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Obesity remains a major public health concern due to its association with
numerous comorbidities. This meta-analysis evaluated the efficacy of chitosan
supplementation in promoting weight loss among individuals with overweight or
obesity. A systematic search, primarily through Google Scholar, identified four
relevant randomized controlled trials comprising a total of 544 participants.
Pooled analysis demonstrated a statistically significant reduction in body weight
with chitosan supplementation compared to placebo (Cohen’s d = -2.93; 95% (I,
-4.78 to -1.08; 1> = 98%; P < .001). The forest plot revealed heterogeneity in
outcomes across studies. While these findings suggest potential benefits of
chitosan for weight management, the high heterogeneity and limited number of
studies underscore the need for larger, well-designed trials. Future research
should aim to determine optimal dosing, assess long-term efficacy, and establish
a comprehensive safety profile to support clinical recommendations.

Keywords: Chitosan, Obesity, Weight Loss, Dietary Supplement, Meta-Analysis.

Introduction

Obesity remains a pressing global public health
concern, with the United States experiencing
particularly high rates of obesity and its related
health complications. According to the Centers for
Disease = Control and  Prevention (CDC),
approximately 42.4% of U.S. adults were classified as
obese in 2017-2018, with obesity rates varying
significantly across demographic groups.[1] Obesity
is linked to a myriad of serious health conditions,
including cardiovascular diseases, type 2 diabetes,
certain cancers, and respiratory issues, imposing a
significant burden on healthcare systems.[2]
Effective = weight management involves a
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comprehensive approach that includes maintaining
a balanced diet, engaging in regular physical activity,
practicing behavior modification, and making
sustainable lifestyle changes.|3]

In the realm of weight management strategies,
chitosan has emerged as a notable dietary
supplement. Chitosan supplements have gained
significant popularity due to their potential
advantages, including enhanced metabolic health,
decreased likelihood of obesity-related health
problems, increased quality of life, and reduced
healthcare expenses associated with obesity
treatment.[4] Chitosan, scientifically known as poly-
(1->4)-2-amino-2-deoxy-beta-D-glucose, is a natural
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polysaccharide derived from chitin. Chitin is
primarily found in the exoskeletons of crustaceans
such as crabs, shrimp, and lobsters.[5] The
mechanism by which chitosan aids in weight
management is thought to be through its unique
properties that enable it to bind dietary fats in the
digestive system, subsequently inhibiting fat
absorption.[6][7] This property makes chitosan a
popular choice in weight loss regimens aiming to
reduce caloric intake and promote fat excretion. In
the United States market, chitosan is available in
various supplement forms, including tablets,
capsules, and powders.[8][9] These formulations
differ in their chitosan concentration and additional
ingredients, reflecting the diversity of products
catering to weight management enthusiasts.[10]

The objective of this article is to conduct a
comprehensive analysis evaluating the efficacy of
chitosan in weight management through a critical
review of both pre-clinical and clinical trials.

Method

Electronic databases, including PubMed and Google
Scholar, were searched for relevant randomized
controlled trials (RCTs) published between 2000
and 2024. Search terms included: “chitosan,”
“obesity,” “weight loss,” and “dietary supplement.” The
inclusion criteria were limited to RCTs and
preclinical trials evaluating the effect of chitosan
supplementation on body weight among adults with
overweight or obesity. Only studies published in
English and with full-text availability were
considered.

After screening titles and abstracts for relevance,
four clinical trials met the inclusion criteria and were
included in the final meta-analysis. Efforts were
made to include studies using a comparable dosage
of chitosan, but variations in dosing were accepted
due to limited data availability. Data extraction was
performed independently by two reviewers and
included study  characteristics, participant
demographics, intervention details, and outcome
measures. Statistical analysis was conducted using a
random-effects model to account for potential
heterogeneity. Effect size was expressed as Cohen'’s
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d with 95% confidence intervals (CI), and
heterogeneity was assessed using the I? statistic.

Identification of studies via databases
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Figure 1: Flow Chart and Study Selection showing
the number of articles identified and included in the
MA.

Results and Discussion

The bioactive compounds present in chitosan offer
various health benefits, such as exhibiting
immunostimulatory  properties and showing
antioxidant effects. This review encompasses a
range of studies, including human clinical trials and
preclinical trials conducted on animals. In a 2012
preclinical trial evaluating the anti-obesity effects of
various chitosan formulations, all chitosan-treated
groups demonstrated reduced weight gain
compared to rats on a high-fat diet, with water-
soluble chitosan microparticles (WSC-MP) showing
the most significant effect (21.13 g vs. 121.25 g
weight gain). Chitosan treatments also significantly
reduced epididymal and perirenal white adipose
tissue, while WSC-MP uniquely lowered liver weight.
Additionally, all formulations improved lipid profiles
by lowering total and LDL cholesterol, with WSC-MP
reducing total cholesterol to 1.64 mmol/L compared
to 2.70 mmol/L in the control group. [11] Similarly,
a 2022 double-blind clinical trial involving
adolescents with overweight or obesity reported
that 12 weeks of chitosan supplementation resulted
in significant improvements in body weight, BMI,
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waist circumference, lipid profiles, glycemic
markers, and appetite-regulating hormones
compared to placebo.[12] Table 1 summarizes the
weight loss benefits of chitosan based on human
trials.

The meta-analysis of studies on chitosan as a dietary
supplement for weight loss revealed significant
findings. The analysis showed a large effect size
(Cohen's d = -2.93) with substantial heterogeneity
(I> = 98%). The overall effect size was statistically

Table 1: Study Designs and Outcomes of Clinical Trials and Preclinical Trials

Author (Year) Dose Duration Participants

Zahorska-Markiewicz 4,500 6 months 50

(2002) [13] mg/day

Mhurchu (2004)[14] 3,000 24 weeks 250
mg/day

Kaats (2006)[15] 3,000 60 days 134
mg/day

Trivedi (2016)[16] 2500 90 days 96
mg/day

Fatahi (2022)[17] 3,000 12 weeks 64
mg/day

% weight Outcomes

84 A significantly higher reduction in body
weight was reported.

42 A reduction in body weight was observed,
however, the difference was not significant
compared to placebo.

2286 A statistically significant reduction in weight,
fat mass, and percent fat was reported.

16.2 A statistically significant reduction in body
weight was observed compared to placebo.

10.8 A significant reduction in body weight, BMI,

and other metabolic markers was reported.

B Effect size of each study
<@ Estimated overall effect size

I Estimated overall confidence interval

ID Cohen's d Std.

Somaye Fatahi et al. Z0ZZ -1.E4
VR Trivedi et al. ZI0l& -1.52
Gilbert R. Kaats et al... -5.87
C Ni Mhurchu et al. 2004 -3.00
Overall -2.93

Model: Random-effects model

Forest Plot

Confidence interval of effect size

= Owverall effect size value

Heterogeneity: Tau-squared = 3.47, H-squared = 48.59, -squared = 0.98

Homogeneity. @ = 76.84, df= 3, p-value = 0.00
Test of overall effect size:z=-3.10, p-value=0.00
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Error Lower Upper p-value Weight Weight (%)
0.30 -Z.Z2C -1.06 0.00 0.28 2s5.08
0.24 -Z.00 -1.05 0.00 0.28 =5.29
0.47 -£.59 -4.74 0.00 0.27 24.17
0.18 -3.36 -Z.€4 0.00 0.29 25.47
0.94 -4.78 -1.08 0.00
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Figure 3: Forest plot (Chitosan vs. Control): a MA on Weight Loss (Random-effects model)

significant (Z = -2.93, P < .001), indicating that
chitosan had a notable impact on body weight
reduction. The forest plot displayed significant
variability among the studies. Specifically, the
studies included showed mixed results: some
demonstrated considerable weight loss, while others
did not find a clinically significant difference
compared to a placebo. Overall, the meta-analysis
suggests that chitosan supplementation may indeed
have a positive effect on body weight reduction,
emphasizing the potential for chitosan compounds
to aid in fat loss while preserving lean body mass.

An earlier meta-analysis from 2019, which analyzed
15 RCTs, also found that chitosan intake was
associated with reductions in body weight
(Weighted Mean Difference, WMD = - 0.89 kg), BMI
(WMD = - 0.39 kg/m?), and body fat percentage
(WMD = -0.69%), with more pronounced effects
observed in studies using higher doses over shorter
durations.[18] A 2024 systematic review and meta-
analysis encompassing 19 randomized controlled
trials (RCTs) found that chitosan supplementation
led to modest but statistically significant reductions
in body weight [WMD] = -0.79 kg) and body fat
percentage (WMD = -0.41%), along with a slight
increase in fat-free mass (WMD = 0.20 kg). However,
no significant effects were observed on body mass
index (BMI) or waist circumference.[19] Although
modest gastrointestinal adverse effects, such as
bloating, flatulence, constipation, and nausea, have
been noted, particularly at larger dosages, chitosan
is typically well tolerated.[20] Some formulations
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(LipoSan UltraTM) were used in trials, and there
were no discernible gastrointestinal changes as
compared to a placebo.[20] As Chitosan is a
substance produced from shellfish, it can trigger
allergic responses in those who are susceptible.[21]
Long-term usage may interact with several drugs
and decrease the absorption of fat-soluble vitamins
(A, D, E, and K).[22] Liver toxicity is rare, however, it
has been noted in animal experiments employing
large dosages of chitosan compounds.[23] While
these findings suggest chitosan may offer modest
benefits for weight management, the overall effect
sizes are relatively small, and further high-quality,
long-term studies are needed to establish its efficacy
and safety.

Conclusion

The meta-analysis findings indicate that chitosan
supplementation may play a role in body weight
reduction; however, the varied results across studies
necessitate caution in interpretation. Further large-
scale clinical trials are required to clarify the true
effects of chitosan as a dietary supplement for
weight loss. Determining the optimal dosage,
treatment duration, and potential side effects is
essential for enhancing our understanding of
chitosan's role in weight management and refining
clinical recommendations.
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Limitations of this Study

A significant limitation of this MA is the
heterogeneity (I2 > 0.8) due to variations in study
size, participant demographics, diagnostic methods,
duration, and dosage strength. Therefore, the
validity of the results in this study may be
compromised.
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