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Abstract

Background: Studies have shown an inverse association between use of glucosamine and
chondroitin supplements and colorectal cancer risk. However, the association with the precursor
lesion, colorectal adenoma and serrated polyp, has not been examined.

Methods: Analyses include 43,163 persons from the Nurses’ Health Study (NHS), Health
Professionals Follow-up Study (HPFS), and NHS2 who reported on glucosamine/chondroitin use
in 2002 and who subsequently underwent =1 lower gastrointestinal endoscopy. By 2012, 5,715
conventional (2,016 high-risk) adenomas were detected, as were 4,954 serrated polyps.
Multivariable logistic regression for clustered data was used to calculate odds ratios (ORs) and
95% confidence intervals (Cls).

Results: Glucosamine/chondroitin use was inversely associated with high-risk and any
conventional adenoma in NHS and HPFS: in the pooled multivariable-adjusted model,
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glucosamine+chondroitin use at baseline was associated with a 26% (OR=0.74, 95%
C1=0.60-0.90, P-heterogeneity=0.23) and a 10% (OR=0.90, 95% CI=0.81-0.99, P-
heterogeneity=0.36) lower risk of high-risk adenoma and overall conventional adenoma,
respectively. However, no association was observed in NHS2, a study of younger women (high-
risk adenoma: OR=1.09, 95% C1=0.82-1.45; overall conventional adenoma: OR=1.00, 95%
ClI=0.86-1.17), and effect estimates pooled across all three studies were not significant (high-risk:
OR=0.83; 95% CI=0.63-1.10, P-heterogeneity=0.03; overall conventional adenoma: OR=0.93;
95% CI1=0.85-1.02, P-heterogeneity=0.31). No associations were observed for serrated polyps.

Conclusion: Glucosamine/chondroitin use was associated with lower risks of high-risk and
overall conventional adenoma in older adults; however, this association did not hold in younger
women, or for serrated polyps.

Impact: Our study suggests that glucosamine and chondroitin may act on early colorectal
carcinogenesis in older adults.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer among men and women in the
United States (US).(1) Therefore, it is critical to identify safe, effective, and easily
implemented preventive strategies to reduce CRC incidence. Accumulating evidence
suggests that inflammation plays an important role early in the etiology of CRC.(2-7) Thus,
reducing inflammation may offer a potential approach to blunting the process of colorectal
carcinogenesis by preventing precursor adenomas, and reducing risk of CRC.

Glucosamine and chondroitin are among the most commonly used specialty supplements in
the US, with 3.4% of adults aged 40-64 years reporting use of glucosamine and 8.5% of
adults aged 65+ years reporting use.(8,9) These non-vitamin, non-mineral supplements are
often, but not always, taken in a single daily supplement for osteoarthritis. Although the
effectiveness for joint pain and function remains debated,(10-16) a growing body of
literature suggests that these supplements may have chemopreventive potential against
cancer. In an exploratory analysis conducted within the VITamins And Lifestyle (VITAL)
prospective cohort, use of glucosamine and chondroitin was associated with reduced risk of
CRC; specifically, use of glucosamine was associated with a 27% reduced risk of CRC and
use of chondroitin was associated with a 35% reduced risk.(17) More recently, three
subsequent cohort studies consistently showed that use of glucosamine alone(18) or
glucosamine+chondroitin(19,20) was significantly associated with reduced risk of CRC.
Moreover, a recent case-control study from the MCC-Spain Study observed a comparable
effect estimate when comparing persons using glucosamine+chondroitin to non-users,
although power for this analysis was limited.(21)

Despite promising and consistent evidence suggesting that use of glucosamine and
chondroitin may be associated with a reduced risk of CRC, studies have not evaluated how
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use of the supplements relates to risk of adenomas and serrated polyps, CRC precursor
lesions. Therefore, using three large prospective US cohorts, we conducted the first study to
evaluate the association of glucosamine and chondroitin with colorectal adenoma, with a
particular focus on the high-risk adenomas most likely to develop into colorectal cancer. We
additionally examined associations by consistency of use over time, and also using an
updated exposure (most recent use). We also conducted secondary analyses examining
associations between glucosamine and chondroitin use and any conventional adenoma,
regardless of whether defined as high- or low-risk, as well as serrated polyps. We further
explored whether associations pertaining to high-risk adenoma varied by subgroup and
anatomic subsite.

MATERIALS AND METHODS

Study population

Three ongoing prospective US cohorts were used for this study: The Nurses’ Health Study
(NHS) was established in 1976 when 121,701 female registered nurses aged 30 to 55 years
were enrolled, the Health Professionals Follow-up Study (HPFS) initiated in 1986 with
51,529 US male health professionals aged 40 to 75 years, and the NHS2 initiated in 1989
with 116,671 female registered nurses aged 25 to 42 years. Participants were asked to
complete questionnaire on demographic, lifestyle and medical information at enrollment and
every two years thereafter. Dietary information was assessed using a semi-quantitative food
frequency questionnaire (FFQ) every four years. The follow-up response rate exceeded 90%.
For the current study, we included participants who completed the 2002 questionnaire, when
use of glucosamine and chondroitin was first assessed, and who had at least one lower
gastrointestinal endoscopy (i.e., colonoscopy/sigmoidoscopy) over the follow-up period. We
then excluded participants who reported a history of adenoma or any cancer (except non-
melanoma skin cancer) at baseline, familial polyposis or inflammatory conditions including
rheumatoid arthritis, ulcerative colitis and Crohn’s disease. The final sample included
17,553 women from NHS, 15,891 women from NHS2, and 9,719 men from HPFS. The
study protocol was approved by the institutional review boards of the Brigham and Women’s
Hospital and Harvard T.H. Chan School of Public Health and those of participating
registries, as required.

Glucosamine and chondroitin assessment

Use of glucosamine and chondroitin supplements was first assessed in the 2002
questionnaire and was assessed again in 2006. Participants were asked about use of specific
supplements and if “there are other supplements (taken) on a regular basis.” A list of
supplements was provided, including glucosamine and chondroitin, from which participants
could indicate regular use. From this information, participants were classified in terms of
regular glucosamine use (yes vs. no). As chondroitin is rarely taken in the absence of
glucosamine, we did not evaluate chondroitin and instead evaluated ‘glucosamine
+chondroitin’ representing use of both. As use of these supplements was assessed in both
2002 and 2006, we also conducted a secondary analysis of ‘consistent use’ in which we
compared consistent use (as reported in 2002 and 2006) and inconsistent use (use reported in
2002 or 2006, but not both) with non-use (no use reported). Additionally, we also conducted
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analysis of ‘updated exposure’ which was defined as the most recently reported use of
glucosamine and chondroitin prior to endoscopy.

Covariate assessment

From the biennial questionnaires, we collected detailed information on lifestyle and medical
history such as height, weight, physical activity, smoking, family history of disease,
medication use, and endoscopy. Validated FFQ was administered every four years to assess
dietary factors(22-24) and overall diet quality was assessed by calculating the Alternate
Healthy Eating Index (AHEI)-2010 score.(25)

Colorectal adenoma assessment

Every two years, participants completed a biennial questionnaire, which includes
information on screening and the detection of polyps in the past 2 years. Adenomas were
assessed from 2002 through 2012 (as recorded in the 2004, 2006, 2008, 2010, and 2012
questionnaires). Cases and controls were defined within each 2-year period. All newly
diagnosed adenomas were considered cases, and controls were comprised of all screened
individuals who were found to be free of adenoma and colorectal cancer.(26-28) Persons
reporting a polyp were then asked for permission to obtain medical records and pathology
reports. Medical records were obtained for over 90% of all reported polyps, from which
investigators abstracted detailed information on polyp size, histology, and anatomic location.
This information was used to identify high-risk adenoma, defined by large size (1+ cmin
diameter), advanced histology (villous or tubulovillous histology or the presence of high-
grade dysplasia), or multiplicity (detection of 3+ adenomas).(26) If more than one adenoma
was detected, cases were classified according to the largest size and most advanced
histology. Although high-risk adenomas were the primary outcome of interest, we also
examined the association for any adenoma (conventional adenoma, including both high-risk
and low-risk conventional adenomas) and serrated polyps (defined in this study as
hyperplastic polyps and mix/serrated adenomas), as well as by anatomic subsite (proximal,
distal, or rectal). Of the 43,163 persons screened between 2002 and 2012, 5,715
conventional adenomas were detected, 2,016 of which are high-risk. 4,953 serrated polyps
were detected.

Statistical analysis

As noted previously, analyses were limited to those receiving at least one colonoscopy/
sigmoidoscopy between baseline and the end of study. To account for the possibility that a
person may have undergone multiple endoscopies over the study period, an Andersen-Gill
structure was used with a new record created for each cycle that a participant reported an
endoscopy.(26-28) Once a participant was diagnosed with adenoma, the participant was
censored in all subsequent cycles. Logistic regression was used to calculate an odds ratio
(OR) and 95% confidence interval (CI) estimating the association between use of
glucosamine and chondroitin and adenoma risk, accounting for clustered data.

Primary exposure was defined by the exposure at baseline (2002) reported prior to
endoscopy and two separate models were run corresponding to each exposure of interest:
any glucosamine and combined glucosamine+chondroitin. In minimally adjusted models of
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each sex-specific cohort, we adjusted for age, time period of endoscopy, number of
endoscopies, time (in years) since the most recent endoscopy, and reason for the current
endoscopy. In multivariable-adjusted models, we further adjusted for height, body mass
index (BMI), physical activity, family history of CRC, history of diabetes, pack-years of
smoking, alcohol intake, regular use of aspirin, regular use of non-steroidal anti-
inflammatory drugs (NSAID), non-yogurt dairy intake, total calorie, folate, fiber, red and
processed meat intake, calcium intake and vitamin D intake, and AHEI-2010 score. We ran
these models for our primary outcome, high-risk adenoma, as well as for secondary
outcomes: any conventional adenoma and serrated polyps. For serrated polyps, we
conducted a sensitivity analysis restricting to high-risk serrated polyps (defined in this study
as large (1+ cm in diameter) proximal serrated polyps). All analyses were conducted
separately within each sex-specific cohort and then effect estimates were pooled using a
random-effects meta-analysis after testing for heterogeneity across cohorts. In addition to
pooling the 3 cohorts, we separately pooled the NHS and HPFS because of similar age
structure.

As secondary analyses, we examined the association of consistent use of glucosamine
+chondroitin (as determined by use in 2002 and 2006). For this analysis, only persons who
received colonoscopies after the 2006 questionnaire were included. We also used an updated
exposure which was defined as the exposure most recently reported prior to endoscopy.

To address concerns about potential residual confounding among aspirin/non-aspirin NSAID
users, for our primary outcome of high-risk adenoma, we also conducted analyses stratified
by ever use of NSAIDs, given that there was little opportunity for residual confounding by
NSAID use among persons reporting no history of regular aspirin/non-aspirin NSAID use.
Moreover, we further conducted stratified analyses by potential effect modifiers such as
BMI, family history of CRC, smoking, physical activity, and age and then tested for
heterogeneity across strata. Lastly, we also evaluated the association by anatomical subsite
(i.e., proximal, distal, and rectal).

All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, US)
and all tests were two-sided and P-value of <0.05 was considered statistically significant.

Table 1 shows baseline characteristics of participants by combined use of glucosamine and
chondroitin in three cohorts. The mean ages of participants were 67 years for NHS, 68 years
for HPFS and 51 years for NHS2. Regardless of the supplement use, participants had similar
number of previous endoscopies, time since the most recent endoscopy and reasons for
endoscopy. They also had similar age, BMI, and family history of CRC. However,
participants with combined use of glucosamine and chondroitin had higher physical activity,
aspirin/NSAID use, calcium intake, vitamin D intake and folate intake, compared to non-
supplement users.

Use of glucosamine and chondroitin was associated with a 26% lower risk of high-risk
adenoma among older adults in the pooled multivariable-adjusted analyses of NHS and
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HPFS (OR=0.74, 95% CI=0.60-0.90, P-heterogeneity=0.23) (Table 2 and Supplementary
Table 1). We observed comparable results when we examined the association of consistent
use of the supplements or when using an updated exposure. However, we did not find an
inverse association of glucosamine and chondroitin use with high-risk adenoma in younger
women (NHS2) (OR=1.09, 95% CI=0.82-1.45), nor did this association hold when pooled
across all three cohorts (OR=0.83, 95% CI=0.63-1.10, P-heterogeneity=0.03).

Use of any glucosamine or glucosamine+chondroitin at baseline was marginally
significantly associated with any conventional adenoma in the two cohorts (Table 3 and
Supplementary Table 1). In the pooled age and screening-adjusted analysis of the NHS and
HPFS, participants with combined glucosamine and chondroitin use had an 11% lower risk
of conventional adenoma (OR=0.89, 95% CI=0.81-0.98, P-heterogeneity=0.80), compared
to non-supplement users. When further adjusted for potential confounders, the association
was slightly attenuated (OR=0.90, 95% CI1=0.81-0.99, P-heterogeneity=0.36). We found
slightly attenuated associations when we pooled all three cohorts. Moreover, we found
similar associations when we analyzed using the updated exposure, instead of baseline
exposure. However, when we examined the consistent use of glucosamine and chondroitin
with conventional adenoma, we found no association overall (OR=1.02, 95% CI1=0.92-1.13,
P-heterogeneity=0.63) and a significant positive association in younger women (NHS2)
(OR=1.24, 95% CI1=1.07-1.45).

We further examined the association of glucosamine and chondroitin use with serrated
polyps (Table 4 and Supplementary Table 1). Use of glucosamine and chondroitin at
baseline was not associated with serrated polyps but consistent use of the both supplements
was associated with a 12-13% higher risk of serrated polyps in the pooled multivariable-
adjusted analyses. When sensitivity analyses were conducted restricted to high-risk serrated
polyps, the overall results did not materially change.

In stratified analyses of glucosamine and chondroitin use with high-risk adenoma, we found
no statistically significant interactions by BMI, family history of CRC, smoking status,
physical activity, aspirin use, NSAID use or age (P-interaction>0.05) (Table 5). However, we
consistently observed lower risk of high-risk adenoma regardless of the subgroups. Lastly,
when we examined the associations by location of high-risk adenoma, the associations did
not differ by anatomic subsites (proximal, distal or rectal) in three cohorts (Supplementary
Table 2).

DISCUSSION

In three large US cohorts, use of glucosamine and chondroitin was associated with a lower
risk of high-risk and total conventional adenoma in older women (NHS) and men (HPFS),
whereas we found no inverse association among younger women (NHS2). In contrast,
glucosamine and chondroitin use was not associated with risk of serrated polyps.

To our knowledge, this is the first study to evaluate the role of glucosamine and chondroitin
use on colorectal adenoma risk. However, several studies have examined the association of
these commonly used specialty supplements with CRC risk. From an exploratory analysis of
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various specialty supplements in the VITAL study, use of glucosamine and chondroitin was
first shown to be significantly associated with reduced risk of CRC.(17) These findings were
then further explored in the same cohort with additional follow-up period(19) and three
other cohorts including the NHS/HPFS,(20) Cancer Prevention Study-I1 (CPS-11) Nutrition
Cohort(18) and MCC-Spain Study.(21) These studies consistently replicated the findings
from the VITAL study showing that use of glucosamine alone or combined glucosamine
+chondroitin was associated with approximately 12-25% decreased risk of CRC. When
restricted to never-screened individuals to reduce any residual confounding due to
heterogeneity in screening practices among the ever-screened, use of glucosamine alone or
combined glucosamine+chondroitin showed substantially stronger inverse associations with
colorectal cancer risk among never-screened individuals in the CPS-11 (HR=0.80) and the
NHS/HPFS (HR=0.58).

We found an inverse association of glucosamine and chondroitin use with high-risk
adenoma, but the association was weaker for any conventional adenoma, for which low-risk
adenomas predominate. CRCs develop over a period no less than 10 years(29) and most of
them develop through an adenoma intermediate.(30,31) Our study suggests that glucosamine
and chondroitin may act early in colorectal carcinogenesis. However, we found a marginal
inverse association for overall conventional adenoma and no association for serrated polyps.
This finding provides some evidence that glucosamine and chondroitin may primarily affect
‘high-risk” adenoma characterized by large size, advanced histology or multiplicity, which
are most likely to progress to CRC.(32) It is also worth noting that most identified risk
factors are stronger for high-risk adenoma.(33) Furthermore, compared to inconsistent users
of glucosamine/chondroitin, consistent users had lower risk of high-risk adenoma but not
overall conventional adenoma. This suggests that longer duration of glucosamine/
chondroitin use may play a role on the prevention of high-risk adenoma, although we had
limited information to capture long-term use (duration) of glucosamine/chondroitin. More
studies are needed to examine the potential chemopreventive effect of glucosamine and
chondroitin, accounting for duration, dose and timing, on colorectal adenoma, particularly
high-risk adenoma, to confirm the observed findings from the observational studies.

It is well-documented that inflammation plays an important role in the CRC development.
(2-7) A growing evidence from /n vitro, animal and human studies suggests that
glucosamine and chondroitin may reduce risk of CRC through anti-inflammatory
mechanism. /n vitro studies showed that glucosamine and chondroitin reduce inflammation
by inhibiting nuclear factor kappa B (NFkB), a transcription factor central to the
inflammatory cascade, from translocating to the nucleus.(34-36) NFkB lies upstream of
many inflammatory factors (e.g., prostaglandin E,, cyclooxygenase-2, tumor necrosis factor
alpha, interleukin-6) that promote cell growth and proliferation. Animal studies also showed
corroborating evidence that glucosamine and chondroitin reduce the inflammatory markers
downstream of NFKkB(37-42) and have anti-inflammatory effect in the colon.(43-45)
Moreover, several human studies,(14,46-48) including two small RCT trials,(14,48)
provided further evidence that glucosamine and chondroitin might have anti-inflammatory

property.
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When we conducted stratified analyses, the observed inverse association of glucosamine and
chondroitin with high-risk adenoma did not significantly differ by concurrent use of aspirin
or other NSAIDs. This result minimizes the concern for residual confounding by NSAID
use. Moreover, we found no significant interactions by other factors including BMI, family
history of CRC, smoking or physical activity. Our study shows that glucosamine and
chondroitin may influence colorectal adenoma regardless of factors associated with
inflammation. However, we had limited power to detect the differences in the associations
by the subgroups; thus, additional studies with larger sample size are needed to better
understand the interactive role of glucosamine/chondroitin and the aforementioned factors
on inflammation and colorectal carcinogenesis.

Unlike the inverse association of glucosamine and chondroitin use with high-risk and total
conventional adenoma in older adults (NHS and HPFS), we did not find any meaningful
associations for younger women (NHS2), except that we observed a marginal positive
association with proximal high-risk adenoma. The mean ages at baseline were
approximately 67-68 years for NHS/HPFS and 51 years for NHS2, and there was a
significant heterogeneity across cohorts when NHS2 was further included for the pooled
analysis. We also conducted analysis stratified by age but the overlapping age range was
narrow between NHS/HPFS and NHS2; thus, the age stratified analysis in NHS/HPFS was
limited in its ability to provide further insights to explain the null results for NHS2. Previous
analyses of glucosamine/chondroitin use and CRC risk have been conducted mostly in older
adults, with little known about associations in younger adults. The observed null or some
positive findings may be due to chance or reflect true differences in the associations by age.
Of note, almost half of the endoscopies in NHS2 were done in those under age 50, which is
prior to the standard age of screening. It is unclear if some selection bias affected the results
in either the young or older groups, though since the majority of endoscopies in the older
group were mostly done for screening, it is less apparent that selection bias was operative in
this group.

There are several limitations in the current study. First, due to lack of data, we were not able
to evaluate whether the association differs by frequency and duration of use. Moreover,
given small numbers and patterns of use, we were not able to examine associations for
glucosamine alone and chondroitin alone with adenoma risk. However, the lack of data on
associations pertaining to use of chondroitin alone is a limitation for most studies because
chondroitin is uncommonly used alone in the absence of glucosamine. Although we had
detailed and updated information on potential confounders, we cannot rule out the
possibility of unmeasured or residual confounding. Lastly, our study included predominantly
white health professionals which may limit the generalizability of our findings. However,
inclusion of highly educated health professionals increases the accuracy of collected health
data and consequently strengthens internal validity of the study.

In conclusion, we found that use of glucosamine and chondroitin was associated with a
lower risk of high-risk and overall conventional adenoma in older adults. However, no
inverse association was observed in younger adults, or for serrated polyps. Our findings
provide first evidence that use of glucosamine and chondroitin may act in early colorectal
carcinogenesis in older adults. Given their favorable safety profile, glucosamine and

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal. Page 9

chondroitin have the potential to be safely used for primary prevention in the population
setting.(49,50) More studies are warranted to confirm our findings in diverse racial and
ethnic populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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