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ARTICLE INFO ABSTRACT

Keywords: Objective: Several trials have examined the effect of Garcinia cambogia supplement on the weight and body
Garcinia cambogia composition, but their results are conflicting. This systematic review and dose-response meta-analysis was de-
Weight signed to determine the effect of Garcinia cambogia supplement on the obesity indices in human randomized
g;cnmass controlled trials (RCTs).

Methods: PubMed/Medline, Scopus, Cochrane library, and Web of Science databases were searched up to 1th
January, 2020, to screen relevant trials. The mean changes in the weight, body mass index (BMI), percentage of
fat mass (PFM), and waist circumference (WC) from the baseline were used to conduct the present dose response
meta-analysis.

Results: In the current study, eight trials (including 530 subjects) were included. Garcinia cambogia supplement
significantly reduced the weight by -1.34 kg (95% CI: -2.62 to -0.07, P = 0.03), BMI by -0.99 kg/m” (95% CI:
-1.48 to -0.49, P < 0.001), PFM by -0.42% (95% CI: -0.77 to -0.06, P = 0.02), and WC by -4.16 cm (95% CI:
-7.83 to -0.49, P = 0.02) compared with the placebo group. Dose-response analysis revealed that there is a
nonlinear association between Garcinia cambogia dosage and changes in the body weight (Pyoninearity = 0.04)
and BMI (Pyontinearity < 0.001) not PFM (Pyontinearicy = 0.68). There was no publication bias among the studies.
Conclusion: Our results suggested that Garcinia cambogia supplement had a significant effect on the body
weight, BMI, PFA, and WC as compared with the placebo.

Waist circumference

1. Introduction

Overweight and obesity are major public concerns which contribute
to development of type II diabetes, cardiovascular disease (CVD), some
cancers, and mortality. Evidence from 2416 population-based surveys
has indicated that the prevalence of obesity has grown rapidly from
1980 where 671 million adults (281 million men and 390 million
women) suffered from obesity in 2016 worldwide." The conventional
approach to treating obesity involves diet therapy, physical activity,
and lifestyle modifications. However, use of anti-obesity agents as an
adjuvant therapy can promote weight loss among patients with over-
weight and obesity. In according to Endocrine Society Clinical Practice
(ESCP) guideline, weight-reducing agents are recommended for body
mass index (BMI) > 30 kg/m” or =27 kg/m?* with an obesity-related
co-morbidity.?

Besides the weight loss drugs, herbal weight-reducing agents have
been traditionally used worldwide.> One of the natural products is

Garcinia cambogia that sold as an anti-obesity agent in many coun-
tries.” It is a member of Clusiaceae family and is known as brindleberry,
Malabar tamarind and kudam puli.” Garcinia cambogia is an edible
fruit which grows in some parts of South Asia and Africa.”® It was
traditionally used to preserve and taste foods and to cure intestinal
discomfort and parasites. Garcinia cambogia contains some organic
acid, benzophenones and xanthones and poses anti-inflammatory and
anti-lipidemic properties. Experimental studies have indicated bene-
ficial effects of Garcinia cambogia extract on weight.”> Hydroxycitric
acid (HCA) is the main functional component of Garcinia cambogia
possessing weight-reducing properties.* Several randomized controlled
trials (RCTs) have studied the effect of Garcinia cambogia supplement
on weight and body composition, but their results are conflicting.
Hence, conducting a meta-analysis to pooled data is essential.>” In the
past, a meta-analysis in 2010 showed that Garcinia cambogia supple-
ment had a marginal effect on body weight with no effect on BMI®
However, they did not assess the effect of Garcinia cambogia
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494 published articles
screened from research

105 articles excluded

due to duplicate reports

389 articles retrieved for
title and abstract evaluation

352 articles excluded
based on title and
abstract

29 articles excluded due to:
e Used Garcinia cambogia as

37 Full-text articles retrieved
for more detailed evaluation

part of a combination product
e No used placebo
® No reported anthropometric

indices
e No RCT design
e No full-text available

e Overlapping
o Used hydroxycitric acid
derived from Garcinia indica,

8 articles included in
meta-analysis

and Garcinia atroviridis
e No parallel-group design

Fig. 1. Flow chart of studies reviewed.

supplement on the other obesity indices i.e. percentage of fat mass
(PFM) and waist circumference (WC). In addition, there is no dose-re-
sponse meta-analysis evaluating the effect of Garcinia cambogia sup-
plement on obesity indices. Therefore, this systematic review and dose-
response meta-analysis was designed to determine the effect of Garcinia
cambogia supplement on the obesity indices in human RCTs.

2. Materials and Methods
2.1. Data source and search

The current systematic review and meta-analysis was reported in
accordance with PRISMA guideline.’ For literature search, PubMed/
Medline, Scopus, Web of Science, and Cochrane library databases were
reviewed for all clinical trials examining the effect of Garcinia cam-
bogia supplement on the obesity indices from the beginning up to 1%

”

January, 2020. The search terms included:”Obesity”, “weight”, “weight

” o« ” o«

loss”, “weight gain”, “body composition”, “fat mass”, “fat free mass”,

” @

“body mass index”, “BMI”, “adiposity”, “overweight”, “weight change”,
“waist circumference”, “Garcinia cambogia”, “brindleberry”, “Malabar
tamarind”, and “kudampuli”. The reference list of previous systematic

review studies®”-® was checked to find additional relevant studies.

2.2. Study selection

To define the research question, the PICOS criteria (population,
intervention, comparison, outcome, and setting) were used. Two

independent investigators (M.G and K.T) screened the retrieved articles
based on inclusion and exclusion criteria to find relevant studies.
Inclusion criteria were as follows: a) parallel clinical trial, b) human
studies, c) oral Garcinia cambogia supplementation as intervention vs.
placebo, d) reported weight, BMI, PFM and WC as outcome and e) adult
participants (aged > 18 years). We removed animal, observational,
review, and editorial articles. Cross-over studies without parallel de-
sign, trials which did not use placebo, studies employing Garcinia
cambogia as part of a combination product and those which used
Garcinia indica and Garcinia atroviridis supplement were excluded. In
addition, trials conducted in children, adolescents, pregnant and lac-
tationg women were removed. In order to avoid overlapping, recent
studies and studies with a longer follow-up period were included.

2.3. Data extraction

Study name, sample size, age, gender, publication date, as well as
mean and standard deviation (SD) of outcomes i.e. weight, BMI, PFM,
and WC at baseline, end of study, and their changes from baseline,
dosage of intervention, duration of follow-up were extracted. The
quality of studies was determined based on Cochrane Collaboration
Risk of Bias tool.'’

2.4. Statistical analysis

Stata software version 12 (StataCrop, College Station, Texas, USA)
was applied to analyze the data. The mean and SD of changes in weight,
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BMI, PFM, and WC from the baseline were used to conduct meta-ana-
lysis. A random-effect model was used to pool the effect size unless the
heterogeneity was < 50%. Heterogeneity of studies was assessed using
I-squared (I”) statistics. Random-effect meta-regression analysis was
performed to evaluate the effect of source of heterogeneity on the effect
size. To assess nonlinear dose-response association between Garcinia
cambogia dosage and changes in the obesity indices, fractional poly-
nomial analysis was conducted. Eggers’ regression symmetry test was
utilized to evaluate publication bias. Due to the few number of included
studies (< 10), we could not perform funnel plot test to assess the
publication bias. P < 0.05 was considered as significant.

3. Results

The flow chart of studies is presented in Fig. 1. At the initial search,
a total of 494 papers from PubMed/Medline (n = 28), Scopus (n =
262), Web of Science (n = 173), and Cochrane library (n = 31) da-
tabases were included. After excluding duplicate studies (n = 105), 389
papers were screened based on title and abstract. Of those, 352 papers
were removed and 37 papers were considered for further inspection.
Finally, eight papers'''® (including 530 patients with overweight and
obesity) that met inclusion and exclusion criteria were included in the
meta-analysis.

The general characteristics of the included trials are presented in
Table 1. These studies were published between 1998 and 2016. Five
studies were from Asian countries including Iraq,'' Taiwan,'® India,'®
Korea'* and Japan,'® two from USA'”"'® and one from Brazil.'> The
mean age of participants was 36.0 + 4.3 yr in Garcinia cambogia and
38.9 = 3.9 yr in placebo. The mean weight was 82.5 + 11.0 and
81.7 = 11.3 kg, BMI was 31.1 = 4.6 and 30.9 + 4.7 kg/m?, PBF was
35.7 = 6.5 and 35.3 + 6.1%, and WC was 98.4 = 6.5 and 96.5 + 6.4
cm in Garcinia cambogia and placebo, respectively. The duration of
follow-up was 8 to 12 wk and dosage of Garcinia cambogia was 166 to
4667 mg per day. All trials had the same treatment regimen (i.e. daily

type).

3.1. Effect of Garcinia cambogia supplement on weight

Seven trials had assessed the effect of Garcinia cambogia supple-
ment on the body weight.'"'*"'® Forest plot for the effects of Garcinia
cambogia on the weight is shown in Fig. 2. Garcinia cambogia sup-
plement significantly reduced weight by -1.34 kg (95% CL: -2.62 to
-0.07, P = 0.03). There was a high heterogeneity among included
studies (I = 93.8%, P < 0.001). The results of meta-regression analysis
revealed that the baseline weight (slope = -0.57, P = 0.006) but not
age (slope = 1.52, P = 0.17), Garcinia cambogia dosage (slope =
0.002, P = 0.25), and follow-up period (slope = -2.13, P = 0.18) is
source of heterogenity. Dose-response analysis suggested that there is a
nonlinear association between Garcinia cambogia dosage and changes
in the body weight (Pponiinearity = 0.04) (Fig. 6A).
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3.2. Effect of Garcinia cambogia supplement on BMI

Effect of Garcinia cambogia supplement on BMI was investigated in
six studies."'”'® BMI significantly decreased in Garcinia cambogia
group compared with the placebo group (-0.99 kg/m?, 95% CI: -1.48 to
-0.49, P < 0.001) (Fig. 3). A significant heterogeneity was observed
between studies (I° = 97.7%, P < 0.001). Meta-regression analysis
showed that age (slope = 0.96, P = 0.30), Garcinia cambogia dosage
(slope = 0.0008, P = 0.36), and follow-up period (slope = -1.24, P =
0.08) but not baseline weight (slope = -0.18, P = 0.03) are not source
of heterogenity. The results of Dose-response analysis showed that
Garcinia cambogia dosage was associated with changes in BMI in a
nonlinear fashion (Pponinearity < 0.001) (Fig. 6B).

3.3. Effect of Garcinia cambogia supplement on PFM

Six trials had examined the influence of Garcinia cambogia sup-
plement on PFM'*>'%!6718 whose forest plot is presented in Fig. 4.
Garcinia cambogia supplement significantly changed PFM from the
baseline (-0.42%, 95% CI: -0.77 to -0.06, P = 0.02) compared with
placebo. The heterogeneity of studies which assessed PFM was 71.7%
(P = 0.003). Meta-regression analysis revealed that age (slope = -0.41,
P = 0.88), Garcinia cambogia dosage (slope = -0.0002, P = 0.78),
follow-up period (slope = 0.37, P = 0.18), and baseline weight (slope
= -0.15, P = 0.13) are not source of heterogenity. Garcinia cambogia
dosage indicated an insignificant nonlinear association with changes in
PFM (Pnonlinearity = 0.68) (Flg 6C).

3.4. Effect of Garcinia cambogia supplement on WC

The forest plot of the effect of Garcinia cambogia supplement on WC
is presented in Fig. 5. Overall, three studies had assessed the effect of
Garcinia cambogia supplement on WC.'"'*!” There was a significant
reduction in WC in Garcinia cambogia group (-4.16 cm, 95% CI: -7.83
to -0.49, P = 0.02) compared with placebo group. The heterogeneity
between studies was 99.1% (P < 0.001). Due to the few number of
studies that had assessed the effect of Garcinia cambogia on WC, we
could not perform meta-regression and nonlinear dose-response ana-
lyses.

3.5. Publication bias

No publication bias was found among the included studies for
weight (Egger’s regression symmetry test = 0.51), BMI (Egger’s re-
gression symmetry test = 0.09), PFM (Egger’s regression symmetry test
= 0.39), and WC (Egger’s regression symmetry test = 0.16).

4. Discussion

The results of the present study revealed that Garcinia cambogia
supplement significantly decreases weight, BMI, PBF, and WC com-
pared with the placebo. However, the results should be interpreted with
caution due to observed substantial heterogeneity between studies. In

Table 1

General characteristics of included studies.
Author, year Country Intervention Subjects No. In/P1 Dosage Follow-up Outcome
Al-Kuraishy, 2016 Iraq Garcinia combogia Obese 29/30 166 mg/d 12 wk Weight, BMI, WC
Vasques, 2014 Brazil Garcinia combogia Overweight 30/13 2400 mg/d 8 wk BMI, PBF
Lu, 2012 Taiwan Garcinia combogia Overweight and obese 35/36 2800 mg/d 8 wk Weight, BMI, WC, PBF
Kim, 2011 Korea Garcinia combogia Overweight 29/29 2000 mg/d 10 wk Weight, BMI, PBF
Preuss, 2004 India Garcinia combogia Overweight and obese 19/16 4667 mg/d 8 wk Weight, BMI
Hayamizu, 2001 Japan Garcinia combogia Overweight 20/20 1000 mg/d 8 wk Weight, BMI, PBF
Mattes, 2000 USA Garcinia combogia Overweight 42/47 2400 mg/d 12 wk Weight, WC, PBF
Heymsfield, 1998 USA Garcinia combogia Overweight 66/69 3000 mg/d 12 wk Weight, PBF
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Mean differences,
Author , Year Random, 95% CI wt (%)
]
Al-Kuraishy, 2016 —— E -4.91 (-5.96, -3.86) 14.98
]
]
Lu, 2012 —— -0.70 (-1.21,-0.19) 16.26
]
]
Kim, 2011 E - 0.09 (-0.51, 0.69) 16.10
]
Preuss, 2004 —— E -2.93 (-3.79, -2.07) 15.52
]
]
Hayamizu, 2001 E—O— -0.60 (-1.25, 0.05) 15.99
1
Mattes, 2000 lb -1.30(-5.12,2.52) 6.67
]
Heymsfield, 1998 E +I—— 0.90(-0.32,2.12) 14.48
1
Overall (I-squared = 93.8%, p = 0.000) <§> -1.34 (-2.62, -0.07) 100.00
:
]
1
]
:
I 1
-5.96 0 5.96
Fig. 2. Forest plot of studies that assessed effect of Garcinia cambogia on body weight.
Mean differences,
Author , Year Random, 95% CI wt (%)
Al-Kuraishy, 2016 —— 5 -4.56 (-5.26,-3.86) 14.87
Vasques, 2014 : 0.41 (-2.53, 3.35) 2.50
Lu, 2012 E 4 -0.20 (-0.35,-0.05) 20.77
Kim, 2011 5 ® 0.00 (-0.07, 0.07) 21.07
Preuss, 2004 <4 -1.07 (-1.34,-0.80) 1991
Hayamizu, 2001 5  J -0.30 (-0.43,-0.17) 20.87
Overall (-squared =97.7%, p = 0.000) @ -0.99 (-1.48, -0.49)  100.00
T * !
-5.26 0 5.26

Fig. 3. Forest plot of studies that assessed effect of Garcinia cambogia on BMI.

the present study, we found a significant nonlinear dose-response as-
sociation between Garcinia cambogia dosage and changes in weight
and BMIL.

Previously, Onakpoya et al® in a meta-analysis on 12 RCTs assessed
effect of Garcinia extract (HCA) on weight and BMI in 2010. They in-
dicated that HCA supplement results in significant weight loss among
patients with overweight and obesity (-0.88 kg, 95% CI: -1.75 to 0.00),
but not BMI (-0.34 kg/mz, 95% CI: -0.88 to 0.20). However, the authors
used P = 0.05 as the significant level; while in the most studies
P < 0.05 was consider to establish significant differences. Our results
were inconsistent with the latter meta-analysis which showed lack of
beneficial effects of HCA on weight and BMI compared with placebo. In
addition, we evaluated the effect of Garcinia cambogia supplement on
PFM and WC and performed a dose-response meta-analysis to assess the

association between this supplement and outcomes. Furthermore, they
included HCA supplement derived from both Garcinia cambogia and
Garcinia atroviridis; thus, their findings do not provide an accurate
estimate of the effect of Garcinia cambogia on weight. They also in-
cluded cross-over studies without parallel design which may affect final
pooled effect size. Nevertheless, after excluding cross-over studies,
there was no significant difference in the results of present meta-ana-
lysis (-1.34 kg, 95% CI: -2.62 to -0.07) and aboved meta-analysis (-1.22
kg, 95% CI: -2.29 to -0.14). Also, their literature search was up to 2010
while afterwards some clinical trials had been published which were
included in the present study.''™*

Garcinia cambogia is known as an anti-obesity supplement and
commonly used worldwide. In the previous systematic reviews and
meta-analyses, the effect of some conventional weight-reducing agents
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Mean differences,

Author , Year Random, 95% CI _ wt (%)
Vasques, 2014 :# -0.33(-3.28,2.62) 1.39
Lu, 2012 +~ -0.40 (-0.66,-0.14) 2828
Kim, 2011 < i -0.72(-0.89,-0.55)  30.90
Hayamizu, 2001 -0-:r -0.70(-1.07,-0.33) 2445
Mattes, 2000 + ; -1.10(-5.34,3.149)  0.69
Heymsfield, 1998 i —— 0.72 (0.01, 1.43) 14.29
Overall (-squared =71.7%, p =0.003) @ -0.42 (-0.77,-0.06)  100.00
I : 1
-5.34 0 5.34

Fig. 4. Forest plot of studies that assessed effect of Garcinia cambogia on PFM.

on body weight was studied. The results of the present study indicated
that Garcinia cambogia supplement is more effective than green tea/
green tea extract (-0.65 kg, 95% CI: -1.10 to -0.20),'° conjugated li-
noleic acid (CLA) (-0.52 kg, 95% CI: -0.83 to -0.21)?° and capsaicin
supplements (-0.50 kg, 95% CI: -0.90 to -0.11)."° However, its effect on
body weight was similar to that of L-carnitine supplement (-1.33 kg,
95% CI: -2.09 to -0.57)*' and liraglutide (-1.22 kg, 95% CI: -1.51 to
-0.93)?? and less than orlistat (-2.12 kg, 95% CI: -2.51 to -1.74).%

It has been proposed that Garcinia cambogia plays a role in weight
reduction through several mechanisms. HCA is a major active compo-
nent of Garcinia cambogia which results in weight loss.>* First, HCA is
an inhibitor of adenosine triphosphate citrate lyase enzyme which
converts citrate to acetyl coenzyme A and oxaoacetate, which con-
tributes to lipogenesis. So, by suppressing this enzyme, HCA prevents de
novo fatty acid and cholesterol biosynthesis, thereby alleviating sub-
cutaneous and visceral fat deposition and causing weight loss.”>>°
Second, HCA raises the level of serotonin in the brain and suppresses
appetite and food intake.?” Finally, it improves fat and carbohydrate
metabolism by suppressing the intestinal absorption of fat and a-

amylase as well as a-glycisidase activity, respectively.®>®

However, there are some concerns about the safety of Garcinia
cambogia supplement.>*>° Some studies have reported that Garcinia
cambogia is toxic for liver limiting its usage as an adjuvant agent for
weight management. Nevertheless, it has been suggested that liver
damage will resolve after withdrawal of Garcinia cambogia supple-
ment.*' It seems that control of liver function through laboratory eva-
luation including alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), total bilirubin, and
direct bilirubin can be useful to prevent hepatotoxicity during Garcinia
cambogia utilization.

The main strength of the current study was performing a dose-re-
sponse meta-analysis to assess the effect of Garcinia cambogia on
obesity indices. However, there were some limitations. The main lim-
itation of the present study was the few numbers of included studies. In
addition, a high rate of heterogeneity among studies made interpreta-
tion of the results difficult.

Mean differences,

Author , Year Random, 95% CI wt (%)
:
Al-Kuraishy, 2016 —— E -9.66 (-10.72, -8.60) 32.85
]
E
Lu, 2012 : R 4 -1.20 (-1.62,-0.78) 33.63
]
i
Mattes, 2000 : - -1.74 (-2.30,-1.18) 33.51
:
Overall (I-squared =99.1%, p= 0.000)<> -4.16 (-7.83,-0.49)  100.00

I
-10.7

0

1
10.7

Fig. 5. Forest plot of studies that assessed effect of Garcinia cambogia on WC.
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