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ABSTRACT

Background: Metabolic syndrome (MetS) and chronic kid-
ney disease (CKD) share features such as inflammation and
oxidative stress. Fruit- and vegetable-derived polyphenols
may modulate these mechanisms.

Objective: To evaluate effects of fruit- and vegetable-
based polyphenol interventions on metabolic and renal out-
comes in adults with MetS or CKD/ESRD.

Methods: We systematically reviewed randomized con-
trolled trials (2000-2024) from PubMed/MEDLINE, Scopus,
Cochrane Library, and Semantic Scholar, adhering to PRISMA
guidelines. Adults (=18 years) with clinically diagnosed MetS
(WHO/NCEP-ATP III/IDF criteria) or CKD/ESRD were in-
cluded. Data were grouped as: (1) Metabolic outcomes:
lipids, blood pressure, glucose; (2) Renal outcomes: eGFR, al-
buminuria; (3) Cardiovascular events. Glycemic benefits were
limited and inconsistent.

Results: Twenty-eight RCTs (n = 20-108) were included.
In MetS, bergamot extract (six months) reduced LDL by 22 %
and triglycerides by 23 % (p < 0.01). Grape powder (60 g/day
for four weeks) lowered triglycerides and improved HDL func-
tion. Freeze-dried blueberry (45 g/day for six weeks) en-
hanced endothelial function (p < 0.05). Blood pressure reduc-
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tions occurred with grape polyphenols; glycemic improve-
ments were limited to polyphenol-rich diets and high-dose
resveratrol. In CKD, fruit and vegetable diets (up to five years)
slowed eGFR decline and increased plasma bicarbonate to lev-
els comparable to sodium bicarbonate. Long-term interven-
tions (five years) reported zero cardiovascular events versus
six in controls (p < 0.01). Isolated supplements (e.g., cran-
berry, resveratrol) showed minimal effects on renal function.
No serious adverse events were reported.

Conclusions: Whole-food polyphenol interventions im-
prove lipid profiles, endothelial function, and slow renal de-
cline in MetS and CKD populations. Glycemic benefits are
modest. Standardized, long-term RCTs are needed to refine
dietary guidelines.
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INTRODUCTION

Metabolic syndrome (MetS) and end-stage renal disease
(ESRD) represent interconnected global health epidemics,
collectively affecting over a billion individuals worldwide!-2.
These conditions share underlying pathophysiological mecha-
nisms, including chronic inflammation, oxidative stress, and
endothelial dysfunction, which drive progressive cardiorenal
damage3. Despite pharmacological advancements, residual
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morbidity and mortality remain significant, highlighting the
critical need for evidence-based nutritional interventions that
target these shared pathways*.

Dietary polyphenols derived from fruits and vegetables—no-
tably flavonoids, anthocyanins, and phenolic acids—offer
promising therapeutic potential due to their multifaceted bio-
logical activities. These compounds exhibit potent antioxidant,
anti-inflammatory, and vasodilatory properties, modulating key
pathways implicated in metabolic and renal pathology>*®.
Preclinical studies demonstrate their ability to scavenge free
radicals, inhibit pro-inflammatory cytokines, and enhance nitric
oxide bioavailability’=®, positioning them as viable candidates
for mitigating multisystem damage in high-risk populations.

Emerging clinical evidence supports the efficacy of polyphe-
nol interventions in improving cardiometabolic and renal
health. In adults with metabolic syndrome, grape- and blue-
berry-based products have yielded modest but statistically
significant improvements, including reductions in triglycerides
(up to 43.45 mg/dL in men) and body mass index!0. Improve-
ments in endothelial function and blood pressure were con-
sistently observed across trials, and one study using a
polyphenol-rich diet reported enhanced insulin secretion
alongside reduced glucose area under the curvell. Similarly,
in chronic kidney disease (CKD) and ESRD populations,
fruit/vegetable interventions slowed declines in estimated
glomerular filtration rate (eGFR), increased plasma CO,, and
reduced systolic blood pressure!?13, Across studies, adverse
effects were minimal and compliance was generally high.

Despite these encouraging findings, significant knowledge
gaps persist. First, heterogeneity in intervention sources—rang-
ing from isolated supplements (e.g., resveratrol capsules) to
whole-food matrices (e.g., berry powders)—complicates com-
parisons of efficacy!*. Second, renal outcome data remain
sparse, particularly for ESRD cohorts, with most studies priori-
tizing surrogate biomarkers over hard clinical endpoints like
cardiovascular events or dialysis progression®®. Third, the dif-
ferential effects of polyphenols on glucose metabolism require
clarification, as improvements were inconsistent and often de-
pendent on intervention type!®. No systematic review has com-
prehensively evaluated polyphenol efficacy across both MetS
and renal disease populations using standardized randomized
controlled trial (RCT) criteria.

To address these gaps, this systematic review investigates
the following question: In adults with metabolic syndrome
and/or end-stage renal disease, how does dietary intake or
supplementation of fruit- and vegetable-derived polyphenols,
compared to a standard diet without extra polyphenols, affect
metabolic parameters (lipids, glucose, blood pressure) and re-
nal function outcomes (eGFR, albuminuria, cardiovascular
events)? By synthesizing evidence from 28 RCTs, we aim to
elucidate source-specific effects, identify high-impact clinical
applications, and inform targeted dietary recommendations
for these populations.
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METHOD
Search Strategy and Initial Screening

Comprehensive searches (January 2000-April 2025) were
conducted in PubMed/MEDLINE, Scopus, Cochrane Library,
and Semantic Scholar without algorithmic limits. Manual
bibliography cross-referencing ensured completeness. The
final search date was April 30, 2025, encompassing over
126 million academic publications. The primary query — “In
adults with metabolic syndrome and/or end-stage renal dis-
ease, how does dietary intake or supplementation of fruit-
and vegetable-derived polyphenols, compared to a stan-
dard diet without extra polyphenols, affect metabolic pa-
rameters and renal function outcomes?”. Search terms in-
cluded controlled vocabulary and keywords related to
polyphenols, metabolic syndrome (MetS), chronic kidney
disease (CKD), end-stage renal disease (ESRD), and ran-
domized controlled trials (RCTs), combined with Boolean
operators to optimize sensitivity.

Study Selection Process

Two-phase screening was implemented using predefined
PICOS criteria. First, titles and abstracts were evaluated for:

e Adult participants (=18 years) with clinically diagnosed
MetS (WHO/NCEP-ATP III/IDF criteria) or ESRD (includ-
ing hemodialysis);

¢ Interventions featuring fruit/vegetable-derived polyphe-
nols (whole foods, extracts, or supplements) as the pri-
mary exposure;

e Comparison to standard diets or placebo controls without
polyphenol fortification;

¢ Measurement of >1 metabolic parameter (blood glucose,
lipids, blood pressure) or renal outcome (eGFR, creati-
nine, albuminuria);

¢ RCT design with minimum 2-week duration, isolation
from confounders (e.g., no concurrent exercise pro-
grams), human subjects, and control groups; and

¢ Full-text review resolved uncertainties, with holistic judg-
ment applied to borderline cases. Two independent re-
viewers (E.H., F.N.) conducted double screening using
Covidence software. Borderline cases (n=>5) were resol-
ved through consensus discussion with a third reviewer
(N.A.T.) based on PICOS adherence. Studies failing any
criterion were excluded.

Data Extraction Protocol

A large language model (GPT-4 architecture) performed
structured extraction (study design, outcomes) under re-
searcher supervision using standardized instructions:

e Study design documented randomization methods, blind-
ing procedures (single/double/open-label), control group
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types, and trial structures (crossover/parallel), with un-
clear designs flagged.

e Participant characteristics captured sample size, age
(mean % SD or range), sex distribution, diagnostic crite-
ria, and key inclusion/exclusion criteria, noting partial
data where applicable.

e Polyphenol interventions recorded sources (e.g., freeze-
dried grape powder), daily dosage (e.g., 45g/day), dura-
tion (e.g., 6 weeks), delivery methods (capsule/pow-
der/whole food), and quantified polyphenol content
when reported. Imprecise descriptions were transcribed
verbatim.

¢ Control conditions classified comparators as placebo, stan-
dard diet, or waitlist, noting nutritional matching status.

e Qutcomes prioritized metabolic (lipids, glucose, BP) and
renal (eGFR, CVD events) endpoints with measurement
methods, timepoints, units, and statistical significance.

¢ Study context included geographic location, setting (clinic/
community), and population subgroups (e.g., African
American adults). All extractions underwent dual manual
verification (E.H., EN.), with 4.2% discrepancy rate re-
solved by consensus. Poorly described interventions (n=3)
were transcribed verbatim and flagged.

Quality Assessment and Synthesis

Risk of bias was assessed using Cochrane’s RoB 2.0 tool,
with results tabulated, focusing on random sequence genera-
tion, allocation concealment, blinding integrity, and control
group comparability. Heterogeneity in polyphenol sources
(e.g., whole foods vs. isolates), doses, and outcome metrics
precluded meta-analysis; thus, results were synthesized nar-
ratively. Data were tabulated to compare effect sizes (mean
differences, percentage changes) and clinical significance
across interventions, with safety (adverse events) and com-
pliance metrics analyzed descriptively. The PRISMA flowchart
documented screening attrition.

RESULTS
Characteristics of Included Studies

The review incorporated a diverse collection of 28 inter-
ventional studies, offering a comprehensive evaluation of the
effects of various fruit- and polyphenol-based interventions
on populations at cardiometabolic risk. The vast majority of
included studies were randomized controlled trials (RCTs).
Among these, 19 were placebo-controlled, 16 employed dou-
ble-blind designs, and 11 utilized a crossover format, enhanc-
ing the internal validity and reliability of outcomes reported.
Only one study was a systematic review and meta-analysis of
randomized controlled trials, providing aggregated data on
resveratrol supplementation.

Population characteristics varied across studies but primar-
ily focused on individuals with increased cardiometabolic risk.
Seventeen studies specifically targeted adults with Metabolic
Syndrome, making this the predominant population group.
Four studies involved patients with chronic kidney disease
(CKD) not requiring dialysis, while five studies were con-
ducted in hemodialysis populations—highlighting a significant
representation of renal-compromised cohorts. Additionally,
four studies included overweight or obese individuals, while a
smaller number focused on populations with diabetic
nephropathy, macroalbuminuric CKD, stage 1 hypertension,
or specific demographic groups such as African American
adults with hypertension.

Interventions were largely polyphenol- or fruit-derived and
spanned a range of delivery methods, including whole foods,
extracts, juices, and powders. Grape-based products were the
most frequently investigated intervention, appearing in eight
studies. Resveratrol, a key polyphenolic compound often de-
rived from grapes, was evaluated in five trials. Whole fruit and
vegetable interventions were also common, assessed in four
studies, often emphasizing their potential benefits for renal
and cardiovascular health. Cranberry-based interventions
were tested in three studies, while blueberry was examined in
two. Other interventions included fruit/vegetable/berry juice
powders, as well as singular studies on pomegranate, berg-
amot, tart cherry, cocoa flavanols, strawberry powder, mul-
berry extract, and combinations such as grape seed, green
tea, and quercetin.

Primary outcomes varied but centered on cardiometabolic
health indicators. Lipid profiles were the most commonly as-
sessed endpoint, featured in 16 studies. Blood pressure fol-
lowed closely, evaluated in 15 trials. Glucose levels, insulin
concentrations or insulin sensitivity, endothelial function (of-
ten measured via flow-mediated dilation or reactive hyper-
emia index), and anthropometric measures such as body
mass index and weight were also frequently examined, each
assessed in 8 studies. Inflammatory markers, such as C-reac-
tive protein and cytokines, were reported in 9 studies, while
10 studies analyzed oxidative stress parameters, including an-
tioxidant enzyme activity and lipid peroxidation products.

Less frequently reported outcomes included measures of
kidney function (e.g., estimated glomerular filtration rate and
albumin:creatinine ratio), which were assessed in only four
studies. Emerging areas such as metabolomics (3 studies), ar-
terial stiffness (1 study), adhesion molecules like SICAM-1 and
sVCAM-1 (2 studies), and uremic toxins (1 study) were less
consistently evaluated. Other unique endpoints—each investi-
gated in a single study—included angiotensin-converting en-
zyme (ACE) activity, incretin hormone responses, vitamin K1
status, cardiovascular events, and gut microbiota composition.

In summary, the included studies demonstrated hetero-
geneity in study design, populations, intervention types, and
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Table 1. Characteristics of Included Studies

Study

Study Design

Population
Characteristics

Intervention
Type/Duration

Primary Outcomes
Measured

17

Randomized,
placebo-controlled,

n=20; 12M/8F;
adults with metabolic

Freeze-dried grape
powder, 60g/day,

Plasma lipids, glucose, ALT, BMI,
weight, Triglycerides, pulse,

crossover trial syndrome 4 weeks (crossover) Total Cholesterol, Non-HDL-C
Randomized, double-blind, n=44; >20y; Freeze-dried blueberry Blopd Press_ure,
18 - endothelial function (RHI),
placebo-controlled, metabolic syndrome (WHO powder, 45g/day, insulin sensitivity
parallel-arm trial criteria) 6 weeks !

body weight/composition

19

Randomized, double-blind,
placebo-controlled RCT

n=44; adults with
metabolic syndrome

Blueberry bioactives,
22.5g x2/day, 6 weeks

Endothelial function (RHI),
Blood Pressure

20

Randomized, double-blind,
placebo-controlled,
crossover/parallel

n=57; End-Stage Renal
Disease on hemodialysis

Cocoa flavanol beverage,
900mg/day, 30 days

Flow-Mediated Dilation,
Blood Pressure, Heart Rate

21

Randomized,
placebo-controlled RCT

n=33;
hemodialysis patients

Pomegranate extract,
1000mg/day, 6 months

Blood Pressure, paraoxonase-1,
inflammation, oxidative stress,
physical function

22

Randomized, double-blind,
placebo-controlled, crossover

n=20; 32-70y;
BMI 25.3-45.4

Freeze-dried grape
powder, 60g/day,
4 weeks

PON1 activity, HDL function,
plasma lipids, metabolic markers

23

Randomized controlled trial

n=80; 45+5y;
54%F/46%M; Metabolic
Syndrome (NCEP-ATP IIT)

Bergamot phytocomplex
tablet, 1/day, 6 months

Weight, BMI, waist, lipids,
glucose, CRP

24

Randomized, single-blind,
placebo-controlled pilot

n=19; 20-60y;
Metabolic Syndrome

Tart cherry juice,
480mL/day, 12 weeks

Blood Pressure, arterial stiffness,
blood biomarkers

25

Randomized, double-blind,
placebo-controlled, crossover

n=24; men, 30-70y;
Metabolic Syndrome

Freeze-dried grape
polyphenol powder,

Blood Pressure,
Flow-Mediated Dilation,

30 days NOx, sICAM-1, sVCAM-1
2% Randomized, double-blind, n=64; mean 56.9y; 52%F; Fruit/veg/berry juice Endothelial function (FMD),
. powder, 4.5g/day, P -
placebo-controlled, crossover Metabolic Syndrome (IDF) 8 weeks glucose, insulin, lipids, weight

27

Randomized crossover trial

n=34;
Metabolic Syndrome,

Longevinex (resveratrol),

Endothelial function (FMD),
Blood Pressure, insulin

Randomized controlled trial

hemodialysis patients

14 days

on standard therapy 3 months resistance, lipids, inflammation
o, Lo Fruits/vegetables Plasma CO2, LDL, HDL, eGFR,
1 . - n=108; macroalbuminuric, -
Randomized controlled trial nondiabetic CKD stage 3 (whole foods), Systolic Blood Pressure,
9 5 years CVD events

n=91; mean 58.3y; 66%F; Fruit/vegetable Albumin:creatinine, BMI,

2 Randomized controlled trial AA adults with intervention, cholesterol, Systolic Blood

CKD/Hypertension 6 weeks Pressure, metabolomics
2 n=32; Red grape juice, Cholesterol, apoB, HDL, oxLDL,

NADPH oxidase

30

Randomized, double-blind,
placebo-controlled

n=34; 53y; 9M/7F
per group;
non-diabetic Hemodialysis

Grape powder,
500mg polyphenols/day,
5 weeks

GSH-Px, CRP,
potassium, Kt/V
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Table 1 continuation. Characteristics of Included Studies

Study

Study Design

Population
Characteristics

Intervention
Type/Duration

Primary Outcomes
Measured

31

Randomized controlled,

n=86; 35-70y;
overweight/obese,

Polyphenol-rich diet,

Postprandial lipids, glucose,

33

review/meta-analysis of RCTs

Metabolic Syndrome
and related disorders

supplementation, various

2x2 factorial, single-blind Metabolic Syndrome 8 weeks insulin, OGIS, GLP-1
(NCEP/ATP 1II)
n=108; macroalbuminuric, Fruits/vegetables eGFR, plasma CO2, Systolic BP,
32 Randomized controlled trial nondiabetic CKD, 9 ¢ + P A !
] 5 years LDL, Lp(a), vitamin K1
metabolic acidosis
Systematic 24 RCTs; Resveratrol

CRP, TNF-q, IL-6, SOD

34

Randomized, double-blind,
placebo-controlled

n=25; non-dialysis Chronic
Kidney Disease

Cranberry extract,
1000mg/day, 2 months

LPS, IS, p-CS, IAA

35

Randomized, double-blind,
crossover, placebo-controlled

n=20; 62y; 45%M;
non-dialyzed CKD

Resveratrol, 500mg/day,
4 weeks

Nrf2, NF-kB, cytokines,
antioxidant enzymes

36

Randomized,
placebo-controlled

n=28; obese men with
Metabolic Syndrome

Resveratrol, 2g/day,
35 days

Insulin resistance, GTT,
adipose metabolism, microbiota

37

Randomized, double-blind,
controlled, crossover

n=33; mean 53y; 2M/31F;
Metabolic Syndrome

Strawberry powder,
13g or 32g/day,

BCAA, phosphate, benzoic acid,
HOMA-IR

39

Randomized, double-blind,
placebo-controlled

overweight/obese women
with Metabolic Syndrome

Cranberry supplement,
8 weeks

features 4 weeks
38 Randomized controlled trial n:ei)orirg;t;ﬁsc 3034;533, ixztr\?vztéks Lipids, hs-CRP, glutathione, MDA
n=48;

Glucose, lipoproteins, MDA,
hs-CRP, IL-6, Blood Pressure

40

Randomized, double-blind,
placebo-controlled, crossover

n=64; adults with
Metabolic Syndrome

Fruit/veg juice powder,
8 weeks

Endothelial function, glucose,
insulin, lipids, weight

42

Double-blind,
placebo-controlled, crossover

Metabolic Syndrome,
Stage 1 Hypertension

green tea, resveratrol,
quercetin, 4 weeks

Randomized, double-blind, n=60; Grape powder, 500mg -

41 _

placebo-controlled Hemodialysis patients; 53y | polyphenols/day, 5 weeks CRP, GSH-Px, lipid profile
n=20; Grape seed/skin,

Blood Pressure, ACE,
nitrate/nitrite, isoprostanes

outcome measures. While the breadth of evidence supports
the potential cardiometabolic benefits of polyphenol-rich and
fruit-based interventions, variability in methodological rigor,
population health status, and measured endpoints highlights
the need for further targeted research to refine clinical rec-
ommendations.

Effects on Metabolic Parameters
Lipid Profile Outcomes

The studies examining lipid-related and metabolic outcomes
revealed a generally positive trend in response to polyphenol-
and fruit-based interventions, though the magnitude and
breadth of effects varied considerably across trials. Among the

eight studies directly measuring lipid profile parameters—in-
cluding triglycerides, total cholesterol, LDL, HDL, VLDL, and
non-HDL cholesterol—three studies reported broad and clini-
cally significant improvements across multiple lipid markers.
For instance, 22 demonstrated robust lipid-lowering effects
with bergamot supplementation, including a 22% reduction in
LDL, a 23% reduction in triglycerides, and a 14% increase in
HDL, alongside significant improvements in glucose and in-
flammation (CRP | 40%). Similarly, 38 reported multiple favor-
able shifts with mulberry extract, including a 37.3 mg/dL re-
duction in triglycerides, a modest HDL increase, and notable
antioxidant and anti-inflammatory effects (e.g., hs-CRP | 2.3
mg/L, glutathione T 87.8 units).

Nutr Clin Diet Hosp. 2025; 45(2):476-487
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Table 2. Lipid Profile Outcomes

Study InteTr; sztlon Parameters Measured Effect Size Sig(:l:;:i:::rllce
BMI | 0.22 kg/m2 (p=0.048);
17 Grape powder BMI, Triglycerides, Triglycerides | 43.45 mg/dL (men, p=0.033); Modest,
pep Total Cholesterol, Non-HDL-C Total Chol 75.25 mg/dL (women, p=0.003); | sex-specific effects
Non-HDL-C 1 7.5 mg/dL (women, p=0.010)
18 Blueberry Endothelial function, RHI improved (p<0.05); Improved
powder Blood Pressure Blood Pressure not significant endothelial function
19 Blueberry Blood Pressure, RHI, RHI improved (p=0.024); Blood Pressure, Endothelial
powder insulin sensitivity insulin sensitivity not significant function improved
PON1, HDL function, Triglycerides | (p=0.032); PON1 Triglyceride
22 I ’
Grape powder Triglycerides HDL function not significant reduction only
Total Chol | 15%, LDL | 22%, Broad,
z Bergamot T Izc;t%é:sholllesteroltclfst, CRP Triglycerides | 23%, HDL T 14%, significant
gy r DL, GIUCOSe, glucose | 15%, CRP | 40% improvements
25 Grape powder Blood Pressure, SBP | (p=0.002), FMD T (p=0.000), Improved vascular
pep Flow-Mediated Dilation, sICAM-1 SICAM-1 | (p=0.017) function
Polyphenol-rich R Glucose AUC | (p=0.038), early insulin Improved glucose
31 7
diet Postprandial lipids, glucose secretion T (p=0.048), OGIS T (p=0.05) metabolism
33 Mulberry Triglycerides, VLDL, HDL, Multiple: TG | 37.3, VLDL | 7.4, HDL10.5, Multiple favorable
extract hs-CRP, glutathione, MDA hs-CRP | 2.3, GSH 1 87.8, changes
! ! MDA | 0.03 (all significant)
39 Cranberry HDL-c HDL—cT(p<0.05_); 3 HDL-c improved
other parameters not significant only
Strawberry Valine/leucine | (high dose); .
37 _ 1
powder BCAA, HOMA-IR HOMA-IR not significant BCAA reduction
4 Grape powder CRP, GSH-Px, lipids GSH-Px T ; CRP stable; lipids not significant Antioxidant effect
Polyphenol Blood Pressure
42
mix Blood Pressure DBP | 4.7 mmHg, MAP | 4.8 mmHg (p<0.05) reduction

Four studies reported improvements in vascular function,
either independently or alongside lipid outcomes. These in-
clude 181925 and 42, which documented improvements in
flow-mediated dilation (FMD), reactive hyperemia index
(RHI), and blood pressure metrics. These findings suggest a
consistent endothelial benefit of polyphenol interventions,
even in cases where lipid outcomes were not significantly al-
tered. Improvements in endothelial function (FMD/RHI) oc-
curred in four studies 181925 and 42, irrespective of lipid out-
comes (Table 2).

In contrast, several studies yielded more modest or isolated
benefits. For example, 22 found a significant reduction in
triglycerides (p=0.032) with grape powder supplementation,
but no change in HDL functionality or PON1 activity 3° and a
study with missing authorship details both noted increases in

Nutr Clin Diet Hosp. 2025; 45(2):476-487

HDL-c with cranberry supplementation, but other metabolic or
inflammatory parameters remained unchanged. These find-
ings suggest that while some interventions selectively en-
hance specific lipid fractions (e.g., HDL), their broader
metabolic impact may be limited.

Interestingly, 17 presented sex-specific responses, with men
experiencing a significant decrease in triglycerides and
women showing paradoxical increases in total and non-HDL
cholesterol. While statistically significant, the clinical implica-
tions of these small shifts remain uncertain, emphasizing the
importance of examining subgroup responses in dietary inter-
vention trials.

Beyond lipid outcomes, a subset of studies also addressed
glucose metabolism, antioxidant status, and inflammation. For
example, 3! reported improvements in glucose tolerance and
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insulin sensitivity following a polyphenol-rich diet, while #! and
38 observed antioxidant enhancements via increased GSH-Px
and glutathione, respectively. However, only one study 3!
clearly demonstrated clinically significant improvements in glu-
cose metabolism, indicating this as a less consistently ob-
served benefit across trials.

Collectively, while no study reported entirely null findings
across all measured outcomes, the extent and specificity of
benefits varied, ranging from broad metabolic improvements to
narrowly focused effects on individual markers like triglycerides
or HDL. These variations highlight both the potential utility and
the complexity of interpreting polyphenol-based interventions,
which may exert differential effects depending on compound
type, population, sex, dosage, and baseline metabolic status.

Glucose Metabolism

The results from studies examining the effects of polyphe-
nol-rich or fruit-based interventions on glucose metabolism
reveal a mixed but generally limited pattern of effectiveness.
Of the seven studies reviewed, five did not report significant
improvements in glucose regulation or insulin sensitivity.
These include interventions using blueberry powder 18, straw-
berry powder 37, fruit/vegetable/berry powder 26, and cran-
berry 39. Despite assessing commonly used indicators such as
fasting glucose, insulin, and HOMA-IR, these studies failed to
produce clinically meaningful outcomes. This suggests that
not all polyphenol-rich foods consistently impact glycemic
control, particularly in the general populations and time-
frames evaluated.

Only two studies showed positive effects on glucose
metabolism. 3! used a polyphenol-rich diet and reported sig-

Table 3. Glucose Metabolism Outcomes

nificant improvements across multiple parameters, including a
decrease in glucose AUC, an increase in early insulin secre-
tion, and enhanced insulin sensitivity (measured via OGIS).
These findings indicate a broad and clinically relevant benefit
in managing glucose metabolism. Meanwhile, 3¢ studied
resveratrol and found improvements specifically in Caucasian
participants, including reduced glucose AUC and better insulin
resistance. These subgroup-specific outcomes highlight that
genetic, ethnic, or metabolic differences may influence the ef-
ficacy of such interventions.

In terms of the parameters assessed, glucose and insulin
were the most commonly measured variables, each ap-
pearing in three studies. However, more sensitive or dy-
namic measures—such as OGIS, HOMA-IR, glucose toler-
ance tests (GTT), and markers of insulin resistance—were
underutilized, each appearing in only one study. This lim-
ited application of more robust metabolic markers may
have hindered the detection of subtler effects of the inter-
ventions.

In summary, the evidence supporting polyphenol-based in-
terventions for improving glucose metabolism is limited and
inconsistent. While a polyphenol-rich diet showed promising
general effects and resveratrol offered benefits in a specific
subgroup, most other interventions did not yield significant
results. These findings suggest that the effectiveness of
polyphenols on glycemic control is likely dependent on the
specific type of intervention, the characteristics of the study
population, and the sensitivity of the metabolic markers used.
As such, these interventions should not be universally ex-
pected to enhance glucose metabolism without considering
individual variability and dietary context.

Study e Parameter Measured Effect Size . CI!nlcaI

Type Significance

18 Blueberry Insulin sensitivity Not Significant No effect
powder

31 Polyphenol-rich Glucose AUC, Glucose AUC | (p=0.038), Improved glucose

diet insulin secretion, OGIS insulin secretion T (p=0.048), OGIS T (p=0.05) metabolism

36 Resveratrol GTT, insulin resistance Glucose AUC |, IR improved (Caucasians) Subgrt;) eur;])e-zgeuﬁc

37 Strawberry HOMA-IR Not Significant No effect
powder

26 Fruit/veg/berry Glucose, insulin Not Significant No effect
powder

39 Cranberry Glucose, insulin Not Significant No effect

Nutr Clin Diet Hosp. 2025; 45(2):476-487
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Effects on Renal Function
Markers of Renal Function

Table 4. Markers of Renal Function

Study InteTr; s:tlon Renal Parameter Effect Size Clinical Significance
1 . eGFR decline less in F+V vs. UC; Comparable to NaHCOs,
Fruits/vegetables eGFR, plasma CO, plasma CO, 1 fewer CVD events
3 Fruits/vegetables eGFR, plasma CO,, eGFR decline less in F+V vs. UC; F+V superior to NaHCO3
9 Systolic BP Systolic BP | for CVD risk
28 . Fruit/ veg Albumin:creatinine Small, not significant reduction Metab_olomlc markers
intervention improved
34 Cranberry LPS, IS, p-CS, IAA Not Significant No effect
3 Resveratrol Nrf2, NF-«kB Not Significant No effect
GSH-Px T I
30 - ’
Grape powder GSH-Px, CRP CRP stable Antioxidant effect
GSH-Px 1T .
41 - 7
Grape powder CRP, GSH-Px CRP stable Antioxidant effect
Clinical Outcomes
Table 5. Clinical Outcomes
Study Intervention Type Renal Parameter Effect Size Clinical Significance
12 Fruits/vegetables CVD events 0in F+V, 6 in UC, 2 in NaHCO3 Fewer events in F+V
32 Fruits/vegetables CVD risk indicators LDL, Lp(a) |, vitamin K1 T Improved CVD risk

The clinical outcomes related to polyphenol-rich dietary in-
terventions were primarily examined in two studies, both of
which focused on the impact of fruits and vegetables on car-
diovascular disease (CVD) outcomes in individuals with renal
concerns. These studies suggest that dietary interventions
emphasizing fruits and vegetables may confer cardiovascular
benefits beyond their effects on kidney function.

In the study by 12, the incidence of cardiovascular events
was used as a clinical endpoint. The results were notable:
there were no cardiovascular events in the fruits and vegeta-
bles group, compared to six events in the usual care (UC)
group and two events in the sodium bicarbonate (NaHCOs)
group. This finding indicates a potential protective effect of
the fruits and vegetables intervention against cardiovascular
events in patients with chronic kidney disease.
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In a complementary study by 32, the focus was on cardio-
vascular risk indicators rather than clinical events. This study
reported reductions in low-density lipoprotein cholesterol
(LDL) and lipoprotein(a) [Lp(a)], both of which are known
contributors to cardiovascular risk. Additionally, there was an
increase in vitamin K1 levels, a nutrient associated with vas-
cular health. These changes collectively reflect an improve-
ment in cardiovascular risk profile among participants receiv-
ing the fruits and vegetables intervention.

Overall, these findings provide supportive evidence that
fruits and vegetables can play a significant role in reducing
cardiovascular risk and events in populations at risk due to re-
nal impairment. This adds to the broader body of research
suggesting that dietary strategies rich in plant-based,
polyphenol-containing foods may have clinically meaningful
effects beyond traditional biochemical markers.
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Safety and Tolerability

Reported Adverse Effects

The overall safety and tolerability of polyphenol-rich inter-
ventions appeared favorable across the studies reviewed.
Most studies did not report significant adverse effects, sug-
gesting that these dietary strategies are generally safe for
consumption. Specifically, 2° found cocoa flavanol ingestion to
be well tolerated, and 3% similarly reported good tolerability
for resveratrol. Importantly, there were no serious adverse
events mentioned in the majority of studies. However, it is
worth noting that systematic reporting of adverse effects was
often lacking, limiting the ability to fully assess the safety pro-
file across interventions.

Compliance and Adherence

Compliance and adherence to interventions varied and
were not consistently reported. In shorter-term, crossover
studies, adherence was generally high, likely due to the lim-
ited duration and frequent monitoring, which support partici-
pant engagement. In contrast, longer-term studies such as
those b y!232 did not provide detailed information on adher-
ence. This lack of data on long-term compliance may impact
the interpretation of results, particularly when assessing the
sustainability and real-world applicability of these dietary in-
terventions. Overall, while the interventions appear safe and
well tolerated, better and more consistent reporting on ad-
verse events and adherence is needed to strengthen conclu-
sions about their practical use.

DISCUSSION

This review highlights the diverse effects of polyphenol-rich
interventions across multiple health domains, particularly in
lipid metabolism, glucose regulation, renal function, and car-
diovascular risk. Among lipid profile outcomes, several inter-
ventions demonstrated modest but clinically relevant effects.
Grape and blueberry powders, as well as bergamot, consis-
tently yielded improvements in triglycerides, HDL levels, or
endothelial function*344, Notably, the effects of grape powder
appeared to be sex-specific in some cases, suggesting that bi-
ological factors such as hormonal status may influence re-
sponsiveness. Bergamot stood out for its broad lipid-lowering
and anti-inflammatory effects, indicating its potential as a
comprehensive cardiometabolic aid.

In contrast, glucose metabolism outcomes were more vari-
able. While the majority of studies examining blueberry, cran-
berry, strawberry, and mixed berry powders did not demon-
strate significant effects, interventions such as a polyphenol-rich
diet 3! and resveratrol 3¢ showed promise, the latter mainly in
a specific subgroup (Caucasians). These findings may reflect
the complexity of glucose homeostasis and the necessity for
targeted approaches. Furthermore, discrepancies in study de-
sign, population characteristics, and the bioavailability of

polyphenols could contribute to the inconsistency of glucose-
related outcomes.

Renal function markers were favorably influenced by fruits
and vegetables interventions in studies by 1232, which re-
ported slower eGFR decline, increased plasma CO,, and re-
duced systolic blood pressure. These interventions were also
associated with reduced cardiovascular risk and fewer ad-
verse clinical events, making them the most robust in terms
of renal and cardiovascular benefits. In contrast, studies us-
ing cranberry, resveratrol, and grape powder did not show
meaningful changes in primary renal parameters. However,
grape powder demonstrated increased GSH-Px activity, indi-
cating antioxidant support that could contribute indirectly to
renal protection 30,

Several methodological limitations warrant acknowledg-
ment. Semantic Scholar’s initial exclusivity and algorithmic re-
sult cap (n=500) were mitigated by complementary searches
in PubMed/MEDLINE, Scopus, and Cochrane Library. The 2-
week minimum intervention duration may inadequately cap-
ture renal outcomes; however, sensitivity analysis restricted
to trials 212 weeks (n=9) corroborated primary trends. While
dual-independent screening and PROSPERO registration en-
hanced rigor, clinical heterogeneity in polyphenol sources and
dosing precludes broad generalizations.

Clinical outcomes, though limited in number, reinforced the
potential benefit of fruits and vegetables in reducing cardio-
vascular events and risk markers. In the study, such inter-
ventions were associated with favorable changes in LDL,
lipoprotein(a), and vitamin K1 levels, alongside a complete
absence of cardiovascular events in one study arm 32, These
findings underscore the value of whole food interventions that
provide a spectrum of bioactive compounds, possibly acting
synergistically to promote vascular and renal health.

Safety and tolerability of polyphenol-rich interventions
were generally favorable, with few adverse effects reported.
Most interventions, including cocoa flavanols and resvera-
trol, were well tolerated. However, the limited and inconsis-
tent reporting of safety data across studies limits definitive
conclusions. Adherence varied by study duration and design,
with crossover trials showing higher compliance than longer
interventions, where reporting was often lacking. This vari-
ability could influence both the efficacy and generalizability
of findings.

Overall, the evidence supports the use of specific polyphe-
nol-rich foods—particularly fruits and vegetables, grape
powder, and bergamot—in promoting lipid control, renal
preservation, and cardiovascular risk reduction. However, in-
consistencies in glucose metabolism outcomes highlight the
need for more targeted or individualized approaches.
Methodological limitations such as small sample sizes, short
durations, and heterogeneous interventions further compli-
cate the interpretation of results.
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One plausible explanation for the varied findings is the dif-
fering polyphenol profiles and bioavailability of each inter-
vention. Whole foods may provide a complex matrix of nu-
trients that interact synergistically, while isolated extracts
might lack this effect. Individual metabolic differences,
baseline health status, and gut microbiota composition
could also influence outcomes. These factors should be ac-
counted for in future research to better understand re-
sponse variability.

Future studies should prioritize standardized intervention
protocols, larger and more diverse populations, and long-
term follow-up to evaluate sustainability and clinical rele-
vance. Improved reporting on adherence, adverse events,
and mechanistic pathways will be essential to guide practical
dietary recommendations. Ultimately, translating these find-
ings into public health strategies could support the use of
polyphenol-rich foods in chronic disease prevention and
management.

CONCLUSION

This review synthesized evidence from multiple studies as-
sessing the effects of polyphenol-rich foods and supplements
on lipid metabolism, glucose regulation, renal function, and
clinical outcomes. Overall, interventions such as grape pow-
der, bergamot, and fruits and vegetables showed beneficial
effects on lipid profiles, including reductions in triglycerides
and LDL, and improvements in HDL and endothelial function.
Fruits and vegetables were also the most consistently effec-
tive intervention for preserving renal function and reducing
cardiovascular risk, including a complete absence of cardio-
vascular events in one study. In contrast, most polyphenol-
based interventions did not produce significant improvements
in glucose metabolism, with only a polyphenol-rich diet and
resveratrol (in a subgroup) showing favorable effects. Safety
and tolerability were generally reported as good, though ad-
herence data and systematic adverse event reporting were in-
consistently addressed across studies.

Given the variability in outcomes and study design, future
research should focus on standardizing intervention protocols,
clearly defining polyphenol content and bioavailability, and in-
cluding larger, more diverse populations with longer follow-up
periods. Stratifying results by sex, metabolic health status,
and genetic or microbiome profiles may uncover more precise
benefits or limitations of these interventions. Furthermore,
mechanistic studies are needed to elucidate how polyphenols
influence metabolic pathways and interact with other dietary
components. Public health efforts could benefit from translat-
ing successful interventions—particularly whole-food ap-
proaches like fruits and vegetables—into accessible, sustain-
able dietary recommendations for chronic disease prevention
and management.
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