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Purpose: The previous investigations which considered the possible effect of the quercetin

supplementation for overweight and obesity have led to inconsistent results. Here, we aimed

to evaluate the effects of quercetin on weight loss using a meta-analysis of randomized

controlled clinical trials (RCTs).

Methods: Relevant studies were systematically searched from the MEDLINE, EMBASE,

Google Scholar, and Scopus databases. RCTs that investigated the effects of quercetin on

weight loss in humans were included for quality assessment, meta-analyses, sensitivity

analysis, subgroup analyses, and publication bias assessment. Effect size was expressed as

weighted mean difference (WMD) and 95% CI by using a random-effects model. The

Grading of Recommendations Assessment, Development and Evaluation (GRADE) metho-

dology was used to rate the level of evidence.

Results: Nine RCTs (11 treatment arms) with 525 participants were finally included for data

pooling. Our meta-analysis revealed that daily quercetin supplementation did not signifi-

cantly affect the body weight (WMD: −0.35 kg, 95% CI: −2.03, 1.33; P=0.68), body mass

index (WMD: −0.04 kg/m2, 95% CI: −0.54, 0.45; P=0.87), waist circumference (WMD:

−0.37 cm, 95% CI: −1.81, 1.06; P=0.61), and waist to hip ratio (WMD: −0.01, 95% CI:

−0.03, 0.01; P=0.48). Subgroup analysis could not identify factors significantly influencing

these parameters. These results were robust in sensitivity analysis, and no significant pub-

lication bias was found.

Conclusion: The current evidence suggests that quercetin intake did not show a notably

favorable effect on weight loss. Future well-designed and long-term clinical trials are

required to confirm these results.
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Introduction
The prevalence of obesity has dramatically increased globally and has nearly tripled

since 1975. According to the reports of the World Health Organization, more than

1.9 billion adults were overweight and 650 million were obese in 2016.1 It is well

known that obesity is a strong risk factor for type 2 diabetes mellitus, musculoske-

letal problems, some cancer, and cardiovascular diseases (eg, hypertension, athero-

sclerosis, heart disease, and stroke).2–4 Furthermore, obesity was associated with

higher disability rates and mortality rates in the elderly. Owing to its fast growth in
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prevalence, complications, burden on the economy, obe-

sity has become a major public health threat in most

developed countries and developing countries. A large

body of evidence has shown that a weight loss of 5–10%

reduces the risk of diabetes and cardiovascular disease.5,6

The optimal management of the individual with or at high

risk of overweight/obesity requires the weight reduction of

10% to achieve recommended goal established by the

National Institutes of Health.7 Treatment of obesity

includes conventional treatments, such as diet, exercise,

lifestyle modification as well as medications and bariatric

surgery.8 Lifestyle modification particularly adherence to

a healthy diet and physical activity are regarded as impor-

tant not only for the prevention but also for the treatment

of the chronic disease. It is revealed that adherence to

healthy dietary patterns which contain alpha-lipoic acid,

low-carbohydrate diets, very-low-energy diets, and func-

tional food supplementation might improve the manage-

ment of weight loss.9–12

Quercetin, the most abundant of the flavonoids, is

mainly identified in apples, capers, cocoa powder, berries,

red grapes, red wine, citrus fruits, and onion peel,13 and it

has been widely investigated for its anti-inflammatory,

anti-hypertension, anti-hyperglycemia, anticoagulant, and

the improvement of lipid metabolism disorders effects.14,15

Experimental and a series of the clinical trial have been

conducted to assess the anti-obesity properties of querce-

tin. Results from randomized controlled clinical trials

(RCTs) suggested that quercetin supplementation might

beneficially affect weight loss; however, as other publica-

tions could not replicate the same results. Given the

amount of accumulated data, we, therefore, conducted

a comprehensive meta-analysis of RCTs to provide

a more precise estimate of the overall effects and safety

of quercetin supplementation on weight loss in humans.

Material and methods
Search strategy
A systematic literature search was performed in MEDLINE,

EMBASE, Google Scholar, and Scopus databases from their

inception to August 2018. The following search terms “quer-

cetin” were used in titles and abstracts to find the related

studies. No restrictions on the language, publication date, or

other filters were applied. Bibliographies of the selected

studies and relevant reviews were also checked. This process

was performed iteratively until no additional articles could be

identified.

Eligibility criteria
Studies were included if they met all of the following

inclusion criteria: a) Population: adult participants (healthy

or otherwise); b) Intervention: investigated quercetin or

standardized quercetin enriched extracts as a stand-alone

intervention for ≥2 weeks; c) Comparators: placebo or no

interventions were used; d) Outcomes: including body

weight, body mass index (BMI), waist circumference

(WC), and waist to hip ratio (WHR); and e) Study design:

each study was an RCT with either a parallel or crossover

design. To find the eligible studies, all titles and abstracts

were independently screened by two authors (HH and

DL). When the titles/abstracts were inconclusive, the full-

texts were evaluated. Furthermore, studies identified from

reference lists of the related literatures were added. A third

reviewer (YD) rechecked the retrieved articles to ensure

that they meet the inclusion criteria.

Data extraction
Two authors (DL and YD) independently extracted the data,

crosschecked and reached a consensus on all items, and the

third author (YD) made the final decision in case of disagree-

ments. The following data were extracted from studies

included in the present review: surname of the first author,

publication year, the country in which the study was per-

formed, study design, sample size, sex and mean age of the

participants, the levels of baseline body weight, follow-up

duration, details of the strategy administered to the interven-

tion and the control groups, and the study outcomes.

Extracted data were entered into a standardized Excel

(Microsoft Corporation) file.

Risk of bias assessment
The quality assessment in individual RCTs was assessed

using the Cochrane collaboration’s tool.16 Random sequence

generation, allocation concealment, blinding of the partici-

pant and outcome data, incomplete outcome data, and selec-

tive reporting were used to evaluate the quality of studies.

The risk of bias in each study was rated as “low”, “high”, or

“unclear” regarding each domain.

Statistical analysis
The mean change and standard deviation (SD) in outcome

variables for the quercetin and control groups were extracted

from the included studies. If the SD was not provided

directly, we calculated them from standard error mean or

95% confidence interval (CI) with the equations listed in the
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Cochrane handbook. To calculate the pooled effect sizes,

a random effects model was used to compute the weighted

mean differences (WMDs) and their corresponding 95% CI.

The between-study statistical heterogeneity was assessed

with the I2 statistic. For the I2 statistic, I2 values ˂25%,

˂50%, ≤75%, and ˃75% indicated no, little, moderate, and

significant heterogeneity, respectively.17 Sensitivity analysis

was performed to evaluate the potential bias and robustness

of the overall effect estimate by omitting one study at a time.

Subgroup analysis was conducted to determine possible

sources of heterogeneity, including types of study design

(parallel or crossover design), quercetin dose (≤100 mg/d

or ˃100 mg/d), type of intervention (quercetin capsules/

tablets or quercetin-rich onion peel extract capsules), gender

(male or female or mix), baseline BMI levels (≥25 kg/m2 or

˂25 kg/m2), and intervention duration (≥8 weeks or ˂8

weeks). As potential confounders of treatment effects,

dosage and duration of supplementation with quercetin

were applied by the unrestricted maximum likelihood

method-based meta-regression analysis to explore their asso-

ciation with the overall estimated effect size in body weight

and BMI. To check the publication bias, funnel plot and

Egger’s weighted regression statistics were assessed.18 We

performed all analysis using the STATA software (version

12.0, Stata Corp, College Station, TX), and statistically

significant was defined as P-values ˂0.05 as with the use

of a two-sided test unless otherwise specified.

Results
Literature search and study

characteristics
Figure 1 shows the details of our literature research and study

selection. Briefly, 196 articles were recorded from the elec-

tronic database search, and 155 publications were remained

after the duplicates were removed. These studies were

screened by reading their title and abstract and 20 relevant

full-texts were selected for further consideration. Finally,

nine RCTs with eleven treatment arms met the eligibility

criteria and were included in the present meta-analysis.19–27

The characteristics of the included studies are demon-

strated in Table 1. In total, 525 participants were allocated

Citations identified through database searching

and other sources (n=206)

Records after duplicates removed (n=168)

Full-text articles assessed for eligibility (n=41)

Further excluded articles (n=32):

Quercetin being mixed with other

components (n=3)

Did not report the necessary data (n=13)

Duplicated report (n=4)

Not being a RCT study (n=4)

Reviews or meta-analysis (n=4)

Intervention duration less than 2 week (n=4)

Trials included in the final meta-analysis (n=9)

(comprising 11 treatment arms)

Figure 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram of study selection.
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to quercetin and control group in the selected studies. The

number of participants in these trials ranged from 39 to 86.

The eligible articles were published ranged from 2011 to

2017, and were carried out in Korea, USA, Iran, and

Germany. The mean age of participants in each trial ran-

ged from 29.5 to 59.4 years, and the mean BMI ranged

from 24.8 to 29.1 kg/m2. The dose of quercetin used varied

from 100 to 1,000 mg/day. Five trials were used quercetin-

rich onion peel extract capsules,19–22,26 and four trials

were used quercetin capsules or tablets.23–25,27 The range

of supplementation periods with quercetin was from 2

weeks to 12 weeks. All trials were randomized, double-

blinded, placebo-controlled trials with six trials utilizing

a parallel design and three trials utilizing a crossover

design.22,23,25 Moreover, the baseline health status of par-

ticipants was as follows: overweight and obese subjects,

healthy participants, hypertensive subjects, patient with

polycystic ovary syndrome.

Assessment of the risk of bias

All studies were low risk in at least three domains of the

Cochrane collaboration’s tool for assessing the risk of bias

and were classified as good quality. Among the included

studies, only three studies provided adequate random

sequence generation.21,26,27 All of the included studies

achieved were low risk in incomplete outcome data, selec-

tive reporting, and other sources of bias. Blinding of partici-

pants and personnel and blinding of outcome assessment was

explained in the included studies. The detailed results for the

assessment of the included articles are provided in Table 2.

Meta-analysis
Body weight and BMI change. Eight studies (ten treatment
arms) with 433 participants assessed the effect of the quer-
cetin on body weight. The overall results demonstrated that
quercetin consumption had no significant effect on body
weight (WMD =−0.35 kg, 95% CI: −2.03, 1.33, P=0.68),
and there was no evidence of between-study heterogeneity
(I2=0%). Eleven treatment arms (including 525 participants)
evaluated the effect of quercetin on BMI and were included
for pooling. The analysis showed that no significant change
was detected for the BMI outcome in participants who
followed the quercetin supplementation when compared to
the controls (WMD=−0.04 kg/m2, 95% CI: −0.54, 0.45,
P=0.87), and no heterogeneity was observed between
included studies (I2=0%). Figure 2 represents the forest
plot of these results.

WC and WHR change. Two eligible studies reported data
on WHR. The meta-analysis revealed that the consumption
of quercetin did not significantly influence the WHR

(WMD, −0.01, 95% CI, −0.03 to 0.01; P=0.48, I2=58%).
Five studies including a total of 328 participants reported
WC as an outcome measure. Overall results from the ran-
dom-effects model indicated that quercetin consumption
resulted in the non-significant reduction in WC (WMD,
−0.37 cm, 95% CI, −1.81 to 1.06; P=0.61, I2=0%).

Sensitivity analysis and publication bias

In the sensitivity analysis, we found no significant differ-

ence between the pre- and post-sensitivity pooled WMDs

for the weight loss, with a WMD range from −0.47 kg

(95% CI, −2.33 to 1.38) to –0.18 kg (95% CI, −1.95 to

1.59). Similarly, the pooled effect estimates on BMI did

not change substantially after leave-one-out sensitivity

analyses, with a WMD range from −0.11 kg/m2 (95%

CI, −0.66 to −0.43) to 0.01 kg/m2 (95% CI, −0.49 to 0.51).

Egger’s test suggested that no significant publication

bias for meta-analyses of assessing the effect of quercetin

on weight loss (P=0.677) and BMI (P=0.410). Similarly,

the publication bias was also confirmed by visual inspec-

tion of the funnel plots which showed no substantial

asymmetry (Figure 3).

Subgroup analysis

Complete subgroup results of body weight and BMI changes

are shown in Table 3. There were no statistically significant

differences in the pooled effects of quercetin on body weight

in the subgroups stratified by types of study design (parallel

or crossover design), quercetin dose (≤100 mg/d or ˃100 mg/

d), type of intervention (quercetin capsules/tablets or querce-

tin-rich onion peel extract capsules), gender (male or female

or mix), baseline BMI levels (≥25 kg/m2 or ˂25 kg/m2), and

intervention duration (≥8 weeks or ˂8 weeks). Similarly, the

subgroup analyses indicated that differences in types of study

design, quercetin dose, type of intervention, and intervention

duration did not appear to significantly influence pooled

mean differences in BMI levels. No significant heterogeneity

was detected in the subgroup analysis.

Meta-regression

Since quercetin was administered with different durations

and dose among the included trials, random-effect meta-

regression analyses were performed to evaluate the associa-

tion between the potential effects of quercetin and dose and

duration of supplementation as potential moderator variables.

The meta-regression results did not indicate any significant

association between duration of supplementation and impact

of quercetin on body weight (coefficient, −0.09; 95% CI,

−0.66 to 0.47; P=0.711) and BMI (coefficient, −0.04; 95%
CI, −0.26 to 0.17;P=0.644) (Figure 4). Similarly, as shown in
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Table 2 Quality assessment of the included studies a

Study
ID/Year

Random
sequence
generation

Allocation
concealment

Blinding of par-
ticipants and
personnel

Blinding of
outcome
assessment

Incomplete
outcome
data

Selective
reporting

Other
sources
of bias

Lee

(2016)

U U L L L L L

Lee

(2011)

U U L L L L L

Kim

(2016)

L L L L L L L

Kim

(2013)

U U L L L L L

Edwards

(2007)

U U L L U L L

Rezvan

(2016)

U U L L L L L

Pfeuffer

(2013)

U U L L L L L

Choi

(2015)

L L L L L L L

Khorshidi

(2018)

L L L L L L L

Note: a In all eligible studies, criteria defined for quality assessment are based on the Cochrane guidelines.

Abbreviations: L, low risk of bias; U, unclear or unrevealed risk of bias.

Study

ID

Quercetin-rich onion peel extract capsules

Choi (2015) -1.90 (-7.19, 3.39) 

WMD (95% CI)
Body weight

%

Weight

Study

ID WMD (95% CI)BMI
%

Weight

10.08
-1.80 (-4.80, 1.20)

0.30 (-0.89, 1.49)

-0.20 (-2.23, 1.83)

-0.20 (-1.53, 1.13)

0.10 (-2.12, 2.32)

-0.07 (-0.81, 0.67)

2.70

0.20 (-3.33, 3.73)

0.30 (-3.44, 4.04)

-0.20 (-1.59, 1.19)

0.10 (-0.94, 1.14)

-0.11 (-1.80, 1.58)

-0.10 (-1.83, 1.63)

-0.02 (-0.68, 0.64)

-0.04 (-0.54, 0.45)

1.95

1.74

12.66

22.40

8.57

8.10

55.42

100.00

17.28

5.88

13.77

4.95

44.58

10.62

12.47

13.08

46.24

-0.50 (-5.65, 4.65)

-0.50 (-5.25,4.25)

-0.20 (-4.44, 4.84)

-0.61 (-3.08, 1.86)

1.31

1.48

12.33

18.07

10.76

9.81

53.76

100.00

0.00 (-14.69, 14.69)

0.20 (-13.61, 14.01)

-0.50 (-5.28, 4.28)

0.20 (-3.75, 4.15)

-0.26 (-5.38. 4.86)

-0.20 (-5.56, 5.16)

-0.13 (-2.42, 2.16)

-0.35 (-2.03, 1.33)

Kim (2016)

Kim (2013)

Subtotal (I-squared = 0.0%, P=0.951)

Quercetin
Edwards (2007a)

Edwards (2007b)

Pfeuffer (2013a)

Pfeuffer (2013b)

Rezvan (2016)

Khorshidi (2018)

Subtotal (I-squared = 0.0%, P=1.000)

Overall (I-squared = 0.0%, P=1.000)

Note: Weights are from random effects analysis

-14.7 14.70 -4.8 4.80

Lee (2016)

Quercetin-rich onion peel extract capsules

Choi (2015)

Kim (2016)

Kim (2013)

Subtotal (I-squared = 0.0%, P=0.786)

Quercetin

Edwards (2007a)

Edwards (2007b)

Pfeuffer (2013a)

Pfeuffer (2013b)

Rezvan (2016)

Khorshidi (2018)

Subtotal (I-squared = 0.0%, P=0.999)

Overall (I-squared = 0.0%, P=0.997)

Note: Weights are from random effects analysis

Lee (2016)

Lee (2011)

A B

Study

ID

Quercetin-rich onion peel extract capsules

Choi (2015) -1.90 (-7.19, 3.39) 

WMD (95% CI)
Body weight

%

Weight

Study

ID WMD (95% CI)BMI
%

Weight

10.08
-1.80 (-4.80, 1.20)

0.30 (-0.89, 1.49)

-0.20 (-2.23, 1.83)

-0.20 (-1.53, 1.13)

0.10 (-2.12, 2.32)

-0.07 (-0.81, 0.67)

2.70

0.20 (-3.33, 3.73)

0.30 (-3.44, 4.04)

-0.20 (-1.59, 1.19)

0.10 (-0.94, 1.14)

-0.11 (-1.80, 1.58)

-0.10 (-1.83, 1.63)

-0.02 (-0.68, 0.64)

-0.04 (-0.54, 0.45)

1.95

1.74

12.66

22.40

8.57

8.10

55.42

100.00

17.28

5.88

13.77

4.95

44.58

10.62

12.47

13.08

46.24

-0.50 (-5.65, 4.65)

-0.50 (-5.25,4.25)

-0.20 (-4.44, 4.84)

-0.61 (-3.08, 1.86)

1.31

1.48

12.33

18.07

10.76

9.81

53.76

100.00

0.00 (-14.69, 14.69)

0.20 (-13.61, 14.01)

-0.50 (-5.28, 4.28)

0.20 (-3.75, 4.15)

-0.26 (-5.38. 4.86)

-0.20 (-5.56, 5.16)

-0.13 (-2.42, 2.16)

-0.35 (-2.03, 1.33)

Kim (2016)

Kim (2013)

Subtotal (I-squared = 0.0%, P=0.951)

Quercetin
Edwards (2007a)

Edwards (2007b)

Pfeuffer (2013a)

Pfeuffer (2013b)

Rezvan (2016)

Khorshidi (2018)

Subtotal (I-squared = 0.0%, P=1.000)

Overall (I-squared = 0.0%, P=1.000)

Note: Weights are from random effects analysis

-14.7 14.70 -4.8 4.80

Lee (2016)

Quercetin-rich onion peel extract capsules

Choi (2015)

Kim (2016)

Kim (2013)

Subtotal (I-squared = 0.0%, P=0.786)

Quercetin

Edwards (2007a)

Edwards (2007b)

Pfeuffer (2013a)

Pfeuffer (2013b)

Rezvan (2016)

Khorshidi (2018)

Subtotal (I-squared = 0.0%, P=0.999)

Overall (I-squared = 0.0%, P=0.997)

Note: Weights are from random effects analysis

Lee (2016)

Lee (2011)

Figure 2 Meta-analysis of the efficacy of quercetin on body weight (A) and BMI (B) change compared with control.

Abbreviations: BMI, body mass index; WMDs, weighted mean differences.
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Figure 5, there was no association between the amount of

quercetin consumed per day and respective changes in body

weight (coefficient, −0.0003; 95% CI, −0.005 to 0.005;

P=0.915) and BMI (coefficient, −0.0001; 95% CI, −0.0017
to 0.0027; P=0.981).

GRADE profile evidence evaluation
The GRADE Working Group grade levels of evidence are

of high quality for levels of body weight, BMI, and WC;

and of moderate quality for WHR.

Discussion
The increasing prevalence of overweight and obesity has led

to a global public health problem. Identifying effective long-

term treatment strategies for overweight and obesity is of

paramount importance. The crucial role of oxidative stress

in the initiation and progression of obesity leads to the

hypothesis that antioxidants can be used as therapeutic agents

for obesity treatment.28 Quercetin is the most common dietary

antioxidants widely distributed in vegetables, fruits, tea, and

wine. Experimental and limited clinical trial evidence sup-

ports that quercetin has potential benefit functions on obesity

treatment through different molecular pathways. Research

suggested that quercetin-induced lipolysis of adipocytes in

a dose- and time-dependent manner by increasing cyclic

adenosine monophosphate levels and hormone-sensitive

lipase activity. Moreover, quercetin also can inhibit adipogen-

esis by decreasing gene expression levels of the key

adipogenic factors peroxisome proliferator-activated receptor

γ and CCAAT/enhancer binding protein α .29 Later reports

have shown that quercetin works to block adipogenesis

actions through stimulating the MAPK signal pathway. At

the same time, quercetin induced the apoptosis of mature

adipocytes by controlling the important ERK and JNK

pathways.30 Finally, quercetin is beneficial in controlling

weight loss by ameliorating the expression of markers of

oxidative stress and inflammation, such as nuclear factor

kappa B, nuclear factor-related factor 2, and heme

oxygenase-1.30,31

However, findings of available RCTs are conflicting.

The purpose of the present study was to assess the efficacy

of quercetin as a weight-loss supplement by conducting

a systematic review and meta-analysis of RCTs. A total of

nine trials (eleven treatment arms) were included, our find-

ings demonstrate that quercetin intake did not lead to any

significant changes in body weight, BMI, WC, or WHR in

comparison with control group. The I2 values suggest that

there is no significant heterogeneity amongst the studies.

The quality of original studies was checked according to

PRISMA statement and most of the studies fulfilled all

components. The Egger’s regression test’s symmetry testing

of the funnel plot did not indicate a notable publication bias

for the overall effect estimation of WMDs in the primary

outcomes. The results remain robust and consistent when

pre-specified defined subgroup analyses were conducted.

Our meta-regression analysis did not indicate any
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Figure 3 Funnel plot of effect size of body weight (A) or BMI (B) change s between the acupuncture and control groups.

Abbreviations: BMI, body mass index; WMDs, weighted mean differences.
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significant association between duration of administration/

dose of quercetin and impact of quercetin body weight and

BMI. Finally, sensitivity analyses based on the exclusion of

any single study did not materially alter the pooled results.

Quercetin treatment was well tolerated, and no drug-related

adverse reactions were reported among the eligible trials

during the follow-up period.

Previous studies have suggested that weight reduction

from quercetin can be time and dose-dependent. Studies in

our meta-analysis explored various doses of quercetin

intervention (100–1,000 mg/day) and different interven-

tion durations (2–12 weeks). Such variation in doses and

duration creates uncertainty about the anti-obesity effec-

tive of quercetin. We, therefore, performed a random-

effect meta-regression analysis to evaluate the association

between the potential effects of quercetin and dose and

duration of supplementation as potential moderator vari-

ables. The findings from our dose–response graphs seem

to suggest that the effects of quercetin on body weight and

BMI are unrelated to dosage and intervention durations.

These factors prevent us from being certain about the

efficacy of quercetin as a weight-reducing agent.

Body weight and BMI were two variables that were

considered as for assessing weight loss of the participants.

The waist–hip ratio, which evaluates the degree of visceral

(major risk factor for metabolic disorders) vs subcutaneous

(benign to metabolic disorders) adiposity, is one of the

most common and standard protocols for measuring the

health of obese subjects.32 In our present study, we failed

to find any statistically significant differences between the

relation between dietary quercetin supplementation and

reductions in WHR (WMD: −0.01, 95% CI: −0.03 to

Table 3 Subgroup analyses of body weight and body mass index stratified by previously defined study characteristics

Variables No. of
treatment
arms

Weight loss (kg) No. of
treatment
arms

BMI (kg/cm2)

WMD (95% CI)1 P-
value

I2

(%)
WMD (95% CI)1 P-

value
I2

(%)

Intervention

duration

≤8 weeks 5 0.01 (−2.46 to 2.48) 1.00 0 5 0.03 (−0.72 to 0.77) 0.95 0

＞ 8 weeks 5 −0.66 (−2.95 to 1.63) 0.57 0 6 −0.10 (−0.75 to 0.56) 0.78 0

Dose of quercetin

≤100 mg/d 6 −0.13 (−2.42 to 2.16) 0.91 0 6 −0.02 (−0.68 to 0.64) 0.95 0

＞ 100 mg/d 4 −0.61 (−3.08 to 1.86) 0.63 0 5 −0.07 (−0.81 to 0.67) 0.85 0

Types of study

design

Parallel 5 0.01 (−2.46 to 2.48) 1.00 0 5 0.03 (−0.72 to 0.77) 0.95 0

Crossover 5 −0.66 (−2.95 to 1.63) 0.57 0 6 −0.10 (−0.75 to 0.56) 0.78 0

Type of

intervention

Quercetin capsules/

tablets

6 −0.13 (−2.42 to 2.16) 0.91 0 6 −0.02 (−0.68 to 0.64) 0.95 0

quercetin-rich onion

peel extract capsules

4 −0.61 (−3.08 to 1.86) 0.63 0 5 −0.07 (−0.81 to 0.67) 0.85 0

Gender

Male 2 −0.08 (−3.13 to 2.96) 0.96 0 3 0.09 (−0.59 to 0.78) 0.79 0

Female 4 −0.17 (−2.69 to 2.36) 0.90 0 4 −0.09 (−1.03 to 0.85) 0.85 0

Mix 4 −0.99 (−4.33 to 2.35) 0.56 0 4 −0.33 (−1.43 to 0.77) 0.55 0

Baseline BMI levels

≥25 kg/cm2 9 −0.43 (−2.23 to 1.37) 0.64 0 9 −0.13 (−0.69 to 0.43) 0.65 0

＜ 25 kg/cm2 1 0.20 (−4.44 to 4.84) 0.93 NA 2 0.26 (−0.79 to 1.30) 0.63 0

Abbreviations: BMI, body mass index; WMDs, weighted mean differences; NA, not applicable.
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0.01; P=0.48). However, these results are inconclusive and

should be interpreted cautiously because of the limited

number of RCTs (only two studies) regarding the effect

of quercetin interventions on the measure of WHR; further

large-scale, well-designed RCTs on this topic are urgently

needed.

This is the first systematic review and meta-analysis

of RCTs investigating the effect of quercetin
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Figure 4 Meta-regression plots of the association between mean changes in body weight (A) and BMI (B) and duration of supplementation with quercetin. The size of each

circle is inversely proportional to the variance of change.

Abbreviations: BMI, body mass index; WMDs, weighted mean differences.
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supplementation on weight, BMI, WC, and WHR. We

employed a robust search strategy, and the nine trials

included in this review were of moderate quality; this

is corroborated by the low heterogeneity observed for

the majority of the meta-analyses. We also used the

GRADE criteria to rate the strength of the overall body

of evidence. Most of our sensitivity and subgroup ana-

lyses were also consistent with our overall analyses,

which add robustness to our main results. Our negative

findings suggest that unpublished studies (which also

tend to be negative) would be very unlikely to alter our

conclusions. We found no evidence for publication bias

from the funnel plots. The limitations of our study need

to be acknowledged in interpreting the current results.

Firstly, because the effect of quercetin on body weight

was not the primary endpoint in most of the studies

included here, and the null findings of secondary out-

comes may not always have been published; future

clinical trials evaluating the impact of quercetin on

weight loss as the primary outcome are mandatory to

obtain robust evidence in this field. Secondly, the num-

ber of studies included in the meta-analyses of the

effects of quercetin on WC and WHR were low, thus

meaning that these results should be interpreted with

caution; further large-scale and well-performed studies

that report a more comprehensive set of indicators for

weight loss, such as body weight, BMI, body fat, WC,

body mass, percent body fat, WHR, are needed.

Thirdly, the results of most studies were not adjusted

for confounding factors which can affect the weight

reduction. Finally, the intervention durations of the

included studies were relatively short (ranging from 2

to 12 weeks), and the more long-term durability of the

quercetin treatment, therefore, is unknown. Research

that considers many aspects of weight control such as

satiety hormones, fatty acid metabolism, mitochondrial

biogenesis, thermogenesis, and molecular metabolic

pathways are needed.

Conclusion
In conclusion, quercetin intake did not show notably favor-

able effects on improvements in body weight, BMI, WC,

and WHR. The current evidence suggests that daily quer-

cetin supplementation is not recommended as a potential

therapeutic strategy in weight loss. Future well-reported

RCTs according to standardized intervention protocol

should be of adequate sample size and duration.
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