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Abstract

Objectives: Glucosamine and chondroitin supplements have been shown to have anti-inflammatory properties in
both in vitro studies and animal models; however, little is known about these relationships in humans. The
VITamins and Lifestyle (VITAL) biomarker study evaluated the associations between use of these supplements
and a panel of circulating inflammatory biomarkers.

Design: Study participants included 217 men and women age 50-75 years living in the Seattle metropolitan
area. Use of glucosamine and chondroitin supplements was ascertained by home interview/supplement in-
ventory. Inflammation was assessed by using blood and urine collected at the time of home interview. Measures
of systemic inflammation included plasma high-sensitivity C-reactive protein (hsCRP), interleukin (IL)-1f, IL-
6, IL-8, tumor necrosis factor (TNF)-a, soluble TNF receptors I and II, and urinary prostaglandin E,-metabolite
(PGE-M). Multivariate-adjusted linear regression was used to evaluate the associations between supplement use
and biomarkers of inflammation.

Results: High users (14 or more pills/week) of chondroitin had 36% lower hsCRP (ratio, 0.64; 95% confidence
interval [CI], 0.39-1.04; p for trend=.03) and 27% lower PGE-M (ratio, 0.73; 95% CI, 0.5-0.98; p for
trend=.07) than nonusers. Compared with nonusers, high users of glucosamine had 28% lower hsCRP (ratio,
0.72; 95% CI, 0.47-1.08; p for trend=.09) and 24% lower PGE-M (ratio, 0.76; 95% CI, 0.59-0.97; p for
trend=0.10). Use of glucosamine and chondroitin supplements was not associated with the other markers of
inflammation.

Conclusions: These results support prior research suggesting that use of glucosamine and chondroitin is
associated with reduced hsCRP and PGE,, but further work is needed to more definitively evaluate the anti-
inflammatory potential of these supplements.

Introduction (PGE,) concentrations.”” In a recent study of nearly 10,000

adults included in the National Health and Nutrition Examina-

GLUCOSAMINE AND CHONDROITIN ARE among the most
popular nonvitamin, nonmineral ‘“‘specialty’’ supplements
in the United States. They are often taken together as a single
daily supplement for osteoarthritis. It has been estimated that
7.4% of older Americans use glucosamine-chondroitin, a prev-
alence of use similar to that for acetaminophen.! While the bi-
ologic effects of these supplements remain poorly understood,
in vitro and animal studies of glucosamine and chondroitin sug-
gest that these popular supplements may have anti-inflammatory
properties.”'® Limited evidence from a small human trial sug-
gests that glucosamine-chondroitin may reduce prostaglandin E,

tion Survey (NHANES), use of glucosamine and chondroitin
supplements was associated with reduced concentrations of
high-sensitivity C-reactive protein (hsCRP).*° However, no
human studies have evaluated the association between use of
these supplements and other biomarkers of inflammation.
Understanding the patterns of association between use of
these supplements and biomarkers of inflammation may
shed light on the involved biologic mechanisms. It is im-
portant to understand the potential anti-inflammatory action
of these supplements because reducing inflammation may
offer a feasible prevention strategy for diseases with a
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possible inflammatory cause, such as cancer and cardio-
vascular disease.?'27 To this end, glucosamine and chon-
droitin supplements were recently found to be associated
with reduced risk of colorectal cancer,zo’28 lung cancer,z&29
and total mortality.>*!

The current study has therefore been conducted to examine
the association between use of glucosamine and chondroitin
supplements and a panel of inflammatory biomarkers: plasma
hsCRP, interleukin (IL)-1f, IL-6, IL-8, tumor necrosis factor
(TNF)-a,, soluble TNF I (sTNFRI), soluble TNF II (sTNFRII),
and urinary PGE metabolite (PGE-M).

Materials and Methods
Study population

This study was conducted within the VITamins and
Lifestyle (VITAL) biomarker study, which includes 220
persons drawn from the overall VITAL cohort. The VITAL
cohort is a prospective study of 77,719 western Washington
residents aged 50-76 that targeted supplement users at re-
cruitment and was designed to assess the relationship be-
tween supplement use and cancer risk.> Cohort participants
who completed their baseline questionnaire between Octo-
ber 2000 and February 2001 were randomly selected for
participation in the VITAL biomarker study. Sampling was
stratified by sex so as to obtain equal numbers of men and
women, with oversampling of high users of the following
supplements: vitamin C, vitamin E, and calcium. Persons
with type | diabetes or any conditions preventing the col-
lection of fasting blood were excluded from the biomarker
study. In addition, persons with Alzheimer disease were
excluded, as were persons living outside the Seattle metro-
politan area.

Two hundred and twenty (76%) of the 290 eligible par-
ticipants contacted agreed to participate and completed the
study protocol. Persons included in the VITAL biomarker
study completed a second self-administered mailed ques-
tionnaire and participated in an in-home visit, during which
an interview was conducted and blood and urine were col-
lected. All study participants provided written informed
consent; the Fred Hutchinson Cancer Research Center
(FHCRC) Institutional Review Board approved the study
procedures.

Exposures

Use of glucosamine and chondroitin supplements was as-
certained by supplement interview/inventory conducted at
the time of home visit. Participants were asked to report on
frequency (days/week) of use of currently used supplements,
the number of pills taken per occasion of use, and the date of
last use. Persons reporting use of a given supplement within
the 2 weeks prior were classified as current users, and those
reporting no use or last use more than 2 weeks prior were
classified as nonusers. Glucosamine or chondroitin users re-
ported using a range of brands and formulations (i.e., glu-
cosamine alone, glucosamine plus chondroitin, glucosamine
plus methylsulfonylmethane, glucosamine plus chondroitin
plus methylsulfonylmethane).

Glucosamine and chondroitin were classified in terms of
the average number of pills/week of use (nonuse, low use
[< 14 pills/week], or high use [=14 pills/week]). Persons
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missing information on the number of pills/occasion of use
(n="7 for glucosamine, n=>5 for chondroitin) were assumed
to use 1 pill/occasion to allow for calculation of pills/week.
This value was selected because most study participants
with use of glucosamine and chondroitin reported 1 pill/
occasion of use.

Outcomes

Concentrations of hsCRP, IL-1f, IL-6, IL-8, TNF-q,
STNFRI, and sTNFRII were measured in plasma and PGE-
M was assessed in spot urine. These biomarkers were lar-
gely selected on the basis of association with glucosamine or
chondroitin in prior human,'*2° animal,® ' or in vitro
studies.>>""*'® The blood and urine samples were collected
at the home visit and were processed (ie, the blood was
centrifuged, biologic specimens were divided into aliquots)
for storage at the FHCRC Specimen Processing Laboratory
within approximately 2 hours of collection. The aliquots
were frozen at —80°C until the time of assay in 2010-2011.
Values for hsCRP were assessed at the FHCRC Public
Health Sciences Biomarkers Laboratory using the CRP Ultra
Wide Range Reagent (Sekisui Diagnostics, LLC, Lexington,
MA). IL-1f, IL-6, IL-8, and TNF-o were assayed at the
Biomarkers Laboratory using the MILLIPLEX High Sensi-
tivity Human Cytokine kit (Millipore, St. Charles, MO). The
lowest standard of this 4-plex assay was 0.182 pg/mL, and
values returned as <0.182 were replaced with half of this
value (0.091) (IL-1f, n=50; IL-6, n=13; and TNF-o, n=1).
The two soluble TNF receptors (sSTNFRI and sTNFRII) were
also assayed at the Biomarkers Laboratory using the Milli-
pore Human Soluble Cytokine Receptor Panel kit. Urinary
PGE-M was assayed at the Vanderbilt Eicosanoid Core La-
boratory using unacidified urine. The liquid chromatogra-
phy—mass spectrometry tandem method was used to assess
urinary PGE-M, the stable metabolite of PGE2.33 PGE-M
analyses were corrected for urinary creatinine, and values of
PGE-M are expressed as ng/mg creatinine.

Seven persons lacking available urine samples were ex-
cluded from PGE-M analyses, leaving a total sample of 213
for analyses of PGE-M. To exclude persons with acute ill-
ness from the analyses, persons were further excluded from
all analyses if their CRP level was in the top 2% for their
age/body—mass index (BMI)/sex group (n=3), with cutoffs
for each group based on a large, nationally representative
sample from NHANES.?® After the above-listed exclusions
were made, 210 persons remained for analyses of PGE-M
and 217 remained for all other biomarkers.

Confounders

A priori, the following variables were selected as adjust-
ment factors for all analyses: age (continuous), sex, and BMI
(kg/mz; continuous). Additional covariates were selected for
inclusion by evaluating their association with each outcome
in this minimally adjusted model. The broad set of potential
confounding variables evaluated included various demo-
graphic factors (age, sex, race, and education), lifestyle fac-
tors (smoking, alcohol consumption, and physical activity),
medical history (cancer, cardiovascular disease, and dia-
betes), current medication use (regular aspirin, baby as-
pirin, nonaspirin nonsteroidal anti-inflammatory drugs,
hormone replacement therapy, and cholesterol-lowering drugs),
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dietary factors (energy intake, fiber intake, saturated fat in-
take, o-tocopherol intake, y-tocopherol intake, vitamin C, f3-
carotene, and long-chain w-3 polyunsaturated fatty acids),
supplement use (fiber, vitamin E, vitamin C, ff-carotene, fish
oil, and multivitamins), as well as dietary plus supplemental
intake (total fiber, total a-tocopherol, total vitamin C, and
total f-carotene).

Variables associated with a given outcome at the «=0.10
level in the minimally adjusted model were included as
covariates in analyses of the association between glucos-
amine or chondroitin supplement use and that outcome.
Analyses also adjusted for the indication for use of glu-
cosamine and chondroitin; specifically, all analyses of glu-
cosamine and chondroitin were adjusted for arthritis or
chronic joint pain. Covariates included in the final models
are listed in the footnotes of Table 1.

Statistical analysis

All biomarker outcomes were log-transformed by using
the natural logarithm to normalize their distributions; con-
sequently, geometric means, rather than arithmetic means,
have been presented for each biomarker outcome (Table 2).
Linear regression was used to evaluate the associations be-
tween age, sex, and BMI and each log-transformed outcome.
As outcomes were log-transformed, the f-coefficients have
been exponentiated so as to present results in terms of ratios;
for example, presented are the ratio of hsCRP per 10-year
increase in age, the ratio of hsCRP comparing men to women,
and the ratio of hsCRP per 5-unit increase in BMI (Table 2).

Glucosamine and chondroitin are presented by using in-
dicator variables (indicating no use, low use, or high use). A
p-value trend was derived from a model in which glucos-
amine or chondroitin use was modeled as a single linear
variable with exposure levels corresponding to 1, 2, or 3; the
p-value from the Wald test for this grouped linear variable
corresponds to the p-value for trend. The models presented
in Table 1 (between glucosamine and chondroitin use and
markers of inflammation) were multivariate-adjusted, as
described above. All analyses were conducted by using Stata
software (version 12; Stata Corp., College Station, TX).

Results

The study participants ranged from 50 to 75 years of age,
and 49% were female (Table 3). Participants were pre-
dominantly (94.5%) white; 38% of the study population had
a normal BMI, 45% were overweight, and 17% were obese.
Increasing age was associated with increased concentrations
of hsCRP, IL-6, IL-8, TNF-«, sTNFRI, sTNFRII, and PGE-
M (Table 2). Although male sex was associated with lower
concentrations of hsCRP and IL-6, it was conversely asso-
ciated with higher concentrations of STNFRI and PGE-M.
Increased BMI was associated with increased concentrations
of hsCRP, sTNFRI, and sTNFRII.

In multivariate models, high users (> 14 pills/week) of
glucosamine had 28% lower hsCRP than nonusers (ratio:
0.72; 95% CI, 0.47-1.08; p for trend=0.09) and high users
of chondroitin had 36% lower hsCRP than nonusers (ratio,
0.64; 95% CI, 0.39-1.04; p for trend=.03). Compared with
nonusers, high users of glucosamine had 24% lower PGE-M
(ratio, 0.76; 95% CI, 0.59-0.97; p for- trend=.10), while
high users of chondroitin had 27% lower PGE-M (ratio,
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0.73; 95% CI, 0.55-0.98; p for trend=.07). It appeared that
low use (< 14 pills/week) of glucosamine and chondroitin
led to a partial benefit in terms of CRP reduction, but re-
duction in PGE-M was limited to those who took at least 2
pills per day. Neither of these supplements was not statis-
tically significantly associated with the other biomarkers of
systemic inflammation, including IL-1, IL-6, IL-8, TNF-o,
STNFRI, and sTNFRII (all p for trend 0.20).

Discussion

This study suggests that use of glucosamine and chon-
droitin supplements is associated with reduced hsCRP and
PGE-M concentrations. High users of chondroitin had 36%
lower hsCRP than nonusers (ratio, 0.64; 95% CI, 0.39-1.04;
p for trend=.03). Results were similar, though not statisti-
cally significant, for glucosamine (ratio for high use vs no
use, 0.72; 95% CI, 0.47-1.08; p for trend=.09). The finding
of an inverse association between glucosamine/chondroitin
and hsCRP supports the authors’ prior study of nearly
10,000 adults conducted within NHANES, in which current
regular use of glucosamine was associated with a 17% re-
duction in hsCRP (ratio, 0.83; 95% CI, 0.71-0.98) and
current regular use of chondroitin was associated with a
22% reduction in hsCRP (ratio, 0.78; 95% CI, 0.67-0.92).%

Only one other human study examined the association be-
tween use of glucosamine or chondroitin and CRP concentra-
tions. Nakamura and colleagues randomly assigned 51 persons
with rheumatoid arthritis to receive 1500 mg of glucosamine per
day or placebo for 12 weeks.>* Those authors reported that
glucosamine supplementation did not affect CRP concentra-
tions. However, participants in the experimental group were
given glucosamine only, as opposed to glucosamine plus
chondroitin. Furthermore, results from that trial may not be
generalizable, given that it was conducted among persons with
rheumatoid arthritis, a population with high systemic levels of
inflammation. Importantly, study participants were allowed to
continue their normal medication regimen for their rheumatoid
arthritis, which may also diminish the differences between
groups, obscuring any potential anti-inflammatory effect of the
glucosamine.

In the current study, PGE-M concentrations were 24% lower
among the high users of glucosamine (ratio, 0.76; 95% CI,
0.59-0.97) and 27% lower among the high users of chondroitin
(ratio, 0.73; 95% CI, 0.55.98), although the p values for trends
did not reach statistical significance (p values trend=.10 and
.07, respectively). Only one other human study has examined
the association between glucosamine/chondroitin use and PGE
concentration: In a trial of patients with osteoarthritis, 36 per-
sons were given 1500 mg glucosamine plus 675 mg chondroitin
daily for 12 weeks." Study authors reported that glucos-
amine plus chondroitin treatment reduced PGE concentra-
tions (p<0.01), with the end-of-study PGE concentrations
among the glucosamine plus chondroitin group similar to
those of 25 age-matched healthy controls. The results of this
small trial align with the current observation that high use of
glucosamine and chondroitin supplements is associated with
reduced PGE-M concentrations.

Glucosamine and chondroitin supplements are often taken
together in a single daily supplement, and it is therefore
possible that these results are driven by either of these
supplements. To address this issue, sensitivity analyses
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TABLE 2. DISTRIBUTION OF INFLAMMATORY BIOMARKERS AND ASSOCIATION
BETWEEN EACH BIOMARKER AND AGE, SEX, AND BODY-MASS INDEX

Geometric mean
(geometric 25th,

Ratio® per 10-y
increase in age

Ratio® for sex:
male vs. female

Ratio® per 5-unit
increase in BMI

Variable 75th percentile) (95% CI) (95% CI) (95% CI)

CRP (mg/L) 1.75 (0.72, 4.03) 1.25 (1.04-1.50) 0.45 (0.34-0.59) 1.67 (1.42-1.95)
IL-1p (pg/mL) 0.77 (0.11, 2.58) 1.11 (0.85-1.46) 0.80 (0.53-1.21) 0.96 (0.76-1.22)
IL-6 (pg/mL) 3.62 (1.50, 12.0) 1.39 (1.06-1.83) 0.63 (0.42-0.95) 1.19 (0.94-1.50)
IL-8 (pg/mL) 2.24 (1.44, 3.47) 1.17 (1.04-1.33) 0.91 (0.75-1.10) 0.97 (0.87-1.08)
TNF-o (pg/mL) 5.77 (3.38, 11.6) 1.22 (1.05-1.43) 0.91 (0.72-1.15) 1.03 (0.90-1.18)
STNFRI (pg/mL) 1430 (1186, 1732) 1.12 (1.06-1.19) 1.09 (1.00-1.20) 1.05 (1.00-1.11)
STNFRII (pg/mL) 5677 (4768, 6683) 1.17 (1.11-1.23) 1.04 (0.97-1.12) 1.06 (1.02-1.11)
PGE-M (ng/mg creatinine) 5.43 (3.38, 8.55) 1.16 (1.04-1.30) 1.20 (1.01-1.42) 1.04 (0.94-1.16)

?Adjusted for sex and BMI (continuous).

Adjusted for age (continuous) and BMI (continuous).
“Adjusted for age (continuous) and sex.

BMI, body mass index; PGE-M, prostaglandin E, metabolite.

examined the association between glucosamine alone and
either hsCRP or PGE-M; no association was observed be-
tween use of glucosamine alone and either of these bio-
markers. However, this study could not examine the
associations between chondroitin alone and these biomark-
ers because all chondroitin users also reported use of glu-
cosamine. It is therefore possible that the results for
glucosamine and chondroitin are driven by either chon-
droitin or the combination of glucosamine plus chondroitin.

This work is supported by a body of in vitro and animal
studies suggesting that glucosamine and chondroitin have anti-
inflammatory properties. Both glucosamine” and chondroitin®
reduce inflammation in vitro via inhibition of nuclear factor k B
(NFxB), a transcription factor that lies upstream of various in-
flammatory processes. NFxB resides in an inactive state in the
cytoplasm, bound by the inhibitory subunit, [xB. When IxB is
degraded by inflammatory stimuli, NFxB can freely translocate
to the nucleus and potentiate the inflammatory cascade, even-
tually resulting in the production of both CRP (via IL-6 pro-
duction) and PGE, (via the cyclooxygenase enzyme).>>*® Largo

TABLE 3. CHARACTERISTICS OF VITAMINS AND LIFESTYLE
BIOMARKER STUDY PARTICIPANTS

Characteristic Participants, n (%)
Age
50-<55y 53 (24.4)
55-<60y 53 (24.4)
60—<65y 37 (17.1)
65-<70y 30 (13.8)
>70y 44 (20.3)
Sex
Female 106 (48.9)
Male 111 (51.2)
Race
White 205 (94.5)
Nonwhite 12 (5.53)
Body mass index
<25kg/m? 83 (38.3)
25-<30kg/m’ 97 (44.7)
>30kg/m 37 (17.1)

and colleagues have shown that glucosamine inhibits NFxB
activation by preventing the degradation of IkB in a dose-
dependent manner.” Supporting in vitro studies have further
shown that glucosamine and chondroitin reduce the production
of inflammatory biomarkers downstream of NF«xB, including
IL-6, IL-8, TNF-«, and PGE2.2’4’5 ALI3-16 A pimal studies have
corroborated this growing body of in vitro evidence, with sev-
eral studies showing that administration of glucosamine and/or
chondroitin reduces circulating concentrations of CRP, IL-1f3,
IL-6, and TNF-0.>*"?

Beyond the observed associations between glucosamine
and chondroitin use and hsCRP and PGE-M, weak, non—
statistically significant inverse associations were seen be-
tween use of these supplements and IL-1, IL-6, IL-8, and
TNF-o.. However, these estimates were imprecise and a larger
study is needed to evaluate these associations with more
statistical power. Because the mechanism by which glucos-
amine/chondroitin is thought to affect CRP likely involves
IL-6 as an interrnediate,36 it is not clear why the association
was stronger for CRP than IL-6. It also remains unclear
why no association was observed with the soluble TNF re-
ceptors. Although this may be due to chance, this pattern of
association might reflect the complex biologic mechanisms
underlying the potential anti-inflammatory action of these
supplements. Given the complex nature of these inflamma-
tory pathways, further work is needed to elucidate the role of
these supplements in the inflammatory process.

Limitations of this study include the small sample size
and the fact that study participants were instructed not to use
any supplements on the day of home visit. However, most
study participants reporting use of these supplements re-
ported use within the previous day. Another limitation of
this study is that assays were run in blood and urine stored
at —80°C for several years, which may result in some
degradation in the inflammatory biomarkers of interest.*’
Furthermore, the study oversampled supplement users,
which may affect the generalizability of these results.

However, it is notable that the oversampling of supplement
users is also one of the greatest strengths of this study: with a
population enriched in supplement users, most nonusers of
glucosamine and chondroitin are using other supplements. This
likely increases the comparability of the exposed and unexposed
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groups in terms of measured and unmeasured health behaviors,
reducing concern about residual confounding. Another strength
of this study is the effort to identify and control for potential
confounding factors. The study was also able to evaluate the
associations between use of these supplements and multiple
systemic biomarkers of inflammation. Finally, supplement use
was ascertained by interview and an in-home supplement in-
ventory, likely increasing the accuracy of exposure assessment.

In conclusion, this study suggests that use of glucosamine
and chondroitin supplements is associated with lower
concentrations of hsCRP and PGE-M. Little research has
been conducted on the association between glucosamine/
chondroitin use and inflammation in humans, and thus this
study offers an important piece of evidence to suggest that
these supplements might have anti-inflammatory potential.
It is important to expand on these associations in larger,
more well-powered observational studies and in randomized
controlled trials. Such trials will likely be necessary to
evaluate the effect of each supplement individually because
glucosamine and chondroitin are often taken together in a
single daily supplement and therefore the individual effects
of each of these supplements cannot be evaluated observa-
tionally. Further work is warranted, as identifying ways of
reducing inflammation may lead to future potential pre-
ventive measures for diseases with which inflammation has
been implicated, such as cardiovascular disease and cancer.

Acknowledgments

This work was supported by grant KOSCA154337 from
the National Cancer Institute (NCI) and Office of Dietary
Supplements and grants RO1CA142545, R25CA094880,
and T32CA009001 from NCI. PGE-M was analyzed in the
Vanderbilt University Eicosanoid Core Laboratory, and
other inflammatory biomarkers were analyzed at the Bio-
markers Laboratory in the Public Health Sciences Division
of the Fred Hutchinson Cancer Research Center.

Disclosure Statement

No competing financial interests exist.

References

1. Qato DM, Alexander GC, Conti RM, et al. Use of pre-
scription and over-the-counter medications and dietary
supplements among older adults in the United States.
JAMA 2008;300:2867-2878.

2. Largo R, Alvarez-Soria MA, Diez-Ortego I, et al. Gluco-
samine inhibits IL-1beta-induced NFkappaB activation in
human osteoarthritic chondrocytes. Osteoarthritis Cartilage
2003;11:290-298.

3. Xu CX, Jin H, Chung YS, et al. Chondroitin sulfate ex-
tracted from ascidian tunic inhibits phorbol ester-induced
expression of Inflammatory factors VCAM-1 and COX-2
by blocking NF-kappaB activation in mouse skin. J Agric
Food Chem 2008;56:9667-9675.

4. Iovu M, Dumais G, du Souich P. Anti-inflammatory ac-
tivity of chondroitin sulfate. Osteoarthritis Cartilage 2008;
16 Suppl 3:S14-18.

5. Sakai S, Sugawara T, Kishi T, et al. Effect of glucosamine
and related compounds on the degranulation of mast cells
and ear swelling induced by dinitrofluorobenzene in mice.
Life Sci 2010;86:337-343.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

KANTOR ET AL.

. Chou MM, Vergnolle N, McDougall JJ, et al. Effects of

chondroitin and glucosamine sulfate in a dietary bar for-
mulation on inflammation, interleukin-1beta, matrix me-
talloprotease-9, and cartilage damage in arthritis. Exp Biol
Med (Maywood) 2005;230:255-262.

. Largo R, Martinez-Calatrava MJ, Sanchez-Pernaute O,

et al. Effect of a high dose of glucosamine on systemic and
tissue inflammation in an experimental model of athero-
sclerosis aggravated by chronic arthritis. Am J Physiol
Heart Circ Physiol 2009;297:H268-276.

. Azuma K, Osaki T, Wakuda T, et al. Suppressive effects of

N-acetyl-D-glucosamine on rheumatoid arthritis mouse
models. Inflammation 2012;35:1462—-1465.

. Campo GM, Avenoso A, Campo S, et al. Efficacy of

treatment with glycosaminoglycans on experimental
collagen-induced arthritis in rats. Arthritis Res Ther 2003;
5:R122-131.

Campo GM, Avenoso A, Campo S, et al. Chondroitin-4-
sulphate reduced oxidative injury in caerulein-induced
pancreatitis in mice: the involvement of NF-kappaB
translocation and apoptosis activation. Exp Biol Med
(Maywood) 2008;233:741-752.

Hua J, Sakamoto K, Kikukawa T, et al. Evaluation of the
suppressive actions of glucosamine on the interleukin-
1beta-mediated activation of synoviocytes. Inflamm Res
2007;56:432-438.

Arafa NM, Hamuda HM, Melek ST, et al. The effectiveness of
Echinacea extract or composite glucosamine, chondroitin and
methyl sulfonyl methane supplements on acute and chronic
rheumatoid arthritis rat model. Toxicol Ind Health 2013;29:
187-201.

Wu YL, Kou YR, Ou HL, et al. Glucosamine regulation of
LPS-mediated inflammation in human bronchial epithelial
cells. Eur J Pharmacol 2010;635:219-226.

Yomogida S, Hua J, Sakamoto K, et al. Glucosamine
suppresses interleukin-8 production and ICAM-1 expres-
sion by TNF-alpha-stimulated human colonic epithelial
HT-29 cells. Int ] Mol Med 2008;22:205-211.

Nakamura H, Shibakawa A, Tanaka M, et al. Effects of glu-
cosamine hydrochloride on the production of prostaglandin E2,
nitric oxide and metalloproteases by chondrocytes and syno-
viocytes in osteoarthritis. Clin Exp Rheumatol 2004;22:293—
299.

Chan PS, Caron JP, Orth MW. Short-term gene expression
changes in cartilage explants stimulated with interleukin
beta plus glucosamine and chondroitin sulfate. ] Rheumatol
2006;33:1329-1340.

Gouze JN, Bordji K, Gulberti S, et al. Interleukin-1beta down-
regulates the expression of glucuronosyltransferase I, a key
enzyme priming glycosaminoglycan biosynthesis: influence of
glucosamine on interleukin-1beta-mediated effects in rat
chondrocytes. Arthritis Rheum 2001;44:351-360.

Rajapakse N, Kim MM, Mendis E, et al. Inhibition of
inducible nitric oxide synthase and cyclooxygenase-2
in lipopolysaccharide-stimulated RAW264.7 cells by
carboxybutyrylated glucosamine takes place via down-
regulation of mitogen-activated protein kinase-mediated
nuclear factor-kappaB signaling. Immunology 2008;123:
348-357.

Nakamura H, Nishioka K. Effects of Glucosamine/
chondroitin supplement on osteoarthritis: involvement of
PGE, and YKL-40. J Rheum Joint Surg 2002;21:175-184.
Kantor ED, Lampe JW, Vaughan TL, et al. Association be-
tween use of specialty dietary supplements and C-reactive



GLUCOSAMINE/CHONDROITIN AND INFLAMMATION

21.

22.

23.

24.

25.

26.

27.

28.

29.

protein concentrations. Am J Epidemiol 2012;176:1002—
1013.

Cai Q, Gao YT, Chow WH, et al. Prospective study of
urinary prostaglandin E2 metabolite and colorectal cancer
risk. J Clin Oncol 2006;24:5010-5016.

Heikkila K, Harris R, Lowe G, et al. Associations of cir-
culating C-reactive protein and interleukin-6 with cancer
risk: findings from two prospective cohorts and a meta-
analysis. Cancer Causes Control 2009;20:15-26.
Emerging Risk Factors C, Kaptoge S, et al. C-reactive
protein concentration and risk of coronary heart dis-
ease, stroke, and mortality: an individual participant meta-
analysis. Lancet 2010;375:132-140.

Schottenfeld D, Beebe-Dimmer J. Chronic inflammation: a
common and important factor in the pathogenesis of neo-
plasia. CA Cancer J Clin 2006;56:69-83.

Touvier M, Fezeu L, Ahluwalia N, et al. Association be-
tween prediagnostic biomarkers of inflammation and en-
dothelial function and cancer risk: a nested case-control
study. Am J Epidemiol 2013;177:3-13.

Tsilidis KK, Branchini C, Guallar E, et al. C-reactive
protein and colorectal cancer risk: a systematic review of
prospective studies. Int J Cancer 2008;123:1133-1140.
Wang Z, Nakayama T. Inflammation, a link between obe-
sity and cardiovascular disease. Mediators Inflamm 2010;
2010:535918.

Satia JA, Littman A, Slatore CG, et al. Associations of
herbal and specialty supplements with lung and colorectal
cancer risk in the VITamins and Lifestyle study. Cancer
Epidemiol Biomarkers Prev 2009;18:1419-1428.

Brasky TM, Lampe JW, Slatore CG, et al. Use of glucos-
amine and chondroitin and lung cancer risk in the VITa-
mins And Lifestyle (VITAL) cohort. Cancer Causes
Control 2011;22:1333-1342.

30.

31.

32.

33.

34.

35.

36.

37.

485

Pocobelli G, Kristal AR, Patterson RE, et al. Total mor-
tality risk in relation to use of less-common dietary sup-
plements. Am J Clin Nutr 2010;91:1791-1800.

Bell GA, Kantor ED, Lampe JW, et al. Use of glucosamine
and chondroitin in relation to mortality. Eur J Epidemiol
2012;27:593-603.

White E, Patterson RE, Kristal AR, et al. VITamins And
Lifestyle cohort study: study design and characteristics of
supplement users. Am J Epidemiol 2004;159:83-93.
Murphey LJ, Williams MK, Sanchez SC, et al. Quantification
of the major urinary metabolite of PGE2 by a liquid
chromatographic/mass spectrometric assay: determination of
cyclooxygenase-specific PGE2 synthesis in healthy humans
and those with lung cancer. Anal Biochem 2004;334:266-275.
Nakamura H, Masuko K, Yudoh K, et al. Effects of glu-
cosamine administration on patients with rheumatoid ar-
thritis. Rheumatol Int 2007;27:213-218.

Pahl HL. Activators and target genes of Rel/NF-kappaB
transcription factors. Oncogene 1999;18:6853—-6866.
Black S, Kushner I, Samols D. C-reactive Protein. J Biol
Chem 2004;279:48487-48490.

de Jager W, Bourcier K, Rijkers GT, et al. Prerequisites for
cytokine measurements in clinical trials with multiplex
immunoassays. BMC Immunol 2009;10:52.

Address correspondence to:
Elizabeth D. Kantor, PhD
Department of Epidemiology
Harvard School of Public Health
677 Huntington Avenue

Ninth Floor

Boston, MA 02115

E-mail: ekantor @hsph.harvard.edu



