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Effect of quercetin supplementation on plasma lipid profiles,
blood pressure, and glucose levels: a systematic review and
meta-analysis

Haohai Huang, Dan Liao, Yong Dong, and Rong Pu

Context: Clinical trials examining the cardiovascular protective effects of quercetin
in humans have reported conflicting results. Objective: The aim of this systematic
review was to summarize evidence of the effects of quercetin supplementation on
plasma lipid profiles, blood pressure (BP), and glucose levels in humans by perform-
ing a meta-analysis of randomized controlled trials. Data Sources: MEDLINE,
Embase, and Scopus databases were searched electronically from their inception to
July 2018 to identify randomized controlled trials that assessed the impact of quer-
cetin on lipid profiles, BP, and glucose levels. Study Selection: Randomized con-
trolled trials assessing the effects of quercetin or a standardized quercetin-enriched
extract on plasma lipid profiles, BP, and glucose levels in humans were eligible for
inclusion. Data Extraction: A random-effects model was used for data analysis.
Continuous variables were expressed as weighted mean differences (WMDs) and
95%CIs. Subgroup analyses were conducted to explore possible influences of study
characteristics. Sensitivity analyses were also performed, as were analyses of publi-
cation bias. Results: Seventeen trials (n ¼ 896 participants total) were included in
the overall analysis. Pooled results showed that quercetin significantly lowered both
systolic BP (WMD, �3.09 mmHg; 95%CI, �4.59 to �1.59; P¼ 0.0001) and diastolic
BP (WMD, �2.86 mmHg; 95%CI, �5.09 to �0.63; P¼ 0.01). Neither lipid profiles
nor glucose concentrations changed significantly. In subgroup analyses, significant
changes in high-density lipoprotein cholesterol and triglycerides were observed in
trials with a parallel design and in which participants consumed quercetin for
8 weeks or more. Conclusion: Quercetin intake resulted in significantly decreased
BP in humans. Moreover, participants who consumed quercetin for 8 weeks or
more showed significantly changed levels of high-density lipoprotein cholesterol
and triglycerides in trials with a parallel design.
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INTRODUCTION

Artherosclerotic cardiovascular disease (CVD) is a sig-
nificant contributor to disability, morbidity, and mor-

tality worldwide, despite major breakthroughs in
understanding both its underlying biological mecha-

nisms and its risk factors. As a major cause of stroke
and heart disease, it represents a significant healthcare

burden.1 Cardiovascular disease is increasing in preva-
lence at an unprecedented rate, given the global aging

population, and is thought to account for more than
17.3 million deaths annually.2 Besides contributing to

high morbidity and mortality, CVD is also associated
with limited of quality of life and a global economic im-

pact of nearly US $863 billion annually.3 Large-scale
epidemiological studies have demonstrated that poten-

tially modifiable risk factors (eg, high blood glucose,
high blood pressure, raised serum lipids, obesity, and a

cluster of interrelated metabolic risk factors) as well as
behavioral lifestyle factors (eg, alcohol use, dietary qual-

ity, physical activity, and tobacco use) play key roles in
promoting the pathogenesis of CVD.4–6 Public health

education about risk factor modification is an attractive
means of reducing the incidence of CVD. The optimal

management of patients with, or at high risk for, CVD
requires the assessment and treatment of several modi-

fiable CVD risk factors, such as elevated low-density li-
poprotein cholesterol (LDL-C), high blood pressure
(BP), abdominal obesity, and high blood glucose. The

aim of treatment is to achieve reductions in recom-
mended levels established by evidence-based guide-

lines.7 Several current epidemiological studies and
randomized controlled trials (RCTs) suggest that cer-

tain natural products or functional foods, such as nuts,
spirulina, berries, chitosan, and resveratrol, may offer

protective cardiovascular effects.8–10

Quercetin (3,30,40,5,7-pentahydroxyflavone)

belongs to the flavonoid class of polyphenols and is a
major component in various food sources, such as

fruits, vegetables, nuts, wine, black tea, and onion
peels.11 Accumulating evidence has shown that inges-

tion of quercetin or quercetin-rich foods confers a wide
range of health-promoting effects such as anticoagula-

tory, anti-inflammatory, antihypertensive, and antihy-
perglycemic activities and has positive effects on

disorders of lipid metabolism.12,13 Several clinical trials
examining the influence of quercetin supplementation

on the prevention and treatment of chronic diseases, es-
pecially CVD, have been completed.14–18 However,

findings from interventional trials in humans have not
been consistent. In addition, there is a dearth of meta-

analyses scrutinizing the effect of quercetin on CVD
risk factors. In order to fill this knowledge gap, a com-

prehensive meta-analysis was conducted to provide a

more precise estimation of the overall impact of querce-

tin supplements on a myriad of cardiovascular health
parameters in humans, including lipid profiles, blood

pressure, and glucose levels. This review aims to provide
a snapshot of current knowledge about the clinical

effects of quercetin in patients with CVD and to offer
insights for future dietary recommendations to reduce
CVD risk.

METHODS

Inclusion and exclusion criteria

Relevant studies were included if they satisfied the fol-
lowing criteria (Table 1): (1) quercetin or a standardized
quercetin-enriched extract was investigated as a stand-

alone intervention; (2) quercetin was administered for a
period of 2 weeks or more; (3) the study was a random-

ized placebo-controlled clinical trial with either a cross-
over or a parallel trial design; (4) the study was

conducted in adult participants (healthy or otherwise);
(5) the study reported data on at least one of the desig-

nated outcome markers, ie, fasting blood glucose, trigly-
cerides (TGs), high-density lipoprotein cholesterol

(HDL-C), LDL-C, total cholesterol, systolic BP (SBP),
diastolic BP (DBP), insulin, and homeostatic model as-

sessment of insulin resistance (HOMA-IR); and (6) the
study provided sufficient information on outcome

markers both before and after the quercetin interven-
tion in both control and treatment groups.

Search strategy

The present meta-analysis was conducted in accordance

with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guide-

lines.19 First, an in-depth systematic literature search
was performed in the MEDLINE, Embase, and Scopus

databases from their inception to June 21, 2018.
The search terms “quercetin” AND “3,30,40,5,7-

pentahydroxylavone” were used as the Medical Subject
Headings (MeSH) and related keywords. The search

was limited to human studies and RCTs published in
English. Reference lists of associated review articles
identified during this process were also screened to

identify additional studies in order to avoid missing any
articles. All authors were involved in the screening of

articles, with any disagreements discussed and resolved
through consensus.

Study quality and data extraction

Risk of bias and methodological quality were assessed

independently by 2 authors using the Cochrane
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Collaboration’s risk assessment tool.20 The following

criteria were used to assess risk of bias: selective report-
ing, incomplete outcome data, blinding of outcome

assessors, blinding of participants and study personnel,
allocation concealment, randomization sequence gener-

ation, and other biases. The risk of bias in each study
was labeled as unclear, high, or low, depending on the

results for each criterion.
A predesigned data collection form was used to ex-

tract study characteristics and relevant results of se-
lected RCTs. Discussions were held when

disagreements arose. The following parameters were
extracted from each study: publication year, first

author’s name, location, demographic data (sex, mean
age, health status, and baseline mean body mass index),

study setting (number of patients enrolled and study
design), intervention characteristics (including inter-
vention duration, and formulation and dosage of quer-

cetin supplement and placebo), and reported
cardiovascular parameters. When multiple publications

reported results for the same cohort or for a subsample
of a participant cohort, information from the article

that included the larger sample size was used. Data
from the smaller study was included only if the larger

study did not contain sufficient detail.

Statistical analysis

In order to calculate the pooled effect sizes, continuous
variables were expressed as weighted mean differences

(WMDs) and 95%CIs. The I2 statistic was used to quan-
tify the degree of statistical heterogeneity between stud-

ies, with moderate to high heterogeneity recorded if this
value exceeded 50%.21 Clinical heterogeneity was ana-

lyzed using a random-effects model. A traditional sensi-
tivity analysis was also conducted to determine the

impact of each study on the overall effect size by

removing one study at a time and then reconducting

the analysis. Predefined subgroup analyses and meta-
regression analyses were carried out to investigate the

potential moderating factors in the trials. The type of
intervention, dosage of quercetin, trial duration, and

study design were assessed for the subgroup analysis.
Funnel plots, Begg rank correlation, and Egger weighted
regression statistics were used to assess publication

bias.22,23 STATA software (version 12.0; StataCorp,
College Station, TX) and RevMan (version 5.0) software

were used for statistical analyses. Two-tailed P values
were used, with statistical significance conferred if the P

value was less than 0.05, except where otherwise
specified.

RESULTS

Literature search

The initial search identified 196 papers for screening, of

which 155 were removed because of duplication or after
title and abstract screening. The full texts of the remain-

ing 41 articles were further screened, after which 24
studies were excluded for the following reasons: lack of

sufficient information on the outcomes of interest
(n¼ 7); mixing of quercetin formulations with other

compounds (n¼ 3); duplicate reports (n¼ 3); study not
designed as an RCT (n¼ 4); article published as meta-

analysis or review (n¼ 3); and an intervention duration
of less than 2 weeks (n¼ 4). Finally, a total of 17 studies

(19 treatment arms) with 886 participants met
the objectives and were included in the current meta-

analysis.14–18,24–35 Figure 1 shows the literature search
process.

Characteristics and quality of included studies

Table 2 14–18,24–35 summarizes the characteristics of the

included studies. Studies were published from 1998 to
2018 and were conducted in 6 different countries: Iran,
the United States, the United Kingdom, Germany, Italy,

and Korea. There were between 10 and 93 participants
in each trial. A total of 896 individuals were randomly

assigned in these trials. Six trials were conducted exclu-
sively in women, 4 were conducted exclusively in men,

6 were conducted in both sexes, and 1 trial did not spec-
ify the sex of the population. The average age of partici-

pants in each trial ranged between 29.5 and 48.5 years,
and the mean body mass index ranged from 24.8 to

31.1 kg/m2. The dosage of quercetin administered in the
studies ranged from 30 mg/d to 1000 mg/d. Six trials

used quercetin-rich onion peel extract capsules, and 11
used quercetin capsules or tablets. The duration of

quercetin supplementation ranged from 2 weeks to

Table 1 PICOS criteria for inclusion and exclusion of
studies
Parameter Description

Population Adult participants (healthy or otherwise)
Intervention Quercetin or standardized quercetin-

enriched extract as a stand-alone inter-
vention, administered for � 2 weeks

Comparator Placebo or no intervention
Outcomes Outcomes regarding at least one of the fol-

lowing markers: fasting blood glucose,
triglycerides, high-density lipoprotein
cholesterol, low-density lipoprotein cho-
lesterol, total cholesterol, systolic blood
pressure, diastolic blood pressure; insulin
and homeostatic model assessment of
insulin resistance

Study design Randomized placebo-controlled clinical
trial with a crossover or parallel design
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12 weeks. All trials were randomized, double-blinded,
placebo-controlled trials, with 41.17% (7 trials) utilizing
a crossover design and 58.82% (10 trials) utilizing a par-

allel design. Participants in these trials had rheumatoid
arthritis, hypertension, prehypertension, prehyperurice-

mia, polycystic ovary syndrome, type 2 diabetes melli-
tus, or obesity or were overweight with a high risk of

CVD. Healthy adults were also included in the studies
in this review.

A summary of the risk-of-bias assessment, which
was based on different domains of quality, is provided

in Figure S1 in the Supporting Information online. In
the 17 studies included, participants were randomly di-

vided into intervention and control groups. However, a
majority of studies failed to report sufficient data about

methods of allocation concealment and random

sequence generation. All studies reported details of
withdrawals. After assessment, risk of bias was judged
to be low in 7 trials and unclear in 10.

Effect of quercetin supplementation on plasma lipid
concentrations

Plasma levels of lipids were assessed in 12 of the in-
cluded studies. Figure 2, a forest plot, shows the overall

effects of quercetin consumption on lipid parameters.
Quercetin did not markedly influence total cholesterol

(WMD, 0.00 mol/L; 95%CI, �0.09 to 0.10; P¼ 0.93;
I2¼ 0%), LDL-C (WMD, 0.02 mol/L; 95%CI, �0.07 to

0.10; P¼ 0.71; I2¼ 0%), HDL-C (WMD, 0.02 mol/L;
95%CI, �0.02 to 0.06; P¼ 0.26; I2¼ 27%), or

TGs (WMD, �0.05 mol/L; 95%CI, �0.15 to 0.05;

Figure 1 Flow diagram of the literature search process.
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P¼ 0.25; I2¼ 21%) when compared with control sub-

stances. Pooled effect estimates remained similar across
all studies for total cholesterol, LDL-C, HDL-C, and

TGs in leave-one-out sensitivity analyses (see Figure S2
in the Supporting Information online).

Effect of quercetin supplementation on blood
pressure and glucose concentrations

The pooled result from 13 treatment arms showed that

quercetin administration markedly reduced SBP
(WMD, �3.09 mmHg; 95%CI, �4.59 to �1.59;

P¼ 0.0001; I2¼ 0%) and DBP (WMD, �2.86 mmHg;
95%CI, �5.09 to �0.63; P¼ 0.01; I2¼ 72%). Forest plots
summarizing the meta-analysis of trials investigating

the effect of quercetin on BP levels can be seen in
Figure 3. Similarly, the impact of quercetin consump-

tion on fasting blood glucose levels was assessed in 12
treatment arms. Pooled analysis suggests there were no

significant alterations in fasting blood glucose concen-
trations following supplementation with quercetin

(WMD, �0.01 mol/L; 95%CI, �0.08 to 0.06; P¼ 0.80;
I2¼ 0%). Similarly, no marked differences were

detected in the HOMA-IR (3 studies; WMD ¼ �0.17;
95%CI, �0.52 to 0.19; P¼ 0.37; I2¼ 61%) or insulin val-

ues (4 studies; WMD ¼ �0.83 IU/ml; 95%CI, �2.25 to
0.59; P¼ 0.25; I2¼ 27%). The robustness of results was

confirmed by performing further sensitivity analyses.
Effect sizes were calculated for the effects of quercetin

on BP and glucose and were robust in traditional sensi-
tivity analyses.

Subgroup analysis

Subgroup analyses were performed to investigate the
impact of quercetin on plasma lipid levels, BP, and glu-

cose concentrations in prespecified subgroups, includ-
ing study design (parallel or crossover design), quality

assessment of included trials (low risk of bias or un-
known risk of bias), location (Asia or United States or
Europe), quercetin dosage (� 100 mg/d or > 100 mg/

d), type of intervention (quercetin capsules/tablets or
quercetin-rich onion peel extract capsules), and inter-

vention duration (� 8 weeks or < 8 weeks). The find-
ings of subgroup analyses are shown in Table S1 in the

Supporting Information online.
The total cholesterol, LDL-C, and fasting blood glu-

cose concentrations from all subgroup analyses were in
agreement with the values found in the combined anal-

ysis. Subgroup analysis based on quercetin dosage dem-
onstrated that quercetin consumption significantly

decreased levels of SBP (WMD, �3.34 mmHg; 95%CI,
�4.97 to �1.72; P¼ 0.00001; I2¼ 0%) and DBP (WMD,

�2.91 mmHg; 95%CI, �5.65 to �0.18; P¼ 0.04;
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I2¼ 78%) in trials with dosages greater than 100 mg/d.

Trials were stratified according to study design, and sig-
nificant changes in SBP (WMD, �3.34 mmHg; 95%CI,

�5.07 to �1.60; P¼ 0.0002; I2¼ 0%) and DBP (WMD,
�1.97 mmHg; 95%CI, �3.14 to �0.81; P¼ 0.00009;

I2¼ 0%) were observed in trials with a crossover design,
whereas marked alterations in HDL-C (P¼ 0.0005) and

TGs (P¼ 0.01) were seen in trials with a parallel design.
Subgroup analyses according to type of intervention

demonstrated that supplementation with quercetin-rich
onion peel extract capsules could significantly reduce

SBP (P¼ 0.002) and DBP (P¼ 0.002) in participants.
Post hoc analysis of subgroups based on the duration of

intervention suggested that quercetin intake markedly

decreased TGs (WMD, �0.15 mmol/dL; 95%CI, �0.26

to �0.04; P¼ 0.009; I2¼ 0%) and increased HDL-C lev-
els (WMD, 0.08 mmol/dL; 95%CI, 0.03 to 0.13;

P¼ 0.005; I2¼ 0%) when the duration of supplementa-
tion was 8 weeks or more. However, individuals who

consumed quercetin for less than 8 weeks also had sig-
nificant reductions in SBP (P¼ 0.0002) and DBP

(P¼ 0.0003).

Clinical safety evaluation

The adverse effects of quercetin consumption reported
in the included trials were summarized. Some adverse

events reported to be associated with long-term

Figure 2 Forest plot detailing weighted mean differences (WMD) and 95%CIs for the effects of quercetin supplementation on (A) to-
tal cholesterol (TC); (B) low-density lipoprotein cholesterol (LDL-C); (C) high-density lipoprotein cholesterol (HDL-C); and (D) trigly-
cerides (TG) in humans.
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supplementation of quercetin were liver and kidney

toxicity. In the present meta-analysis, oral quercetin ad-
ministration was found to be well tolerated and gener-

ally safe in all included trials. There were no observed
adverse effects related to placebo or quercetin treatment

during the follow-up period.

Evaluation of GRADE evidence profile

Table S2 in the Supporting Information online shows
the GRADE (Grading of Recommendations,

Assessments, Development and Evaluations) evidence
profiles of the overall strength of evidence for the
change in lipids, BP, and glucose following supplemen-

tation with quercetin. The evidence available for total
cholesterol, LDL-C, TGs, SBP, and fasting blood glucose

was graded as high quality; the evidence for HDL-C and
insulin as moderate quality; and the evidence for

HOMA-IR and DBP as low quality.

Publication bias

Funnel plots revealed no obvious publication bias
(Figure 4). Moreover, Egger linear regression tests and

Begg rank correlation both confirmed that the current
analysis was free of publication bias (all P> 0.05). The

results of the Egger and Begg tests are listed in Table 3.

DISCUSSION

Principal findings

Cardiovascular events are influenced by a number of

modifiable risk factors, such as hypertension,

dyslipidemia, and diabetes. The effects of these risk fac-

tors on the incidence of CVD rises with progressively
higher levels of glucose, LDL-C, and BP. Accumulating

evidence indicates that quercetin possesses protective
anti-inflammatory as well as antioxidant effects and

may be useful in treating a myriad of chronic condi-
tions. The purpose of the present review was to deter-

mine whether quercetin supplementation has the
potential to be used as an adjuvant therapy for CVD by

improving blood lipid profiles, BP, and glucose levels.
A total of 17 trials involving 896 individuals were

suitable for statistical pooling. The main conclusion was
that dietary intake of quercetin significantly lowered

BP. However, the current analyses failed to detect sig-
nificant changes in glucose or lipid profiles between the

quercetin and placebo groups. Sensitivity analyses
revealed that the pooled result was robust and free of

significant publication bias. Additionally, the effect esti-
mates for total cholesterol, LDL-C, and glucose concen-

trations were not modified by the quercetin dose, the
study design, the intervention type, or the duration of

follow-up. Quercetin was not found to cause serious ad-
verse events in any of the included studies.

Comparison with previous studies

Several meta-analyses quantifying the effects of querce-

tin on lipids, BP, glucose, or insulin have been pub-
lished. A previous meta-analysis by Sahebkar,36 which

included 442 study participants across 5 RCTs, indi-
cated that quercetin supplementation did not have a no-

tably favorable effect on plasma lipids. Findings from
the current review demonstrate that quercetin con-

sumption significantly improved HDL-C and TG

Figure 3 Forest plot detailing weighted mean differences (WMD) and 95%CIs for the effects of quercetin supplementation on (A)
systolic blood pressure (BP) and (B) diastolic BP in humans.
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concentrations in participants who consumed querce-
tin for 8 weeks or more. These findings seem to con-

tradict the results of the aforementioned study.
Another meta-analysis of 7 trials with 9 treatment

arms analyzed the effects of quercetin supplementation
on BP in humans.37 Quercetin supplementation signif-

icantly reduced BP with dosages of greater than
500 mg/d. A recent meta-analysis demonstrated that

quercetin supplementation did not affect fasting
plasma glucose, HOMA-IR, or hemoglobin A1c in

patients with metabolic syndrome or related disor-
ders.38 However, only a few studies were included, and

the population size of the individual studies was gener-
ally small.

Compared with previous studies,36–38 the current
meta-analysis has the several strengths. First, as the

most recent and the most comprehensive meta-analysis,

it generally redefines and reinforces the results of previ-
ous meta-analyses. A robust search strategy was

employed, which resulted in the inclusion of 10 recently
published placebo-controlled, double-blinded, random-

ized clinical trials, boosting the power of this meta-
analysis. Second, in order to provide more objective

and accurate data as well as to differentiate between the
effects of different clinical parameters on the efficacy of

treatment, several subgroup analyses based on parame-
ters such as study design, quercetin dosage, type of in-

tervention, and duration of intervention were
performed. This helped overcome the weakness and in-

consistency of evidence showing associations between
the dose of quercetin and the duration of intervention,

an effect that may be partially attributed to lenient in-
clusion criteria. Moreover, the GRADE criteria were

used to rate the strength of the overall body of evidence.

Figure 4 Funnel plots with pseudo 95%CIs and weighted mean differences (WMD) for publication bias of (A) total cholesterol (TC);
(B) low-density lipoprotein cholesterol (LDL-C); (C) high-density lipoprotein cholesterol (HDL-C); (D) triglycerides (TG); (E) systolic
blood pressure (BP); and (F) diastolic blood pressure (BP).

Table 3 Publication bias in the meta-analysis of studies
Outcomes Begg rank correlation test Egger linear regression test

Z value P value Intercept (95%CI) t df P value

TC 0.43 0.669 0.01 (�0.16 to 0.18) 0.15 12 0.885
LDL-C 0.05 0.956 0.03 (�0.16 to 0.22) 0.36 13 0.726
HDL-C 0.11 0.913 0.03 (�0.05 to 0.11) 0.74 13 0.476
TGs 0.33 0.743 �0.08 (�0.46 to 0.30) 0.47 13 0.649
FBG 0.55 0.583 �0.03 (�0.16 to 0.10) 0.49 12 0.633
SBP 0.79 0.428 0.60 (�0.18 to 1.38) 1.69 12 0.120
DBP 0.67 0.502 �1.28 (�6.30 to 3.74) 0.56 12 0.586
Abbreviations: CI, confidence interval; df, degrees of freedom; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TGs,
triglycerides.
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Lipid profiles

Dyslipidemia is the primary risk factor for stroke and

atherosclerotic CVD. Strategies for both primary and
secondary prevention of CVD include reduction of total

cholesterol and LDL-C. As noted above, the meta-
analysis by Sahebkar,36 (n ¼ 442 participants across 5

RCTs) indicated that quercetin supplementation did
not have a significant favorable effect on plasma lipids.

In comparison with the previous meta-analysis,36 the
current meta-analysis offers further insight that may

guide future research. Epidemiological evidence shows
that raised HDL-C concentrations correlate inversely

with CVD risk. An increase in HDL-C concentration by
0.025 mmol/L conferred a 2% to 3% reduction in the

risk of developing CVD.39 Long-term intake of querce-
tin (�8 weeks) was found to raise HDL-C levels mark-

edly (0.08 mmol/L) while lowering TG levels
(0.38 mmol/L), findings that suggest a potentially rele-

vant clinical benefit of daily quercetin consumption.

Blood pressure

Hypertension is a well-known risk factor for various

CVDs, including coronary artery disease, stroke, and
heart failure.40 A reduction in BP of more than

10 mmHg lowers cardiovascular risk by 50% for heart
failure, by 35% to 40% for stroke, and by approximately

20% to 25% for myocardial infarction.41 Randomized
controlled trials demonstrated that reductions in BP

through antihypertensive treatment parallel the reduc-
tions in CVD events. The findings of this meta-analysis

mirrored those obtained by Serban et al,37 who reported
that quercetin supplementation significantly lowered

both SBP and DBP. The favorable effects of quercetin
on BP found in the current investigation support the

use of quercetin as an adjunctive therapy in patients
with hypertension. These beneficial effects differed sig-

nificantly, depending on the formulation and dosage of
quercetin as well as the duration of treatment.
Subsequent subgroup analyses clearly showed the anti-

hypertensive properties of quercetin in patients who re-
ceived less than 8 weeks of quercetin and in those who

consumed more than 100 g/d.
There are several potential mechanisms by which

quercetin may reduce BP. Some researchers have pro-
posed mechanisms that include alteration of the renin-

angiotensin system and the autonomic nervous system,
sensitization of the parasympathetic component of the

baroreflex, and decreases in blood vessel resistance and
compliance.42–44 Two studies indicate that quercetin

induces elevation of the cytosolic chloride concentra-
tion via activation of the membrane transporter protein

NKCC1, leading to antihypertensive action by

diminishing the expression of the epithelial sodium

channel.45,46 Additionally, studies in hypertensive rats
have revealed that quercetin increases vascular relaxa-

tion, as evidenced by the reduction of noradrenaline-
induced contraction of the mesenteric vascular bed.47

Quercetin also attenuates messenger RNA expression of
angiotensin-converting enzyme, which consequently
reduces the effects of this enzyme.48

Glucose control

Lower glucose levels have a significant influence on the
treatment and prevention of CVD, thereby highlighting

the role of aggressive glycemic control in diabetic
cohorts.49 Ray et al50 conducted a meta-analysis of 6

studies and found that strict control of blood glucose
levels was linked to a 15% reduction in coronary heart

disease events and a 17% reduction in nonfatal myocar-
dial infarction while having little to no impact on the

risk of stroke or all-cause mortality. The US Food and
Drug Administration recognizes fasting plasma glucose

levels to be a significant factor in diagnosing diabetes
and an important parameter when evaluating the anti-
glycemic effects of drugs and dietary supplements. In

the present meta-analysis, the evidence suggests there
are no statistically significant effects of dietary quercetin

supplementation on fasting blood glucose, HOMA-IR,
or insulin. The effect of quercetin on hemoglobin A1c, a

marker of long-term glycemic control, could not be
fully determined because the evidence from the current

pool of studies was not of sufficient quality. Further
large-scale studies to investigate the impact of quercetin

on blood glucose management, insulin sensitivity, and
insulin levels are needed.

Future perspectives

Fundamental goals in preventing CVD include deter-
mining the optimal time to begin treatment of modifi-
able risk factors and defining the ideal treatment

outcomes. Future research should focus on aggressive
and effective management of both novel and known

CVD risk factors, including as chronic stress, low socio-
economic status, and sleep disorders. Research focused

on the various food sources of quercetin, the optimal
dosage of quercetin, the ideal frequency and duration of

quercetin administration, and the biological mecha-
nisms underlying the cardioprotective effect of

quercetin-rich diets is also needed. Quercetin seems to
be effective in lowering BP, which highlights the need

for further trials, both to scrutinize the impact of long-
term quercetin intake on BP and to identify any poten-

tial adverse effects.
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Limitations

The present study has several limitations. First, a major-

ity of the included trials analyzed relatively heterogenous
populations (ie, healthy participants as well as those with

type 2 diabetes, obesity, or hypertension) in terms of in-
herent risk of CVD. Second, although no significant

publication bias was detected, there was a high degree of
between-study heterogeneity that was not completely re-

solved by numerous subgroup and sensitivity analyses.
The sources of the heterogeneity can most likely be as-

cribed to differences in study design, target populations,
and characteristics of study participants (eg, age, sex,

and baseline body mass index). Regardless of the cause,
pooled multivariate estimates were managed using a

random-effects model, which reduced bias to some ex-
tent. Third, the pooled result was obtained with unad-

justed estimates (Bonferroni correction), which
prevented the exclusion of confounders that may have

influenced the relationship between quercetin and se-
rum lipids, BP, or blood glucose levels (eg, other lifestyle

interventions, alcohol consumption, and smoking hab-
its). Finally, the present findings may be limited by

methodological flaws of the included trials. Publication
bias of the overall analysis cannot be completely ex-
cluded, even though it was evaluated with a funnel plot.

CONCLUSION

The results of this meta-analysis indicate that quercetin
has the ability to lower BP without causing any signifi-

cant adverse effects and may have the ability to signifi-
cantly reduce TGs. Moreover, quercetin consumption

significantly increased HDL-C levels in cohorts that
consumed quercetin for longer periods (� 8 weeks) and

in trials with a parallel design. Quercetin consumption
may be an effective dietary modality to reduce CVD

risk in humans. Further robust trials are needed to test
the effects of long-term quercetin supplementation on

CVD-related morbidity and events.
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