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Commentary

What Can We Learn from the Saga of Chitosan Gums in
Hyperphosphatemia Therapy?
Man S. Oh* and Jaime Uribarri†

Abstract
Control of high serum phosphorus, a marker of poor outcome, is still a poorly achieved goal in dialysis therapy.
Therefore, the 2009 study (Savica et al., J Am Soc Nephrol 20: 639–644, 2009) showing a significant drop of
serum phosphate (2.35 mg/dl) after only 2 weeks of chewing a chitosan-containing gum two times per day was
received with great hopes by the renal community. Chitosan is a polymer of glucosamine, similar to sevelamer,
which allegedly would bind phosphate present in high concentrations in the saliva of renal patients. Recent
randomized studies, however, have been unable to duplicate these results. A systematic and detailed quantitative
analysis of the available data was performed. It concluded that the amount of chitosan contained in the
chewing gum (20 mg) is too little to account for the originally observed reduction in serum phosphate and be of any
use as a phosphate binding agent in the management of hyperphosphatemia. It was postulated that the
original marked drop in serum phosphate may have been caused by the Hawthorne effect, which is frequently
observed in nonrandomized clinical trials. Two important lessons derived from this analysis are emphasized.
The first lesson is the demonstration of the importance of randomized, placebo-controlled studies in clinical
research. If randomization had been performed in the original study, the Hawthorne effect would have been
detected. The second lesson is showing the importance of quantitative analysis, which in this case, would have
avoided the time and effort expended in several randomized clinical trials that eventually concluded the ineffectiveness of the chitosan-containing chewing gums as a phosphate binder.
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Introduction
There is signiﬁcant epidemiologic evidence linking
hyperphosphatemia and mortality among dialysis patients (1). Therefore, control of hyperphosphatemia is
an essential part of the routine clinical care of these
patients. In clinical practice, however, average serum
phosphorus levels in dialysis patients remain higher
than those levels recommended by practice guidelines
(2), except in patients on long nocturnal hemodialysis
(3), despite the widespread use of high-efﬁciency dialyzers, new phosphorus binders, and the usual nutritional education. Thus, it is not surprising that the
results of a study by Savica et al. (4) published in
2009 stirred up hope and excitement in the area of
phosphate management of dialysis patients. The study
allegedly showed that chewing a gum containing chitosan for 1 hour two times per day was highly effective
in controlling hyperphosphatemia in patients on maintenance hemodialysis (4). The study reported that
chitosan, a glycosamine polymer, is an effective binder
of phosphate in saliva and that phosphate concentration in saliva is very high in hyperphosphatemic uremic patients (4). The reduction in mean serum
phosphate concentration with the treatment was rather
impressive; over a 2-week period, the serum phosphate
concentration decreased from 7.60 to 5.25 mg/dl after
chewing a gum containing 20 mg chitosan for 1 hour
two times per day. During the same period, the concentration of phosphate in saliva decreased from 73.21
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to 33.19 mg/dl (4). The effect of a chitosan-containing
chewing gum in reducing serum phosphate was
thought to be so dramatic and promising that, in
2011, Nestle purchased the small pharmaceutical company that produced the medication (5), and over the
past few years, six clinical trials attempting to conﬁrm
the effect on serum phosphate have been carried out
(www.clinicaltrials.com). Results of four of these randomized clinical trials have been published (6), but the
results were quite different from the results of the original report (4), showing a reduction in serum phosphate of only 0.16–0.20 mg/dl and no reduction in
salivary phosphate concentration. The magnitude of
the observed reduction in serum phosphate in these
more recent studies is of negligible clinical importance
and may have been caused by some other effects of the
study rather than the drug effect, which will become
clear in our subsequent quantitative analysis. How can
we explain this striking difference in results with the
same medication? We will systematically address this
question. What seems clear from the outset, however, is
that a careful quantitative analysis of the data should
have cast serious doubts on the plausibility of the initial
ﬁndings (4), because it would be nearly impossible to
quantitatively attribute the reduction in serum phosphate to the phosphate binding effect of the chitosan
contained in the chewing gum. A quantitative analysis
would also have demanded a much higher dose of
chitosan in each gum than 20 mg, which was selected
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for the study, although a higher dose would not have been
any more effective for other reasons.
To put it simply, the amount of chitosan contained in
each chewing gum (20 mg) is much too little to account for
the observed reduction in serum phosphate (4). Binding of
phosphate by chitosan, results from the ionic interaction
between positively charged amine moieties of the glucosamine polymer and negative charges of phosphate. Hence,
the absolute theoretical limit on the amount of phosphate
binding will depend on the quantity of amines in chitosan.
Chitosan is a glucosamine polymer, and each glucosamine
unit contains one amine unit. The molecular mass of glucosamine is 179 Da, but because of the loss of one water
molecule for each glucosamine unit in the polymer formation, the actual molecular mass of each glucosamine unit in
the polymer is 161 Da (1792185161). Hence, 20 mg chitosan would contain 0.124 mmol amines that are potentially
capable of binding phosphate.
Chitosan is deacetylated glucosamine made from chitin
and acetyl glucosamine. The chitosan used in the study is
described as $75% deacetylated (4). If we assume that it
was 80% deacetylated, the chitosan content of each chewing gum would be 0.1 mmol (0.12430.850.10). Even if we
assume 90% deacetylation, the numbers will not change
much (0.12430.950.11). Furthermore, acetylated chitosamine (i.e., chitin) weighs more than chitosan, because it
contains the additional weight of the acetyl group. Hence,
the actual content of amines in 80% deacetylated chitosan
would be slightly less than the above calculation.
Phosphate exists in biologic ﬂuid as HPO45 and H2PO42,
and the ratio of these two components depends on the pH
of the solution. At pH 7.4, the ratio of HPO45 to H2PO42 is
4:1, and hence, the average charge of phosphate is 1.8
mEq/mmol at pH 7.4. For this reason, 1.8 mmol glucosamine units are needed to bind 1 mmol phosphate at pH
7.4. Hence, the maximum phosphate binding capacity of
the 20 mg chitosan contained in each gum would be 0.056
mmol (0.1/1.850.056) or 1.74 mg phosphate.
When chitosan binds phosphate, there is competition
with other anions, such as chloride and bicarbonate, present in saliva in addition to phosphate. According to the
in vitro study by Savica et al. (4), the actual phosphate
binding capacity of chitosan was about 50% of the maximum binding capacity. Thus, the actual amount of phosphate that could be bound by 20 mg chitosan in each gum
would have been 0.028 mmol or 0.87 mg phosphate if we
assume that the condition in vivo is as ideal as in vitro.
Therefore, chewing a chitosan-containing gum two times
per day could have removed, at best, only 1.74 mg
phosphate/d. One can appreciate how little this amount
of phosphate removal is when it is compared with a single
hemodialysis treatment, which removes about 900–1000 mg
phosphate (7). Another example may illustrate this point
more dramatically; because the concentration of salivary
phosphate at the start of the chitosan gum treatment was
73 mg/dl, simply spitting out 3 ml saliva would have removed more phosphate (2.19 mg) than the maximum likely
amount of phosphate that could have been removed by the
daily treatment with chitosan chewing gum (1.74 mg)
The mathematical impossibility of the chitosan-containing
gum having any clinically meaningful effect in removing
phosphate from the body can be further illustrated by a

comparative analysis with another phosphate binding polymer, sevelamer. Sevelamer chloride and sevelamer carbonate are widely used clinically as oral phosphate binders.
Like chitosan, the phosphate binding ability of sevelamer
depends on the amine moieties of the polymer. However,
the relative content of amines in sevelamer for a given
weight of the polymer is much greater than the relative
content of amines in chitosan. The mean molecular mass of
the amine-containing unit of sevelamer is 75 Da (8). Hence,
1 g sevelamer contains 13.3 mmol amine units, and 1 g
sevelamer should be able to bind 7.4 mmol phosphate
(1.8 mmol amine units are needed to bind 1 mmol phosphate). Because the usual dose of sevelamer in the management of hyperphosphatemia is 4.8 g/d, the total maximum
phosphate binding capacity of 4.8 g sevelamer would be
35.52 mmol or 1100 mg phosphate. In reality, the actual
phosphate binding by sevelamer in vivo is only about
200 mg/d (less than one ﬁfth of the maximum potential
binding capacity) (9,10). The likely reason for the discrepancy is competition with other anions. In that sense, the
calculations that we have made above for the maximum
phosphate binding capacity of chitosan-containing chewing gum are overly generous. It must be noted that, for the
same amount of medication, the total phosphate binding capacity of sevelamer is greater than the total phosphate binding capacity of chitosan because of the higher amine content,
but more importantly, the usual dose of 4.8 g/d sevelamer is
some 120 times the chitosan dose of 40 mg/d. Thus, when
the calculation is made on the basis of equivalent phosphate
binding capacity on weight basis, 10.3 g chitosan would have
been equivalent to 4.8 g sevelamer, and the selected dose of
chitosan of 40 mg/d was underestimated 500-fold.
Another calculation based on the phosphate content in
saliva further reinforces our conviction on the impossibility
of achieving reduction in serum phosphate by 2.35 mg/dl
by chewing chitosan-containing gum for 2 hours each day.
If we assume that the concentration of phosphate in saliva
during the treatment period is 33 mg/dl (4) and the salivary
secretion rate is 1000 ml/d, the volume of saliva secreted in
2 hours would be 83 ml, with a total phosphate content of
27 mg. Thus, the removal of every molecule of phosphate in
saliva produced during the 2-hour gum-chewing period
would have been far insufﬁcient to maintain a drop of serum phosphate by 2.35 mg/dl, because changes of serum
phosphate of this magnitude are observed in patients treated
with oral phosphate binders that remove about 200 mg
phosphate/d.
There is yet another reason that would make chitosancontaining gum very ineffective. As stated earlier, phosphate binding capacity of chitosan depends on the positive
charge of the amine group of the glucosamine unit, and the
dissociation constant of the glucosamine unit is quite unfavorable for the reaction at the usual pH of saliva. The
glucosamine monomer has a pK of 7.8, and therefore, at
neutral pH, most of the amine would be in a charged state.
However, as a glucosamine polymer (i.e., chitosan), its pK
is reduced to about 6.6 (11). As a result, chitosan will be
mostly unionized and quite insoluble at the neutral or alkaline pH of saliva (11,12). In contrast, sevelamer has a
much more favorable pK, and therefore, at any given
time, 40% of all amines are positively charged, balanced
by chloride, or bicarbonate (13).
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The quantitative analysis performed above makes it clear
that the reduction in serum phosphate during treatment
with chitosan-containing gum observed in the original
study (4) could not have been caused by phosphate binding to the chitosan in the gum. What was the reason for the
observed dramatic reduction in serum phosphate? There
are several possible explanations. One possibility is a laboratory error. This possibility is not very likely. Why
would laboratory errors occur only during the treatment
period and then mysteriously disappear at the end of the
study? Another possibility is that the subjects’ dietary patterns changed during the treatment period. That is, the
subjects were consuming a low phosphate diet only during
the treatment period, which is possible but not very plausible. We all know that changing the dietary intake of
phosphate is very difﬁcult, especially without intensive
dietary counseling. The third possible explanation (the
most likely one) is the Hawthorne effect of the study on
compliance with the preexisting medication (14).
It must be pointed out that the original study (4) was
not a randomized controlled trial. The subjects were already being treated with sevelamer hydrochloride at doses
ranging from 3.2 to 4.8 g/d, and chitosan-containing gum
was given as an add-on treatment. It is noteworthy that,
before the treatment with chitosan, although the patients
were treated with 3.2–4.8 g/d sevelamer, serum phosphate
concentration was unusually and remarkably high (7.6
mg/dl), suggestive of poor compliance with sevelamer.
During the treatment period of the study, the subjects
were followed weekly with pill counts and perhaps, counseling, and this following may have improved the compliance with sevelamer. We postulate that the most likely
reason for the sharp reduction in serum phosphate during
chitosan gum treatment is the Hawthorne effect on the
compliance with sevelamer, which would have been easily
detected if the study had been randomized.
The Hawthorne effect is one of the most famous effects in
sociological studies. It means that subjects alter an aspect
of their behavior when they realize that they are being
studied, and the change is not in response to any particular
intervention. The term was coined in 1950 by Henry A.
Landsberger (14) in the analysis of experiments from 1924
to 1932 at the Hawthorne Works (a Western Electric factory outside Chicago, IL). Hawthorne Works had commissioned a study to see if its workers would become
more productive with higher levels of lighting. Initially,
it was thought that workers’ productivity improved with
better lighting, but later, it was shown that the observed
improvement in productivity was unrelated to levels of
light. It was suggested that the productivity gain occurred
because of the motivational effect on the workers as a result of the interest being shown in them rather than
changes in the level of lighting.
In summary, it is our contention based on the quantitative analyses described above that the chitosan-containing
gum could not have led to the level of reduction in serum
phosphate that was shown in the work by Savica et al. (4)
and that the amount of chitosan used in the chewing gums
is too small to be of any use as a phosphate binding agent
in clinical medicine. These ﬁndings are clearly shown in
double blind randomized studies using a chitosan-containing
chewing gum (6). At least two important lessons can be
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derived from this analysis. First, our analysis showed
the importance of randomized, placebo-controlled studies
in clinical research. Randomization in the original study
(4) would have eliminated the Hawthorne effect. Unfortunately, appropriately designed randomized, blinded
studies are very expensive undertakings that require at
least some baseline clinical evidence of success. The study
by Savica et al. (4) would have represented baseline evidence of success provided that some quantitative analyses of binding capacity of the medication had been
performed. The second and more compelling point of
our review is the importance of quantitative analysis in
clinical science.
If quantitative analysis had been applied to the original
study ﬁndings (4), it would have avoided the time and
effort expended in several randomized clinical trials that
eventually concluded the ineffectiveness of the chitosancontaining chewing gums as a phosphate binder (6). Interestingly, the original United States patent application
for chitosan as a phosphate binder describes the use of
much larger amounts of chitosan (15). Obviously, those parties
involved in the patent application performed quantitative
analysis. How this information got lost when the chewing
gum was manufactured for clinical use escapes our knowledge. Moreover, it is unclear whether using even a larger
amount of chitosan would be effective given the poor solubility of the compound at the usual salivary pH and the
limited availability of phosphate in saliva secreted during
the period of gum chewing for 2 hours.
Disclosures
None.
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4. Savica V, Calò LA, Monardo P, Davis PA, Granata A, Santoro D,
Savica R, Musolino R, Comelli MC, Bellinghieri G: Salivary
phosphate-binding chewing gum reduces hyperphosphatemia in
dialysis patients. J Am Soc Nephrol 20: 639–644, 2009
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