1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer Causes Control. Author manuscript; available in PMC 2019 March 01.

-, HHS Public Access
«

Published in final edited form as:
Cancer Causes Control. 2018 March ; 29(3): 389-397. d0i:10.1007/s10552-018-1003-6.

Glucosamine Use and Risk of Colorectal Cancer: Results from
the Cancer Prevention Study Il Nutrition Cohort

Elizabeth D. Kantorl*, Christina C. Newton?, Edward L. Giovannucci3#, Marjorie L.
McCullough?, Peter T. Campbell2, and Eric J. Jacobs?

1Department of Epidemiology and Biostatistics, Memorial Sloan Kettering Cancer Center, 485
Lexington Avenue, 2"d Floor, New York, NY, 10017, USA

2Epidemiology Research Program, American Cancer Society, Atlanta, GA
3Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA

4Channing Division of Network Medicine, Brigham and Women’s Hospital and Harvard Medical
School, Boston, MA

Abstract

Purpose—uUse of glucosamine supplements has been associated with reduced risk of colorectal
cancer (CRC) in previous studies; however, information on this association remains limited.

Methods—We examined the association between glucosamine use and colorectal cancer risk
among 113,067 men and women in the Cancer Prevention Study Il Nutrition Cohort. Glucosamine
use was first reported in 2001 and updated every two years thereafter. Participants were followed
from 2001 through June of 2011, during which time 1440 cases of CRC occurred.

Results—As has been observed in prior studies, current use of glucosamine, modeled using a
time-varying exposure, was associated with lower risk of colorectal cancer (HR: 0.83; 95% ClI:
0.71, 0.97) compared to never use. However, for reasons that are unclear, this reduction in risk was
observed for shorter-duration use (HR: 0.68, 95% CI: 0.52-0.87 for current users with <2 years
use) rather than longer-duration use (HR: 0.90, 95% CI: 0.72-1.13 for current users with 3-<6
years of use; HR: 0.99, 95% CI: 0.76-1.29 for current users with =6 years of use).

Conlcusions—Further research is needed to better understand the association between
glucosamine use and risk of colorectal cancer, and how this association may vary by duration of
use.
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INTRODUCTION

Glucosamine is a non-vitamin, non-mineral specialty supplement commonly taken for
osteoarthritis. It is one of the most commonly used specialty supplements among US adults,
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with recent work indicating that 3.4% of US adults ages 40-64y reported use of this
supplement in the prior 30 days in 2011-2012, as compared to 8.5% of adults ages 65+ [1].
Although the effectiveness of glucosamine for osteoarthritis remains controversial [2, 3],
epidemiologic evidence suggests that use is associated with reduced risk of colorectal cancer
[4-6]. In an exploratory analysis conducted within the VITamins And Lifestyle (VITAL)
study, glucosamine use was associated with a 27% reduced risk of colorectal cancer (CRC)
(HR: 0.73; 95% CI: 0.54, 0.98) [4]. We recently replicated this finding in the Nurses’ Health
Study and Health Professionals Follow-up Study wherein use of glucosamine was associated
with a 21% reduced risk of CRC (HR: 0.79; 95% CI: 0.63, 1.00) [6]. Although the
mechanism underlying this inverse association is unclear, there is a growing body of /n vitro,
animal, and human evidence suggesting that glucosamine may have anti-inflammatory
properties [7-27]. Given that inflammation is implicated in the etiology of CRC [28-32],
this may represent a plausible biologic mechanism by which glucosamine use could reduce
risk of CRC.

Given the accumulating, albeit limited, body of evidence to support a potential
chemopreventive effect, we sought to examine the association between use of glucosamine
and CRC risk in the Cancer Prevention Study-I1 (CPS-11) Nutrition Cohort. Since this large
cohort assessed glucosamine use at multiple time points, it offered the opportunity to
account for changing patterns of glucosamine use over time using a time-varying exposure,
and allowed us to assess associations by duration of use.

MATERIALS AND METHODS

Study population

This study was conducted using data from the Cancer Prevention Study (CPS)-II Nutrition
Cohort. Men and women in the CPS-I1 Nutrition Cohort (n=184,185) were recruited from
the 1.2 million US adults enrolled in the CPS-I1 Baseline Cohort, a study of cancer mortality
[33]. During 1992 and 1993, a detailed questionnaire was mailed to a subgroup of CPS-II
Baseline Cohort participants; those who returned the questionnaire were enrolled in the
Nutrition Cohort, as described previously [33]. Participants in the Nutrition Cohort are
followed for cancer incidence and mortality and have received additional mailed
questionnaires in 1997 and every 2 years thereafter. In these subsequent questionnaires,
participants provided updated information on both exposures and outcomes of interest.

A total of 128,851 CPS-1I Nutrition Cohort participants returned the long-form of the 2001
questionnaire, the first questionnaire that included glucosamine. We excluded those with a
history of CRC prior to 2001 (n=3,245), those who were lost to follow-up (n=3,162), those
whose self-reported CRC on the first follow-up survey could not be verified through medical
records or registry linkage (n=84), those with inflammatory conditions (rheumatoid arthritis,
ulcerative colitis, and Crohn’s disease; n=8,205), as well as those without sufficient
information to determine exposure category for the glucosamine variable (n=1,088). After
making these exclusions, 113,067 persons remained in the analyses.
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Exposure assessment

Participants were first asked about use of glucosamine in 2001, considered ‘baseline’ for this
analysis. At this time, participants were asked to report whether or not they currently used
glucosamine supplements or had/had not used glucosamine supplements only in the past.
Those who reported current use were then asked to report the frequency (1-3 days/week, 4—
6 days/week, or 7 days/week) and duration of use (0-2 years, 3-5 years, or =6 years). This
information was used to create the variable: never use; former use/occasional use (with
occasional use defined as use <4 days/week); and current regular use (defined as use on =4
days/week). This threshold was selected to capture a frequency of use that may plausibly act
to biologically affect cancer risk, based on studies of other anti-inflammatory agents (e.g.
aspirin) in relation to cancer risk. This cutpoint was also applied in prior studies of
glucosamine and cancer risk, including studies of colorectal cancer [5, 34-36]. We also
created a variable to capture duration of use, categorized as: never use; former/occasional
use; current regular use, with <2 years of use; and current regular use, with =3 years of use.
Chondroitin, a supplement commonly included with glucosamine in joint health supplement
formulations, was not included on the questionnaire.

The 2003, 2005, 2007, and 2009 questionnaires included information on supplement use.
From this information, we created updated (i.e. time-varying) exposure variables that
accounted for changes in use after baseline. For example, for the current/former/never
variable, a participant who reported use in 2001, but no use in 2003, would be reclassified as
a former user in 2003. In the updated duration analyses (also modeled using a time-varying
exposure), participants continued to accrue exposure time if they continued to report usage.
If they discontinued use, they would become a former user at that time. In the updated
duration analyses, the number of persons reporting several years of use was sufficient to
examine higher categories of duration than was possible in analyses of baseline exposure.
Specifically, in analyses of updated exposure, we were able to separately examine
associations for current regular users reporting 3-<5 years of use and current regular users
reporting =6 years of use. In all updated analyses, if information on use was missing, it was
assumed that exposure was the same as in the prior questionnaire. However, if information
on exposure was missing on two questionnaires in a row, the participant was censored at the
time of the second questionnaire.

Outcome ascertainment

This analysis included 1,440 incident colorectal cancers diagnosed between the return of the
2001 questionnaire and June 30, 2011. Of these, 1,155 were initially identified by self-report
on follow-up questionnaires and were subsequently verified by obtaining medical records
(N=888) or through linkage with cancer registries when medical records could not be
obtained (N=267). An additional 285 cases were initially identified through linkage to the
National Death Index (NDI) [37], of which 152 were subsequently verified through linkage
with cancer registries.

Statistical analysis

Cox proportional hazards regression estimated hazard ratios (HR) and corresponding 95%
confidence intervals (95% CI), with study time as the time axis. Follow-up for the Cox
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models began on the date of completion of the 2001 questionnaire. In all Cox models, the
stratified Cox procedure was used to adjust for age within 1-year strata [38]. Covariates were
selected a priori, and include those variables hypothesized to be associated with both the
exposure (glucosamine use) and outcome (risk of CRC). Age- and sex-adjusted analyses are
presented, as are multivariable-adjusted models, which further include the following: race
(white, black, other), education (<high school, high school graduate, some college, college
graduate), BMI (kg/m?: <22.5, 22.5-<25, 25-<27.5, 27.5-<30, 230), physical activity
(metabolic equivalent of task [MET]-hrs/week: <3.5, 3.5-<4.5, 4.5-<14, 14-<21.5, >21.5),
smoking (never, current, former and quit <10 years ago, former and quit =10 years ago,
former and quit unknown years ago), alcohol (drinks/day: no use, <1, =1), red/processed
meat (g/day: quartiles), total calcium (mg/day: quartiles), total fiber (g/day: quartiles), total
folate (mcg/day: quartiles), vitamin D (1U/day,: quartiles), energy intake (kcal/day:
quartiles), multivitamin use (no use, current use with use <6 pills/week, current use with use
of =6 pills/week, current use with unknown pills/week), hormone replacement therapy
(HRT) use (never, current, former), use of regular aspirin (no use, use of <20 pills/month,
use of =20 pills/month), use of baby aspirin (no use, use of <20 pills/month, use of =20 pills/
month), use of non-aspirin non-steroidal anti-inflammatory drugs (NSAIDs) (no use, 1-<15
pills/month, 15-<30 pills/month, 30-<60 pills/month, =60 pills/month), receipt of
sigmoidoscopy/colonoscopy (never, ever), history of polyps (no yes), family history of CRC
(no, yes), diabetes (no, yes), self-reported health status (excellent/very good, good, fair/
poor), and osteoarthritis (no, yes). Covariates were assessed at baseline, with the exception
of diet; dietary variables were not assessed in the 2001 questionnaire (baseline for this
study), and therefore the following dietary covariates were ascertained using data from the
1999 questionnaire: alcohol, red/processed meat, calcium, fiber, folate, vitamin D, and
energy intake. The calcium, folate, and vitamin D variables all include both dietary intake
and supplemental intake. When status for a given covariate was unknown, a missing
indicator was included.

Analyses were conducted to evaluate whether the association varied by baseline age (<70
years vs =70 years, to evaluate if the association varies for middle-aged adults as compared
to older adults), sex, BMI (<25 kg/m? vs =25 kg/m?, to evaluate if the association varies for
underweight/normal weight individuals, as compared to overweight and obese individuals),
and baseline non-aspirin NSAID use (no vs yes, to evaluate if the association varies by use
of these anti-inflammatories). Interaction was evaluated using a likelihood ratio test. We
further examined associations by subsite (colon vs rectal) and stage at diagnosis (local,
regional distant, unknown). Sensitivity analyses were conducted to better understand
observed associations. Each sensitivity analysis is detailed in the Results Section of the text.

All statistical analyses were conducted using SAS version 9.2 (SAS Institute, Carey, NC).
The CPS-11 Nutrition Cohort has been approved by the Emory University Institutional
Review Board.

In this study of 113,067 study participants, 1440 incident CRC cases were identified over an
average of 8.3 years of follow-up. At baseline, 12,060 (10.7%) participants reported current
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use of glucosamine on = 4 days/week for <2 years and 6,279 (5.6%) reported current use on
>4 days/week for =3 years.

Persons reporting current use of glucosamine for =3 years at baseline were more likely to be
women than were never users (Table 1). Current long-term glucosamine users were also
more likely than never users to be more educated and to have a history of colonoscopy/
sigmoidoscopy. Current long-tem glucosamine users were more likely to take multivitamins
than never users, and also had a higher intake of calcium, fiber, folate, and vitamin D per
calorie consumed (eTable 1). Compared to never users, long-term current glucosamine users
were also more likely to report HRT use, non-aspirin NSAID use, and a history of
osteoarthritis.

In age- and sex-adjusted analyses, current glucosamine use at baseline was associated with
reduced risk of CRC (HR: 0.80; 95% CI: 0.68, 0.93) (Table 2); this association was
attenuated with multivariable adjustment (HR: 0.88; 95% CI: 0.75, 1.03). When updating
glucosamine use to account for changes in use after baseline using a time-varying exposure,
the multivariable-adjusted association strengthened and became statistically significant (HR:
0.83; 95% CI: 0.71, 0.97). This association varied over time (p-interaction:0.006), with the
association between updated glucosamine use and risk of colorectal cancer stronger in the
first five years of follow-up (HR: 0.77; 95% CI: 0.62—0.95) than in later years (HR: 0.91;
95% CI: 0.73, 1.14) (data shown in text only). To better understand the change in association
over the study and the potential interplay between study time and duration of use, a
sensitivity analysis was conducted including both duration of use and a time interaction in
the same model. In this model, the interaction weakened, but persisted (p-interaction: 0.03).

In analyses of duration (as reported at baseline), the multivariable-adjusted HR was lowest
for persons reporting <2 years of use (HR: 0.82; 95% CI: 0.68, 1.00), whereas a null
association was observed for persons reporting =3 years of use (HR: 0.99; 95% ClI: 0.78,
1.26) (Table 2). When updating glucosamine use to account for changes in use after baseline
using a time-varying exposure, the association was again strongest for those with <2 years of
use (HR: 0.68; 95% CI: 0.52, 0.87), and weaker with increasing duration of use

(HR3_5 years of use: 0-90; 95% CI: 0.72, 1.13; HR>g years of use: 0.99; 95% CI: 0.76, 1.29). To
better understand the interplay of current glucosamine use and duration of use, we
conducted a sensitivity analysis including both current use and a continuous variable for
duration of use among current users in the same model; in this analysis, the p-value for
duration of use was 0.02, supporting a difference in association by duration of use among
current users (data shown in text only).

To further explore the association by duration and to better understand the timing of
exposure, we conducted a sensitivity analysis lagging the time-varying exposure by 2 years.
In this sensitivity analysis, the association with glucosamine use disappeared, both in models
of current use (HR¢yrrent: 0.99; 95% CI: 0.83, 1.17) and in models presented in terms of
duration of use (HR<2 years of use 0-93; 95% CI: 0.72, 1.19; HR3_5 years of use: 1.02; 95% CI:
0.80, 1.30); (HR>6 years of use: 1.05; 95% CI: 0.75, 1.45) (data shown in text only).
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For cases identified only by the NDI only, it is possible that exposures were evaluated after
the onset of disease (when behaviors and glucosamine use might have changed as a result of
disease). To address concern about reverse causality among these NDI-identified cases, we
conducted a sensitivity analysis excluding these cases. This sensitivity analysis revealed the
same pattern of association that was observed in our current use analyses, as well as our
duration of use analyses.

No significant interactions were observed between duration of glucosamine use and
stratification variables (age, sex, BMI, and non-aspirin NSAID use) (eTable 2). There were
no marked differences in association by subsite and stage, although power was very limited
in subgroup analyses (eTable 3).

Lastly, given concern that screening may blunt the natural history of disease, we conducted
sensitivity analyses restricted to never-screened individuals (includes 21,373 never screened
as of baseline, further censoring participants at the date of first screen). In these sensitivity
analyses, a non-significant inverse association was observed in analyses of current use as
reported at baseline (HRyrrent: 0.80; 95% CI: 0.54, 1.17). In contrast to the main analysis,
the inverse association between baseline glucosamine use and risk of CRC did not show
evidence of attenuating with increasing duration of use: a non-significant inverse association
was observed in both short-term and long-term users. Among those reporting <2 years of
use, an HR of 0.79 (95% CI: 0.51, 1.24) was observed, and among those reporting =3 years
of use, an HR of 0.80 (95% ClI: 0.42, 1.53) was observed (data shown in text only).

DISCUSSION

In the CPS-11 Nutrition Cohort, current use of glucosamine supplements, updated to account
for changes in use after the baseline assessment, was associated with an estimated 17%
lower risk of CRC. However, this association was driven by shorter duration use, whereas
there was no association with longer duration use.

The overall inverse association between glucosamine use and risk of CRC observed in this
analysis of the CPS-11 Nutrition Cohort is generally consistent with those observed in the
VITAL study [4] and the NHS/HPFS [6]. Specifically, in the VITAL study, any use of
glucosamine at baseline was associated with a 27% reduced risk of CRC [4]. In the NHS/
HPFS, current regular use of glucosamine at baseline was associated with a 21% reduced
risk of CRC [6].

In this study, we observed an inverse association only with short, and not long, duration use.
This was true for models of both baseline and updated exposures. These results suggest that
the inverse association with CRC may be limited to the first few years after glucosamine use
is initiated. Neither of the two previous cohort studies specifically examined duration of
glucosamine use among regular users. However, in the VITAL cohort, high frequency and
high duration of use (=4 days/week for =3 years over the ten years prior to baseline) was
associated with a non-significant lower risk of CRC (HR 0.71, 95% CI 0.46, 1.11) whereas
infrequent and/or short-term use (<4 days/week or <3 years of the ten years prior to
baseline) was not associated with risk (HR: 0.98; 95% CI 0.72, 1.32) [5].
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It is unclear why short, but not long, duration of glucosamine use was associated with lower
risk of CRC in the CPS-II Nutrition Cohort. Chance cannot be entirely ruled out. However,
the p-value for a difference in the HR by duration of use among current users was relatively
low (p = 0.02). Confounding also cannot be ruled out. However, for confounding to explain
the observed associations, compared to shorter duration users, long duration glucosamine
users would have to have higher prevalence of unmeasured or imperfectly measured
colorectal cancer risk factors. Our data indicate that this is unlikely to be the case: in general,
longer duration users were /ess likely than shorter duration users to have colorectal risk
factors such as lower levels of physical activity or screening. Longer duration users were
slightly more likely than shorter duration users to report osteoarthritis, but reported
osteoarthritis was not significantly associated with colorectal cancer risk in this cohort.
Longer duration users were also more likely than shorter duration users to be obese. Even
s0, the difference in the prevalence of obesity was relatively small, making meaningful
residual confounding by obesity unlikely. Furthermore, it is unlikely that there are
unmeasured confounders strong enough to explain the observed results, given that the CPS-
I1 Nutrition Cohort collects data on known CRC risk factors, which we have included in our
models. It is also possible that glucosamine might only temporarily delay late stages of
colorectal cancer progression, resulting in a transient reduction in risk following initiation of
glucosamine use. However, we are not aware of a specific biological mechanism that
supports a transient effect of glucosamine on any particular stage of colorectal
carcinogenesis. Lastly, most participants in this study reported a prior history of
sigmoidoscopy/ colonoscopy. It is possible that screening may obfuscate the time relation by
removing adenomas and biasing the cancers diagnosed largely to those that escape screening
or are fast growing. In sensitivity analyses restricted to the never screened population
(censoring at first screen), we found that the pattern did not indicate that the association was
stronger for short duration of use than longer duration of use, as was observed in the main
analyses. However, these sensitivity analyses were very limited in power given the small
number of never-screened individuals, limiting the interpretation of these findings. Further
research is needed to determine if the association of glucosamine with CRC varies by
duration, and if so, what might explain this pattern of results.

Sensitivity analyses revealed that the association between updated glucosamine use and
CRC risk varied over follow-up, with the association stronger in the first half of follow-up
than the second half of follow-up. Further sensitivity analyses revealed that the interaction
between current glucosamine use and study time was not entirely explained by the shift
towards longer duration use in later follow-up, as inclusion of both a duration variable and a
time interaction in the same model did not completely eliminate the interaction. This pattern
of association, indicating that the association between glucosamine use and risk of CRC
weakens over time, is consistent with a follow-up analysis of the VITAL findings [5]. In the
VITAL follow-up study, it was proposed that the association became weaker with time due
to the use of a single baseline exposure measure, rather than repeated measures (given
hypothesized increased measurement error over time due to temporal changes in use in the
population and aging of the cohort). However, this pattern of association was observed in the
current study even when using a time-varying, updated ‘current use’ exposure variable. It
therefore seems unlikely that this pattern of association is due to participants initiating or
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discontinuing use over the course of the study, although it is possible that temporal changes
in the dose or formulation may cause the association to weaken over time. However, the
explanation underlying this pattern of results remains unclear and merits further follow-up.

It is hypothesized that glucosamine might reduce risk through an anti-inflammatory
mechanism. Specifically, in vitro studies suggest that glucosamine reduces inflammation
through the inhibition of nuclear factor kappa B (NFkB), a transcription factor central to the
inflammatory cascade. NFkB lies upstream of several inflammatory factors, including
several cytokines that affect cell growth, proliferation, and survival [39]. In animal studies,
glucosamine administration has been found to reduce markers of inflammation downstream
of NFkB [16-22, 26], while also reducing NFkB expression in the colonic mucosa [22],
providing evidence to support a biologic effect in the colon. Four human studies, including
two small trials, suggest that this anti-inflammatory effect may extend to humans [23-25,
27].

A notable strength of this study is the large sample size, which enabled us to conduct a well-
powered study. Importantly, we also had updated information on glucosamine use during
follow-up, allowing us to account for changes in use over the study period (modeling use as
a time-varying exposure). This is especially important for study of glucosamine, given the
changing popularity of this supplement over time [40]. Further, we were able to conduct
analyses examining results by duration of use, a question that could not be addressed as
thoroughly elsewhere.

Some limitations of this analysis should also be noted. Despite the large sample size, we
were still limited with duration-specific and stratified analyses. Importantly, no information
was available on whether glucosamine supplements also included chondroitin, which is
often coupled with glucosamine in joint health supplements. It is possible that the observed
association between glucosamine and CRC may be driven by chondroitin or by the
combination of glucosamine and chondroitin supplements, as has been suggested by some of
our prior work [5, 6, 23, 41]. Furthermore, it should be noted that in duration-specific
analyses, even the long-duration group is not that long (especially in analyses of baseline
glucosamine use). This is relevant, given that use of the anti-inflammatory, aspirin, takes
several years to reduce risk of CRC [32]. Furthermore, the assessment of glucosamine
changed slightly over the years, which may have induced some measurement error in the
updated analyses. However, this is a minimal concern, given that the pattern of results were
comparable in analyses of both baseline and updated glucosamine use. Lastly, this study was
conducted in a population in which most individuals have received a prior endoscopy. A
larger never-screened population would be needed to understand the association of
glucosamine with colorectal cancer risk in the absence of endoscopic screening.

In summary, while results of this study suggest a potential inverse association between
glucosamine use and risk of CRC, it is critically important that we better understand the
association by duration and timing of use. Such information will help us better understand if
this association is likely to be causal, and if so, when glucosamine may act in the process of
colorectal carcinogenesis. There is great need to identify safe, effective, and easily
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implemented strategies to prevent colorectal cancer, and further research is needed to inform
our understanding of the chemopreventive potential of glucosamine supplements.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The American Cancer Society funds the creation, maintenance, and updating of the Cancer Prevention Study |1
(CPS-I1) cohort. We thank the CPS-II participants and Study Management Group for their invaluable contributions
to this research. We also acknowledge the contribution to this study from central cancer registries supported through
the Centers for Disease Control and Prevention’s National Program of Cancer Registries, as well as cancer
registries supported by the National Cancer Institute’s Surveillance Epidemiology and End Results program.
Elizabeth D. Kantor is supported by the National Cancer Institute of the National Institutes of Health (P30
CA008748).

References

1. Kantor ED, Rehm CD, Du M, White E, Giovannucci EL. Trends in Dietary Supplement Use Among
US Adults From 1999-2012. JAMA. 2016 Oct 11; 316(14):1464-1474. [PubMed: 27727382]

2. Clegg DO, Reda DJ, Harris CL, Klein MA, O'Dell JR, Hooper MM, et al. Glucosamine, chondroitin
sulfate, and the two in combination for painful knee osteoarthritis. N Engl J Med. 2006; 354(8):
795-808. [PubMed: 16495392]

3. McAlindon TE, LaValley MP, Gulin JP, Felson DT. Glucosamine and chondroitin for treatment of
osteoarthritis: a systematic quality assessment and meta-analysis. JAMA. 2000; 283(11):1469-1475.
[PubMed: 10732937]

4. Satia JA, Littman A, Slatore CG, Galanko JA, White E. Associations of herbal and specialty
supplements with lung and colorectal cancer risk in the VITamins and Lifestyle study. Cancer
Epidemiol Biomarkers Prev. 2009; 18(5):1419-1428. [PubMed: 19423520]

5. Kantor ED, Lampe JW, Peters U, Shen DD, Vaughan TL, White E. Use of glucosamine and
chondroitin supplements and risk of colorectal cancer. Cancer Causes Control. 2013; 24(6):1137-
1146. [PubMed: 23529472]

6. Kantor ED, Zhang X, Wu K, Signorello LB, Chan AT, Fuchs CS, et al. Use of glucosamine and
chondroitin supplements in relation to risk of colorectal cancer: Results from the Nurses' Health
Study and Health Professionals follow-up study. Int J Cancer. 2015; 139(9):1949-57.

7. Largo R, Alvarez-Soria MA, Diez-Ortego I, Calvo E, Sanchez-Pernaute O, Egido J, et al.
Glucosamine inhibits IL-1beta-induced NFkappaB activation in human osteoarthritic chondrocytes.
Osteoarthritis Cartilage. 2003; 11(4):290-298. [PubMed: 12681956]

8. Sakai S, Sugawara T, Kishi T, Yanagimoto K, Hirata T. Effect of glucosamine and related
compounds on the degranulation of mast cells and ear swelling induced by dinitrofluorobenzene in
mice. Life Sci. 2010; 86(9-10):337-343. [PubMed: 20093129]

9. Wu YL, Kou YR, Ou HL, Chien HY, Chuang KH, Liu HH, et al. Glucosamine regulation of LPS-
mediated inflammation in human bronchial epithelial cells. Eur J Pharmacol. 2010; 635(1-3):219-
226. [PubMed: 20307528]

10. Yomogida S, Hua J, Sakamoto K, Nagaoka I. Glucosamine suppresses interleukin-8 production and

ICAM-1 expression by TNF-alpha-stimulated human colonic epithelial HT-29 cells. Int J Mol
Med. 2008; 22(2):205-211. [PubMed: 18636175]

11. Neil KM, Orth MW, Coussens PM, Chan PS, Caron JP. Effects of glucosamine and chondroitin
sulfate on mediators of osteoarthritis in cultured equine chondrocytes stimulated by use of
recombinant equine interleukin-1beta. Am J Vet Res. 2005; 66(11):1861-1869. [PubMed:
16334941]

Cancer Causes Control. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kantor et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Page 10

Hong H, Park YK, Choi MS, Ryu NH, Song DK, Suh SI, et al. Differential down-regulation of
COX-2 and MMP-13 in human skin fibroblasts by glucosamine-hydrochloride. J Dermatol Sci.
2009; 56(1):43-50. [PubMed: 19656660]

Nakamura H, Shibakawa A, Tanaka M, Kato T, Nishioka K. Effects of glucosamine hydrochloride
on the production of prostaglandin E2, nitric oxide and metalloproteases by chondrocytes and
synoviocytes in osteoarthritis. Clin Exp Rheumatol. 2004; 22(3):293-299. [PubMed: 15144122]

Rajapakse N, Kim MM, Mendis E, Kim SK. Inhibition of inducible nitric oxide synthase and
cyclooxygenase-2 in lipopolysaccharide-stimulated RAW?264.7 cells by carboxybutyrylated
glucosamine takes place via down-regulation of mitogen-activated protein kinase-mediated nuclear
factor-kappaB signaling. Immunology. 2008; 123(3):348-357. [PubMed: 18205790]

Gouze JN, Bordji K, Gulberti S, Terlain B, Netter P, Magdalou J, et al. Interleukin-1beta down-
regulates the expression of glucuronosyltransferase |, a key enzyme priming glycosaminoglycan
biosynthesis: influence of glucosamine on interleukin-1beta-mediated effects in rat chondrocytes.
Avrthritis Rheum. 2001; 44(2):351-360. [PubMed: 11229466]

Largo R, Martinez-Calatrava MJ, Sanchez-Pernaute O, Marcos ME, Moreno-Rubio J, Aparicio C,
et al. Effect of a high dose of glucosamine on systemic and tissue inflammation in an experimental
model of atherosclerosis aggravated by chronic arthritis. Am J Physiol Heart Circ Physiol. 2009;
297(1):H268-276. [PubMed: 19411287]

Azuma K, Osaki T, Wakuda T, Tsuka T, Imagawa T, Okamoto Y, et al. Suppressive effects of N-
acetyl-D-glucosamine on rheumatoid arthritis mouse models. Inflammation. 2012; 35(4):1462—
1465. [PubMed: 22434264]

Hua J, Sakamoto K, Kikukawa T, Abe C, Kurosawa H, Nagaoka I. Evaluation of the suppressive
actions of glucosamine on the interleukin-1beta-mediated activation of synoviocytes. Inflamm Res.
2007; 56(10):432-438. [PubMed: 18026701]

Arafa NM, Hamuda HM, Melek ST, Darwish SK. 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(2):187-201. [PubMed:
22173958]

Chou MM, Vergnolle N, McDougall JJ, Wallace JL, Marty S, Teskey V, et al. Effects of
chondroitin and glucosamine sulfate in a dietary bar formulation on inflammation,
interleukin-1beta, matrix metalloproteinase-9, and cartilage damage in arthritis. Exp Biol Med.
2005; 230(4):255-262.

Yomogida S, Kojima Y, Tsutsumi-Ishii Y, Hua J, Sakamoto K, Nagaoka I. Glucosamine, a
naturally occurring amino monosaccharide, suppresses dextran sulfate sodium-induced colitis in
rats. Int J Mol Med. 2008; 22(3):317-323. [PubMed: 18698490]

Bak YK, Lampe JW, Sung MK. Effects of dietary supplementation of glucosamine sulfate on
intestinal inflammation in a mouse model of experimental colitis. J Gastroenterol Hepatol. 2014;
29(5):957-963. [PubMed: 24325781]

Kantor ED, Lampe JW, Navarro SL, Song X, Milne GL, White E. Associations between
glucosamine and chondroitin supplement use and biomarkers of systemic inflammation. J Altern
Complement Med. 2014; 20(6):479-485. [PubMed: 24738579]

Kantor ED, Lampe JW, Vaughan TL, Peters U, Rehm CD, White E. Association between use of
specialty dietary supplements and C-reactive protein concentrations. Am J Epidemiol. 2012;
176(11):1002-1013. [PubMed: 23139249]

Navarro SL, White E, Kantor ED, Zhang Y, Rho J, Song X, et al. Randomized trial of glucosamine
and chondroitin supplementation on inflammation and oxidative stress biomarkers and plasma
proteomics profiles in healthy humans. PLoS One. 2015; 10(2):e0117534. [PubMed: 25719429]
Hua J, Suguro S, Hirano S, Sakamoto K, Nagaoka I. Preventive actions of a high dose of
glucosamine on adjuvant arthritis in rats. Inflamm Res. 2005; 54(3):127-132. [PubMed:
15883746]

Nakamura H, Nishioka K. Effects of glucosamine/chondroitin supplement on osteoarthritis:
Involvement of PGE2 and YKL-40. J Rheumatism Joint Surgery. 2002; 21:175-184. 21: 175-184.
Erlinger TP, Platz EA, Rifai N, Helzlsouer KJ. C-reactive protein and the risk of incident colorectal
cancer. JAMA. 2004; 291(5):585-590. [PubMed: 14762037]

Cancer Causes Control. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kantor et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.
40.

41.

Page 11

Cai Q, Gao YT, Chow WH, Shu XO, Yang G, Ji BT, et al. Prospective study of urinary
prostaglandin E2 metabolite and colorectal cancer risk. J Clin Oncol. 2006; 24(31):5010-5016.
[PubMed: 17075120]

Wang S, Liu Z, Wang L, Zhang X. NF-kappaB signaling pathway, inflammation and colorectal
cancer. Cell Mol Immunol. 2009; 6(5):327-334. [PubMed: 19887045]

Schottenfeld D, Beebe-Dimmer J. Chronic inflammation: a common and important factor in the
pathogenesis of neoplasia. CA Cancer J Clin. 2006; 56(2):69-83. [PubMed: 16514135]
Rothwell PM, Wilson M, Elwin CE, Norrving B, Algra A, Warlow CP, et al. Long-term effect of
aspirin on colorectal cancer incidence and mortality: 20-year follow-up of five randomised trials.
Lancet. 2010; 376(9754):1741-1750. [PubMed: 20970847]

Calle EE, Rodriguez C, Jacobs EJ, Almon ML, Chao A, McCullough ML, et al. The American
Cancer Society Cancer Prevention Study Il Nutrition Cohort: rationale, study design, and baseline
characteristics. Cancer. 2002; 94(9):2490-2501. [PubMed: 12015775]

Walter RB, Milano F, Brasky TM, White E. Long-term use of acetaminophen, aspirin, and other
nonsteroidal anti-inflammatory drugs and risk of hematologic malignancies: results from the
prospective Vitamins and Lifestyle (VITAL) study. J Clin Oncol. 2011; 29(17):2424-2431.
[PubMed: 21555699]

Brasky TM, Moysich KB, Cohn DE, White E. Non-steroidal anti-inflammatory drugs and
endometrial cancer risk in the VITamins And Lifestyle (VITAL) cohort. Gynecol Oncol. 2013;
128(1):113-119. [PubMed: 23063765]

Brasky TM, Lampe JW, Slatore CG, White E. Use of glucosamine and chondroitin and lung cancer
risk in the VITamins And Lifestyle (VITAL) cohort. Cancer Causes Control. 2011; 22(9):1333-
1342. [PubMed: 21706174]

Calle EE, Terrell DD. Utility of the National Death Index for ascertainment of mortality among
cancer prevention study Il participants. Am J Epidemiol. 1993; 137(2):235-241. [PubMed:
8452128]

Kleinbaum, DG. Survival analysis: a self-learning text. New York: Springer-Verlag; 1996.

Li Q, Withoff S, Verma IM. Inflammation-associated cancer: NF-kappaB is the lynchpin. Trends
Immunol. 2005; 26(6):318-325. [PubMed: 15922948]

Kantor ED, Rehm CD, Du M, White E, Giovannucci EL. Trends in Dietary Supplement Use
Among US Adults From 1999-2012. JAMA.. 2016; 316(14):1464-1474. [PubMed: 27727382]
Kantor ED, Ulrich CM, Owen RW, Schmezer P, Neuhouser ML, Lampe JW, et al. Specialty
supplement use and biologic measures of oxidative stress and DNA damage. Cancer Epidemiol
Prev. 2013; 22(12):2312-2322.

Cancer Causes Control. Author manuscript; available in PMC 2019 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kantor et al.

Table 1

Page 12

Selected Age-and Sex-Adjusted Characteristics, by Duration of Glucosamine Use, as Reported at Baseline

Baseline Glucosamine Use

Population Characteristics® Never  Former/Occasional®  Current,C<2yrs Current,C =3 yrs
N=86,777 N=7,951 N=12,060 N=6,279
% % % %
Sociodemographic
Age (yrs)
<65 13.9 15.0 14.9 134
65-<70 25.5 26.0 28.0 27.7
70-<75 29.0 29.4 29.8 31.3
75—<80 21.8 211 19.9 205
>80 9.7 8.5 7.3 7.0
Sex
Female 53.8 68.3 62.3 60.5
Male 46.2 31.7 37.7 39.5
Race
White 97.7 97.7 98.1 98.5
Black 1.2 1.0 0.6 0.4
Other/Unknown 1.2 13 13 11
Education
<High School 5.2 4.2 3.3 2.7
High School Graduate 25.9 20.2 21.1 18.9
Some College 28.1 29.6 28.5 29.0
College Graduate 40.1 45.6 46.4 49.0
Unknown 0.6 0.5 0.7 0.4
Lifestyle Factors
BMI (kg/m?)
<22.5 19.8 15.8 17.1 17.3
22.5-<25 23.0 223 22.7 22.8
25-<27.5 23.5 23.9 24.2 24.1
27.5-<30 13.6 14.7 14.4 14.4
=30 15.1 19.0 17.0 17.7
Unknown 51 4.4 45 3.8
Physical Activity (METs/wk)
<35 14.6 14.2 11.6 10.8
3.5-<45 11.0 10.6 9.4 8.0
45-<14 24.8 25.4 245 24.0
14-<215 20.2 19.5 21.0 21.2
2215 27.0 28.5 31.6 34.2
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Baseline Glucosamine Use

Population Characteristics® Never  Eormer/Occasional® Current,C<2yrs Current,C =3 yrs
N=86,777 N=7,951 N=12,060 N=6,279
% % % %
Unknown 25 18 2.0 1.7
Smoking Status
Never 44.9 435 45.4 45.0
Current 44 2.8 2.2 1.9
Former, Quit <10 yrs ago 5.3 4.7 3.7 4.0
Former, Quit =10 yrs ago 41.8 45.6 453 46.1
Former, Quit, unknown yrs 0.3 0.3 0.2 0.2
Unknown 3.4 3.1 3.1 2.8
Medication Use
Current Use of Regular Aspirin
No Use 67.4 70.3 69.6 70.4
<20 pills/month 10.5 11.2 10.6 10.4
220 pills/month 17.0 15.4 16.5 16.8
Unknown 5.2 3.1 3.3 2.4
Current Use of Baby Aspirin
No use 68.1 69.2 67.8 66.0
<20 pills/month 3.7 4.2 3.7 4.2
=20 pills/month 216 22.0 243 26.7
Unknown 6.5 4.5 4.2 3.1
Current Use of Non-aspirin NSAIDs
No use 69.3 50.4 52.6 49.2
1-<15 pills/month 12.3 15.4 14.8 15.0
15-<30 pills/month 35 5.9 5.8 6.1
30—<60 pills/month 6.7 14.7 133 15.4
>60 pills/month 4.4 10.4 10.3 11.7
Unknown 3.9 3.1 3.2 25
Screening, Health History, and Other Risk Factors
Endoscopy/Sigmoidoscopy
Never 19.7 16.8 16.8 15.2
Ever 68.4 74.3 73.7 76.2
Unknown 11.9 8.9 9.6 8.6
Self-Reported Health Status
Excellent/very good 49.2 46.2 51.0 53.7
Good 34.4 36.3 35.7 33.7
Fair/poor 10.5 11.7 7.7 7.5
Unknown 6.0 5.8 5.6 5.1

History of Osteoarthritis
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Baseline Glucosamine Use

Population Characteristics® Never  Eormer/Occasional® Current,C<2yrs Current,C =3 yrs
N=86,777 N=7,951 N=12,060 N=6,279
% % % %
No 86.9 63.5 67.1 59.1
Yes 13.1 36.5 329 40.9

BMI (body mass index); HRT (hormone replacement therapy); NSAIDs (non-steroidal anti-inflammatory drugs); MET (metabolic equivalent of
task)

aAII population characteristics are age and sex-adjusted, with the exception of age (only sex-adjusted) and sex (only age-adjusted)
bOccasionaI use defined as use <4 days/week

CCurrent use defined by current use on >4 days/week
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