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Background: Several studies have investigated the effect of quericitn supplementation
on serum C - reactive protein (CRP). However, results were inconsistent. This systematic
review and meta-analysis was designed to assess the effect of quercetin supplementation
on CRP levels in randomize control trials (RCTS).

Methods: We searched PubMed and Scopus up to July 2016 to identify RCTs
investigating the effect of quercetin on serum CRP. Meta-analysis was performed using
either a fixed-effects or random-effect model according to 12 statistic. Weighted mean
differences (WMDs) and 95% confidence intervals (Cls) were calculated for net changes
in CRP levels.

Results: Seven trials with eight data sets and 346 participants met the inclusion criteria.
There was no significant differences for CRP reduction between subjects with quercetin
supplementation and placebo control [WMD, 0.01 mg/L; 95% ClI: -0.18 to 0.21, p =0.88]
with significant heterogeneity (12=48.9%; p=0.05). Subgroup analyses showed that dose,
duration and country were not the potential sources of heterogeneity.

Conclusion: Our results suggest that quercetin supplementation does not reduce serum
CRP. Further large and well-designed studies are necessary to confirm this conclusion.

Introduction

Oxidative stress and Inflammation have

monocyte-derived macrophages and activated
endothelium. In the liver IL-6 stimulates the

fundamental role in progress of cardiovascular
disease (CVD), atherogenesis and type 2 diabetes
mellitus (T2DM) Which has involved many
people around the world(1, 2). Some of mediators
which amplify inflammation and contribute to the
damage of the tissues were secreted by activated
macrophages. One of these mediators is
interleukin-6(IL-6) which was produced by both
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production of large amounts of acute- phase
reactants including C-Reactive Protein(CRP),
fibrinogen , and serum amyloid A(3, 4). Studies
have shown that elevated levels of CRP leads to
increase in risk of metabolic syndrome, CVD and
T2D(5, 6).

At a recent time, mostly the focuses of the
natural products with inflammation modifying
properties that have greater safety compared to
the chemically synthesized agents, one of this
products are flavonols(7-10). Flavonols are the
main members of the class of natural phenolic
compounds called flavonoids(11). Flavonols is
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Figure 1. The process of article selection

used at a dosage of 20-35 mg/day(12, 13).
Quercetin[3,3,4’,5,7-pentahydroxyflavone] s
one of the most abundant flavonols(14, 15),
which is found in some sources such as tea, onion
and apple(16). It has been shown that quercetin is
safe and tolerable for human(15). Generally,
guercetin is conjugated with the various part of
sugar which increases quercetin absorbtion from
upper small intestine(17). Quercetin has some
effective features such as antioxidant(18) and
antidiabetic effect (19, 20), anti-inflammatory
(21), dyslipidemia improving(22), endothelial
function- improving(23), blood pressure reducing
(24), weight lowering(25) and vasodilatory
effect(26) which is implemented on human, in
vivo and in vitro.

As an anti-inflammation factor, it has been
shown that plasma levels of CRP decreased in
quercetin supplementation group compared with
placebo group (27-29), however, in some studies,
the effect of quercetin on CRP levels was not
significant in comparison with control group(28,
30, 31). There is no systematic review and meta-
analyses about the effect of quercetin
supplementation on the serum CRP level so far.
Also the effective dose and duration of quercetin
supplementation has not determined. Therefore,
in this study we aimed to execute a systematic
review and meta-analysis of published randomize
control trials (RCTs) to confirm the effect of
guercetin supplementation on serum CRP levels.

Subjects and methods

Search strategy

We followed the preferred reporting Items for
systematic reviews and meta-analyses (PRISMA)
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guidelines during all stages of the design,
implementation and reporting of this meta-
analysis(32).  Two authors independently
searched the databases for English-language
literature including Medline
(http://www.ncbi.nlm.nih.gov/ pubmed) and
SCOPUS (http:// www.scopus.com), from
inception to July 2016.

The search terms used were quercetin and C-
Reactive Protein or CRP or high-sensitivity
CRP or high-sensitivity c-reactive protein or hs-
CRP and randomized controlled trial or trial or
randomly. This search was completed by hand
search of the reference list of RCTs to include
other potentially eligible trials.

Selection criteria

Human studies were included if they met the
following inclusion criteria including: (1)
population: adults, (2) intervention: oral

supplementation of quercetin compared to
placebo group, (3) outcome: expression of
enough information about Intended variables at
baseline and at the end of study in each group, (4)
study design: randomized clinical trial with either
crossover or parallel design. Exclusion criteria
were the following: (1) uncontrolled trials, (2)
non-clinical studies, (3) absence of sufficient
information on CRP level, (4) using mixture of
quercetin with vitamins or other agents.

Data extraction

Quality of studies was assessed by Jadad
criteria(33). Two reviewers evaluated the
included articles for their Jadad score.

Two reviewers independently screened and
extracted study characteristics including first
author, country, study population, sex, sample
size, quercetin dose, treatment duration and
outcome data. Any more computations on study
data which was considered essential were
conducted by the first reviewer and checked by
the second reviewer. Extracted data were checked
by third author and any discrepancy was resolved
by discussion.

Statistical analysis

Stata version 14 (Stata Corporation, College
Station, TX) was used for the analysis in this
study. The statistical heterogeneity and between-
study contradiction were evaluated by the
Cochran’s Q test and the I? statistic(34). We used
a fixed-effect model for heterogeneous data (I?
value was >50%) and random-effect model for
non-heterogeneous data (12 value was <50%). SD
was calculated when the information were
reported as standard error of the means (SEM) by
multiplying SEM by square root of the sample
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Table 1. Characteristics of studies

Study O’Fallon  Brill et al. Askariet Zahediet Egertetal. Javadietal. Nieman

etal. al. al. et al.
Year 2012 2015 2012 2013 2010 2014 2007
Country USA Germany Iran Iran Germany Iran USA
Study Healthy Overweight- Healthy  Type2 Metabolic Rheumatoid Athletes
population to-obese Diabetes syndrome Avrthritis

hypertensive mellitus

Duration 2 weeks 6 weeks 8weeks 10 weeks 6 weeks 8 weeks 3 weeks
Administration Oral Oral Oral Oral Oral Oral Oral
Dosage 1000 162 500 500 150 500 1000

mg/day mg/day mg/day mg/day mg/day mg/day mg/day
Participants 30 22 60 62 93 40 39
Mean age 20.1 48.1 21 46.4 45 47.3 42.2
Jadad score 4 3 2 3 3 3 3

size: SD=SEM x vn. We estimated the weighted
mean difference (WMD) with 95% confidence
intervals (Cl) for outcomes. Statistical
significance level was considered as p < 0.05.

Results

Search results

After electronic and hand searches, 82 studies
were identified and after screening under
consideration of the inclusion and exclusion
criteria 7 eligible studies with 8 data sets were
found to be appropriate for this meta-analysis(28,
30, 31, 35-38). All included trials used quercetin
as supplementation with any added substances.
The details of our selection process are shown in
Figure 1.

Study characteristics

The methodological quality score of selected
papers ranged from 2 to 4 (Table 1). Total of 346
participants were included in 7 selected studies.
Smallest study had a population size of 22
participants versus largest study with 93
participants.

All study designs of selected studies were
double-blind placebo controlled and were
conducted in the Germany, Iran and United States
during the period of 2007-15. Selected trials
investigated oral intake at dose of 150 to 1000 mg
guercetin/day. Duration of intervention ranged
from 2-10 weeks. Included studies enrolled
participants with overweight and obesity(35),
healthy subjects (31), T2DM (37), metabolic
syndrome (30), rheumatoid arthritis (28) and
athletes (36, 38). The mean age of the patients
were 20-48 years. Oral supplementation with
guercetin was well tolerated in all of the trials
included in this review.

Main analysis

In meta-analysis of seven trials with 346
participants, supplementation with quercetin did

not significantly reduce CRP serum level [WMD,
0.01 mg/L; 95% CI: -0.18 to 0.21, p =0.88],
however, this analysis were associated with
significant heterogeneity (12=48.9%; p=0.05).
Moreover, analysis in a random effect model was
not significant [WMD, 0.00 mg/L; 95% ClI: -0.35
to 0.35, p=0.99] in compare with placebo
condition (Figure 2).

Subgroup analysis was made to further
explore the effect of quercetin supplementation
on the serum CRP levels in different duration of
supplementation. There was no significant effects
with trials stratifying according to >8 and <8
week duration of supplementation (WMD, 0.09
mg/L; 95% CI: -0.21 to 0.40, p =0.88) and
(WMD, -0.18 mg/L; 95% CI: -0.91 to 0.55, p
=0.88) respectively. In addition, CRP level was
not considerably changed after assortment studies
according to conduct in same country. Moreover,
dosage of supplementation with quercetin had not
effect on CRP level (data not shown).

There were significant differences between the
studies which was done on women in comparison
with other studies.

Publication bias

The funnel plot test of asymmetry was not
done because there were only eight papers
included in meta-analysis. According to the
general rule, a funnel plot test could have used
when at least ten studies are pooled in a meta-
analysis (34).

Discussion

It has been well identified that inflammation is
the underlying cause of chronic diseases such as
atherosclerosis (1, 3, 39). Epidemiologic studies
show that higher quercetin intake from fruits and
vegetables is associated with reduced risk for
such disease compared with lower intake due to
quercetin’s anti-inflammatory and anti-oxidative
capacities (40-43). Anti-inflammatory effects of
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Askari (2012) —— 0.40(-0.12,0.92

0.00(-0.28, 0.28) 2743
2010y 0.82(-1.14,2.78)
adi (2014) — -0.51 (-1.98.0.96) 478

HEMAN (2007) 040 (-0.83,0.03) 21.89

[
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——

> 0.00(-0.35,0.35) 100.00

quared = 48.9%, p = 0.057)

shts are from random cffcts analysis

T T
425 0 425

quercetin derived from chemical structure of
guercetin which particularly is due to the presence
and position of the hydroxyl group (-OH) and
catechol group in the B-ring and its inhibitory
effect on nuclear factor-kappa B (NF-xB)
activation and DNA binding (27, 44, 45). Oral
guercetin supplementation at dose of 1000
mg/day for twelve weeks had no side effects in
humans and quercetin has identified as safe status
according to the U.S. Food and Drug
Administration (FDA) (15). Until now, many
clinical trial have been performed about quercetin
and its effect on serum CRP level, which their
results are different (28, 30, 31, 35-38).

According to over knowledge, this is the first
time that a meta-analysis evaluate the effect of
guercetin supplementation on CRP levels. Meta-
analysis showed consuming variable doses of
guerectin did not have a significant effect on
serum CRP levels compared with placebo.
Moreover, stratifying the RCTs according to the
duration of supplementation showed no
significant relationship in studies lasting <8 or >8
weeks follow-up. Furthermore, there was no
significant correlation between the trials
administering quercetin with doses >500 mg/day
or <500 mg/ day.

These results are inconsistent with the results
of experimental studies (46, 47) which maybe is
due to their different bioavailability, depending
on the type of glycosides they contain and
conjugation in the body after absorption (48). trial
that include in this meta-analysis often have
participant with normal level of CRP while
guercetin shows have better effects when the level
of inflammation is high because the activity of -
glucuronidase that critical enzyme for the
therapeutic effectiveness of quercetin increased
under inflammatory conditions (49, 50). other
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probable explanation for this contradiction is
the dose of quercetin used in human studies
Less than that used in animal studies (46, 47).
maybe, the effect of quercetin on Levels of
inflammatory markers in the selected studies
have been influenced by genotypic differences
(30, 51).

This meta-analysis had some limitations.
First, most of the trials used in this meta-
analysis had few participants and the total
number of included studies were few which
theoretically caused unstable estimates of
treatment effects (52). Furthermore, we could
not assess publication bias by Begg’s and
Egger’s tests, because the numbers of RCTs
were limited. Between-study heterogeneity was

found in outcomes based on the tentative
categorization of 12 values. Potential explanation
for the heterogeneity in outcomes, coulde be due
to the specific health condition of each study such
as gender, age and drug usage. Furthermore,
duration of supplementation in the included
studies mostly was short. In addition, some
articles could be missed due to the search
limitation to the English databases.

Conclusion

In conclusion, this meta-analysis showed that
oral intake of quercetin had not significant effect
on serum CRP levels and its routine use cannot be
recommended based on the available evidences.
Large-scale and high-quality clinical trials are
still required to clarify the effectiveness of
quercetin supplementation on inflammation.
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