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Table 5. Hazard Ratios (HR) of Colorectal Cancer Associated with Fish Oil Supplement Use, Dark Fish
Consumption, and Total EPA+DHA Intake, by Subsite
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ABSTRACT

Laboratory evidence suggests that certain specialty supplements have anti-inflammatory properties,
though evidence in humans remains limited. A nationally representative sample of 9947 adults from the
1999-2004 cycles of the National Health and Nutrition Examination Survey was used to assess the
associations between specialty supplement use and inflammation, as measured by serum high-
sensitivity c-reactive protein (hs-CRP). Using survey-weighted multivariate linear regression, significant
reductions in hs-CRP concentrations were associated with regular use of glucosamine (17%; 95% Cl: 7%,
26%), chondroitin (22%; 95% Cl: 8%, 33%), and fish oil (16%; 95% Cl: 0.3%, 29%). No associations were
observed between concentration of hs-CRP and regular use of methylsulfonylmethane (MSM), garlic,
ginkgo biloba, saw palmetto, or pycnogenol-containing supplements. These results suggest that
glucosamine and chondroitin supplements are associated with reduced inflammation in humans and
provide further evidence to support an inverse association between fish oil supplement use and
inflammation. It is important to further investigate the potential anti-inflammatory role of these
supplements, as there is need to identify safe and effective ways to reduce inflammation and the

burden of inflammation-related diseases such as cancer and cardiovascular disease.
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INTRODUCTION

Inflammation has been implicated in the etiology of several chronic diseases, including cardiovascular
disease and several cancers (1-4). Consistent with these observations, the anti-inflammatory drug,
aspirin, has been found to reduce risk of cardiovascular disease (5, 6) and colorectal cancer (7) in
randomized control trials (RCTs), and has been associated with reduced risk of other cancers in
observational studies (8-10). Concerns remain about the adverse effects of long-term use of aspirin and
other non-steroidal anti-inflammatory drugs (NSAIDs) (6, 11-13); consequently, there is need to identify

other safe and effective measures to reduce inflammation and inflammation-related diseases.

Laboratory studies suggest that certain non-vitamin, non-mineral “specialty” supplements may act to
reduce inflammation. These include glucosamine (14-19), chondroitin (20, 21), methylsulfonylmethane
(MSM) (22), omega-3 polyunsaturated fatty acid (PUFA) containing fish oil supplements (23, 24), garlic
(25-27), ginseng (28, 29), ginkgo biloba (30), saw palmetto (31), and pycnogenol-containing supplements
(32, 33). Despite the suggested anti-inflammatory properties of these supplements, evidence in humans
remains limited. Of these supplements, omega-3 PUFA supplementation has been the most well-

studied, with recent RCT evidence suggesting that omega-3 supplements reduce inflammation (34, 35).

Given the current gap in our knowledge about the biologic effects of these supplements and the need
for safe and effective measures to reduce inflammation, study of these supplements is warranted. We
used data collected by the National Health and Nutrition Examination Survey (NHANES) to assess
whether the aforementioned supplements are associated with inflammation in US adults, with

inflammation measured by serum high sensitivity c-reactive protein (hs-CRP).
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METHODS

K363%+'0,(*T%+60D2%1'10636#'$

The analyses were based on data collected as part of the 1999-2000, 2001-2002, and 2003-2004 cycles
of NHANES, a nationally representative cross-sectional survey of civilian, non-institutionalized persons
living in the United States (36). These cycles were selected because they included data on the exposures

(supplements), outcome (hs-CRP), and covariates of interest.

Information on health and health-behaviors was collected at home interview, with further data, physical
examination, and laboratory tests collected from a subset of participants at Mobile Examination
Centers. This stratified complex multi-stage probability based survey over-samples persons aged 60+,
low-income individuals, as well as persons of certain racial/ethnic groups. All participants are assigned

weights to account for unequal sampling probability.

Of the 12,063 persons aged 25 and older for whom hs-CRP was measured, we further excluded 198
persons with outlying CRP values (those with CRP values in the top 2% for their age group, gender, and
body mass index (BMI) category). Such an approach was used in order to exclude persons with acute
illness, as the definition of outlying values may vary across factors such as age, gender, and BMI (37). For
example, among underweight and normal weight men aged 25-39, the ogt" percentile was 10.7 mg/L,
while the 98" percentile was 30.3 mg/L for severely obese men aged 60 and older. Corresponding og™
percentiles were higher among women (18.5mg/L and 38.3 mg/L, respectively). We further excluded
women between the ages of 25 and 59 with positive or unknown pregnancy test result (n=524), as well
as those participants with missing dietary data or who failed dietary quality control checks (n= 963,
described below), or who had missing information on the other covariates or exposures of interest:
educational status (n=25), smoking status (n=19), measured height/weight (n=356), physical activity

(n=11), aspirin/NSAID use (n=28), statin use (n=20), diabetes history (n=4), history of coronary heart
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disease, angina or myocardial infarction (n=63), joint pain or arthritis (n=117), memory loss/confusion
(n=10), or whether any supplements were used in the last 30 days (n=18). The above-listed exclusions
are not mutually exclusive, as some were excluded for more than one reason. After making theses

exclusions, 9947 participants remained for analysis.

All participants provided informed consent and the survey was approved by the National Center for
Health Statistics Institutional Review Board. NHANES data are publicly available and are considered

exempt by the University of Washington Institutional Review Board.

<011"*4*$6%0%

The NHANES interview included a series of questions related to supplement use. Participants who
indicated that supplements were used in the 30 days prior to interview were asked to list all
supplements used in this period and to provide information on use of each supplement, including usual
frequency of use. Information on each reported supplement was then linked to a database containing
information on ingredients contained within each supplement type, which was then used to identify
individual supplements and supplement combinations containing the ingredients of interest. We
abstracted information on use of specialty supplements hypothesized to reduce inflammation, including:
glucosamine, chondroitin, methylsulfonylmethane (MSM), fish oil, garlic, ginseng, pycnogenol-
containing supplements (Grapeseed extract, Pine Bark), ginkgo, and saw palmetto. Regular use (yes/no)
of a given supplement was defined as use of a supplement during the month prior to baseline as well as
usual frequency of at least 20 days per month. Persons reporting no use were considered “non-users”
and those reporting usual use on less than 20 days per month were excluded from supplement-specific

analyses, as were persons missing information on usual frequency of use.

%

%
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CRP, an acute phase protein synthesized as a result of inflammation, was used as a measure of
inflammation in this study. Serum hs-CRP was measured by latex-enhanced nephelometry (38), with
reported values ranging from 0.1 mg/L to 50.5 mg/L. The lower detectable limit of this hs-CRP assay was
0.2 mg/L; values below this lower detectable limit were assigned a value of 0.1 mg/L by NHANES. To
normalize the right-skewed distribution, hs-CRP was log-transformed and all analyses used these log-
transformed values as a continuous measure of inflammation. Values have been exponentiated for

presentation.

B'E3,#36%%
Covariates for adjustment were selected 3%1,# #34ed on associations with CRP in prior studies (39-53).

All adjusted models included age (25-29, 30-39, 40-49, 50-59, 60-69, 70+) and gender.

Multivariate analyses were additionally adjusted for race/ethnicity (non-Hispanic white, Mexican
American, other Hispanic, non-Hispanic Black, mixed race/other), education (less than high school, high
school graduate or equivalent, some college/associates degree, college graduate or above), cigarette
smoking history (current, former, or never smoker), and BMI (with weight and height measured at
interview). BMI (kg/m?) was categorized as follows: <18.5 (underweight), 18.5-<25 (normal weight), 25-

<30 (overweight), 30-<35 (obese), and 235 (severely obese).

We also adjusted for leisure time physical activity (LTPA). Among those who reported engaging in
moderate or vigorous LTPA in the last month, we calculated the MET-minutes per reported activity, after
which we summed the MET-minutes per person across all reported activities. This variable is presented
as average MET-minutes per week of LTPA and was categorized into three groups (no reported LTPA,

<600 MET-minutes per week of LTPA, and 2600 MET-minutes per week of LTPA).
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All fully adjusted models additionally included use of vitamin E supplements and 3 dietary variables
(dietary fiber, fat, and total energy intake), with dietary intake determined by 1 or 2 day recall (second
recall included where available). Each recall ascertained dietary intake in the 24-hour period prior to
dietary interview (midnight to midnight) and was collected at the time of examination or by telephone
after examination. Approximately 32% of the study population had a second day of reliable recall
collected: this second day of recall was collected only for the 2003-2004 cycle and was collected at least
3 days after the initial recall, with the number of days between recalls variable (36). For those with a
second reliable day of recall, we averaged intake over the two recalls to better estimate usual intake. If a
given dietary recall was deemed unreliable according to NHANES criteria, data from the recall were
unavailable and therefore excluded. We further excluded men reporting average energy intake <800 or
>5000 kcal per day, as well as women reporting average energy intake of <600 or >4000 kcal/day.

Dietary factors were categorized into quintiles based on distribution of raw numbers in final dataset.

We also adjusted for current aspirin use and current non-aspirin NSAID use (yes/no, both defined as
daily or nearly daily use in the last 30 days), as well as current statin use (yes/no, ascertained from a
database of current medications). Adjustment was also made for history of medical conditions
associated with CRP levels, including diagnosis of diabetes (yes, no, or borderline; excludes gestational
diabetes) and history of heart disease (diagnosis of coronary heart disease, angina, or myocardial
infarction by a health professional). Finally, where available, we adjusted for the main indications of
supplement use. Supplements for which joint pain/arthritis is considered an indication of use
(glucosamine, chondroitin, MSM, fish oil) were additionally adjusted for joint pain/arthritis, defined as
report of doctor-diagnosed arthritis or report of joint pain not caused by injury. Analyses of supplements
indicated for memory loss (fish oil, ginkgo) were further adjusted for self-reported memory

loss/confusion.
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Linear regression was used to model the association between regular use of each supplement and log-

transformed hs-CRP, adjusted for covariates:

In (hs-CRP) = ! % "UK/U+ "WK/\W-...

where VUand VW etc are indicator variables for each category of the independent variables. We present
the results as e, which represents the ratio of geometric mean hs-CRP among those in the category of
interest to those in the reference category (e.g., ratio of hs-CRP among regular glucosamine users to hs-
CRP among non-users). Analyses were adjusted for age group and gender in an initial model and
multivariate adjusted for the factors previously described in a fully adjusted model. We considered
additional adjustment for alcohol consumption, as well as substitution of waist circumference for BMI
and saturated fat intake for total fat intake. Inclusion of these variables did not materially change the
observed associations between specialty supplement use and hs-CRP; therefore, results from this
alternative model are not presented. We also conducted stratified analyses to assess whether the
associations between regular supplement use and hs-CRP vary by gender. Tests for multiplicative
interaction between supplement use and gender in an unstratified model were conducted, with

statistical significance of resulting 2-sided P-values assessed at the alpha=0.05 level.

Due to the stratified multi-stage sampling design of the NHANES data, analyses were weighted to reflect
sampling probabilities, so as to allow for representation of the US population. All statistical analyses

were conducted using Stata version 11 software (StataCorp IC, College Station, TX).
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RESULTS

As shown in Table 1, hs-CRP is positively associated with increasing age and BMI: in multivariate
adjusted models, those with BMI over 35 kg/m”have a geometric mean hs-CRP of 4.85 mg/L, while
persons with BMI less than 18.5 kg/m? have a geometric mean hs-CRP of 0.73 mg/L. Hs-CRP levels are
inversely associated with education and physical activity. Furthermore, women have higher hs-CRP than
men, current smokers have higher hs-CRP than non-smokers, and those with history of heart disease
have higher hs-CRP than those without heart disease. Increasing dietary fiber intake is associated with
decreased hs-CRP levels, and statin use is associated with lower hs-CRP. However, vitamin E supplement
use, dietary energy intake, dietary fat intake, diabetes, aspirin use, non-aspirin NSAID use, arthritis/joint
pain, and memory loss do not appear to be associated with hs-CRP levels in the multivariate-adjusted

estimates.

Table 2 presents the associations of regular use (20+ days/month) of specialty supplements with CRP
levels. The weighted percent of regular use ranges from 1.2% for MSM use to 4.4% for ginseng use. In
the fully adjusted model, regular use of glucosamine is associated with a statistically significant 17%
reduction in hs-CRP (as compared to non-use) (Ratio: 0.83, 95% Cl: 0.74, 0.93) and chondroitin with a
22% reduction in hs-CRP (Ratio: 0.78, 95% Cl: 0.67, 0.92). Regular fish oil use is also associated with a
significant 16% reduction in hs-CRP (Ratio: 0.84: 95% Cl: 0.71, 0.997). Use of any of the remaining
supplements (MSM, garlic, ginseng, ginkgo, saw palmetto, and pycnogenol-containing supplements) is

not statistically significantly associated with hs-CRP.

Furthermore, we observe significant interactions by gender for the associations of glucosamine use with
hs-CRP (- -interaction=0.05), and chondroitin use with hs-CRP (- -interaction=0.03). Among women,
regular glucosamine use is associated with a 27% reduction in hs-CRP (Ratio: 0.73, 95% Cl: 0.61, 0.88),

and regular chondroitin use is associated with a 33% reduction in hs-CRP (Ratio: 0.67, 95% Cl: 0.53,
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0.84), while the associations among men are small and non-significant. Lastly, we observe a significant
interaction between ginseng use and gender (- -interaction=0.03), with the association evident in men

(Ratio: 0.84; 95% CI: 0.72, 0.98), but not women.
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DISCUSSION

In a representative sample of US population of adults, we observed use of glucosamine, chondroitin, and
fish oil supplements to be associated with reduced inflammation, as measured by hs-CRP. The
magnitude of reduction in hs-CRP was 16-22% for these supplements, comparable to what we and
others have observed for the association between statin use and CRP (44, 50). Comparison to the effects
of aspirin is not possible, because we and others (54-57) have found no clear reduction in CRP with

aspirin use, perhaps because aspirin may affect inflammation without affecting CRP (58, 59).

In our study, the percentage of persons reporting glucosamine, chondroitin, and fish oil use is slightly

lower than was reported in a recent study of US adults aged 57-85 (60). These differences are largely a
reflection of the age of population included, as older adults are more likely to use these supplements.

Differences in study years and exclusion of irregular users may also contribute to varying prevalence

estimates across studies.

To our knowledge, this is the largest study to investigate the association between use of glucosamine
and chondroitin supplements and a marker of inflammation in humans. Our finding of lower hs-CRP
levels among users of glucosamine and chondroitin supports laboratory studies which suggest that
glucosamine and chondroitin supplementation may reduce inflammation via inhibition of nuclear factor
kappa B (NFkB) activation (14, 61-63). NFkB is a transcription factor which lies upstream of many
inflammatory processes, including CRP. Laboratory studies have further shown that these compounds
also affect factors downstream of NFkB, such as cyclooxygenase activity, as well as pro-inflammatory
cytokines interleukin-6 and tumor necrosis factor alpha (14-18, 64-66). Despite this suggestive
laboratory evidence, we only know of two small studies which have reported on glucosamine or
chondroitin supplement use and inflammation in humans. In a RCT of rheumatoid arthritis patients,

Nakamura and colleagues randomized 25 persons to receive glucosamine and 26 to receive placebo for
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12 weeks (67). In this study, authors report no effect of glucosamine on CRP; however, persons with
rheumatoid arthritis have higher levels of systemic inflammation than the general population and
therefore results from this study may not be generalizable to persons without chronic inflammatory
conditions (67). A second RCT was conducted in which 36 osteoarthritis patients were given a
glucosamine hydrochloride and chondroitin sulfate compound, and seventeen were given placebo. After
the three month intervention period, study authors observed a significant decrease in serum
prostaglandin E, concentrations among those treated with glucosamine (- <0.01) (19). We know of no

other human studies to report on the association between these supplements and inflammation.

Our results suggest a biologic mechanism to substantiate epidemiologic observation of an association
between glucosamine and chondroitin use and reduced risk of chronic diseases. Based on observational
studies within the VITamins And Lifestyle (VITAL) cohort, use of glucosamine and/or chondroitin was
associated with reduced risk of colorectal cancer (68) and lung adenocarcinoma (69). Aspirin follows a
similar pattern: in combined analyses of RCTs, aspirin use has been shown to reduce risk of both
colorectal cancer (7) and death from lung adenocarcinoma (70). The VITamins and Lifestyle study also
reported a reduction in total mortality associated with glucosamine and chondroitin use (71); similarly,
aspirin use has been associated with reduced total mortality in some observational studies (72) and
trials (73). Lastly, in the present study, the associations between glucosamine and chondroitin
supplement use and CRP appear to be largely driven by the associations in women, and in the VITamins
and Lifestyle study of lung cancer risk, we also observed a greater protective effect of these
supplements among women (69). While the biologic mechanism underlying this interaction is unclear, it
is feasible that these observed gender differences may reflect differential bioavailability or metabolism

by gender (74, 75).
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Regular use of fish oil supplements was associated with lower CRP. Fish oil contains long-chain omega-3
PUFA such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). These omega-3 PUFA are
thought to reduce inflammation in several ways, including inhibition of NFkB activation and competitive
inhibition of pro-inflammatory omega-6 PUFAs. Omega-3 PUFAs compete with omega-6 PUFAs for the
cyclooxygenase-2 enzyme and displace omega-6 stores in cell membranes (24, 76, 77). There have been
numerous human trials of omega-3 supplements and CRP or other markers of inflammation, primarily
small trials of subjects at high risk of cardiovascular disease (78, 79). Two reviews published in 2006
concluded that the trials were inconsistent and inconclusive (78, 79). More recently, however, two
larger RCTs of omega-3 supplementation have reported that the supplements reduced circulating CRP
(34, 35) and tumor necrosis factor alpha (35). These studies, plus our current study in a representative
US population, provide evidence for the anti-inflammatory effects of long-chain omega-3 PUFAs in
humans, and support one of several mechanisms (78, 80, 81) by which long-chain omega-3 PUFA intake
may reduce the risk of cardiovascular disease (82), some cancers (68, 83-85), and total mortality (71,

82).

Despite the lack of main effect for ginseng supplementation, we observed significant interaction
between gender and ginseng use, with the association with CRP evident among men, but not women.
Ginseng has been shown to be associated with reduced NFkB and cyclooxygenase expression in
laboratory studies, though this hypothesis has not been widely tested, and to our knowledge, nor has it
been studied #$%E#&RI%ng humans (28, 29). It is interesting to note that in a cohort study, Yi et al
report an inverse association between ginseng use and total mortality, an association which was

similarly limited to men (86).

We did not observe significant associations between CRP and any of the following supplements: MSM,

pycnogenol-containing supplements, garlic, ginkgo, or saw palmetto. Power may have been limited to
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detect associations in less commonly used supplements; it is also possible that these supplements may
affect inflammation downstream of CRP or that these supplements may not be associated with

inflammation in humans.

This study has allowed us to explore previously unexplored questions in a large, nationally
representative population; however, this study is not without limitation. First, glucosamine and
chondroitin are often taken together in a single supplement, with about two-thirds of users taking a
supplement with both compounds and one-third taking glucosamine only (MSM is also included in some
formulations). Thus, the observed associations between glucosamine and chondroitin and CRP in this
study are not independent and may be due to the biologic activity of one or both of these supplements.
Also, we were unable to assess supplement use on the day of blood collection and did not explore the
effect of cumulative dose on inflammation. We were, however, able to ascertain usual frequency of use
and were able to limit the definition of use to regular use. While there may be some measurement error
in the classification of regular users from non-users, such misclassification would likely be non-
differential across the population. The reliability of CRP in short-term studies appears to be good (87),
suggesting that one CRP measurement is sufficient to examine the relationship between supplement use
and CRP at approximately the same point in time. Even so, we cannot exclude the possibility of
measurement error. We were not able to adjust for strength of aspirin dose, as dose was not collected
for all study cycles, nor were we able to adjust for the indications of all supplements. However, for those
supplements with apparent significant associations (glucosamine, chondroitin, and fish oil), we were
able to adjust for the primary indications of use. Further, adjustment for dietary factors was ascertained
from 1 or 2-day recall, which may not be representative of true normal diet. As these data were
collected in an observational setting, we cannot discount the potential for residual confounding by
lifestyle factors. While we might expect specialty supplement users to engage in healthier behaviors, it is

important to note that the primary indications for glucosamine, chondroitin and fish oil use are adverse
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health conditions (arthritis/joint pain, coronary artery disease). Furthermore, results were robust to
multivariate adjustment and the multivariate-adjusted predictors of inflammation in Table 1 correspond

well with expectations based on the literature.

In summary, this study adds support to laboratory research and to some human studies which suggest
that glucosamine, chondroitin, and fish oil may reduce systemic inflammation. In doing so, this study
adds biologic plausibility in support of previous studies which have shown beneficial effects of these
supplements on chronic diseases. Given the number of diseases with which inflammation is associated,
such as cancer and cardiovascular disease, there is need to find safe and effective ways to reduce
inflammation. Research suggests that these three supplements have excellent safety profiles (88-92),
supporting their potential role in disease prevention. It is therefore important that the potential anti-

inflammatory role of these supplements be further investigated.
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=3(6',! Raw! Weighted %!  Unadjusted Geometric Multivariate Adjusted
Number! Mean CRP (mg/L) Geometric Mean (mg/L)’
% Mean 95% Cl Mean 95% Cl
"#$%E&'()*+, ! !
Age Group (years)!
25-29! 820 9.22 1.31 1.16, 1.48 1.47 1.30, 1.66
30-39! 1746 22.16 1.56 1.45,1.68 1.59 1.49,1.69
40-49! 1952 23.50 1.77 1.62,1.94 1.72 1.60, 1.85
50-59! 1488 18.68 2.10 1.95,2.27 2.04 1.92,2.18
60-69! 1791 13.51 2.64 2.48,3.21 2.44 2.28,2.61
70+! 2150 12.93 2.42 2.31,2.55 2.58 2.42,2.75
Gender!
Male! 4976 48.73 1.57 1.49, 1.65 1.58 1.51,1.67
Female! 4971 51.27 2.28 2.16,2.41 2.26 2.14,2.38
Race/Ethnicity!
Non-Hispanic White! 5259 74.84 1.86 1.77,1.95 1.88 1.81,1.97
Mexican American! 2209 6.52 2.04 1.86, 2.23 2.07 1.92,2.24
Other Hispanic! 430 4.97 1.91 1.69, 2.15 1.94 1.73,2.17
Non-Hispanic Black! 1742 9.51 2.37 2.16, 2.60 1.93 1.77,2.11
Other! 307 4.15 1.56 1.30, 1.86 1.81 1.55,2.12
Education!
Less than High School Graduate! 3136 19.38 2.36 2.21,2.52 2.00 1.88,2.13
High School Graduate/GED or Equivalent! 2357 25.50 2.09 1.99,2.21 1.95 1.84,2.06
Some College or AA Degree ! 2504 28.83 1.92 1.81,2.03 1.88 1.78, 1.99
College Graduate or Above! 1950 26.30 1.46 1.35,1.58 1.80 1.69,1.93
-+.#/012# !
Smoking History!
Never! 4937 49.19 1.81 1.71,1.91 1.80 1.72,1.89
Former! 2896 27.78 1.97 1.86, 2.09 1.83 1.72,1.94
Current! 2114 23.04 2.03 1.91,2.15 2.23 2.09, 2.37
Body Mass Index Categories (kg/m’)!
Underweight (<18.5)! 135 1.64 0.75 0.59, 0.96 0.73 0.57,0.95
Normal Weight (18.5- <25)! 2855 31.17 1.08 1.01,1.14 1.09 1.03, 1.15
Overweight (25-<30)! 3711 35.65 1.82 1.72,1.91 1.86 1.77,1.96
Obese (30-<35)! 1969 19.07 2.94 2.75,3.13 2.88 2.70, 3.07
Severely Obese (35+)! 1277 12.47 5.22 4.83,5.65 4.85 4.49,5.23
Leisure Time Physical Activity (MET-
minutes/week)! 4450 36.34 2.41 2.26,2.57 2.06 1.94,2.19
None! 2167 24.48 1.91 1.79, 2.05 1.87 1.76, 1.99
Low (>0- <600)! 3330 39.18 1.52 1.44,1.61 1.78 1.70, 1.86
High (600+)!
"+#0('L! !
Vitamin E Supplement Use !
No! 8753 86.91 1.91 1.84,1.99 1.91 1.84,1.99
Yes! 1194 13.09 1.81 1.67,1.97 1.82 1.68, 1.97
Dietary Fiber Intake (g/day)!
Quintile 1 (<8.4)! 1990 19.05 2.25 2.08,2.43 2.12 1.97,2.28
Quintile 2 (>8.4-<12.1) ! 1989 20.13 2.14 1.98, 2.32 2.01 1.87,2.16
Quintile 3 (>12.1-<16.2) ! 2004 20.67 2.02 1.87,2.18 1.98 1.76, 2.10
Quintile 4 (>16.2-<22.1)! 1975 19.96 1.82 1.68, 1.97 1.84 1.72,1.96
Quintile 5 (>22.1)! 1989 20.18 1.41 1.30,1.53 1.61 1.49,1.74
Dietary Fat Intake (g/day)!
Quintile 1 (<44)! 1990 16.79 1.99 1.83,2.17 1.78 1.58,2.01
Quintile 2 (>44-<60)! 1989 18.86 1.94 1.79,2.11 1.81 1.67,1.97
Quintile 3 (>60-<78)! 1990 19.65 2.00 1.87,2.14 1.97 1.87,2.08
Quintile 4 (>78-<105)! 1989 20.46 1.88 1.75,2.01 1.93 1.81, 2.05
Quintile 5 (>105)! 1989 24.24 1.75 1.60, 1.93 1.98 1.79,2.18
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Total Energy Intake (kcal/day)

Quintile 1 (€1336)! 1992 16.77 2.28 2.11, 2.46 1.82 1.64,2.04
Quintile 2 (>1336-<1708)! 1989 18.74 2.08 1.92,2.26 1.88 1.71, 2.07
Quintile 3 (>1708-<2113)! 1989 19.76 1.92 1.80, 2.05 1.84 1.72,1.97
Quintile 4 (>2113-<2693)! 1988 21.21 1.89 1.75, 2.04 2.00 1.86, 2.16
Quintile 5 (>2693)! 1989 23.51 1.55 1.43,1.68 1.93 1.75,2.13
3#4+,(0+%5!6/# !
Aspirin Use”!
No! 8632 87.58 1.85 1.77,1.93 1.91 1.83,1.98
Yes! 1315 12.42 2.33 2.15,2.53 1.85 1.71, 2.00
Non-Aspirin NSAID Use®
No! 9605 96.03 1.89 1.81,1.96 1.90 1.83,1.98
Yes! 342 3.97 2.25 1.85,2.74 1.81 1.54,2.12
Statin Use!
No! 8760 89.04 1.87 1.79, 1.95 1.93 1.86, 2.01
Yes! 1187 10.96 2.16 1.98, 2.36 1.68 1.53,1.85
3#4+,(217+/0%!1 !
Diabetes!
No! 8734 91.11 1.82 1.75, 1.90 1.89 1.81,1.98
Borderline! 150 1.22 2.48 1.81,3.39 1.81 1.39,2.35
Yes! 1063 7.67 3.00 2.67,3.36 2.02 1.84,2.21
Heart Disease"!
No! 9033 92.40 1.84 1.77,1.92 1.88 1.81,1.95
Yes! 914 7.60 2.74 2.44,3.08 2.20 2.00, 2.42
Arthritis or Joint Pain Not Due to Injury!
No, Neither! 5405 56.71 1.63 1.55,1.71 1.87 1.78, 1.96
Yes, Either! 4542 43.29 2.33 2.22,2.44 1.95 1.85, 2.05
Memory Loss / Confusion!
No! 9114 93.23 1.86 1.79,1.94 1.89 1.81,1.97
Yes! 833 6.77 2.53 2.26,2.85 2.11 1.87,2.37

°Adjusted for all factors in Table 1 except arthritis/joint pain not due to injury and memory loss/confusion

° Aspirin/ non-aspirin NSAID use defined use of the product every day or nearly every day in the last 30 days among those who report use of
pain relievers taken nearly every day for a month or longer

‘Heart disease defined by report of doctor-diagnosed coronary heart disease, angina, or myocardial infarctio
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& # # # # # P for interaction ":1.00
3*(*4 & # # # # # # # # # # # #
HHH& JT"R# JKQKF 1QJS# IQRKM#3Q !# AAC+# 1 # AAC+# 1 # (@A # 1 # (@A #
#HM(& "3t AQTO IQKR# IQOPM#®I UQRK UQ®IQIX UQJIs UQRIM#8) UQRT UQ"SM#8Q. 'QUR UQR"M##0)
& # # # # # P for interaction ":0.03
@V=*<4(*<'#A;1-&(:((6B#@3*(#& # # # # # # # # # # # #
HHH& J'PW JRQ'Y 1QJI#  IQROM#). ' # (AAC+# 1 # AAC+# 1 # (@A # 1 # (@A #
#HM(& #TSH #QJY IQPR# QOOM#8C UQRT  UQP"M##) UQRR UQ"OM#) UQRR uQ"M#@u. UQ UQPJINBHE
& # # # # P for interaction ":0.60
13*24<'& # # # # # # # # # # # #
HHH& JK"! # JPQ®S 1QJS#  IQRTM#SQ !# (AAC+# 1 # AAC+# 1 # (@A # 1 # (@A #
#HM(& #BJ"# HOQKR IQKR# IQOSM#®I UQ"# UQP"M#8( UQX UQRUM#( UQRR UQ"PM#U UQIK UQ"KM#H)
& # # # # # P for interaction ":0.40
$-#H@-)(++<"F # # # # # # # # # # # #
R TRU® J'Qua IQK¥# IQKIMH#IGP | # AAC+# 1 # AAC+# 1 # (@A #
H(H# #O"# ;30N 1QS#  IQUOM#I UQ'F UQKJIM#H( UQRK UQPIMH#HEL UQRK UQPIMH#QL

#
#

" #



"Two -sided P for interaction tested at alpha=0.05 level

® Regular use defined as use in the past 30 days with reported frequency of use of 20+ days/month

® Does not total to 9947 for each supplement, as persons were excluded from supplement-specific analyses if missing
information on frequency of use or if reported usual use on <20 days per month

¢ Ratio of CRP among those who report regular use of a given supplement as compared to those who report no use/irregular
use

dAdjusted for age, gender, race/ethnicity, education, smoking history, body mass index, physical activity, vitamin E supplement
use, dietary fiber intake, dietary fat intake, total energy intake, aspirin use, non-aspirin NSAID use, statin use, diabetes, and
coronary heart disease

€ Multivariate model additionally adjusted for arthritis and/or joint pain not caused by injury

f Multivariate model additionally adjusted for arthritis and/or joint pain not caused by injury, as well as memory loss/confusion
& Multivariate model additionally adjusted for memory loss/confusion

h Analyses limited to men
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CONCLUSION

In this dissertation project, we aimed to better understand the associations between glucosamine,
chondroitin, and fish oil supplement use and CRC. To achieve these aims, we conducted an in-depth
analysis of the associations between use of these specialty supplements and CRC and examined the

biologic associations by which these associations may reduce risk of CRC.

With extended follow-up in our prospective cohort study, we observed high use (defined as use on 4+
days/week for 3+ years) of glucosamine+chondroitin to be marginally associated with reduced risk of
CRC. The association between glucosamine+chondroitin and CRC varied by body mass index, with a
significant inverse association observed among the overweight and obese, but not among persons of
lower body mass index. Since we hypothesized that the posited anti-inflammatory supplements,
glucosamine and chondroitin, may act to reduce risk of CRC most among persons of higher
inflammation, such as those with body mass index, this finding adds further biologic plausibility to the
observed association. The association between glucosamine and CRC was also marginally significant,
though this association got weaker when exposure was defined in terms of glucosamine alone,
suggesting that the observed association may be driven by chondroitin or by the combination of

glucosamine+chondroitin.

Use of fish oil supplements was also observed to be marginally associated with CRC, with high users
having about half the risk of CRC as non-users. This association varied by gender and subsite, with
associations driven by men (rather than women) and by cancers of the colon (rather than cancers of the
rectum). While total EPA+DHA and dark fish consumption were not associated with CRC overall, these
associations were modified by underlying genetic risk, with significant inverse associations observed
among persons of low and moderate genetic risk and positive associations observed among persons of

high genetic risk.
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In analyses of both glucosamine+chondroitin and fish oil supplements, we observed that the overall
associations were weaker than was observed in the initial exploratory analysis. If a genuine association
exists and the etiologically relevant time frame extends into follow-up, then changes in exposure status
would act to increase measurement error, thereby attenuating effects. Understanding the reason for
this attenuation may help us understand the etiologically relevant time frame by which these
supplements may act to influence carcinogenesis, though further study will be needed in order to fully

address this question.

We observed use of glucosamine and chondroitin supplements to be associated with reduced oxidative
stress, as measured by PGF2a. However, use these supplements was not associated with 8-isoprostane,
DNA damage, or DNA repair capacity, and it remains unclear why associations were not consistent
across biomarkers. However, it seems plausible that factors associated with oxidative stress may not be
associated with DNA damage, as any one factor, such as oxidative stress, may not make a large enough
relative contribution to DNA damage to see effect. It should also be noted that in analyses of oxidative
stress and CRC, the association between glucosamine and CRC weakened when the definition of use was
limited to glucosamine alone, suggesting that perhaps chondroitin or the combination of
glucosamine+chondroitin is driving observed associations. Use of fish oil supplements was not
associated with measures of oxidative stress or DNA damage. Glucosamine, chondroitin, and fish oil
supplements were all observed to be associated with reduced systemic inflammation, as measured by
hsCRP. Given the overlapping nature of inflammation and oxidative stress, it remains difficult to parse
apart whether glucosamine and chondroitin act primarily to reduce inflammation, oxidative stress, or

both.

Results of this study suggest biologic mechanisms by which glucosamine, chondroitin, and fish oil

supplements may reduce the risk of CRC. One of the major strengths of this study is that our
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observations are not limited to one study population. However, further research in additional study
populations is needed, as consistent observation across populations will add further support to these
findings. As a next step, we plan to assess whether use of these supplements is associated with various
markers of inflammation with the VITAL biomarker study, with biomarkers of inflammation including IL-
1B, IL-6, IL-8, TNFa, CRP, TNFRI, TNFRII, and PGE-M. This study will offer the opportunity to replicate our
finding from NHANES within a different population using additional biomarkers. Furthermore, a small
pilot trial is underway to better understand the biologic effects of glucosamine and chondroitin
supplementation. This trial will obviate typical concerns of observational studies, including concerns
related to residual confounding by factors associated with health behaviors. Taken together, the body of
work presented in this dissertation in conjunction with these additional biomarker studies may lay the

groundwork for future study of these supplements as potential chemopreventive agents.

If glucosamine, chondroitin, and fish oil act to reduce inflammation and/or oxidative stress, it is possible
that these supplements may affect other outcomes, beyond CRC, for which these biologic mechanisms
play an important role. We have already observed that glucosamine and chondroitin are associated with
reduced risk of lung cancer (1, 2) and total mortality (3, 4), while fish oil has been associated with
reduced risk of breast cancer (5) and heart disease (6). Future observation of an association with other
related outcomes or observation in other study populations may generate further support for the

effects of these supplements.

Lastly, results of our analyses also suggest certain subgroups may benefit more or less from use of these
supplements. The observed differences across subgroups (such as gender, BMI, genetic risk) is not only
important to understanding the chemopreventive potential of these supplements, but may also shed

light on the mechanisms by which these supplements may affect cancer risk.
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These results from this project are important as they build the foundation of research involving these
supplements in disease prevention. Beyond the posited effect of glucosamine, chondroitin, and fish on
inflammation and/or oxidative stress, and CRC, these supplements have been suggested to have

excellent safety profiles (7-11), further supporting their potential role in this setting.
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