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Summary

This article aims to determine whether chitosan, a popular, over-the-counter,
weight loss supplement, is an effective treatment for overweight and obesity. It is
designed as a systematic review of randomized controlled trials. The data sources
include the electronic databases Medline, EMBASE, Biosis, CINAHL and
Cochrane Central Register of Controlled Trials (CCTR); the specialized websites
Controlled Trials, International Bibliographic Information on Dietary Supple-
ments (IBIDS), System for Information on Grey Literature in Europe (SIGLE),
Reuter’s Health Service, Natural Alternatives International and Pharmanutrients;
and bibliographies of relevant journal articles. Included were randomized con-
trolled trials of chitosan with a minimum duration of 4 weeks in adults who were
overweight or obese and/or had hypercholesterolaemia at baseline. Fourteen trials
involving a total of 1071 participants were included in the review. Analyses
involving all trials indicated that chitosan preparations result in a small but
statistically significant greater reduction in body weight (weighted mean difference
—-1.7 kg; 95% confidence interval —-2.1, —1.3 kg, P < 0.00001) compared with
placebo. Analyses restricted to high-quality studies showed that reductions in
weight [-0.6 (-1.2, 0.1) kg, P=0.11] were less than in lower quality studies
[-2.3 (-2.7, —=1.8) kg, P <0.00001]. Results obtained from high-quality trials
indicate that the effect of chitosan on body weight is minimal and unlikely to be
of clinical significance.
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Introduction

The dietary supplement, chitosan, is derived from

the polysaccharide chitin (a by-product of crusta-

Overweight and obesity are increasingly prevalent (1-3)
and are important contributors to cardiovascular disease
(4-6), type II diabetes mellitus (7,8) and several common
cancers (9,10). Excess body weight also leads to impair-
ment in health-related quality of life (11). Estimations of
the global burden of disease attributable to excess body
weight indicate that high body mass index (BMI) is a lead-
ing cause of loss of healthy life causing two and a half
millions deaths and over 30 million lost years of healthy
life in 2000 (12).

ceans) and in animal trials appears to bind to nega-
tively charged lipids thus reducing their gastrointestinal
uptake (13,14) and lowering serum cholesterol (15). A
previous meta-analysis of trials of chitosan in humans
suggested greater weight loss with chitosan compared
with placebo (16). However, more recent studies have
found no effect of chitosan on body weight (17,18).
Thus there is ongoing debate about the role and effec-
tiveness of chitosan as a weight loss treatment (19-
21). We conducted a systematic review to determine
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was adapted for EMBASE, Biosis and CINAHL:
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Clinical trial.pt
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placebo$.mp
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The following search strategy was run across Medline (1966 to January week 5 2004) using the Ovid interface and

whether chitosan is an effective treatment for over-
weight and obesity (22).

Methods

Search strategy

We searched the Cochrane Central Register of Controlled
Trials (CCTR) (Cochrane Library Issue 1, 2004), Medline
(1966 to January 2004), EMBASE (1980 to January 2004),
Biological Abstracts (Biosis) (1980 to January 2004) and
CINAHL (1982 to January 2004) for all reports of ran-
domized trials (Box).

We searched the following websites using the phrase
‘chitin or chitosan or poliglusam’: Controlled Trials (Feb-
ruary 2004); International Bibliographic Information on
Dietary Supplements (IBIDS) database from the National
Institutes of Health Office of Dietary Supplements (Febru-
ary 2004); System for Information on Grey Literature in
Europe (SIGLE) (February 2004); Reuter’s Health Service
(February 2004); Natural Alternatives International (Feb-
ruary 2004); and Pharmanutrients (February 2004). We
also hand searched reference lists of relevant trials and
reviews.

Study selection and data extraction

Studies were eligible for inclusion in the review if they were
randomized controlled trials with minimum treatment
duration of 4 weeks in adults who were overweight or
obese and/or had hypercholesterolaemia at baseline. Crite-
ria for defining overweight or obesity were at the authors’
discretion and varied according to study, for example, some
studies used BMI cut-points, which varied from study to
study, while others used a defined percentage excess weight
compared with ideal weight/height tables. Studies including
children, pregnant women, or patients with serious medical
conditions were excluded. Published and unpublished stud-
ies in any language were eligible for inclusion.

Two authors (C.D.M., C.N.M.) reviewed relevant stud-
ies independently and completed a standardized data

extraction form. Differences in opinion were resolved by
consulting a third party (A.R.). All trial investigators were
contacted for additional information or data, which was
obtained for a total three trials involving 404 participants.
For studies written in languages other than English or
German translations of papers were obtained.

Statistical analysis

Data were expressed as weighted mean differences (WMD)
and standard deviations (SD). The weight given to each
study was the inverse of its variance (1/(se(WMD)*2)), that
is, more precise estimates (usually from larger studies with
more events) were given more weight (23). Where studies
did not report mean difference and SD additional analyses
were undertaken to calculate these variables from the avail-
able data. Most eligible studies reported mean and SD
values at baseline and at follow-up but did not report the
mean difference or SD of the difference over time. There-
fore baseline and follow-up values were used to calculate
mean and SD over time. One study provided individual
participant data but no group mean data so these were
calculated (24). Another study reported percentage change
over time rather than absolute values so calculations were
necessary to transform this to absolute values over time
(25).

Where there was no evidence of statistical heterogeneity
the results were pooled statistically using a fixed effects
approach. The pooled effect size was computed by using
the inverse variance weighted method. A random effects
approach was also used as a sensitivity analysis. Statistical
heterogeneity was tested for using the Q statistic devised
by Cochran with significance being set at P < 0.10. Possible
sources of clinical heterogeneity were assessed by the fol-
lowing sensitivity analyses: study quality (allocation con-
cealment); use of a treatment preparation comprising
agents other than just chitosan; study duration. The process
of concealing randomized study assignments is known as
allocation concealment and when studies do not report any
concealment approach, adequacy is considered unclear
(26). Studies reporting appropriate methods of allocation
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concealment are considered ‘A grade’ trials. Studies where
the method of allocation concealment is unclear are con-
sidered ‘B grade’. Other aspects of study quality including
blinding, completeness of follow-up and use of intention-
to-treat analyses were also noted but were not used as a
sensitivity analysis. The existence of small study bias was
checked using the funnel plot. Analyses were carried out
using Review Manager 4.2 (27) and STATA 8.0 (28).

Results

Thirty-six potentially eligible studies were retrieved and 14
randomized controlled trials were included (Fig. 1). Two
other trials also met the inclusion criteria but did not pro-
vide data in a form suitable for inclusion in the review
(29,30). Attempts to contact these authors for additional
data were unsuccessful.

Table 1 shows the main characteristics of the 14 included
randomized controlled trials. One thousand and seventy-
one participants were randomized in total with 538 par-
ticipants allocated to the chitosan intervention group and
533 allocated to the placebo group. The mean trial duration
was 8.6 weeks (range 4-24 weeks) and mean study size was
77 participants (range 24-250). The dose of chitosan used

1

in studies ranged from 1.0 gday™ to 15 gday™” (mean

Potentially relevant studies
identified and retrieved for
detailed evaluation (n = 36)

Excluded studies (n = 20)
- Not a randomized controlled trial (n = 8)
Commentary or review of previous trial(s)
(n=06)
Duration < 4 weeks (n =4)
Participants had serious medical condition
(exclusion criterion) (n = 2)

h 4

Eligible trials (n = 16)

Data not available in format suitable for
inclusion in review (n = 2)*

4
RCTs included in review (n =14)

Figure 1 Identification and screening of studies. *One study (29) only
provided results as percentage change over time so a standard deviation
could not be calculated, and another (30) was described in an abstract
but did not provide any results. Repeated attempts were made to contact
both authors but were unsuccessful.

3.8 gday™) and five studies (25,31-34) used treatment
preparations that contained other weight loss ingredients
in addition to chitosan.

Studies varied in quality and/or reporting of methods. It
is recommended that use of appropriate methods for pre-
venting foreknowledge of treatment assignment (allocation
concealment) be used as a key method of measuring study
quality (26). Although all studies included in the review
were described as randomized the method of allocation
concealment was unclear for all but four ‘A grade’ studies
(17,35-37).

Body weight

Combining trials that provided data on body weight
(17,18,24,25,31-39) using a fixed effects model produced
a WMD in body weight of —1.7 (-2.1, —1.3) kg in favour
of chitosan vs. placebo (P <0.00001) (Fig. 2). The use of
a random effects model in a sensitivity analysis did not
substantially alter this estimate [-2.1 (-3.2, -1.0) kg,
P =0.0002].

Limiting trials to those that met the allocation conceal-
ment quality criteria (A grade) (17,35-37) resulted in an
estimated weight loss of —0.6 (-1.2, 0.1) kg, P =0.11, vs.
an estimated WMD of -2.3 (-2.7, —1.8) kg, P < 0.00001
in remaining trials (Fig. 3) (18,24,25,31-34,38,39). The I*
statistic indicated no heterogeneity in the A grade trials
[Chi*=0.5, d.f. =3 (P=10.9), I = 0%] but significant het-
erogeneity in the B grade (allocation concealment unclear)
trials [Chi*=29.5, d.f.= 8 (P =0.0003), I* = 72.9%].

Similarly, limiting included trials to those that used chi-
tosan alone as the intervention (without additional weight
loss agents) (17,18,24,35-37,39) reduced estimated weight
loss to —=0.9 (-1.4, —-0.4) kg, P =0.001, compared with a
WMD of -2.7 (3.3, =2.2) kg, P =0.0008 in trials where
the intervention included agents other than just chitosan
(25,31-34,38). The I’ statistic indicated no heterogeneity
in the chitosan only trials [Chi*= 3.0, d.f.=6 (P =0.8),
I* = 0%] but significant heterogeneity in trials where other
ingredients were in the intervention [Chi*=21.1, d.f.=5
(P=0.0008), I*=76.3%].

Trials that exceeded 4 weeks in duration (18,34-39) pro-
duced a lower WMD of —0.8 (-1.3, —0.3) kg, P =0.004,
compared with a WMD of -2.7 (-3.3,-2.1) kg, P = 0.0008
in trials that only lasted 4 weeks (17,24,25,31-33). Once
again, the I* statistic indicated no heterogeneity in trials
exceeding 4 weeks in duration (I*=0%) but significant
heterogeneity in the trials where other agents were used in
the intervention (I* = 76.2%).

Other outcomes

Combining trials that provided data on total cholesterol
(17,18,24,31,33,35,36,39,40) produced a WMD in total
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Figure 2 Analysis of change in body weight — all trials.
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| |
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Weighted mean difference

cholesterol of —0.2 (0.3, —0.1) mmol L™! in favour of chi-
tosan vs. placebo (P < 0.00001). A grade trials (17,35,36)
produced an estimated reduction in cholesterol of —0.2
(0.2, =0.1) mmol L', P = 0.0002, vs. an estimated WMD
of —0.5 (-0.7, —0.3) kg, P < 0.00001 in the B grade trials
(18,24,31,33,39,40). The I? statistic indicated little hetero-
geneity in the A grade trials (I*=23.2%) but significant
heterogeneity in the B grade trials (I* = 78.7%).

Combining data from trials that provided data on num-
bers of adverse events (17,18,24,25,31-36,38-40) showed
that there were no clear differences between intervention
and control groups in terms of frequency of adverse events:
odds ratio of 1.2 (0.8, 1.8), P=10.5.

Only two included trials measured the effect of chitosan
on faecal fat excretion (36,37), and both used different
measures. Ni Mhurchu et al. (36) measured faecal fat
excretion in a subsample of 51 study participants and
found a reduction in faecal fat excreted by the treatment

0.30 (-3.52,4.12)

~0.56 (~1.25,0.13)

-0.70 (~7.41,6.01)

—2.50 (-9.51,4.51)

—0.55 (-1.22,0.12)

% Weight

3.1

95.0

0.9

Figure 3 Analysis of change in body weight — A grade trials.
This grading system is based on that recommended by the
Cochrane Collaboration (26). A grade = allocation conceal-
ment (concealment of randomization assignment) adequate,
B grade = allocation concealment unclear.

group [-0.08 (1.53) mmol day™, or =0.6%] vs. the placebo
group [+0.12 (1.50) mmol day™!, or +0.8%], P=0.9.
Schiller et al. (37) measured faecal fat excretion in a sub-
sample of seven study participants and although there was
an increase in faecal fat excreted by the treatment group
[+6.0 (5.0) g day™!, or +204%] vs. the placebo group [-2.3
(2.6) g day™', or —39%] the sample size was too small to
draw any conclusions about statistical significance.

No evidence of publication bias was found using the
Egger regression method in STATA (metabias command)
(28) (P =0.62).

Discussion

This systematic review indicates that chitosan may have a
small effect on body weight. However, this finding should
be interpreted with caution because the results were sensi-
tive to study quality, study duration, and the inclusion of

© 2005 The International Association for the Study of Obesity. obesity reviews 6, 35-42



obesity reviews

Effect of chitosan on body weight C. Ni Mhurchu et al. 41

weight loss agents other than chitosan. Data from high-
quality trials suggest an estimated mean weight difference
of only 0.6 (-1.2, 0.1) kg between people taking chitosan
vs. people taking placebo. This difference of approximately
half a kilogram achieved over trial periods ranging from
4 weeks to 6 months is minimal and therefore unlikely to
be of clinical significance. The effect of chitosan on total
cholesterol levels was similarly reduced in high-quality
studies [-0.2 (0.2, —0.1) mmol L] but remained statisti-
cally significant (P =0.0002) although its clinical signifi-
cance is also questionable.

Several small studies reported surprisingly small SD asso-
ciated with changes in outcomes. Three studies in particu-
lar had sample sizes of only 20 (24), 27 (38) and 88 (25)
and yet reported SD for change in body weight that were
less than those reported in a trial involving 250 participants
(36). This unusual finding suggests either remarkably
homogeneous sample populations or a data error. As the
weight is inversely proportional to the precision these small
studies (with apparent high precision) have been given
more weight and thus have a large influence on the com-
bined estimate.

A previous meta-analysis of chitosan as a treatment for
body weight reduction (16) found a mean difference in
terms of weight reduction between chitosan and placebo
groups of 3.3 (1.5, 5.1) kg, which is considerably greater
than that found in this review. However, the meta-analysis
by Ernst and Pittler (16) was based on only five Italian
studies published in 1995 and 1996 (24,25,31-33) and
since then many additional studies of chitosan have been
published that have been included in this updated review.
Concerns were expressed about the possibility of a system-
atic bias in the five studies included in the previous
meta-analysis because they were all supplied by one man-
ufacturer, were similar in design, and appeared in the same
Italian journal. It is worth noting that these five studies
consistently demonstrated the greatest effects in this review,
did not meet the allocation concealment criteria, were all
of short duration, and four of them also included other
weight loss agents in addition to chitosan. As a result, these
studies were excluded from many of the sensitivity analy-
ses, thus partly explaining the smaller effects seen in the
restricted analyses. Correspondence with the authors of
these studies was unsuccessful and therefore these issues,
together with the possibility of duplicate publication,
remain unresolved.

The use of non-prescription is weight loss products is
common the USA, particularly amongst young obese
women, of whom over a quarter (28%) report using such
products (41). Although comparable data are not available
for the UK it has been estimated that almost one-fifth
(19.8%) of the population purchased over-the-counter
herbal remedies in 1997-98 (42). Under current regulations
in most countries manufacturers of dietary supplements are

not required to provide evidence of efficacy or safety before
marketing a product. However, there have been recent calls
to regulate these products for both safety and efficacy
(43,44). The costs of relying on ineffective dietary supple-
ments as a means of controlling weight rather than employ-
ing more effective weight loss methods are difficult to
quantify but are unlikely to be trivial.

In conclusion, this systematic review of randomized con-
trolled trials of chitosan suggests a small effect of approx-
imately 1.7 kg weight loss in short-term treatment of
overweight and obesity. However, results obtained from
high-quality and long-term trials indicate that the effect of
chitosan on body weight is substantially less and unlikely
to be of clinical significance.
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