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Laboratory evidence suggests that certain specialty dietary supplements have antiinflammatory properties,

though evidence in humans remains limited. Data on a nationally representative sample of 9,947 adults from the

1999–2004 cycles of the National Health and Nutrition Examination Survey were used to assess the associa-

tions between specialty supplement use and inflammation, as measured by serum high-sensitivity C-reactive

protein (hs-CRP) concentration. Using survey-weighted multivariate linear regression, significant reductions in

hs-CRP concentrations were associated with regular use of glucosamine (17%, 95% confidence interval (CI): 7,

26), chondroitin (22%, 95% CI: 8, 33), and fish oil (16%, 95% CI: 0.3, 29). No associations were observed

between hs-CRP concentration and regular use of supplements containing methylsulfonylmethane, garlic,

ginkgo biloba, saw palmetto, or pycnogenol. These results suggest that glucosamine and chondroitin supple-

ments are associated with reduced inflammation in humans and provide further evidence to support an inverse

association between use of fish oil supplements and inflammation. It is important to further investigate the poten-

tial antiinflammatory role of these supplements, as there is a need to identify safe and effective ways to reduce

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

anti-inflammatory agents; chondroitin; C-reactive protein; dietary supplements; fish oils; glucosamine;

inflammation; nutrition surveys

Abbreviations: CI, confidence interval; CRP, C-reactive protein; hs-CRP, high-sensitivity C-reactive protein; MET, metabolic

equivalent of task; MSM, methylsulfonylmethane; NHANES, National Health and Nutrition Examination Survey; NSAID, nonste-

roidal antiinflammatory drug; PUFA, polyunsaturated fatty acid; VITAL, VITamins And Lifestyle.

Inflammation has been implicated in the etiology of
several chronic diseases, including cardiovascular disease
and several types of cancer (1–4). Consistent with these ob-
servations, the antiinflammatory drug aspirin has been
found to reduce the risk of cardiovascular disease (5, 6)
and colorectal cancer (7) in randomized controlled trials
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 antiinflammatory drugs (NSAIDs) (6, 11–13);
consequently, there is a need to identify other safe and ef-
fective measures for reducing inflammation and inflamma-
tion-related diseases.

Laboratory studies suggest that certain nonvitamin, non-
mineral “specialty” supplements may act to reduce inflam-
mation. These include glucosamine (14–19), chondroitin
(20, 21), methylsulfonylmethane (MSM) (22), fish oil sup-
plements containing omega-3 polyunsaturated fatty acids
(PUFAs) (23, 24), garlic (25–27), ginseng (28, 29), ginkgo
biloba (30), saw palmetto (31), and pycnogenol-containing
supplements (32, 33). Despite the suggested antiinflamma-
tory properties of these supplements, evidence in humans
remains limited. Of these supplements, omega-3 PUFA
supplementation has been the best studied, with recent ran-
domized controlled trial evidence suggesting that omega-3
supplements reduce inflammation (34, 35).
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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 col-
lected in the National Health and Nutrition Examination
Survey (NHANES) to assess whether the aforementioned
supplements are associated with inflammation in US adults,
with inflammation being measured by serum high-sensitivity
C-reactive protein (hs-CRP) concentration.

MATERIALS AND METHODS

Data source/study population

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, noninstitutionalized persons living in the
United States (National Center for Health Statistics, online
data (http://www.cdc.gov/nchs/nhanes.htm); 36). These
cycles were selected because they included data on the ex-
posures (supplements), the outcome (hs-CRP), and covari-
ates of interest.

Information on health and health behaviors was collected
during an at-home interview, with further data collection,
physical examination, and laboratory testing conducted in a
subset of participants at NHANES mobile examination
centers. NHANES, a stratified, complex, multistage proba-
bility-based survey, oversamples persons aged ≥60 years,
persons with low incomes, and persons in certain racial/
ethnic groups. All participants are assigned weights to
account for the unequal sampling probability.

Of the 12,063 persons aged 25 years or more for whom
hs-CRP was measured, we further excluded 198 persons
with outlying C-reactive protein (CRP) values (those with
CRP values in the top 2% for their age group, gender, and
body mass index category). We did this in order to exclude
persons with acute illness, since the definition of outlying
values may vary across such factors as age, gender, and
body mass index (37). For example, among underweight
and normal-weight men aged 25–39 years, the 98th percen-
tile was 10.7 mg/L, while the 98th percentile for severely
obese men aged ≥60 years was 30.3 mg/L. Corresponding
98th percentiles were higher among women (18.5 mg/L
and 38.3 mg/L, respectively). We further excluded women
aged 25–59 years with positive or unknown pregnancy test
results (n = 524), as well as participants who had 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 disease, angina, or myocardial in-
farction (n = 63), joint pain or arthritis (n = 117), memory
loss/confusion (n = 10), or use of any supplements in the
last 30 days (n = 18). The above reasons were not mutually
exclusive; some persons were eliminated for more than one
reason. After making these exclusions, 9,947 participants
remained for analysis.

All participants provided informed consent, and the
survey was approved by the NHANES Institutional Review
Board. NHANES data are publicly available and do not
require University of Washington Institutional Review
Board approval.

Supplement use

The NHANES interview included a series of questions
related to use of dietary supplements. Participants who indi-
cated that they had used supplements in the 30 days prior
to interview were asked to list all of the supplements they
had used during this period and to provide information on
the use of each supplement, including usual frequency of
use. Information on each reported supplement was then
linked to a database containing information on the ingredi-
ents in each type of supplement, which was then used to
identify individual supplements and supplement combina-
tions containing the ingredients of interest. We abstracted
information on use of specialty supplements hypothesized
to reduce inflammation, including glucosamine, chondroi-
tin, MSM, fish oil, garlic, ginseng, pycnogenol-containing
supplements (grape-seed 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 a usual frequency of at least 20 days/
month. Persons reporting no use were considered nonusers,
and those reporting usual use on fewer than 20 days/month
were excluded from supplement-specific analyses, as were
persons missing information on usual frequency of use.

Outcome (hs-CRP)

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 means of 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 in
NHANES. To normalize the right-skewed data distribution,
hs-CRP values were log-transformed, and all analyses used
these log-transformed values as a continuous measure of
inflammation. Values have been exponentiated for
presentation.

Covariates

Covariates used for adjustment were selected a priori
based on associations with CRP in prior studies (39–53).
All adjusted models included age (25–29, 30–39, 40–49,
50–59, 60–69, or ≥70 years) and gender.

Multivariate analyses were additionally adjusted for race/
ethnicity (non-Hispanic white, Mexican-American, other
Hispanic, non-Hispanic black, or mixed race/other), educa-
tion (less than high school, high school graduation or
equivalent, some college/associate’s degree, college gradu-
ation or above), cigarette smoking history (current, former,
or never smoker), and body mass index (weight (kg)/height
(m)2), with weight and height measured at interview. Body
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Table 1. Medical and Sociodemographic Characteristics of Participants and Their Associations With C-Reactive Protein Concentration,

National Health and Nutrition Examination Survey, 1999–2004

Characteristic No. of Subjects Weighted %

Unadjusted Geometric
Mean CRP Level, mg/L

Multivariate-Adjusted
Geometric Mean CRP

Level, mg/La

Mean 95% CI Mean 95% CI

Demographic factors

Age group, years

25–29 820 9.22 1.31 1.16, 1.48 1.47 1.30, 1.66

30–39 1,746 22.16 1.56 1.45, 1.68 1.59 1.49, 1.69

40–49 1,952 23.50 1.77 1.62, 1.94 1.72 1.60, 1.85

50–59 1,488 18.68 2.10 1.95, 2.27 2.04 1.92, 2.18

60–69 1,791 13.51 2.64 2.48, 3.21 2.44 2.28, 2.61

≥70 2,150 12.93 2.42 2.31, 2.55 2.58 2.42, 2.75

Gender

Male 4,976 48.73 1.57 1.49, 1.65 1.58 1.51, 1.67

Female 4,971 51.27 2.28 2.16, 2.41 2.26 2.14, 2.38

Race/ethnicity

Non-Hispanic white 5,259 74.84 1.86 1.77, 1.95 1.88 1.81, 1.97

Mexican-American 2,209 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 1,742 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 graduation 3,136 19.38 2.36 2.21, 2.52 2.00 1.88, 2.13

High school graduation/GED or
equivalent

2,357 25.50 2.09 1.99, 2.21 1.95 1.84, 2.06

Some college or associate’s
degree

2,504 28.83 1.92 1.81, 2.03 1.88 1.78, 1.99

College graduation or above 1,950 26.30 1.46 1.35, 1.58 1.80 1.69, 1.93

Lifestyle factors

Smoking history

Never smoker 4,937 49.19 1.81 1.71, 1.91 1.80 1.72, 1.89

Former smoker 2,896 27.78 1.97 1.86, 2.09 1.83 1.72, 1.94

Current smoker 2,114 23.04 2.03 1.91, 2.15 2.23 2.09, 2.37

Body mass indexb category

Underweight (<18.5) 135 1.64 0.75 0.59, 0.96 0.73 0.57, 0.95

Normal-weight (18.5–<25) 2,855 31.17 1.08 1.01, 1.14 1.09 1.03, 1.15

Overweight (25–<30) 3,711 35.65 1.82 1.72, 1.91 1.86 1.77, 1.96

Obese (30–<35) 1,969 19.07 2.94 2.75, 3.13 2.88 2.70, 3.07

Severely obese (≥35) 1,277 12.47 5.22 4.83, 5.65 4.85 4.49, 5.23

Leisure-time physical activity level,
MET-minutes/week

None 4,450 36.34 2.41 2.26, 2.57 2.06 1.94, 2.19

Low (>0–<600) 2,167 24.48 1.91 1.79, 2.05 1.87 1.76, 1.99

High (≥600) 3,330 39.18 1.52 1.44, 1.61 1.78 1.70, 1.86

Dietary factors

Vitamin E supplement use

No 8,753 86.91 1.91 1.84, 1.99 1.91 1.84, 1.99

Yes 1,194 13.09 1.81 1.67, 1.97 1.82 1.68, 1.97

Table continues
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Table 1. Continued

Characteristic No. of Subjects Weighted %

Unadjusted Geometric
Mean CRP Level, mg/L

Multivariate-Adjusted
Geometric Mean CRP

Level, mg/La

Mean 95% CI Mean 95% CI

Quintile of dietary fiber intake,
g/day

Q1 (≤8.4) 1,990 19.05 2.25 2.08, 2.43 2.12 1.97, 2.28

Q2 (>8.4–≤12.1) 1,989 20.13 2.14 1.98, 2.32 2.01 1.87, 2.16

Q3 (>12.1–≤16.2) 2,004 20.67 2.02 1.87, 2.18 1.98 1.76, 2.10

Q4 (>16.2–≤22.1) 1,975 19.96 1.82 1.68, 1.97 1.84 1.72, 1.96

Q5 (>22.1) 1,989 20.18 1.41 1.30, 1.53 1.61 1.49, 1.74

Quintile of dietary fat intake,
g/day

Q1 (≤44) 1,990 16.79 1.99 1.83, 2.17 1.78 1.58, 2.01

Q2 (>44–≤60) 1,989 18.86 1.94 1.79, 2.11 1.81 1.67, 1.97

Q3 (>60–≤78) 1,990 19.65 2.00 1.87, 2.14 1.97 1.87, 2.08

Q4 (>78–≤105) 1,989 20.46 1.88 1.75, 2.01 1.93 1.81, 2.05

Q5 (>105) 1,989 24.24 1.75 1.60, 1.93 1.98 1.79, 2.18

Quintile of total energy intake,
kcal/day

Q1 (≤1,336) 1,992 16.77 2.28 2.11, 2.46 1.82 1.64, 2.04

Q2 (>1,336–≤1,708) 1,989 18.74 2.08 1.92, 2.26 1.88 1.71, 2.07

Q3 (>1,708–≤2,113) 1,989 19.76 1.92 1.80, 2.05 1.84 1.72, 1.97

Q4 (>2,113–≤2,693) 1,988 21.21 1.89 1.75, 2.04 2.00 1.86, 2.16

Q5 (>2,693) 1,989 23.51 1.55 1.43, 1.68 1.93 1.75, 2.13

Medical factors

Medication use

Aspirin usec

No 8,632 87.58 1.85 1.77, 1.93 1.91 1.83, 1.98

Yes 1,315 12.42 2.33 2.15, 2.53 1.85 1.71, 2.00

Nonaspirin NSAID usec

No 9,605 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 8,760 89.04 1.87 1.79, 1.95 1.93 1.86, 2.01

Yes 1,187 10.96 2.16 1.98, 2.36 1.68 1.53, 1.85

Medical history

Diabetes mellitus

No 8,734 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 1,063 7.67 3.00 2.67, 3.36 2.02 1.84, 2.21

Heart diseased

No 9,033 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 5,405 56.71 1.63 1.55, 1.71 1.87 1.78, 1.96

Yes, either 4,542 43.29 2.33 2.22, 2.44 1.95 1.85, 2.05

Table continues
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mass index was categorized as follows: <18.5 (under-
weight), 18.5−<25 (normal-weight), 25−<30 (overweight),
30−<35 (obese), and≥35 (severely obese).
We also adjusted for leisure-time physical activity.

Among participants who reported engaging in moderate or
vigorous leisure-time physical activity in the last month, we
calculated the metabolic equivalent of task (MET)-minutes
for each reported activity, after which we summed the
MET-minutes per person across all reported activities. This
variable is presented as average MET-minutes of leisure-
time physical activity per week and was categorized into 3
groups (no reported leisure-time physical activity, <600
MET-minutes/week, and≥600 MET-minutes/week).
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 deter-
mined by 1- or 2-day recall (a second recall was included
where available). Each recall ascertained dietary intake in
the 24-hour period prior to dietary interview (midnight to
midnight), and information was collected at the time of ex-
amination or by telephone after examination. Approximate-
ly 32% of the study population had a second day’s worth
of reliable recall information collected. Information on this
second day of recall was collected only for the 2003–2004
cycle, and the information was collected at least 3 days
after the initial recall, with the number of days between
recalls varying (36). For participants 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 an average energy
intake of <800 kcal/day or >5,000 kcal/day, as well as
women reporting an average energy intake of <600 kcal/
day or >4,000 kcal/day. Dietary factors were categorized
into quintiles based on the distribution of raw numbers in
the final data set.
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 condi-
tions associated with CRP levels, including diagnosis of di-
abetes (yes, no, or borderline; gestational diabetes was
excluded) and history of heart disease (diagnosis of coro-
nary heart disease, angina, or myocardial infarction by a
health professional). Finally, where available, we adjusted
for the main indications of supplement use. For supple-
ments for which joint pain/arthritis is considered an indica-
tion for use (glucosamine, chondroitin, MSM, fish oil),
results were additionally adjusted for joint pain/arthritis,
defined as a report of physician-diagnosed arthritis or a
report of joint pain not caused by injury. Analyses of sup-
plements indicated for memory loss (fish oil, ginkgo) were
further adjusted for self-reported memory loss/confusion.

Statistical analysis

Linear regression was used to model the association
between regular use of each supplement and log-transformed
hs-CRP, adjusted for covariates:

lnðhs-CRPÞ ¼ aþ b1� X1þ b2� X2þ . . .

where X1 and X2, etc., are indicator variables for each cate-
gory of the independent variables. We present the results as
eβ, which represents the ratio of geometric mean hs-CRP
concentrations among persons in the category of interest to
those in the reference category (e.g., the ratio of hs-CRP
levels among regular glucosamine users to hs-CRP levels
among nonusers). 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 consump-
tion, as well as substitution of waist circumference for body
mass index and saturated fat intake for total fat intake. In-
clusion of these variables did not materially change the ob-
served 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 varied by gender. Tests for multiplicative

Table 1. Continued

Characteristic No. of Subjects Weighted %

Unadjusted Geometric
Mean CRP Level, mg/L

Multivariate-Adjusted
Geometric Mean CRP

Level, mg/La

Mean 95% CI Mean 95% CI

Memory loss/confusion

No 9,114 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

Abbreviations: CI, confidence interval; CRP, C-reactive protein; GED, General Education Diploma; MET, metabolic equivalent of task;

NSAID, nonsteroidal antiinflammatory drug; Q, quintile.
a Adjusted for all factors in the table except arthritis/joint pain not due to injury and memory loss/confusion.
b Weight (kg)/height (m)2.
c Aspirin/nonaspirin NSAID use was defined as use of the product every day or nearly every day in the last 30 days among persons who

report use of pain relievers taken nearly every day for 1 month or longer.
d Heart disease was defined by a report of physician-diagnosed coronary heart disease, angina, or myocardial infarction.
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interaction between supplement use and gender in an un-
stratified model were conducted, with statistical significance
of the resulting 2-sided P values being assessed at the
α = 0.05 level.

Because of the stratified multistage sampling design of
the NHANES data, analyses were weighted to reflect sam-
pling probabilities, so as to allow for representation of the
US population. All statistical analyses were conducted
using Stata software, version 11 (StataCorp LP, College
Station, Texas).

RESULTS

As Table 1 shows, hs-CRP was positively associated
with increasing age and body mass index. In multivariate-
adjusted models, persons with a body mass index over 35
had a geometric mean hs-CRP concentration of 4.85 mg/L,
while persons with a body mass index less than 18.5 had a
geometric mean hs-CRP concentration of 0.73 mg/L. Hs-
CRP levels were inversely associated with education and
physical activity. Furthermore, women had higher hs-CRP
levels than men, current smokers had higher hs-CRP levels
than nonsmokers, and persons with a history of heart
disease had higher hs-CRP levels than those without heart
disease. Increasing dietary fiber intake was associated with
decreased hs-CRP levels, and statin use was associated
with lower hs-CRP levels. However, vitamin E supplement
use, dietary energy intake, dietary fat intake, diabetes,
aspirin use, nonaspirin NSAID use, arthritis/joint pain, and
memory loss did not appear to be associated with hs-CRP
levels in the multivariate-adjusted estimates.

Table 2 presents the associations of regular use of spe-
cialty supplements (≥20 days/month) with CRP levels. The
weighted percentage of regular use ranged from 1.2% for
MSM use to 4.4% for ginseng use. In the fully adjusted
model, regular use of glucosamine was associated with a
statistically significant 17% reduction in hs-CRP levels (as
compared with nonuse) (ratio = 0.83, 95% confidence inter-
val (CI): 0.74, 0.93) and chondroitin was associated with a
22% reduction in hs-CRP (ratio = 0.78, 95% CI: 0.67,
0.92). Regular use of fish oil was also associated with a
significant 16% reduction in hs-CRP levels (ratio = 0.84,
95% CI: 0.71, 0.997). Use of any of the remaining supple-
ments (MSM, garlic, ginseng, ginkgo, saw palmetto, and
pycnogenol-containing supplements) was not statistically
significantly associated with hs-CRP.

Furthermore, we observed significant interactions by
gender for the associations of glucosamine use with
hs-CRP (P-interaction = 0.05) and chondroitin use with hs-
CRP (P-interaction = 0.03). Among women, regular glucos-
amine use was associated with a 27% reduction in hs-CRP
(ratio = 0.73, 95% CI: 0.61, 0.88), and regular chondroitin
use was associated with a 33% reduction in hs-CRP
(ratio = 0.67, 95% CI: 0.53, 0.84), while the associations
among men were small and nonsignificant. Lastly, we ob-
served a significant interaction between ginseng use and
gender (P-interaction = 0.03), with the association being
evident in men (ratio = 0.84; 95% CI: 0.72, 0.98) but not in
women.

DISCUSSION

In a representative sample of the US adult population,
we observed use of glucosamine, chondroitin, and fish oil
supplements to be associated with reduced inflammation, as
measured by hs-CRP concentration. The magnitude of re-
duction 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
with the effects of aspirin was not possible, since we and
other investigators (54–57) have found no clear reduction
in CRP levels with aspirin use, perhaps because aspirin
may affect inflammation without affecting CRP (58, 59).

In our study, the percentages of persons reporting use of
glucosamine, chondroitin, and fish oil were slightly lower
than was reported in a recent study of US adults aged 57–
85 years (60). These differences are largely a reflection of
the age of the 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 that has in-
vestigated 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 supple-
mentation may reduce inflammation via inhibition of
nuclear factor kappa B activation (14, 61–63). Nuclear
factor kappa B is a transcription factor which lies upstream
of many inflammatory processes, including CRP. Laborato-
ry studies have further shown that these compounds also
affect factors downstream of nuclear factor kappa B, such
as cyclooxygenase activity, as well as the proinflammatory
cytokines interleukin-6 and tumor necrosis factor alpha
(14–18, 64–66). Despite this suggestive laboratory evi-
dence, we know of only 2 small studies on glucosamine or
chondroitin supplement use and inflammation in humans.
In a randomized controlled trial of rheumatoid arthritis pa-
tients, Nakamura et al. (67) randomized 25 persons to
receive glucosamine and 26 to receive placebo for 12
weeks. In that study, Nakamura et al. reported no effect of
glucosamine on CRP levels; however, persons with rheu-
matoid arthritis have higher levels of systemic inflammation
than the general population, and therefore results from that
study may not be generalizable to persons without chronic
inflammatory conditions (67). A second randomized con-
trolled trial was conducted in which 36 osteoarthritis pa-
tients were given a glucosamine hydrochloride and
chondroitin sulfate compound and 17 were given placebo
(19). After the 3-month intervention period, the investiga-
tors observed a significant decrease in serum prostaglandin
E2 concentrations among persons treated with glucosamine
(P < 0.01) (19). We know of no other human studies on the
association between use of these supplements and
inflammation.

Our results suggest a biologic mechanism to substantiate
the epidemiologic observation of an association between
glucosamine and chondroitin use and reduced risk of
chronic diseases. In observational studies carried out within
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Table 2. Association of Regular Usea of Specialty Dietary Supplements With C-Reactive Protein Concentration, National Health and Nutrition Examination Survey, 1999–2004

Supplement
No. of

Subjectsb
Weighted %

Unadjusted Geometric
Mean CRP

Concentration,
mg/L

Age- and
Sex-Adjusted

Ratio

Multivariate-Adjusted
Ratio

Stratified
Multivariate-Adjusted

Ratio

Men Women P for
Interactionc

Mean 95% CI Ratiod 95% CI Ratiod,e 95% CI Ratiod,e 95% CI Ratiod,e 95% CI

Glucosaminef 0.05

No 9,513 95.82 1.90 1.83, 1.98 1 Referent 1 Referent 1 Referent 1 Referent

Yes 361 4.18 1.89 1.60, 2.22 0.83 0.71, 0.98 0.83 0.74, 0.93 0.95 0.83, 1.08 0.73 0.61, 0.88

Chondroitinf 0.03

No 9,651 97.19 1.91 1.83, 1.98 1 Referent 1 Referent 1 Referent 1 Referent

Yes 252 2.81 1.75 1.46, 2.10 0.76 0.62, 0.92 0.78 0.67, 0.92 0.93 0.78, 1.12 0.67 0.53, 0.84

Methylsulfonylmethanef 0.08

No 9,807 98.79 1.90 1.83, 1.98 Referent 1 Referent 1 Referent 1 Referent

Yes 116 1.21 1.96 1.53, 2.51 0.88 0.68, 1.15 0.87 0.66, 1.15 1.09 0.83, 1.43 0.69 0.46, 1.05

Fish oilg 0.88

No 9,746 97.84 1.91 1.84, 1.99 1 Referent 1 Referent 1 Referent 1 Referent

Yes 167 2.16 1.49 1.18, 1.89 0.69 0.56, 0.86 0.84 0.71, 1.00 0.86 0.64, 1.16 0.85 0.70, 1.03

Garlic 1.00

No 9,595 96.78 1.90 1.83, 1.98 1 Referent 1 Referent 1 Referent 1 Referent

Yes 296 3.22 1.90 1.58, 2.28 0.94 0.78, 1.13 0.97 0.83, 1.13 0.98 0.81, 1.20 0.96 0.79, 1.17

Ginseng 0.03

No 9,478 95.57 1.92 1.85, 2.00 1 Referent 1 Referent 1 Referent 1 Referent

Yes 370 4.43 1.58 1.36, 1.84 0.85 0.74- 0.99 0.92 0.81, 1.04 0.84 0.72, 0.98 1.06 0.87, 1.28

Pycnogenol (grape
seed/pine bark)

0.60

No 9,760 98.1 1.91 1.83, 1.99 1 Referent 1 Referent 1 Referent 1 Referent

Yes 142 1.90 1.66 1.33, 2.06 0.84 0.67, 1.06 0.88 0.73, 1.06 0.88 0.71, 1.09 0.9 0.69, 1.19

Ginkgoh 0.40

No 9,571 96.42 1.92 1.84, 2.00 1 Referent 1 Referent 1 Referent 1 Referent

Yes 297 3.58 1.58 1.32, 1.89 0.79 0.67, 0.93 0.91 0.80, 1.03 0.88 0.76, 1.02 0.95 0.75, 1.19
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the VITamins And Lifestyle (VITAL) cohort, use of glu-
cosamine and/or chondroitin was associated with reduced
risk of colorectal cancer (68) and lung adenocarcinoma
(69). Aspirin use follows a similar pattern: In combined
analyses of randomized controlled trial results, aspirin use
has been shown to reduce risk of both colorectal cancer (7)
and death from lung adenocarcinoma (70). The VITAL
study also found 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 have
been largely driven by the associations in women, and in
the VITAL study of lung cancer risk, Brasky et al. (69)
also observed a greater protective effect of these supple-
ments among women. While the biologic mechanism un-
derlying this interaction is unclear, it is feasible that these
observed gender differences may reflect differential bioa-
vailability or metabolism by gender (74, 75).

Regular use of fish oil supplements was associated with
lower CRP concentrations. Fish oil contains long-chain
omega-3 PUFAs, such as eicosapentaenoic acid and doco-
sahexaenoic acid. These omega-3 PUFAs are thought to
reduce inflammation in several ways, including inhibition
of nuclear factor kappa B activation and competitive inhibi-
tion of proinflammatory 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 inflam-
mation, primarily small trials of subjects at high risk of car-
diovascular disease (78, 79). Two reviews published in
2006 concluded that the trials were inconsistent and incon-
clusive (78, 79). More recently, however, 2 larger random-
ized controlled trials of omega-3 supplementation found
that the supplements reduced circulating CRP (34, 35) and
tumor necrosis factor alpha (35) levels. These studies, plus
our current study in a representative US population, provide
evidence for the antiinflammatory effects of long-chain
omega-3 PUFAs in humans, and they support one of
several mechanisms (78, 80, 81) by which long-chain
omega-3 PUFA intake may reduce the risk of cardiovascu-
lar disease (82), some cancers (68, 83–85), and total mor-
tality (71, 82).

Despite the lack of a main effect for ginseng supplementa-
tion, we observed significant interaction between gender and
ginseng use, with the association with CRP being evident
among men but not women. Ginseng has been shown to be
associated with reduced nuclear factor kappa B and cycloox-
ygenase expression in laboratory studies, though this hypoth-
esis has not been widely tested, nor has it been studied in
vivo among humans, to our knowledge (28, 29). It is inter-
esting to note that in a cohort study, Yi et al. (86) reported
an inverse association between ginseng use and total mortal-
ity—an association which was similarly limited to men.

We did not observe significant associations between
CRP and any of the following supplements: MSM, pycno-
genol-containing supplements, garlic, ginkgo, or saw pal-
metto. Power may have been limited to detect associationsT
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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 allowed us to address previously unexplored

questions in a large, nationally representative population;
however, it was not without limitations. First, glucosamine
and chondroitin are often taken together in a single supple-
ment, with about two-thirds of users taking a supplement
containing both compounds and one-third taking glucos-
amine 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. In addition, we were unable to assess supple-
ment 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 have been some measurement error in the classification
of regular users versus nonusers, such misclassification
would likely have been nondifferential across the population.
The reliability of CRP measurements in short-term studies
appears to be good (87), suggesting that 1 CRP measure-
ment is sufficient to examine the relation between supple-
ment use and CRP concentration 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 information on dose was not collected for
all study cycles, nor were we able to adjust for the indica-
tions for use of all supplements. However, for those supple-
ments with apparently significant associations (glucosamine,
chondroitin, and fish oil), we were able to adjust for the
primary indications for use. Further, adjustment for dietary
factors was ascertained from 1- or 2-day recall, which may
not be representative of true normal diet. Because these data
were collected in an observational setting, we cannot dis-
count 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 health conditions (arthritis/joint pain,
coronary artery disease). Furthermore, results were robust to
multivariate adjustment, and the multivariate-adjusted pre-
dictors of inflammation in Table 1 correspond well with ex-
pectations 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 to previous
studies which have shown beneficial effects of these supple-
ments on chronic diseases. Given the number of diseases
with which inflammation is associated, such as cancer and
cardiovascular disease, there is a need to find safe and effec-
tive ways to reduce inflammation. Research suggests that
these 3 supplements have excellent safety profiles (88–92),
supporting their potential role in disease prevention. It is
therefore important that the potential antiinflammatory role
of these supplements be further investigated.

ACKNOWLEDGMENTS

Author affiliations: Division of Public Health Sciences,
Fred Hutchinson Cancer Research Center, Seattle, Wash-
ington (Elizabeth D. Kantor, Johanna W. Lampe, Thomas
L. Vaughan, Ulrike Peters, Emily White); and Department
of Epidemiology, School of Public Health, University of
Washington, Seattle, Washington (Elizabeth D. Kantor,
Johanna W. Lampe, Thomas L. Vaughan, Ulrike Peters,
Colin D. Rehm, Emily White).
This work was supported by grants K05-CA154337,

R01-CA142545, and R25-CA094880 from the National
Cancer Institute.
Conflict of interest: none declared.

REFERENCES

1. Li Q, Withoff S, Verma IM. Inflammation-associated cancer:
NF-κB is the lynchpin. Trends Immunol. 2005;26(6):
318–325.

2. Wang S, Liu Z, Wang L, et al. NF-κB signaling pathway,
inflammation and colorectal cancer. Cell Mol Immunol.
2009;6(5):327–334.

3. Wang Z, Nakayama T. Inflammation, a link between obesity
and cardiovascular disease. Mediators Inflamm. 2010;2010:
535918. (doi:10.1155/2010/535918).

4. 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.

5. Antithrombotic Trialists’ Collaboration. Collaborative meta-
analysis of randomised trials of antiplatelet therapy for
prevention of death, myocardial infarction, and stroke in high
risk patients. BMJ. 2002;324(7329):71–86.

6. Wolff T, Miller T, Ko S. Aspirin for the primary prevention
of cardiovascular events: an update of the evidence for the
U.S. Preventive Services Task Force. Ann Intern Med.
2009;150(6):405–410.

7. Rothwell PM, Wilson M, Elwin CE, 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.

8. Cuzick J, Otto F, Baron JA, et al. Aspirin and non-steroidal
anti-inflammatory drugs for cancer prevention: an
international consensus statement. Lancet Oncol. 2009;
10(5):501–507.

9. Jacobs EJ, Thun MJ, Bain EB, et al. A large cohort study of
long-term daily use of adult-strength aspirin and cancer
incidence. J Natl Cancer Inst. 2007;99(8):608–615.

10. Vaughan TL, Dong LM, Blount PL, et al. Non-steroidal anti-
inflammatory drugs and risk of neoplastic progression in
Barrett’s oesophagus: a prospective study. Lancet Oncol.
2005;6(12):945–952.

11. Berger JS, Lala A, Krantz MJ, et al. Aspirin for the
prevention of cardiovascular events in patients without
clinical cardiovascular disease: a meta-analysis of randomized
trials. Am Heart J. 2011;162(1):115.e2–124.e2.

12. Langman MJ, Weil J, Wainwright P, et al. Risks of bleeding
peptic ulcer associated with individual non-steroidal anti-
inflammatory drugs. Lancet. 1994;343(8905):1075–1078.

13. Page J, Henry D. Consumption of NSAIDs and the
development of congestive heart failure in elderly patients: an

1010 Kantor et al.

Am J Epidemiol. 2012;176(11):1002–1013

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/176/11/1002/178727 by guest on 10 April 2024



underrecognized public health problem. Arch Intern Med.
2000;160(6):777–784.

14. Largo R, Alvarez-Soria MA, Díez-Ortego I, et al.
Glucosamine inhibits IL-1β-induced NFκB activation in
human osteoarthritic chondrocytes. Osteoarthritis Cartilage.
2003;11(4):290–298.

15. Chan PS, Caron JP, Rosa GJ, et al. Glucosamine and
chondroitin sulfate regulate gene expression and synthesis of
nitric oxide and prostaglandin E2 in articular cartilage
explants. Osteoarthritis Cartilage. 2005;13(5):387–394.

16. Chan PS, Caron JP, Orth MW. Short-term gene expression
changes in cartilage explants stimulated with interleukin beta
plus glucosamine and chondroitin sulfate. J Rheumatol.
2006;33(7):1329–1340.

17. Chou MM, Vergnolle N, McDougall JJ, et al. Effects of
chondroitin and glucosamine sulfate in a dietary bar
formulation on inflammation, interleukin-1β, matrix
metalloprotease-9, and cartilage damage in arthritis. Exp Biol
Med (Maywood). 2005;230(4):255–262.

18. Sakai S, Sugawara T, Kishi T, et al. Effect of glucosamine
and related compounds on the degranulation of mast cells and
ear swelling induced by dinitrofluorobenzene in mice. Life
Sci. 2010;86(9-10):337–343.

19. Nakamura H, Nishioka K. Effects of glucosamine/chondroitin
supplement on osteoarthritis: involvement of PGE2 and YKL-
40. J Rheum Joint Surg. 2002:175–184.

20. Iovu M, Dumais G, du Souich P. Anti-inflammatory activity
of chondroitin sulfate. Osteoarthritis Cartilage. 2008;
16(suppl 3):S14–S18.

21. Xu CX, Jin H, Chung YS, et al. Chondroitin sulfate extracted
from ascidian tunic inhibits phorbol ester-induced expression
of inflammatory factors VCAM-1 and COX-2 by blocking
NF-κB activation in mouse skin. J Agric Food Chem.
2008;56(20):9667–9675.

22. Kim YH, Kim DH, Lim H, et al. The anti-inflammatory
effects of methylsulfonylmethane on lipopolysaccharide-
induced inflammatory responses in murine macrophages. Biol
Pharm Bull. 2009;32(4):651–656.

23. Lo CJ, Chiu KC, Fu M, et al. Fish oil decreases macrophage
tumor necrosis factor gene transcription by altering the NF
kappa B activity. J Surg Res. 1999;82(2):216–221.

24. Zhao Y, Joshi-Barve S, Barve S, et al. Eicosapentaenoic acid
prevents LPS-induced TNF-α expression by preventing NF-
κB activation. J Am Coll Nutr. 2004;23(1):71–78.

25. Hodge G, Hodge S, Han P. Allium sativum (garlic)
suppresses leukocyte inflammatory cytokine production in
vitro: potential therapeutic use in the treatment of
inflammatory bowel disease. Cytometry. 2002;48(4):209–215.

26. Ide N, Lau BH. Garlic compounds minimize intracellular
oxidative stress and inhibit nuclear factor-κB activation.
J Nutr. 2001;131(3):1020S–1026S.

27. Keiss HP, Dirsch VM, Hartung T, et al. Garlic (Allium
sativum L.) modulates cytokine expression in
lipopolysaccharide-activated human blood thereby inhibiting
NF-κB activity. J Nutr. 2003;133(7):2171–2175.

28. Peralta EA, Murphy LL, Minnis J, et al. American ginseng
inhibits induced COX-2 and NFKB activation in breast
cancer cells. J Surg Res. 2009;157(2):261–267.

29. Zhang Z, Li X, Lv W, et al. Ginsenoside Re reduces insulin
resistance through inhibition of c-Jun NH2-terminal kinase
and nuclear factor-κB. Mol Endocrinol. 2008;22(1):186–195.

30. Park YM, Won JH, Yun KJ, et al. Preventive effect of ginkgo
biloba extract (GBB) on the lipopolysaccharide-induced
expressions of inducible nitric oxide synthase and

cyclooxygenase-2 via suppression of nuclear factor-κB in
RAW 264.7 cells. Biol Pharm Bull. 2006;29(5):985–990.

31. Buck AC. Is there a scientific basis for the therapeutic effects
of Serenoa repens in benign prostatic hyperplasia?
Mechanisms of action. J Urol. 2004;172(5):1792–1799.

32. Chacón MR, Ceperuelo-Mallafré V, Maymó-Masip E, et al.
Grape-seed procyanidins modulate inflammation on human
differentiated adipocytes in vitro. Cytokine. 2009;47(2):
137–142.

33. Erlejman AG, Jaggers G, Fraga CG, et al. TNFα-induced NF-
κB activation and cell oxidant production are modulated by
hexameric procyanidins in Caco-2 cells. Arch Biochem
Biophys. 2008;476(2):186–195.

34. Ebrahimi M, Ghayour-Mobarhan M, Rezaiean S, et al.
Omega-3 fatty acid supplements improve the cardiovascular
risk profile of subjects with metabolic syndrome, including
markers of inflammation and auto-immunity. Acta Cardiol.
2009;64(3):321–327.

35. Micallef MA, Garg ML. Anti-inflammatory and
cardioprotective effects of n-3 polyunsaturated fatty acids and
plant sterols in hyperlipidemic individuals. Atherosclerosis.
2009;204(2):476–482.

36. National Center for Health Statistics. NHANES 2003–2004
Public Data General Release File Documentation.
Hyattsville, MD: National Center for Health Statistics; 2005.
(http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/
general_data_release_doc_03-04.pdf). (Accessed November
11, 2011).

37. Wener MH, Daum PR, McQuillan GM. The influence of age,
sex, and race on the upper reference limit of serum C-reactive
protein concentration. J Rheumatol. 2000;27(10):2351–2359.

38. National Center for Health Statistics. National Health and
Nutrition Examination Survey. 2003–2004 Data
Documentation, Codebook, and Frequencies. C-Reactive
Protein (CRP), Bone Alkaline Phosphatase (BAP), and
Parathyroid Hormone (PTH) (L11_C). Hyattsville, MD:
National Center for Health Statistics; 2006. (http://www.cdc.
gov/nchs/nhanes/nhanes2003-2004/L11_C.htm). (Accessed
November 11, 2011).

39. Ajani UA, Ford ES, Mokdad AH. Dietary fiber and
C-reactive protein: findings from National Health and
Nutrition Examination Survey data. J Nutr. 2004;134(5):
1181–1185.

40. Aleksandrova K, Jenab M, Boeing H, et al. Circulating C-
reactive protein concentrations and risks of colon and rectal
cancer: a nested case-control study within the European
Prospective Investigation into Cancer and Nutrition. Am J
Epidemiol. 2010;172(4):407–418.

41. Buckley DI, Fu R, Freeman M, et al. C-reactive protein as a
risk factor for coronary heart disease: a systematic review and
meta-analyses for the U.S. Preventive Services Task Force.
Ann Intern Med. 2009;151(7):483–495.

42. Camhi SM, Stefanick ML, Ridker PM, et al. Changes in C-
reactive protein from low-fat diet and/or physical activity in
men and women with and without metabolic syndrome.
Metabolism. 2010;59(1):54–61.

43. Cavicchia PP, Steck SE, Hurley TG, et al. A new dietary
inflammatory index predicts interval changes in serum high-
sensitivity C-reactive protein. J Nutr. 2009;139(12):
2365–2372.

44. Gao XR, Adhikari CM, Peng LY, et al. Efficacy of different
doses of aspirin in decreasing blood levels of inflammatory
markers in patients with cardiovascular metabolic syndrome.
J Pharm Pharmacol. 2009;61(11):1505–1510.

Specialty Supplement Use and C-Reactive Protein 1011

Am J Epidemiol. 2012;176(11):1002–1013

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/176/11/1002/178727 by guest on 10 April 2024

http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/general_data_release_doc_03-04.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/general_data_release_doc_03-04.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/general_data_release_doc_03-04.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/general_data_release_doc_03-04.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/general_data_release_doc_03-04.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/general_data_release_doc_03-04.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/general_data_release_doc_03-04.pdf
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/L11_C.htm
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/L11_C.htm
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/L11_C.htm
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/L11_C.htm
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/L11_C.htm
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/L11_C.htm
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/L11_C.htm


45. Kelley-Hedgepeth A, Lloyd-Jones DM, Colvin A, et al.
Ethnic differences in C-reactive protein concentrations.
SWAN Investigators. Clin Chem. 2008;54(6):1027–1037.

46. Kent SM, Flaherty PJ, Coyle LC, et al. Effect of atorvastatin
and pravastatin on serum C-reactive protein. Am Heart J.
2003;145(2):e8. (doi:10.1067/mhj.2003.34).

47. Kraus VB, Stabler TV, Luta G, et al. Interpretation of serum
C-reactive protein (CRP) levels for cardiovascular disease risk
is complicated by race, pulmonary disease, body mass index,
gender, and osteoarthritis. Osteoarthritis Cartilage. 2007;
15(8):966–971.

48. Kronish IM, Rieckmann N, Shimbo D, et al. Aspirin
adherence, aspirin dosage, and C-reactive protein in the first 3
months after acute coronary syndrome. Am J Cardiol.
2010;106(8):1090–1094.

49. Laaksonen DE, Niskanen L, Nyyssönen K, et al. C-reactive
protein and the development of the metabolic syndrome and
diabetes in middle-aged men. Diabetologia. 2004;47(8):
1403–1410.

50. McDade TW, Lindau ST, Wroblewski K. Predictors of C-
reactive protein in the National Social Life, Health, and
Aging Project. J Gerontol B Psychol Sci Soc Sci. 2011;
66(1):129–136.

51. Plaisance EP, Grandjean PW. Physical activity and high-
sensitivity C-reactive protein. Sports Med. 2006;36(5):
443–458.

52. Plenge JK, Hernandez TL, Weil KM, et al. Simvastatin
lowers C-reactive protein within 14 days: an effect
independent of low-density lipoprotein cholesterol reduction.
Circulation. 2002;106(12):1447–1452.

53. Yanbaeva DG, Dentener MA, Creutzberg EC, et al. Systemic
effects of smoking. Chest. 2007;131(5):1557–1566.

54. Feng D, Tracy RP, Lipinska I, et al. Effect of short-term
aspirin use on C-reactive protein. J Thromb Thrombolysis.
2000;9(1):37–41.

55. Hovens MM, Snoep JD, Groeneveld Y, et al. Effects of
aspirin on serum C-reactive protein and interleukin-6 levels in
patients with type 2 diabetes without cardiovascular disease:
a randomized placebo-controlled crossover trial. Diabetes
Obes Metab. 2008;10(8):668–674.

56. Kim MA, Kim CJ, Seo JB, et al. The effect of aspirin on C-
reactive protein in hypertensive patients. Clin Exp Hypertens.
2011;33(1):47–52.

57. Rogowski O, Shapira I, Ben Assayag E, et al. Lack of
significant effect of low doses of aspirin on the concentrations
of C-reactive protein in a group of individuals with
atherothrombotic risk factors and vascular events. Blood
Coagul Fibrinolysis. 2006;17(1):19–22.

58. Feldman M, Jialal I, Devaraj S, et al. Effects of low-dose
aspirin on serum C-reactive protein and thromboxane B2

concentrations: a placebo-controlled study using a highly
sensitive C-reactive protein assay. J Am Coll Cardiol.
2001;37(8):2036–2041.

59. Vane JR, Botting RM. The mechanism of action of aspirin.
Thromb Res. 2003;110(5-6):255–258.

60. Qato DM, Alexander GC, Conti RM, et al. Use of
prescription and over-the-counter medications and dietary
supplements among older adults in the United States. JAMA.
2008;300(24):2867–2878.

61. Gouze JN, Bianchi A, Bécuwe P, et al. Glucosamine
modulates IL-1-induced activation of rat chondrocytes at a
receptor level, and by inhibiting the NF-kappa B pathway.
FEBS Lett. 2002;510(3):166–170.

62. Rafi MM, Yadav PN, Rossi AO. Glucosamine inhibits LPS-
induced COX-2 and iNOS expression in mouse macrophage

cells (RAW 264.7) by inhibition of pp38–MAP kinase and
transcription factor NF-κB. Mol Nutr Food Res. 2007;
51(5):587–593.

63. Rajapakse N, Kim MM, Mendis E, et al. Inhibition of
inducible nitric oxide synthase and cyclooxygenase-2 in
lipopolysaccharide-stimulated RAW264.7 cells by
carboxybutyrylated glucosamine takes place via down-
regulation of mitogen-activated protein kinase-mediated nuclear
factor-κB signaling. Immunology. 2008;123(3):348–357.

64. Forchhammer L, Thorn M, Met O, et al. Immunobiological
effects of glucosamine in vitro. Scand J Immunol. 2003;
58(4):404–411.

65. Hua J, Sakamoto K, Kikukawa T, et al. Evaluation of the
suppressive actions of glucosamine on the interleukin-1β-
mediated activation of synoviocytes. Inflamm Res. 2007;
56(10):432–438.

66. Shikhman AR, Kuhn K, Alaaeddine N, et al. N-
acetylglucosamine prevents IL-1β-mediated activation
of human chondrocytes. J Immunol. 2001;166(8):
5155–5160.

67. Nakamura H, Masuko K, Yudoh K, et al. Effects of
glucosamine administration on patients with rheumatoid
arthritis. Rheumatol Int. 2007;27(3):213–218.

68. Satia JA, Littman A, Slatore CG, et al. Associations of
herbal and specialty supplements with lung and
colorectal cancer risk in the VITamins And Lifestyle
study. Cancer Epidemiol Biomarkers Prev. 2009;18(5):
1419–1428.

69. Brasky TM, Lampe JW, Slatore CG, et al. Use of
glucosamine and chondroitin and lung cancer risk in the
VITamins And Lifestyle (VITAL) cohort. Cancer Causes
Control. 2011;22(9):1333–1342.

70. Rothwell PM, Fowkes FG, Belch JF, et al. Effect of daily
aspirin on long-term risk of death due to cancer: analysis of
individual patient data from randomised trials. Lancet.
2011;377(9759):31–41.

71. Pocobelli G, Kristal AR, Patterson RE, et al. Total mortality
risk in relation to use of less-common dietary supplements.
Am J Clin Nutr. 2010;91(6):1791–1800.

72. Bardia A, Ebbert JO, Vierkant RA, et al. Association of
aspirin and nonaspirin nonsteroidal anti-inflammatory drugs
with cancer incidence and mortality. J Natl Cancer Inst.
2007;99(11):881–889.

73. Raju N, Sobieraj-Teague M, Hirsh J, et al. Effect of aspirin
on mortality in the primary prevention of cardiovascular
disease. Am J Med. 2011;124(7):621–629.

74. Franconi F, Brunelleschi S, Steardo L, et al. Gender
differences in drug responses. Pharmacol Res. 2007;
55(2):81–95.

75. Freire AC, Basit AW, Choudhary R, et al. Does sex matter?
The influence of gender on gastrointestinal physiology and
drug delivery. Int J Pharm. 2011;415(1-2):15–28.

76. Chapkin RS, Kim W, Lupton JR, et al. Dietary
docosahexaenoic and eicosapentaenoic acid: emerging
mediators of inflammation. Prostaglandins Leukot Essent
Fatty Acids. 2009;81(2-3):187–191.

77. Wall R, Ross RP, Fitzgerald GF, et al. Fatty acids from fish:
the anti-inflammatory potential of long-chain omega-3 fatty
acids. Nutr Rev. 2010;68(5):280–289.

78. Balk EM, Lichtenstein AH, Chung M, et al. Effects of
omega-3 fatty acids on serum markers of cardiovascular
disease risk: a systematic review. Atherosclerosis. 2006;
189(1):19–30.

79. Fritsche K. Fatty acids as modulators of the immune
response. Annu Rev Nutr. 2006;26:45–73.

1012 Kantor et al.

Am J Epidemiol. 2012;176(11):1002–1013

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/176/11/1002/178727 by guest on 10 April 2024



80. Adkins Y, Kelley DS. Mechanisms underlying the
cardioprotective effects of omega-3 polyunsaturated fatty
acids. J Nutr Biochem. 2010;21(9):781–792.

81. Larsson SC, Kumlin M, Ingelman-Sundberg M, et al. Dietary
long-chain n-3 fatty acids for the prevention of cancer: a
review of potential mechanisms. Am J Clin Nutr. 2004;79(6):
935–945.

82. Marik PE, Varon J. Omega-3 dietary supplements and the
risk of cardiovascular events: a systematic review. Clin
Cardiol. 2009;32(7):365–372.

83. Brasky TM, Lampe JW, Potter JD, et al. Specialty
supplements and breast cancer risk in the VITamins And
Lifestyle (VITAL) cohort. Cancer Epidemiol Biomarkers
Prev. 2010;19(7):1696–1708.

84. MacLean CH, Newberry SJ, Mojica WA, et al. Effects of
omega-3 fatty acids on cancer risk: a systematic review.
JAMA. 2006;295(4):403–415.

85. Saadatian-Elahi M, Norat T, Goudable J, et al. Biomarkers of
dietary fatty acid intake and the risk of breast cancer: a meta-
analysis. Int J Cancer. 2004;111(4):584–591.

86. Yi SW, Sull JW, Hong JS, et al. Association between ginseng
intake and mortality: Kangwha Cohort Study. J Altern
Complement Med. 2009;15(8):921–928.

87. Macy EM, Hayes TE, Tracy RP. Variability in the
measurement of C-reactive protein in healthy subjects:

implications for reference intervals and epidemiological
applications. Clin Chem. 1997;43(1):52–58.

88. Clegg DO, Reda DJ, Harris CL, et al. Glucosamine,
chondroitin sulfate, and the two in combination for
painful knee osteoarthritis. N Engl J Med. 2006;354(8):
795–808.

89. Kahan A, Uebelhart D, De Vathaire F, et al. Long-term
effects of chondroitins 4 and 6 sulfate on knee osteoarthritis:
the Study on Osteoarthritis Progression Prevention, a two-
year, randomized, double-blind, placebo-controlled trial.
Arthritis Rheum. 2009;60(2):524–533.

90. Kowey PR, Reiffel JA, Ellenbogen KA, et al. Efficacy and
safety of prescription omega-3 fatty acids for the prevention
of recurrent symptomatic atrial fibrillation: a randomized
controlled trial. JAMA. 2010;304(21):2363–2372.

91. Möller I, Pérez M, Monfort J, et al. Effectiveness of
chondroitin sulphate in patients with concomitant knee
osteoarthritis and psoriasis: a randomized, double-blind,
placebo-controlled study. Osteoarthritis Cartilage. 2010;
18(suppl 1):S32–S40.

92. Sawitzke AD, Shi H, Finco MF, et al. Clinical efficacy and
safety of glucosamine, chondroitin sulphate, their
combination, celecoxib or placebo taken to treat osteoarthritis
of the knee: 2-year results from GAIT. Ann Rheum Dis.
2010;69(8):1459–1464.

Specialty Supplement Use and C-Reactive Protein 1013

Am J Epidemiol. 2012;176(11):1002–1013

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/176/11/1002/178727 by guest on 10 April 2024


