent on the dose of anthocyanin supple-
mentation (Fig. 3a and b). The percent changes from baseline to 12
weeks in IL-10 and CRP were not significantly different between the
groups (Table 3). Interestingly, the alteration of TNF-α between the
40 mg and 320 mg anthocyanin groups was significantly different at the
end of 12 weeks (P < 0.05, Fig. 3b). In addition, the percent change
from baseline to 6 weeks in these inflammatory cytokines was not
significant between the groups or dependent on the dose of anthocyanin
supplementation (Table 3 and Supplemental Fig. 2).

3.3. Effects of anthocyanin on oxidative stress biomarkers

Within groups, the absolute changes in the concentration of oxida-
tive stress biomarkers from baseline to follow-up were assessed. After 6
weeks, a significant increase was observed in the T-SOD activity from
162.68 ± 4.30 U/mL to 178.79 ± 5.21 U/mL (P < 0.05) in 320 mg
anthocyanin group (Table 4). After 12 weeks, subjects receiving 40 mg/
day anthocyanins reported moderately reduce of urine 8-iso-PGF2α, but
without significance (Fig. 2c, Table 4). The 12-week anthocyanin sup-
plementation at 80 mg/day produced a significant reduction in urine 8-
iso-PGF2α from 1.19 ± 0.07 pg/mg creatinine to 0.89 ± 0.13 pg/mg
creatinine (P < 0.05, Fig. 2c, Table 4). Furthermore, 12-week antho-
cyanin supplementation at 320 mg/day yielded further reduction than
80 mg/day and 40 mg/day dosages for improving urine 8-iso-PGF2α, 8-
OHdG, and serum MDA, with baseline 1.31 ± 0.08 pg/mg creatinine,
6.98 ± 0.56 ng/mg creatinine, and 3.78 ± 0.20 μmol/L to post-
treatment 1.04 ± 0.16 pg/mg creatinine, 4.25 ± 0.53 ng/mg crea-
tinine, and 2.92 ± 0.18 μmol/L, respectively (P < 0.05; Fig. 2c, d,
and 2e, Table 4).

Between groups, percent change was compared and further tested
whether oxidative stress biomarkers changed linearly as the dose of
anthocyanin increased (Fig. 3 and Table 4). The reduction in urine 8-
iso-PGF2α from baseline to 12 weeks in the 80 mg anthocyanins
(−27%, P < 0.05) and 320 mg anthocyanins (−37%, P < 0.01)
groups was significantly different from the change in the placebo group
(21%) (Table 4). Moreover, urine 8-OHdG decreased significantly in the
320 mg anthocyanin group (−36%, P < 0.05) compared with the
alteration in the placebo group (5%) after the 12-week treatment
(Table 4). Furthermore, these changes were found to be significantly
dependent on the anthocyanin dose (P for trend,< 0.01) (Fig. 3c and
d). Although the percentage change in MDA was not significantly dif-
ferent between groups, there was a significant dose–response effect of
the intervention (P for trend,< 0.05) (Fig. 3e). However, the percen-
tage changes in T-SOD and UA were not significantly different between
the groups, nor was there a significant dose-dependent effect of an-
thocyanin (Supplemental Figs. 1c and 1d, Table 4). In addition, after 6-
week treatment, a significant percent change was observed in the T-
SOD activity between anthocyanins group (320 mg/day) and placebo
group. Moreover, the change was found to be significantly dependent
on the anthocyanin dose (P for trend,< 0.01) (Supplemental Fig. 2h).
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However, other oxidative stress biomarkers did not show significant
percent change between groups after 6 weeks (Table 4 and
Supplemental Fig. 2).

3.4. Association between changes in oxidative stress and inflammation
biomarkers

After the 12-week anthocyanin intervention, the decrease in urine 8-
iso-PGF2α exhibited a positive correlation with the change in serum IL-6

Table 1
Baseline characteristics.

Placebo (n=43) 40mg Antho (n=44) 80mg Antho (n=40) 320mg Antho (n=42) P value[1]

Age, y 56.21± 1.01a 57.52±1.37 58.28± 1.17 57.41± 1.37 0.607
Gender (M/F) 13/30 11/33 10/30 11/31 0.939
Weight (kg) 59.17± 1.79 62.41±1.78 59.08± 1.64 64.92± 1.68 0.052
CS (%) 3(7.1%)a 4(9.3%) 2(5.1%) 2(4.8%) 0.827
BMI (kg/m2) 24.17± 0.39 23.77±0.48 23.77± 0.49 24.67± 0.57 0.514
NC (cm) 34.07± 0.48 33.95±0.46 33.49± 0.49 34.24± 0.58 0.766
WC (cm) 84.16± 1.85 85.14±1.49 84.51± 1.40 86.81± 1.49 0.642
WHR (%) 0.88± 0.02 0.89± 0.01 0.89± 0.01 0.90±0.01 0.674
SBP (mmHg) 126.49±2.63 118.69± 2.59 117.80±2.38 119.85± 1.98 0.050
DBP (mmHg) 80.55± 1.34 75.73±1.38 74.81± 1.39 75.97± 1.32 0.015
HR 78.45± 1.57 75.32±1.65 77.78± 1.46 75.81± 1.49 0.413
TC (mmol /L) 6.11± 0.14 6.26± 0.15 6.16± 0.14 6.35±0.14 0.653
HDL-c (mmol /L) 1.38± 0.05 1.43± 0.06 1.54± 0.07 1.47±0.06 0.346
LDL-c (mmol /L) 4.16± 0.15 4.28± 0.18 4.21± 0.14 4.35±0.13 0.838
TG (mmol /L) 2.18± 0.19 2.19± 0.27 1.95± 0.14 2.07±0.27 0.863
APOA1 (g/L) 1.42± 0.03 1.42± 0.03 1.50± 0.05 1.44±0.03 0.430
APOB (g/L) 1.31± 0.03 1.35± 0.04 1.30± 0.03 1.32±0.03 0.784
FBS (mmol/L) 5.53± 0.28 5.38± 0.11 5.26± 0.09 5.28±0.13 0.710
FINS (mmol/L) 11.05± 0.96 9.56± 0.75 9.45± 0.71 10.51± 1.14 0.544
HOMA-IR 2.78± 0.36 2.31± 0.19 2.20± 0.16 3.14±0.71 0.329

1 P values are for comparison between the four groups (Either a one-way analysis of variance or chi-square test for independent data).
Abbreviation: SEM, standard error of mean; Antho, anthocyanin group; M, male; F, female; CS: current smoking; BMI: body mass index; NC: neck circumference; WC:
waist circumference; WHR: waist-hip ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; TC: total cholesterol; HDL-c: high density
lipoprotein cholesterol; LDL-c: low density lipoprotein cholesterol; TG: total triglyceride; APOA1, apolipoprotein A-1; APOB, apolipoprotein B; FBS: fasting blood
glucose; FINS: fasting insulin; HOMA-IR: homoeostasis model assessment of insulin resistance.

a Mean± SEM or n (%).

Table 2
Daily dietary intakes of total energy and nutrients at baseline and 12 weeks after treatment.

Placebo (n=43) 40mg Antho (n=44) 80mg Antho (n=40) 320mg Antho (n=42) P value[1]

Total energy (kcal/d)
Baseline 1516.65±99.07a 1445.86± 83.61 1580.97± 113.86 1625.68±100.70 0.599
12 wk 1718.84±93.65 1501.20± 96.56 1535.59± 142.07 1552.08±86.34 0.458
Total protein (g/d)
Baseline 68.74± 4.09 70.53±3.46 74.00± 5.06 81.30± 5.26 0.208
12 wk 79.42± 4.20 72.91±4.17 74.69± 10.36 76.94± 3.99 0.880
Carbohydrates (g/d)
Baseline 199.37± 19.68 185.36± 13.46 194.02±15.34 200.35± 13.18 0.899
12 wk 218.61± 15.18 194.74± 14.73 184.83±10.89 209.41± 14.46 0.340
Total lipids (g/d)
Baseline 49.28± 3.37 45.62±3.09 56.55± 6.02 55.43± 5.80 0.299
12 wk 58.67± 4.24 46.36±3.90 54.12± 8.14 45.61± 3.84 0.219
Cholesterol (mg/d)
Baseline 440.30± 40.08 434.78± 30.82 421.51±38.26 553.32± 40.59 0.054
12 wk 471.33± 31.90 412.46± 40.05 533.72±140.43 460.35± 41.86 0.717
Dietary fiber (g/d)
Baseline 10.64± 0.93 11.43±1.43 11.49± 1.06 12.73± 1.06 0.639
12 wk 10.80± 0.82 11.53±1.16 10.88± 1.34 11.94± 1.20 0.875
Vitamin C (mg/d)
Baseline 105.24± 9.55 128.03± 9.41 129.32±11.31 134.48± 10.47 0.180
12 wk 134.99± 11.26 123.17± 10.26 126.59±11.47 158.69± 14.69 0.155
Vitamin A (ug retinol equivalent/d)
Baseline 601.48± 69.69 765.54± 88.48 741.67±93.03 756.20± 65.92 0.420
12 wk 693.39± 71.92 1037.74± 188.56 718.08±124.48 810.75± 88.54 0.338
Vitamin E (mg/d)
Baseline 13.92± 1.53 10.41±0.88 12.95± 1.34 15.13± 1.71 0.100
12 wk 16.04± 2.27 15.81±2.45 17.74± 5.20 14.31± 2.06 0.903
Anthocyanins (mg/d)
Baseline 11.02± 0.48 11.63±1.03 8.55± 0.32 8.04±0.26 0.900
12 wk 19.06± 0.92 7.21± 0.41 19.03± 1.03 18.72± 1.02 0.109

1 P values are for comparison between the four groups at baseline and after 12 weeks of intervention (A one-way analysis of variance for independent data).
Abbreviation: SEM, standard error of mean; Antho, anthocyanin group.

a Mean± SEM (all such values).
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(r = 0.304, P < 0.01; Fig. 4a) in subjects from the anthocyanin groups
including the 40 mg, 80 mg, and 320 mg anthocyanin groups. Similarly,
a positive association between the change in urine 8-OHdG and the
alteration in serum IL-6 (r= 0.239, P < 0.01; Fig. 4b) was observed in
subjects from the anthocyanin groups. However, these associations
were not found in the placebo-treated subjects (Fig. 4c and d).

4. Discussion

In this randomized controlled trial, we observed a linear

dose–response relationship for the change in inflammatory and oxida-
tive biomarkers after anthocyanin supplementation in individuals with
dyslipidemia. At 12 weeks, anthocyanin supplementation at 40 mg/day
moderately reduced serum IL-6 and TNF-α and urine 8-iso-PGF2α.
Supplementation of anthocyanins 80 mg/day for 12 weeks produced
significant reduction in IL-6 and TNF-α and 8-iso-PGF2α. Subjects who
received 320 mg/day anthocyanins for 12 weeks showed further im-
provement in reducing serum IL-6 and TNF-α, MDA, and urine 8-iso-
PGF2α, 8-OHdG than those who received 80 mg/day and 40 mg/day
anthocyanins. In addition, 6-week anthocyanin supplementation at

Fig. 2. Absolute changes in inflammation and oxidative stress cytokines within groups. Data represent the mean (SEM) measurements for each group.
*P < 0.05. SEM, standard error of mean; IL-6, interleukin-6; TNF-α, tumor necrosis factor α; 8-iso-PGF2α, 8-iso-prostaglandin F2α; 8-OHdG, 8-hydroxy-2′-deox-
yguanosine; MDA, malonaldehyde.
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320 mg/day significantly improved T-SOD, but no other cytokines.
These results revealed the dose–response of anthocyanin-induced anti-
inflammatory and anti-oxidative effects. Moreover, these results in-
dicated that anthocyanin supplementation at 80 mg/day could reach
the threshold level for producing beneficial functions among subjects
with dyslipidemia.

A number of studies reported that consumption of anthocyanin-rich
foods such as berries (raspberries [34], bilberry juice [35], and blue-
berries [36]) as well as anthocyanin extracts [37,38] resulted in ben-
eficial functions such as decreasing inflammatory and oxidative stress
biomarkers, improving glucose and fatty acid metabolism, as well as
improving vascular endothelial functions [39]. However, the effective
dose of anthocyanin at which it exerts beneficial functions has not been
well studied. Despite the widely variant anthocyanin doses in previous
intervention studies, ranging from 59.5 mg/day [40] to 640 mg/day
[41], most studies only used a single dose to observe the effect of an-
thocyanins. For example, Traustadottir et al. [40] reported that intake
of 240 mL tart cherry juice twice daily (59.5 mg of total anthocyanins
per day) for 4 weeks reduced urine 8-OHdG and plasma F2-isoprostane
compared with the levels in subjects in the placebo group. However,
another trial with similar dose and conducted by Estevez-Santiago [42]
showed that 8-month anthocyanin supplementation at 60 mg/day im-
proved none of the plasma CRP, IL-6, vascular cell adhesion molecule-1
(VCAM-1), or intercellular adhesion molecule-1 in postmenopausal
women. Previous trial [43] with supplementation of 320 mg/day an-
thocyanins showed significant reduction in UA but not in CRP after 24
weeks in adults with prediabetes. The supplementation of anthocyanins
640 mg/day for 4 weeks significantly improved serum concentrations of
HDL and blood glucose, but no effects on the inflammatory or oxidative
stress biomarkers in pre-hypertensive men [41] were observed. Taken
together, these studies with inconsistent results used a single dose of
anthocyanins and their study designs largely varied, with differences in
intervention duration and the studied population, which hindered the
comparison of effects between different anthocyanin levels. Therefore,
there exists no evidence to raise the concentration of anthocyanins to
adequate levels to improve the health status and prevent or treat me-
tabolic diseases. The present study first assessed the dose–response ef-
fect of anthocyanins and demonstrated that anthocyanins at 80 mg/day
could produce beneficial functions by improving inflammation and

oxidative stress among subjects with dyslipidemia, whereas 320 mg/
day anthocyanins would result in obvious improvement in in-
flammatory and oxidative response. This evidence indicated that a daily
intake of 80 mg or more of anthocyanins could be recommended as a
therapeutic strategy for dyslipidemia.

Observational studies across countries showed that anthocyanin
intake in daily diet was relatively low, ranging from 11.48 to 47.0 mg/
day. For example, Finnish [44] consumed anthocyanin 47.0 mg/day
from their daily diet, which was higher than those consumed by other
adults in Korea [45] (37.0 mg/day), France [46](35.0 mg/day), China
[47] (28.0 mg/day), Australia [48] (24.17 mg/day), Spain [49]
(18.8 mg/day), and America [50] (11.48 mg/day). Taken together,
anthocyanins intake from daily diet in these countries did not reach
80 mg, which was recommended to exert beneficial functions in our
trial. Thus, supplementation with adequate amounts of anthocyanins,
for example in the form of anthocyanin-rich food or anthocyanin ex-
tracts, appeared necessary. Actually, it is not difficult to meet the an-
thocyanin supplementation at 80 mg/day with food rich in anthocya-
nins, especially berries and currants. For example, anthocyanins
content ranges from 295.48 mg to 1266.00 mg in every 100 g black
elderberry [51,52], 125.63 mg–989.70 mg in every 100 g black cho-
keberry [51,53], and 85.21 mg–190.62 mg per 100 g blackberry [54].
Therefore, anthocyanin supplementation at 80 mg/day appears both
clinical relevant and realizable by food.

In addition to adequate levels of anthocyanin intake, the duration of
anthocyanin supplementation plays an important role in preventing
metabolic diseases. In the present trial, we found that the intervention
effects for 6 weeks were not as significant as those at 12 weeks, with
improving only CRP and T-SOD but no other biomarkers. A linear do-
se–response relationship was not observed after 6 weeks either. It in-
dicated that adequate intervention duration was important. Wright
et al. [55] reported that 4-week supplementation with dried purple
carrot (118.5 mg/day anthocyanins) showed no significant decrease in
BMI, body composition, appetite, LDL-C, TC, or CRP in overweight and
obese adults. Another short-term trial conducted by Karlsen et al. [56]
showed that 3-week intake of purified anthocyanins (300 mg/day) did
not result in significant alterations in CRP, TNF-α, or interleukin-1β (IL-
1β) concentrations in healthy adults. However, a long-term interven-
tion trial with similar anthocyanin levels conducted by Zhu et al. [57]

Table 3
Effects of anthocyanin on inflammatory biomarkers.

Placebo (n=43) 40mg Antho (n=44) 80mg Antho (n=40) 320mg Antho (n=42)

value MCb (%) value MC (%) value MC (%) value MC (%)

IL-6 (pg/ml)
Baseline 2.30± 0.21a 2.92± 0.14 2.71± 0.18 2.34±0.19
6 wk 2.50± 0.25 0.34± 0.13 2.83± 0.17 0.04± 0.07 2.46± 0.20 -0.03± 0.08 2.05±0.18 0.12± 0.13
12 wk 2.29± 0.28 0.08± 0.10 2.77± 0.25 -0.04± 0.08 1.98± 0.18#[1] -0.20± 0.08∗[2] 1.06±0.18# -0.40± 0.11∗∗[2]

TNF-α (nmol/L)
Baseline 6.02± 0.39 6.76± 0.38 6.17± 0.25 6.39±0.55
6 wk 5.65± 0.39 0.17± 0.11 6.39± 0.47 -0.02± 0.06 5.63± 0.53 -0.06± 0.09 5.60±0.60 0.01± 0.05
12 wk 5.69± 0.35 0.05± 0.06 6.52± 0.42 -0.02± 0.05 5.39± 0.40# -0.11± 0.06 4.92±0.53# -0.21± 0.05∗∗

IL-10 (pg/ml)
Baseline 1.23± 0.10 1.11± 0.09 1.14± 0.07 0.99±0.06
6 wk 1.01± 0.09 0.11± 0.12 0.99± 0.09 0.18± 0.12 1.13± 0.12 0.16± 0.14 1.01±0.08 0.12± 0.09
12 wk 1.09± 0.09 0.12± 0.09 1.04± 0.08 0.13± 0.08 1.20± 0.06 0.19± 0.07 1.03±0.06 0.13± 0.08
CRP (mg/L)
Baseline 1.42± 0.16 1.46± 0.17 1.52± 0.25 1.52±0.16
6 wk 1.33± 0.14 0.08± 0.07 1.38± 0.17 0.04± 0.06 1.29± 0.17 0.03± 0.07 1.40±0.13 0.03± 0.07

12 wk 1.53± 0.25 0.15± 0.11 1.52± 0.21 0.12± 0.09 1.62± 0.30 0.10± 0.12 1.23±0.20 -0.13± 0.09

1 Compared within the group from baseline to follow-up (Either Wilcoxon signed rank test or Students’ t test for paired data), #P<0.05.
2 Compared between the placebo group and anthocyanin groups (ANOVA for independent data), ∗P<0.05, ∗∗P<0.01.
Abbreviation: SEM, standard error of mean; MC, mean change; Antho, anthocyanin group; IL-6, interleukin-6; TNF-α, tumor necrosis factor α; IL-10: interleukin-10;
CRP: C-reactive protein.

a Mean± SEM (all such values).
b Calculated as (value after intervention-value before intervention) / value before intervention ×100 %.
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reported that purified anthocyanin supplementation at 320 mg/day
significantly reduced CRP, VCAM-1, and IL-1β concentrations in sub-
jects with hypercholesterolemia at 12 and 24 weeks after intervention
[69]. Similarly, another 12-week intervention study showed that an-
thocyanin-rich beverage significantly improved biomarkers for in-
flammation and oxidative stress, including plasma interferon gamma
(IFN-γ) and urine 8-isoprostane concentration in individuals with me-
tabolic syndrome. It might be possible that the efficacy of anthocyanin
on inflammatory, oxidative stress, lipids, and other responses depends
on, to some extent, the duration of the intervention.

Dyslipidemia is associated with elevated levels of reactive oxygen
species (ROS), biomarkers of lipid peroxidation, DNA oxidation, and
pro-inflammatory cytokines [8,58–60]. Evidence suggests that oxida-
tive stress, as an active contributor to the early steps of metabolic dis-
eases, is primarily attributed to the pathologic role of ROS in visceral
adiposity, endothelial damage, and lipoprotein metabolism [61,62].
Pro-inflammatory cytokines, including CRP, IL-6, and TNF-α, have been
repeatedly reported to be directly associated with several cardiovas-
cular, as well as metabolic diseases [9,10], by activation of NF-κB and
MAPK signaling pathways [63,64]. Meanwhile, oxidative stress can also

Fig. 3. Percentage change in biomarker concentration after the 12-week intervention. Percentage change was compared between groups and linear trend
analysis was further assessed. Data represent the mean (SEM) measurements for each group. *P < 0.05; **P < 0.01 and ***P < 0.001 between anthocyanins
groups and placebo group as well as linear trend analysis; ¶P < 0.05 between 320 mg/day and 40 mg/day anthocyanins group. SEM, standard error of mean; IL-6,
interleukin-6; TNF-α, tumor necrosis factor α; 8-iso- PGF2α, 8-iso-prostaglandin F2α; 8-OHdG, 8-hydroxy-2′-deoxyguanosine; MDA, malonaldehyde; Antho, antho-
cyanin group.

H. Zhang, et al. Redox Biology 32 (2020) 101474

8



activate NF-κB and trigger the release of pro-inflammatory cytokine
CRP [65]. These findings indicate that dyslipidemia, inflammation, and
oxidative stress are highly interrelated and cross-promote each other in
a vicious cycle, resulting in the progression of cardiovascular and me-
tabolic diseases [21]. Recently, some studies have revealed that an-
thocyanin supplementation significantly improved the inflammation
and oxidative stress in individuals with hypercholesterolemia [66] or
hyperlipidemia [67], consistent with the effects of anthocyanins ob-
served in the present trial. In the present study, we revealed that an-
thocyanin-mediated reduction in the oxidative stress biomarkers, urine
8-iso-PGF2α, and 8-OHdG, was positively correlated with the change in
the inflammatory cytokine IL-6 after 12-week treatment. However, the
correlations were not observed in the placebo group. These findings
indicate a potential mechanism by which anthocyanins exert protective
effects on the metabolic diseases, achieved through the comprehensive
regulation of oxidative stress and inflammation.

The present study has both strengths and limitations. The double-
blinded, randomized controlled trial design with multi-dose interven-
tions is the major strength of this study; it minimizes the chance that
our results are attributed to confounding bias. Moreover, self-reported
compliance to the intervention is high. Results of diet monitoring in-
dicated that the daily intake of energy, nutrients, and anthocyanins was
comparable among the four study groups at baseline and after a 12-
week intervention, which may also strengthen our study. A limitation of
the study was that the results applied to individuals with dyslipidemia.
Therefore, it remains unknown whether these also apply to healthy
individuals or those with more advanced stages of other metabolic
diseases or CVDs. Another limitation of this work was that like most
other randomized controlled trials using anthocyanins as treatment, we
did not detect anthocyanins or their metabolites in serum samples as a
measure of compliance, mainly owing to the short half-life of antho-
cyanins (4 h) [68].

Overall, results of the current study demonstrated supplementation
with purified anthocyanins for 12 weeks reduced the oxidative and
inflammatory response in a dose–response manner in individuals with
dyslipidemia.
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Table 4
Effects of anthocyanin on oxidative stress biomarkers.

Placebo (n=43) 40mg Antho (n=44) 80mg Antho (n=40) 320mg Antho (n=42)

value MCb (%) value MC (%) value MC (%) value MC (%)

Urine 8-iso-PGF2α (pg/mg creatinine)
Baseline 1.26± 0.07a 1.27± 0.06 1.19± 0.07 1.31± 0.08
6 wk 1.22± 0.10 0.13± 0.15 1.18± 0.12 -0.02±0.10 1.22± 0.13 0.19±0.16 1.27± 0.11 0.16± 0.16
12 wk 1.44± 0.12 0.21± 0.10 1.18± 0.09 -0.05±0.07 0.89± 0.13#[1] -0.27±0.11∗[2] 1.04± 0.16# -0.37± 0.10∗∗[2]

Urine 8-OHdG (ng/mg creatinine)
Baseline 5.81± 0.48 6.16± 0.49 6.12± 0.43 6.98± 0.56
6 wk 5.31± 0.45 -0.08± 0.05 5.63± 0.47 -0.05±0.05 5.82± 0.44 -0.03±0.04 6.55± 0.55 -0.07± 0.04
12 wk 5.61± 0.47 0.05± 0.07 5.91± 0.49 0.07±0.08 5.74± 0.42 -0.01±0.05 4.25± 0.53# -0.36± 0.08∗

MDA (μmol/L)
Baseline 3.52± 0.16 3.71± 0.19 3.62± 0.19 3.78± 0.20
6 wk 3.57± 0.20 0.14± 0.10 3.61± 0.23 0.15±0.13 3.21± 0.21 0.18±0.22 3.37± 0.21 0.09± 0.14
12 wk 3.41± 0.17 0.10± 0.11 3.62± 0.23 0.11±0.10 3.20± 0.20 0.08±0.14 2.92± 0.18# -0.20± 0.05
T-SOD (U/ml)
Baseline 162.80± 3.61 166.52±3.80 166.56± 3.35 162.68± 4.30
6 wk 168.02± 3.49 0.04± 0.01 171.55±3.89 0.04±0.02 171.28± 4.10 0.05±0.02 178.79± 5.21# 0.10± 0.02∗

12 wk 161.48± 3.26 -0.00± 0.01 165.99±3.84 0.00±0.12 165.78± 3.05 -0.00±0.07 162.76± 3.76 0.01± 0.01
UA (μmol/L)
Baseline 367.65± 17.54 367.01±15.07 346.74± 12.81 361.21± 16.96
6 wk 349.80± 15.44 -0.01± 0.04 347.21±19.27 -0.05±0.03 328.73± 16.96 -0.04±0.03 339.73± 18.38 -0.05± 0.04
12 wk 392.70± 17.22 0.11± 0.04 392.97±20.53 0.05±0.03 354.62± 14.53 0.07±0.04 370.43± 16.90 0.06± 0.02

1 Compared within the group from baseline to follow-up (Either Wilcoxon signed rank test or Students’ t test for paired data), #P<0.05.
2 Compared between the placebo group and anthocyanin groups (ANOVA for independent data), ∗P<0.05, ∗∗P<0.01.
Abbreviation: SEM, standard error of mean; MC, mean change; Antho, anthocyanin group; 8-iso-PGF2α, 8-iso-prostaglandin F2α; 8-OHdG, 8-hydroxy-2'-deox-
yguanosine; MDA, malonaldehyde; T-SOD: total superoxide dismutase; UA, uric acid.

a Mean± SEM (all such values).
b Calculated as (value after intervention-value before intervention) / value before intervention ×100%.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.redox.2020.101474.
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