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Anthocyanins-rich interventions on oxidative stress,
inflammation and lipid profile in patients undergoing
hemodialysis: meta-analysis and meta-regression
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The aim of this systematic review and meta-analysis was to evaluate the effects of anthocyanins-interventions on oxidative stress,
inflammation, and lipid profile in patients undergoing hemodialysis. This systematic review and meta-analysis were registered on
the International Prospective Register of Systematic Reviews (PROSPERO CRD42020209742). The primary outcome was
anthocyanins-rich intervention on OS parameters and secondary outcome was anthocyanins-rich intervention on inflammation and
dyslipidemia. RevMan 5.4 software was used to analyze the effect size of anthocyanins-rich intervention on OS, inflammation and
dyslipidemia. Meta-analysis effect size calculations incorporated random-effects model for both outcomes 1 and 2. Eight studies
were included in the systematic review (trials enrolling 715 patients; 165 men and 195 women; age range between 30 and 79
years). Anthocyanin intervention in patients undergoing hemodialysis decrease the oxidant parameters (std. mean: −2.64, 95% CI:
[−3.77, −1.50], P ≤ 0.0001, I2= 97%). Specially by reduction of malondialdehyde products in favor of anthocyanins-rich intervention
(std. mean: −14.58 µmol.L, 95% CI: [−26.20, −2.96], P ≤ 0.0001, I2= 99%) and myeloperoxidase (std. mean: −1.28 ηg.mL, 95% CI:
[−2.11, −0.45], P= 0.003, I2= 77%) against placebo group. Decrease inflammatory parameters (std. mean: −0.57, 95% CI: [−0.98,
−0.16], P= 0.007, I2= 79%), increase HDL cholesterol levels (std. mean: 0.58 mg.dL, 95% CI: [0.23, 0.94], P= 0.001, I2= 12%) against
placebo group. Anthocyanins-rich intervention seems to reduce oxidative stress, inflammatory parameters and improve lipid profile
by increasing HDL cholesterol levels in patients with chronic kidney disease undergoing hemodialysis.

European Journal of Clinical Nutrition (2023) 77:316–324; https://doi.org/10.1038/s41430-022-01175-6

INTRODUCTION
Chronic kidney disease (CKD) is characterized by a glomerular
filtration rate (GFR) leading to reduced and/or increased urinary
albumin excretion and has been recognized as having a great
impact on worldwide public health [1, 2]. Likewise, CKD presents
abnormalities in the renal structure or in its function, which
implicates in damage health [3]. The worldwide prevalence of CKD
is estimated at 8–16% and appears to be higher in women (14.6%)
when compared to men (12.8%) [2, 4]. The CKD prevalence may
be associated mainly with the increased prevalence of diabetes
mellitus, hypertension and aging [5, 6]. Worldwide, it is estimated
that 1.2 million people died of CKD [1]. Therefore, is crucial to
advance coordinated public health policy initiatives to attenuate
this disease.
Renal replacement therapies should be instituted when the GFR

is <15 mL/min/1.73 m2, such as hemodialysis (HD) and peritoneal
dialysis [7]. By the year 2030, it is estimated that 5.439 million
people will use some renal replacement therapy [8]. With this
advance, there is an increase in health expenses that impact

patients, the health system and society. It is estimated that annual
costs per chronic kidney patient is around $ 40,000 dollars
[2, 9, 10]. Although HD is considered a life-support strategy, this
treatment interferes on patients’ quality of life [7]. The risk of
mortality during HD is ten to thirty times higher than the general
population when compared by age, ethnicity and sex [2, 11]. HD
treatment is also associated with cardiovascular damage and
depression of immune system due to uremic toxicity. The extreme
imbalance of oxidative stress (OS) and chronic inflammation has
led to atherosclerosis and high mortality in these patients [12]. As
possible causes of this pessimistic clinical context, studies have
demonstrated that HD procedure is associated with the genera-
tion of free radicals by activating white blood cells from the
biocompatibility of dialyzers and dialysate, the loss of endogenous
antioxidants and the retention of uremic toxins [13]. In this sense,
many non-pharmacological strategies are necessary to attenuate
the OS and chronic inflammation in these patients.
Improving the exogenous antioxidant capacity by food

consumption or supplementation with bioactive compounds,
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such as vitamins B, C, D, and E, coenzyme Q10, L-carnitine, α-lipoic
acid, curcumin, and omega 3 polyunsaturated fatty acids has
emerged as promising strategy which has shown the potential
adjunctive treatment to pharmaceutical treatment, considered
safe and low cost [14, 15]. Among bioactive compounds,
anthocyanins are well-known flavonols with low toxicity [16].
Anthocyanins are polyphenolic pigments that have two benzene
rings, connected by a C ring of pyrone, are red-orange to blue-
violet in fruits, flowers and leaves [17]. They are found in berries,
cherries, grapes, raspberries, red grapes, red wine, strawberries,
açai (Brazilian fruit) and fruits with dark peels [18]. These active
compounds have a number of hydroxyl groups present in the
glycosylated B ring structure and are associated with scavenging
pathway free-radical elimination, cyclooxygenase pathway,
mitogen-activated protein kinase pathway, and inflammatory
cytokine signaling [19, 20]. Anthocyanins-rich intervention
in vivo and in vitro models present promising effects in the
placebo of cardiometabolic disease, increase of antioxidant
capacity [21], decrease of inflammatory parameters [22] and
reduced systolic and diastolic blood pressure [23]. In human,
clinical trials investigating the effect of anthocyanins in patients
undergoing HD has shown encouraging results, reduced risk of
cardiovascular disease, beneficial effects on OS, inflammatory
parameters, and blood pressure [24–26].
Indeed, meta-analyzes investigating the impact of anthocyanins

on exercise-induced OS on reduction of systemic and vascular
inflammatory parameters and glucose metabolism reported
important findings regarding cardio-protective effect in healthy
individuals [27–29]. However, to date, there is no systematic
review and meta-analysis investigating the impact of
anthocyanins-rich intervention on health outcomes in patients
undergoing HD therapy. We hypothesized that anthocyanins-rich
intervention would improve OS by increasing antioxidant capacity
and decreasing inflammatory parameters. Therefore, the aim of
this systematic review and meta-analysis was to determine and
quantify the effects of the anthocyanins-rich intervention on OS,
inflammatory, and lipid parameters in patients undergoing HD.

MATERIALS/SUBJECTS AND METHODS
Search approach
This meta-analysis was performed in accordance with Preferred
Reporting Items for Systematic Review and Meta- Analyses
(PRISMA) [30] and registered on International Prospective Register
of Systematic Reviews (PROSPERO CRD42020209742). We
searched for references on Clinical Trial Register, Cochrane Trial
Register, PubMed, SPORT Discus, Web of Science, Scopus, SciELO,
and Cumulative Index to Nursing and Allied Health from the
earliest record up to August 2020. The search strategy combined
the terms “Anthocyanins” OR “Blueberries” OR “Blackberries” OR
“Raspberries” OR “Cranberries” OR “Red grapes” OR “Red juice” OR
“Elderberries” OR “Açai” OR “Euterpe” OR “Pomegranate” OR “Red
wine” OR “Black grape” OR “Berries” AND “OS” OR “Antioxidant
Response” OR “Oxidants” OR “Antioxidants” OR “Free radicals” OR
“Malondialdehyde” OR “Catalase” OR “Glutathione” OR “Super-
oxide dismutase” AND “Renal replacement therapy” OR “Dialysis”
OR “HD Patients” AND “Randomized clinical trial” AND Clinical
Trial” OR “Randomized Controlled Trial”. Reference lists from
original and review articles were reviewed to identify additional
relevant studies. Titles and abstracts of retrieved articles were
evaluated by two reviewers (ICVSM and MGM) to assess their
eligibility for meta-analysis. In case of disagreements, a third
reviewer evaluated the article (CSP). The full text was consulted
when the abstract did not provide sufficient information.

Eligibility criteria
Eligibility criteria were determined according to PICOS (Popula-
tion, Intervention, Comparators, Outcome and Study design)

clinical trials in patients undergoing HD comparing
anthocyanins-rich intervention with placebo or unexposed com-
peting controls and reporting OS parameters (oxidative and
antioxidants measures) were examined. After exclusion of
duplicate publications, the identified articles were included in
the quantitative analysis if they matched the following inclusion
criteria: (1) patients undergoing HD with engaged in anthocyanin-
rich (fruits or juice) intervention in its predominantly composition
or purified anthocyanins, (2) interventions that included a
minimum of 2 weeks were eligible for the analysis. The records
were excluded if they presented the following exclusion criteria:
(1) studies involving children, pregnant or individuals presenting
severe disease, (2) studies not presenting measurements of OS; (3)
non-original studies, (4) studies presenting a high risk of bias
(>70%).
The search strategy considered two main outcomes: (1)

anthocyanins-rich intervention on OS parameters (oxidative and
antioxidants measures) - and (2) anthocyanins-rich intervention on
inflammation and dyslipidemia in patients undergoing adjuvant
therapy. Figure 1 describes the study selection process. Agree-
ment between two authors (ICVSM and MGM) for the title/abstract
screening was high (kappa= 0.932; <0.001).

Data extraction and study quality assessment
Two independent researchers (ICVSM and MGM) extracted study
characteristics and rated the quality of included studies from
published papers, using the ‘risk of bias’s assessment tool of the
Cochrane Collaboration. The quality of following aspects was
graded as high (‘+’), low (‘−’) or unclear (‘?’) quality [31]. Quality
assessments of both reviewers were compared and disagreements
in the scores were resolved by discussion. Study characteristics
such as author/year of publication, sample size by anthocyanins-
rich intervention and placebo, anthocyanins-rich intervention (ie,
time of intervention, dosage, description of anthocyanins sources)
(Table 1).

Study quantitative analysis
The meta-analysis procedures were conducted as described by
Stroup et al. [32]. Pre and post anthocyanins-rich intervention data
from OS parameters (oxidative parameters: malondialdehyde
products, oxidized protein products, 8-hydroxy-2’-deoxyguanosine
(8-OHdG), oxidized LDL, and antioxidant parameters: reduced
glutathione (GSH), myeloperoxidase, paraoxonase (PON)-1, total
antioxidant capacity), inflammatory parameters (C reactive protein
(CRP), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a)), and
lipid profile (triglycerides, total cholesterol, LDL and HDL
cholesterol) were extracted from all studies included. In circum-
stances when standard deviations (SDs) were not available, these
values were calculated using standard statistical methods assum-
ing a correlation of 0.50 between the baseline and post-
intervention scores within each subject [33]. Similarly, when
studies reported standard error, the values were converted to SD.
For studies with non-parametric data reporting median and range,
the equations of Hozo et al. [34] were used to estimate mean and
SD. Meta-analysis was conducted using Review Manager Software
(RevMan software package version 5.4). RevMan was used to
calculate the effect size of anthocyanins-rich intervention on OS in
patients undergoing HD (outcome 1), or inflammation and
dyslipidemia in patients undergoing HD (outcome 2).
Data from all included studies were used to calculate the

standardized mean difference (Std. mean difference) and 95%
confidence interval (CI) using a continuous random effects model
for both outcomes 1 and 2. Weighted percentages were based on
the sample sizes of respective studies. Statistical significance was
assumed as p < 0.05 in a Z test analysis, to examine whether effect
size was significantly different from zero. Study heterogeneity was
evaluated using the I2 statistic and Cochrane’s Q. Values of I2

higher than 50 and 75% were considered moderate and high

I.C.V.S. Martins et al.

317

European Journal of Clinical Nutrition (2023) 77:316 – 324



heterogeneity. For Cochrane’s Q, significant heterogeneity is
considered to exist when the Q value exceeds the degrees of
freedom (df) of the estimate [35]. Moreover, publication bias was
tested visually using a funnel plot. Forest plots were generated to
illustrate the study-level effect sizes along with a 95% CI [31, 35].

Meta-regression analysis
Meta-regression analysis was performed using the maximum
likelihood method, the variation within-between studies as
random effect and variable predictor as fixed effects [36].
Observations (effect size of oxidant parameters and days of
anthocyanins intervention) were weighted by the inverse of the
sampling variance [37]. An intercept-only model was created,
estimating the weighted mean difference across all studies and
exercise intervention groups [38]. Model parameter were esti-
mated by the method of maximum likelihood [39]. Denominator
degrees of freedom for statistical tests and CIs were calculated
according to Berkey et al. (1995) [40]. Meta-regression was
conducted using macros for Syntaxes (SPSS Inc., Chicago, IL,
USA version 25 for Mac) and the bubble plot were performed on
Microsoft Excel to illustrate the inverse variance.

RESULTS
Studies’ characteristics
The selection process generated 616 articles and is documented in
the PRISMA flow diagram (Fig. 1). Duplicate studies, reviews and
meta-analyzes were excluded (n= 178). 438 studies were
excluded for not presenting inclusion criteria and presenting
inappropriate intervention. Three studies were identified in the
reference list elsewhere meeting the eligibility criteria. A total of
eight studies were included in the meta-analysis and presented
low risk of bias (Fig. 2). The characteristics of the studies and the
detailed description of the intervention protocol, use of antho-
cyanins and the results are presented in Table 1.

The total number of patients in the anthocyanins-rich interven-
tion was 412 and 303 patients were assigned to placebo groups
(165 men and 193 women; aged between 30 to 70 years). The
length period of the anthocyanins-rich intervention varied from
14 days [41, 42] 4 to 10 weeks [26, 43] 6 months [44] and 1 year
[45] The frequency of anthocyanins-rich intervention per week
ranged from three times per week [26, 45] and between five and
seven times a week [42–44, 46, 47]. Oxidants, antioxidants,
inflammatory, and lipid parameters were used as our systematic
review’s main results.

Oxidative parameters
Overall pooled analysis, there was a significant decrease on
oxidative parameters favoring anthocyanins-rich intervention (std.
mean: −2.64, 95% CI: [−3.77, −1.50], P ≤ 0.0001, I2= 97%). The
subgroup analysis showed significant reduction of malondialde-
hyde products in favor of anthocyanins-rich intervention (std.
mean: −14.58 µmol.L, 95% CI: [−26.20, −2.96], P ≤ 0.0001, I2=
99%) and myeloperoxidase (std. mean: −1.28 ηg.mL, 95% CI:
[−2.11, −0.45], P= 0.003, I2= 77%) against placebo group. On the
other hand, there was a significant increase of 8-OHdG oxidative
parameter (std. mean: 2.77 ηg.mL, 95% CI: [1.67, 3.88], P ≤ 0.0001,
I2= not applicable) favoring placebo group against anthocyanins-
rich intervention. No significant difference was observed in oxLDL
and AOPP oxidative parameters (Fig. 3). Regarding the potential
moderating of ES for oxidant parameters, no meaningful
moderation of length-term under anthocyanins-rich intervention
during dialysis (adjusted R2= 0.07, β= 0.009, P= 0.524) (Fig. 4).

Antioxidant parameters
No significant improvement was found on antioxidant para-
meters (GSH, PON-1, total antioxidant capacity) in favor of
anthocyanins-rich intervention in patients undergoing HD (std.
mean: 1.22, 95% CI: [0.02, 2.43], I2= 91%, P= 0.05) compared to
placebo group (Fig. 5).
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Citation searching (n = 3)
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Fig. 1 PRISMA 2020 flow diagram showing study selection process. PRISMA flow diagram summarizing the steps for results of search and
selection processes.
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Inflammatory parameters
Overall pooled analysis, there was a significant decrease of
inflammatory parameters in favor of anthocyanins-rich intervention

(std. mean: −0.57, 95% CI: [−0.98, −0.16], P= 0.007, I2= 79%). The
subgroup analysis showed a significant reduction of IL-6 and TNF-α
inflammatory parameters in favor anthocyanins-rich intervention

Fig. 2 Risk of bias summary. Evaluation of risk of bias by domain in each study selected.

Fig. 3 Meta-analysis performed on the effects of anthocyanins on oxidants parameters (malondialdehyde products, oxidized protein
products, 8-hydroxy-2’-deoxyguanosine (8-OHdG), oxidized LDL) in CKD patients undergoing HD. Calculation based on random effects model.
Results are expressed as standardized mean difference (Std.MD) and 95% confidence intervals (95% CI). The diamonds represents magnitude
of effect size, lines means 95% confidence interval and gray square represents weight for each study.
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(std. mean: −0.56 pg.mL), 95% CI: [−0.82, −0.30], P ≤ 0.0001, I2=
37%), but not of CRP (std. mean: −0.67 mg.L), 95% CI: [−2.03,
−0.63], P= 0.34, I2= 91%) against placebo group in patients
undergoing HD (Fig. 6).

Lipid parameters
Overall pooled analysis, there was no significant difference of lipid
profile parameters (std. mean: 0.11, 95% CI: [−0.10, 0.33], P= 0.30,
I2= 41%). In contrast, the subgroup analysis showed a significant
increase of HDL cholesterol parameter in favor anthocyanins-rich
intervention (std. mean: 0.58mg dL, 95% CI: [0.23, 0.94], P= 0.001,
I2= 12%) against placebo group, but not of triglycerides (std. mean:
−0.17mg.dL, 95% CI: [−0.57, 0.22], P= 0.39, I2= 28%), total
cholesterol (std. mean: −0.09mg.dL, 95% CI: [−0.22, 0.41], P= 0.55,
I2= 0%), and LDL cholesterol (std. mean: 0.00mg.dL, 95% CI: [−0.32,
0.31], P= 0.99, I2= 0%) in patients undergoing HD (Table 2).

DISCUSSION
This study summarized meta-analytical evidence supporting the
effectiveness of anthocyanins-rich intervention attenuating the
oxidative and inflammatory parameters in CKD patients under-
going HD therapy. Our initial hypothesis was partially accepted,
anthocyanins attenuate OS by decreasing oxidant and inflamma-
tory scenario, but not by increasing antioxidant capacity.
The inflammatory response is one of the important mechanisms

for the development of CKD [48]. Increases on transcription
nuclear factor- kB results in high expression of monocytes
chemoattractant protein-1 which regulates the migration and
infiltration of monocytes and macrophages, promoting local
inflammation by an increased invasion of leukocytes and the
enhanced production of reactive oxygen and nitrogen species
(ROS/RNS), followed by the subsequent release pro-inflammatory
cytokines, such as tumor necrosis factor-alpha and interleukin

Fig. 4 Meta-regression performed on the effects of days of anthocyanins-rich intervention as moderator of oxidant parameters in CKD
patients undergoing HD. The bubles represents "weight" for each study, full lines are representative of regression correlation and dashed line
95% confidence interval.

Fig. 5 Meta-analysis performed on the effects of anthocyanins on antioxidants parameters (Reduced glutathione (GSH), myeloperoxidase,
paraoxonase (PON)-1, total antioxidant capacity) in CKD patients undergoing HD. Calculation based on random effects model. Results are
expressed as standardized mean difference (Std.MD) and 95% confidence intervals (95% CI). The diamonds represents magnitude of effect
size, lines means 95% confidence interval and gray square represents weight for each study.
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1-beta (TNF-α and IL-1β), IL-6 among others [49]. The combination
of kidney damage and exacerbate inflammation culminate to
release of neutrophil gelatinase-associated lipocalin from neutro-
phils and kidney tubular epithelial cells [50].
Previous reviews and meta-analysis reported positive impact of

anthocyanins in healthy individuals on cardiometabolic profile. It is
known that the reduction in certain biomarkers such as lipid profile
can prevent cardiovascular diseases [11], acting on vascular
inflammation arising from free radicals that positively regulate cell
adhesion molecules and chemokines [20, 51]. It is believed that the
reduction in the protective capacity of HDL cholesterol against OS
could be involved in the development of HD-induced athero-
sclerosis [52]. Our findings indicate a significant increase of serum
HDL cholesterol levels in favors of anthocyanins-rich intervention
compared with placebo group in patients undergoing HD; previous
meta-analysis reported similar findings relationship between
anthocyanin consumption. The previous meta-analysis reported
similar findings between anthocyanin consumption [53–55]. This
improvement may be due to anthocyanins’ action in inhibiting
cholesteryl ester transfer protein [56] or by the change in
paraoxonase-1 with improved HDL cholesterol efflux capacity [57].
Anthocyanin intake has been previously estimated for adult

individuals (≥20 years) to be on average ~11.6 mg/day, in the

range of 10.5 mg/day for men and 12.6 mg/day for women, which
may significantly variate among different racial/ethnic groups
populations in the United States [16], as well as for Chinese
population are proposed 50mg/day of anthocyanins consumption
for prevention non-communicable diseases [58]. Despite the low
toxicity, when it comes to food sources of anthocyanins such as
berries, cherries, grapes, raspberries, red grapes, red wine,
strawberries, açai (Brazilian fruit), and fruits with dark peels, they
are associated with other minerals, like potassium, needs to
monitor consumption and laboratory values to avoid the risk of
hyperkalemia, common in renal patients [59, 60].
The mechanisms that may explain, at least in part, the

modulation of OS-induced by anthocyanins is the possibly of act
as scavengers in the excessive production of free radicals with
increase of pathological progression [61]. In the uremia
condition, there is a bidirectional and synergistic relationship
between microinflammation—poorly adaptive, uncontrolled
and persistent—and OS that contributes to cardiovascular risk
[62–64]. HD-induced deleterious effect seems to be related to
the duration of dialysis therapy, iron infusion, anemia, presence
of central venous catheter and bioincompatible dialyzers [14].
Therefore, our findings suggest that decreasing anthocyanins-
rich intervention-induced oxidant and inflammatory parameters,

Fig. 6 Meta-analysis performed on the effects of anthocyanins on inflammatory parameters (C reactive protein (CRP), interleukin-6 (IL-6),
tumor necrosis factor-alpha (TNF-a)) in CKD patients undergoing HD. Calculation based on random effects model. Results are expressed as
standardized mean difference (Std.MD) and 95% confidence intervals (95% CI). The diamonds represents magnitude of effect size, lines means
95% confidence interval and gray square represents weight for each study.

Table 2. Meta-analysis performed on the effects of anthocyanins on lipid profile in patients undergoing hemodialysis.

Outcomes Effects (k) Std. mean difference (95% CI) P value I2

Lipid profile

Triglycerides 4 −0.17 (−0.57, 0.22) 0.39 28%

Total cholesterol 4 0.09 (−0.22, 0.41) 0.55 0%

LDL cholesterol 4 −0.01 (−0.32, 0.31) 0.99 0%

HDL cholesterol 4 0.58 (0.23, 0.94) 0.001a 12%

Test for overall effect 4 0.11 (−0.10, 0.33) 0.30 41%

Calculation based on random effects model. Results are expressed as standardized mean difference (Std.MD) and 95% confidence intervals (95% CI).
a = P < 0.05, I2: values higher than 50 and 75% were considered moderate and high heterogeneity.
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and increasing the HDL cholesterol may attenuate the uremia in
patient undergoing HD.
Despite the previous findings in cardiovascular health biomar-

kers, no evidence of antioxidant capacity was found in this meta-
analysis. Some factors need to be considered. Although there have
been advances in the understanding of the effects of polyphenols
on health, whether through the determination of potent
polyphenols, the mixture of natural polyphenols and common
biological activity, further understanding is still needed, especially
when considering their low nano-micromolar concentration in
circulation and tissues, conjugated metabolites and considerable
inter-individual variability in the bioavailability [65–67]. Possibi-
lities such as the use of studies with metabolomics and
interventions with pure compounds are necessary [67].
While we are confident that we have retrieved the OS,

inflammatory and lipid parameters studies, some expected
limitations must be presented. High heterogeneity between-
studies, especially due to the small number of studies included in
the analysis (8 RCTs) and variability on number by group
(anthocyanins and placebo) included in our meta-analysis.
Noteworthy, absence in some clinical trials of the dose-
dependent effect of anthocyanins’ dietary intake. The strong
point in this meta-analysis is the pioneering on evaluating the
clinical effects of anthocyanins-rich intervention in patients
undergoing HD. We also encourage, further studies to investigate
the effect of anthocyanins from different sources in both health
and CKD patients.
Our findings indicate that anthocyanins-rich intervention

promote decrease of OS by decreasing oxidative and inflamma-
tory scenario, but not increasing antioxidant capacity. Further-
more, anthocyanins-rich intervention improves lipid profile by
increasing HDL cholesterol in CKD patients undergoing HD.

DATA AVAILABILITY
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the review will be made available on request.
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