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Abstract
Background—Osteoarthritis (OA) accounts for more mobility issues in older adults than any
other disease. OA is a chronic and often painful disease for which there is no cure. Cross-sectional
studies have shown that older adults frequently use complementary and alternative medicine
(CAM) and arthritis is the most common reason for CAM use. While previous research has
profiled the sociodemographic and clinical characteristics of CAM users, few have provided
information on variation in CAM use over time and most only considered use of any CAM, which
was often a mixture of heterogeneous therapies.

Objectives—This study sought to describe the longitudinal patterns of CAM use among older
adults with knee OA, and to identify correlates/predictors of different commonly-used CAM
therapies.

Methods—The Osteoarthritis Initiative included 1,121 adults aged 65 years and above with
radiographic tibiofemoral OA in one or both knees at baseline. Annual surveys captured current
use of conventional therapies and 25 CAM modalities (grouped into 6 categories) for joint pain or
arthritis at baseline and during the 4-year follow-up. We assessed longitudinal use of CAM
modalities by summing the number of visits with participants reporting use of each modality.
Correlates of CAM use under consideration included sociodemographic indicators, body mass
index, overall measures of mental and physical wellbeing, and clinical indices of knee OA.

© 2013 Excerpta Medica, Inc. All rights reserved.

Corresponding author: Shibing Yang, MS, Department of Family Medicine and Population Health, Division of Epidemiology,
Virginia Commonwealth University School of Medicine, 830 E. Main Street, 8th Floor, Richmond, VA 23298, USA,
yangs7@vcu.edu, Telephone: +1 804 385-3746, Fax: +1 804 828-9773.

Conflicts of interest
CE has received grants and has served as a consultant to Pfizer; KL has served as an independent contractor to Janssen Scientific on a
project related to prescription pain medication use.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Clin Ther. Author manuscript; available in PMC 2014 November 01.

Published in final edited form as:
Clin Ther. 2013 November ; 35(11): . doi:10.1016/j.clinthera.2013.09.022.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Generalized estimation equations provided adjusted odds ratio estimates and 95% confidence
intervals.

Results—Nearly one third of older adults reported using ≥ one CAM modality for treating OA at
all assessments. With the exception of glucosamine and chondroitin (18%), few were persistent
users of other CAM modalities. One in five of those using NSAIDs or glucosamine/chondroitin
were using them concurrently. Adjusted models showed: 1) adults aged ≥75 years were less likely
to use dietary supplements than those aged between 65 and 75 years; 2) persons with more severe
knee pain or stiffness reported more CAM use; 3) better knee-related physical function was
correlated with more use of chiropractic/massage; 4) older adults with more comorbidities were
less likely to report use of dietary supplements.

Conclusion—Patterns of CAM use are, to some extent, inconsistent with current guidelines for
OA treatment. Evaluating the potential risks and benefits in older adults from commonly-used
CAM modalities, with or without combination use of conventional analgesics, is warranted.
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Introduction
Use of complementary and alternative medicine (CAM) is widespread and increasing among
older adults.1 Among community-dwelling adults aged 65 and above, 30% to 69% reported
use of CAM in the prior 12 months.2–5 Older adults use CAM to improve general health and
to treat specific health conditions.3 Among the various conditions for which older adults are
using CAM, arthritis is the most frequently cited reason.3

Osteoarthritis (OA), the most common type of arthritis, is a degenerative disease
characterized by joint pain and dysfunction caused by a gradual loss of articular cartilage.6

One in three older adults in the United States has clinical OA.7 OA affecting the knee and
the hip account for more problems with ambulation among older Americans than any other
disease.8 Currently, there are no curative therapies for OA and clinical guidelines
recommend both pharmacological and non-pharmacological methods to relieve
symptoms.9,10 CAM use is common among OA patients11,12 perhaps due to ineffective pain
management or adverse effects associated with conventional medicine13,14 or because of the
patients’ own health beliefs.15

Sociodemographic and clinical characteristics of CAM users among older adults with and
without OA have been documented.2–5,11,12 Gaps in knowledge about how older adults use
CAM exist for two reasons. First, the majority of previous studies used cross-sectional
designs.2–5,11,12 As such, information on variation in CAM use over time is lacking. Second,
many studies have identified correlates/predictors of using any sort of CAM, which often
includes a variety of heterogeneous therapies.3,11,16,17 We hypothesized that correlates
would differ for specific CAM therapies among older adults. For example, the factors
associated with use of mind-body techniques such as Tai Chi may likely differ from
correlates of glucosamine/chondroitin use. Therefore, using data from Osteoarthritis
Initiative (OAI),18 we sought to: (1) describe the longitudinal patterns of CAM use among
older adults with knee OA, and (2) identify correlates/predictors of specific commonly-used
CAM therapies.
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Methods
The Institutional Review Boards of the University of Massachusetts Medical School and the
Memorial Hospital of Rhode Island approved this study.

Data set and study sample
We used publicly available data from OAI, which is a longitudinal study aimed to identify
risk factors for incidence and progression of knee OA.18 From February 2004 to May 2006,
four study sites (i.e. Baltimore, MD; Columbus, OH; Pittsburgh, PA; and Pawtucket, RI)
enrolled 4,796 participants at high risk for developing or with established knee OA.18 Key
exclusion criteria included presence of rheumatoid arthritis, bilateral knee arthroplasty,
comorbid conditions that may interfere with participation, and potential for moving away
from the clinic areas during the follow-up period. Eligible participants provided informed
consent.

The current study included OAI participants aged ≥65 years who had radiographic knee OA
at study enrollment. Radiographic knee OA was defined as definite tibiofemoral osteophytes
(equivalent to Kellgren and Lawrence (K-L) grade ≥2) on the fixed flexion radiograph in
one or both knees.19 We identified 1,121 participants meeting these criteria.

Measurement of CAM use
At baseline and follow-up assessment visits, trained interviewers collected information on
use of 25 CAM modalities for joint pain or arthritis. The frequency of assessment differed
for specific CAM modalities. Four dietary supplements [glucosamine, chondroitin, S-
adenosylmethionine (SAMe) and methylsulfonylmethane (MSM)] were assessed at baseline
and then annually for 4 years. Other CAM modalities (e.g., acupuncture, Tai Chi, topical use
of capsaicin and low-fat diet) were assessed only at baseline, year 2 and year 4. At each
planned assessment, we considered participants were currently using the modality if they
reported using it for at least four days per week in the past 6 months (for glucosamine and
chondroitin), for more than half of the days in the past month (for SAMe and MSM), or
“currently” (for all other modalities).

The National Center for Complementary and Alternative Medicine (NCCAM) classification
system was used to group the 25 CAM modalities into six categories: 1) alternative medical
systems/energy therapies, 2) mind-body interventions, 3) manipulative and body-based
therapies, 4) biologically-based diets, 5) biologically-based topical agents, and 6)
biologically-based supplements.20 The OAI survey instrument grouped energy therapies and
alternative medical systems together, thus we were unable to differentiate these CAM
categories. We created six binary variables - one for each CAM category. Participants were
considered to be using the CAM category if they indicated use of any CAM modality within
that category. If information on half or more of the component modalities was missing, that
category was coded as missing. The six category variables were created for assessments at
baseline, year 2 and year 4.

Measurement of potential correlates
Potential correlates of CAM use included sociodemographic indicators, clinical indices of
knee OA, overall measures of mental and physical wellbeing, obesity status and use of
prescription and non-prescription conventional analgesics. Women,21 Non-Hispanic
White,22 higher income or education23 and having insurance coverage24 have been
correlated with increased CAM use in cross-sectional studies. We measured income as the
personal family income for the last year, including all sources such as wages, salaries, social
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security and retirement benefits. Missing income values (for 7.9% of the study sample) were
imputed with conditional means given age, gender, race and education.

OAI administered comprehensive measurements of clinical characteristics of knee OA at
baseline and follow-up visits. This included severity of symptoms, radiographic feature of
joint damage, symptom-related multi-joint OA, and history of having a knee injury and
surgery. Knee symptom and function were captured by the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) scale.25 The WOMAC scale measures three separate
dimensions: Pain, Stiffness, and Physical Function. Each scale item contains 5 Likert
responses, ranging from ‘0=none’ to ‘4=extreme’. Scores were summed for each dimension
to produce Pain, Stiffness and Function subscale scores, with maximum values of 20, 8 and
68 respectively. WOMAC is scored on a best to worst scale, with higher scores representing
greater symptom severity or worse knee-related function. WOMAC scores are knee-specific.
To characterize an individual’s symptom severity, we selected the worst score from the
knee-specific measures.

Structural damage of knee OA was assessed using the K-L grade.19 This grading scheme
takes into account the presence of osteophytes and joint space narrowing in the tibiofemoral
joint, and is categorized into Grade 0 to 4. Grade 2 or higher is generally used as standard
for diagnosis of knee OA.19 Symptom-related multi-joint OA was evaluated to capture the
effect of generalized OA on CAM use. We considered symptom-related multi-joint OA
present if participants had OA symptoms in at least two joints other than knee.26

Information was also collected on prior history of knee injury(ies) that resulted in limited
ability to walk for at least two days, and prior history of knee surgery including arthroscopy,
ligament repair or meniscectomy.

The 12-item Short-Form Health Survey (SF-12) provided an assessment of general health
status.27 Answers to the 12 questions were combined and weighted to create Physical and
Mental Component Summary scores, which range from 0 to 100, with higher scores
indicating better health status. The presence of comorbid conditions was assessed using a
validated self-administered questionnaire modeled on the Charlson index.28 A comorbidity
score was then calculated according to the algorithm proposed by Katz et al.,28 which ranges
from 0 to 32, with higher scores indicating greater severity in comorbid conditions. The
majority of our study sample had no comorbid conditions, so the comorbidity score was
categorized as 0, 1 and ≥2 in analyses. We also calculated body mass index (BMI) from
measured height and weight [weight (kg)/height (m2)]. Participants with a BMI less than 25
were defined as normal, between 25 and less than 30 as overweight, and 30 and over as
obese.

Trained interviewers assessed participants use of conventional medications for arthritis
treatment. Participants were asked “During the past 30 days, have you used any of the
following medications for joint pain or arthritis?” with separate questions for
acetaminophen, NSAIDs, opioids, doxycycline, and injections of corticosteroid or
hyaluronic acid into the knee. Participants who reported using any of these treatments were
considered using conventional medication.

Statistical analyses
We first described characteristics of participants by status of using any CAM at baseline.
Distributions of categorical and continuous variables were calculated with percentage and
mean (standard deviation) respectively.

To describe patterns of longitudinal use of each CAM modality, we summed the number
(frequency) of assessments when a participant reported use of that modality. For
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glucosamine, chondroitin, SAMe and MSM, five assessments were available (frequency
ranged from 0 to 5), and for all other CAM modalities three assessments were available
(frequency ranged from 0 to 3). We then calculated and reported the percent of each
frequency level. Since almost 90% of those taking glucosamine or chondroitin were using
both concurrently, we grouped them together by generating a variable (glucosamine/
chondroitin) indicating whether a participant was taking glucosamine, chondroitin, or both at
each assessment. When describing longitudinal use of a specific modality, we excluded
participants with missing information about that modality at any assessment. Depending on
the modality, the percentage of participants with missing information for ≥ one assessment
ranged from 15% (for SAMe) to 20% (for topical use of capsaicin).

We also identified the most common combination therapies used for treating OA. For every
possible combination of two CAM modalities or of one CAM modality and one
conventional medicine, we calculated the proportion of individuals using both treatments
among those using at least one of the two therapies under consideration. In this process,
glucosamine and chondroitin were analyzed as one modality using the same definition
mentioned above.

Measurements were reported for up to three assessments for each individual, thus
generalized estimating equations (GEE) were used to identify predictors/correlates for use of
each CAM category.29 Before starting the modeling process, we checked whether there were
strong linear dependencies among the potential correlates. Variance inflation factors (VIF)
for all potential correlates were obtained through linear regression modeling with CAM use
as the dependent variable and all potential correlates as independent variables.30 We found
that VIFs for all potential covariates in our study were much smaller than 10, which is
recommended as the cutoff to detect severe multicollinearity.31 In addition, for a small
proportion of participants with missing values on correlates (ranging from 0.9% for
comorbidity score to 5.3% for K-L grade), we imputed missing values with the last
observation carried forward.32

We fit separate models for use of the following four CAM categories: biologically-based
supplements, topical agents, mind-body interventions and manipulative and body-based
therapies. Models were not developed for biologically-based diets and alternative medical
systems/energy therapies as too few participants were using these categories. The model
outcome was CAM category use (yes or no) at each assessment and we specified a LOGIT
link to estimate the logistic GEE model. Age, gender, race, education and income at baseline
were included in the model as time-invariant covariates, while insurance coverage for
prescription, WOMAC scales, K-L grade, symptom-related multi-joint OA, history of injury
or surgery, SF-12 measures, comorbidity score, obesity status, and use of analgesic
medications (measured concurrently with CAM use) were included as time-dependent
covariates. A backward variable selection procedure was used in the model building process
with alpha= 0.2. We assumed an exchangeable within-subject correlation structure, and
tested the robustness of estimates assuming auto-regressive and unstructured correlation
structures.29 Adjusted odds ratios and corresponding 95% confidence intervals were derived
from the final models.

Results
Participant characteristics at baseline are shown in Table I. Overall, 24.4% of the study
participants were aged ≥75 years, 58.6% were women, 82.5% were non-Hispanic White and
29.7% had at least one comorbid condition. Compared to non-CAM users at baseline, CAM
users tended to be younger, were more likely to be women, and had more severe OA as
measured by K-L grade and WOMAC subscales.
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At baseline, 51.8% of participants reported current use of at least one CAM modality, and
this proportion decreased slightly to 47.6% at year 2 and to 47.1% at year 4. The proportions
of participants reporting use of different CAM categories remained stable across the study
period. The most commonly used CAM category was biologically-based supplements and
around one third of the participants reported using at least one supplement at baseline, year 2
and year 4. Topical agents and mind-body interventions were also commonly used, with
14% and 10% reporting use at each scheduled assessment point.

Table II shows the patterns of longitudinal use of any CAM and different CAM modalities
during the four-year period. Nearly one third of participants (31.2%) reported use of at least
one CAM modality at all assessments. The most persistently used CAM modality was
glucosamine/chondroitin, with 17.9% reporting use at all assessment points. A considerable
proportion of participants reported use at ≥ one visit of rubs/lotions/liniments/creams/oils
(26.3%), MSM (19.1%), vitamins (18.5%) and yoga/Tai Chi/Chi Gong/Pilates (12.7%), but
few of them consistently reported use of these modalities at all assessments.

The top five treatment combinations among CAM modalities and between CAM and
conventional therapies are shown in Table III. Over 20% of the participants using
glucosamine/chondroitin or MSM were using them concurrently, and 13.3% were using
glucosamine/chondroitin in combination with vitamins. Individuals adopting mind-body
interventions (relaxation, yoga) or biologically-based topical agents (rubs, lotions, liniments,
capsaicin, etc.) tended to simultaneously use several modalities within the same category.
Regarding combination treatment between CAM modality and conventional medication,
20.6% of those using glucosamine/chondroitin or NSAIDs were using them in combination,
and 12.1% of those using glucosamine/chondroitin or acetaminophen were using them in
combination. Participants using rubs, lotions, liniments, creams or oils were often using
them in combination with acetaminophen or NSAIDs.

Correlates of using the four common CAM categories are shown in Table IV. Participants
older than 75 years were less likely to report use of supplements than participants aged
between 65 and 75 years (i.e., the young-old). Women tended to report more use of all CAM
categories than men. Compared to Non-Hispanic Whites, Non-Hispanic Blacks were less
likely to take supplements, but more likely to use topical agents. Participants with at least
some college education reported more use of supplements and mind-body interventions than
those with a high school education or less. Higher income was associated with using
chiropractic/massage, while lower income was a correlate of using topical agents. Worse
WOMAC Pain and Stiffness symptoms were associated with more CAM use, while better
knee-related function was associated with use of chiropractic/massage. Obese participants
reported less use of mind-body interventions and chiropractic/massage than overweight and
normal-weight participants. Older adults reporting use of conventional analgesics were also
more likely to use three out of the four CAM categories. Individuals with more
comorbidities were less likely to report use of supplements than those with no comorbidities.

Discussion
Following 1,121 older adults with radiographic knee OA for up to four years, we revealed
that CAM use was common, with half of them reporting current use of some sort of CAM at
each visit and nearly a third reporting use at all assessment points. However, except
glucosamine and chondroitin, none was persistently used. Participants tended to use several
modalities concurrently, and used glucosamine, chondroitin or topical agents in combination
with conventional analgesics. Correlates/predictors relating to CAM categories differed
depending on specific CAM category.
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Consistent with other studies, we found that use of supplements, especially glucosamine/
chondroitin, and topical agents was common among older adults with OA, while other CAM
modalities, such as acupuncture, chiropractic/massage, and Tai Chi, were less commonly
used.33,34 This usage pattern is, to some extent, inconsistent with the recommendations of
current guidelines for CAM treatment of OA.9,10 The 2012 guideline from American
College of Rheumatology “conditionally recommends that OA patients should not use
chondroitin sulfate, glucosamine or topical capsaicin”, but “should participate in Tai Chi
programs” and “be treated with Chinese acupuncture”.9 The Osteoarthritis Research Society
International 2008 guideline recommended use of acupuncture and glucosamine and/or
chondroitin,10 but an update of the guideline in 2010 suggested that “effect size for pain
relief from glucosamine and chondroitin diminished and there was greater heterogeneity and
more evidence of publication bias” among the recently-published studies.35

Sharma categorized CAM users into four types: “one-off users” who discontinue the
treatment after a brief experimentation, “stable users” who regularly use one form of CAM
for one or more health problems, “earnest seekers” who keep trying different forms of
treatment for an intractable health problem, and “eclectic users” who choose and use
different forms of therapies for various problems.36–38 Earlier cross-sectional studies
reported that a significant proportion of CAM users were “stable users” who had developed
a fairly regular relationship with their particular CAM modalities.38,39 Our study, however,
along with several other longitudinal studies,40,41 found that most CAM users were probably
“one-off users” or “earnest seekers” who used each modality for a brief period and
frequently switched between modalities. One possible explanation for this discrepancy is in
varying definitions of CAM use. Instead of focusing on CAM modalities for one specific
condition, cross-sectional studies assessed CAM therapies used for any purpose including
promoting general health.38,39 Although reasons for discontinuing CAM therapies were not
elicited in our study, the usage patterns revealed support the notion that whether patients
continue a CAM therapy mainly relies on self-perceived effectiveness of the treatment.40

We found that combination use of supplements and conventional analgesics is common,
which may predispose older patients to harmful interaction effects. For instance, one study
reported that glucosamine may decrease the analgesic effect of acetaminophen among older
OA patients42 and another study showed that use of chondroitin may increase the risk of
bleeding from concurrent use of NSAIDs.43 The potential for increased gastrointestinal
toxicity warrants closer attention in the elderly as this population is at higher risk of NSAID-
induced gastrointestinal bleeding due to aging-related physiological changes44 and misuse of
analgesics.45

A review by Hathcock et al of available clinical trial data concluded that use of glucosamine
and chondroitin is safe.46 The longest study duration, however, among the clinical trials
included in the review was three years, which may be insufficient to observe the potential
adverse effects of long-term use of these supplements. Indeed, several recent case reports
from both United States47 and Europe48,49 raised the concern of potential hepatotoxicity
associated with use of glucosamine with or without chondroitin. While the OAI data
collection tools did not capture start date of glucosamine and chondroitin use and thus did
not allow us to estimate duration of use, we did find that persistent use of glucosamine/
chondroitin for at least 4 years was common among older adults. Given that long-term safety
data are not available, vigilant physician assessment and patient education and counseling is
needed to help avoid the possible adverse effects. Previous studies have noted that
underreport of dietary supplements use is common among patients50 and that physician-
patient communication is infrequent regarding efficacy and adverse effects of dietary
supplements.51
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Our findings are consistent with other studies regarding the relationship of CAM use to
gender,21 race,22 and education.23 It is also not surprising that lower income patients
reported more use of topical agents and wealthier participants reported more use of
manipulative and body-based therapies, given the difference in cost between these
therapies.3 We found that those aged ≥75 years were less likely than the young-old to report
use of supplements, but not other CAM therapies. This may be due to the relatively greater
accessibility among the young-old to direct-to-consumer advertising of these supplements
through magazine, internet, and other media.3 In addition, our study found that use of
supplements was reversely associated with the number of comorbid conditions. This may
suggest that OA patients with critical comorbid conditions abandoned OA supplement
treatments for therapies aimed at managing their comorbidities. Furthermore, the finding
that patients reporting use of conventional analgesics were also more likely to use most of
the CAM therapies supports the idea that CAM therapies are complements but not
substitutes of conventional medicine.52 Finally, a national survey showed that adults with
obesity were generally less likely to use yoga or massage.53 Our study confirmed these
relationships among older adults with OA.

The findings that persons with more severe OA or worse general physical health reported
more CAM use are consistent with other studies.11,12 However, we did find that better knee-
related physical function was correlated with more use of chiropractic/massage. This
relationship was also reported by another study of persons with back pain.54 Evaluating the
extent to which this association reflects the characteristics of chiropractic/massage users or a
treatment effect is beyond the scope of the current study.

Our findings have important implications for future study and clinical practice. Future
studies are needed to assess the extent to which supplements and topical agents interact with
conventional medications and glucosamine and/or chondroitin cause unintended adverse
effects such as hepatotoxicity. In addition, both qualitative and quantitative research is
needed to understand OA patients decision-making regarding the persistent use of
glucosamine and chondroitin in spite of controversial evidence regarding their efficacy55

and some guidelines recommending against using them.9 Future studies are also needed to
understand patients decisions concerning use of efficacious CAM given that the uptake is
low and persistent use is uncommon. For clinical practice, it is important for clinicians to
realize the high percentage of patients utilizing CAM and improve the patient education and
counseling about efficacy of available CAM therapies for OA treatment and potential
adverse effects from using CAM in combination with conventional analgesics. In addition,
considering that use of most CAM modalities is transient, clinicians may need to regularly
review their patients current CAM regimens.

Our study has some limitations. First, our sample was not randomly drawn from the
population and thus was not representative of the older population in the United States.
Indeed, compared to a nationally representative sample of older adults,5 our participants
were younger, wealthier, more educated and had fewer comorbid conditions. Second, we
didn’t directly measure duration of using each modality, but defined level of persistence
based on frequency of assessments with participants reporting current CAM use. This may
lead to an overestimation of the persistence level if participants were not on treatment during
the assessment intervals. Third, we didn’t have sufficient sample size to assess use of diets,
alternative medical systems or energy therapies. Further, we did not have adequate sample
size to evaluate correlates within specific subgroups of older adults defined by ethnicity/
race, gender, specific comorbid conditions or levels of disease severity. Our previous studies
have shown that correlates of CAM use differed by race/ethnicity56 and by gender.57
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Conclusions
Among older adults with radiographic knee OA, we found that, except for glucosamine and
chondroitin, there were few CAM modalities that were persistently used. Combination use
of glucosamine, chondroitin or topical agents with conventional analgesics is common.
Adults aged ≥75 years were less likely to report use of supplements than the young-old.
Higher income was associated with using manipulative and body-based therapies, while
lower income was a correlate of using topical agents. Participants with more severe OA
disease or worse general physical health reported more CAM use. However, individuals
with more comorbid conditions were less likely to report use of supplements. Future studies
are needed to assess the benefits and adverse effects of using glucosamine and chondroitin
alone or in combination with conventional analgesics.

Acknowledgments
The OAI is a public-private partnership comprised of five contracts (N01-AR-2-2258; N01-AR-2-2259; N01-
AR-2-2260; N01-AR-2-2261; N01-AR-2-2262) funded by the National Institutes of Health, a branch of the
Department of Health and Human Services, and conducted by the OAI Study Investigators. Private funding partners
include Pfizer, Inc.; Novartis Pharmaceuticals Corporation; Merck Research Laboratories; and GlaxoSmithKline.
Private sector funding for the OAI is managed by the Foundation for the National Institutes of Health. This
manuscript was prepared using an OAI public use data set and does not necessarily reflect the opinions or views of
the OAI investigators, the NIH or the private funding partners.

References
1. Adams J, Lui C, McLaughlin D. The use of complementary and alternative medicine in later life.

Rev Clin Gerontol. 2009; 19:227–236.

2. Foster DF, Phillips RS, Hamel MB, et al. Alternative medicine use in older Americans. J Am
Geriatr Soc. 2000; 48:1560–1565. [PubMed: 11129743]

3. Cheung C, Wyman J, Halcon L. Use of complementary and alternative therapies in community-
dwelling older adults. J Altern Complement Med. 2007; 13:997–1006. [PubMed: 18047447]

4. Barnes PM, Powell-Griner E, McFann K, et al. Complementary and alternative medicine use among
adults: United States, 2002. Adv Data. 2004; (343)

5. Arcury TA, Suerken CK, Grzywacz JG, et al. Complementary and alternative medicine use among
older adults: Ethnic variation. Ethn Dis. 2006; 16:723–731. [PubMed: 16937611]

6. Martel-Pelletier J, Boileau C, Pelletier J, et al. Cartilage in normal and osteoarthritis conditions. Best
Pract Res Clin Rheumatol. 2008; 22:351–384. [PubMed: 18455690]

7. Cunningham LS, Kelsey JL. Epidemiology of musculoskeletal impairments and associated
disability. Am J Public Health. 1984; 74:574–579. [PubMed: 6232862]

8. Guccione AA, Felson DT, Anderson JJ, et al. The effects of specific medical conditions on the
functional limitations of elders in the Framingham study. Am J Public Health. 1994; 84:351–358.
[PubMed: 8129049]

9. Hochberg MC, Altman RD, April KT, et al. American College of Rheumatology 2012
recommendations for the use of nonpharmacologic and pharmacologic therapies in osteoarthritis of
the hand, hip, and knee. Arthritis Care Res (Hoboken). 2012; 64:465–474. [PubMed: 22563589]

10. Zhang W, Moskowitz RW, Nuki G, et al. OARSI recommendations for the management of hip and
knee osteoarthritis, Part II: OARSI evidence-based, expert consensus guidelines. Osteoarthritis
Cartilage. 2008; 16:137–162. [PubMed: 18279766]

11. Lapane KL, Sands MR, Yang S, et al. Use of complementary and alternative medicine among
patients with radiographic-confirmed knee osteoarthritis. Osteoarthritis cartilage. 2012; 20:22–28.
[PubMed: 22033041]

12. Sleath B, Cahoon W, Sloane P, et al. Use of conventional and nonconventional treatments for
osteoarthritis in the family medicine setting. South Med J. 2008; 101:252–259. [PubMed:
18364653]

Yang et al. Page 9

Clin Ther. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



13. Adams ME, Lussier AJ, Peyron JG. A risk-benefit assessment of injections of hyaluronan and its
derivatives in the treatment of osteoarthritis of the knee. Drug Saf. 2000; 23:115–130. [PubMed:
10945374]

14. Rashad S, Revell P, Hemingway A, et al. Effect of non-steroidal anti-inflammatory drugs on the
course of osteoarthritis. Lancet. 1989; 2:519–522. [PubMed: 2570233]

15. Astin JA. Why patients use alternative medicine: Results of a national study. JAMA. 1998;
279:1548–1553. [PubMed: 9605899]

16. Furnham A, Vincent C, Wood R. The health beliefs and behaviors of three groups of
complementary medicine and a general practice group of patients. J Altern Complement Med.
1995; 1:347–359. [PubMed: 9395630]

17. Lo-Fo-Wong DN, Ranchor AV, de Haes HC, et al. Complementary and alternative medicine use of
women with breast cancer: Self-help CAM attracts other women than guided CAM therapies.
Patient Educ Couns. 2012; 89:529–536. [PubMed: 22464017]

18. University of California San Francisco OAI Coordinating Center. [Accessed August 10, 2013] The
Osteoarthritis Initiative protocol for the cohort study. http://oai.epi-ucsf.org/datarelease/docs/
StudyDesignProtocol.pdf

19. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957;
16:494–502. [PubMed: 13498604]

20. Barnes P, Bloom B, Nahin R. Complementary and alternative medicine use among adults and
children: United States, 2007. Natl Health Stat Report. 2008; (12)

21. Tait EM, Laditka SB, Laditka JN, et al. Use of complementary and alternative medicine for
physical performance, energy, immune function, and general health among older women and men
in the United States. J Women Aging. 2012; 24:23–43. [PubMed: 22256876]

22. Raji MA, Kuo Y, Snih SA, et al. Ethnic differences in herb and Vitamin/Mineral use in the elderly.
Ann Pharmacother. 2005; 39:1019–1023. [PubMed: 15840732]

23. Ness J, Cirillo DJ, Weir DR, et al. Use of complementary medicine in older Americans: Results
from the Health and Retirement study. Gerontologist. 2005; 45:516–524. [PubMed: 16051914]

24. Wolsko PM, Eisenberg DM, Davis RB, et al. Insurance coverage, medical conditions, and visits to
alternative medicine providers: Results of a national survey. Arch Intern Med. 2002; 162:281–287.
[PubMed: 11822920]

25. Roos EM, Klässbo M, Lohmander LS. WOMAC osteoarthritis index. Reliability, validity, and
responsiveness in patients with arthroscopically assessed osteoarthritis. Western Ontario and
MacMaster Universities. Scand J Rheumatol. 1999; 28:210–215. [PubMed: 10503556]

26. Okma-Keulen P, Hopman-Rock M. The onset of generalized osteoarthritis in older women: A
qualitative approach. Arthritis Rheum. 2001; 45:183–190. [PubMed: 11324783]

27. Ware J, Kosinski M, Keller SD. A 12-item short-form health survey: Construction of scales and
preliminary tests of reliability and validity. Med Care. 1996; 34:220–233. [PubMed: 8628042]

28. Katz JN, Chang LC, Sangha O, et al. Can comorbidity be measured by questionnaire rather than
medical record review? Med Care. 1996; 34:73–84. [PubMed: 8551813]

29. Twisk, JW. Applied longitudinal data analysis for epidemiology: A practical guide. New York,
NY: Cambridge University Press; 2003.

30. Allison, PD. Logistic regression using the SAS system: Theory and application. 2. Cary, NC: SAS
Institute Inc; 2012.

31. Kutner, MH.; Nachtsheim, CJ.; Neter, J.; Li, W., editors. Applied linear statistical models. 5. New
York, NY: McGraw-Hill/Irwin; 2004.

32. Greenland S, Finkle WD. A critical look at methods for handling missing covariates in
epidemiologic regression analyses. Am J Epidemiol. 1995; 142:1255–1264. [PubMed: 7503045]

33. Quandt SA, Grzywacz JG, Neiberg RH, et al. Daily symptom management practices for arthritis
used by older adults. J Aging Health. 2012; 24:598–615. [PubMed: 22173224]

34. Kaboli PJ, Doebbeling BN, Saag KG, et al. Use of complementary and alternative medicine by
older patients with arthritis: A population-based study. Arthritis Care Res (Hoboken). 2001;
45:398–403.

Yang et al. Page 10

Clin Ther. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://oai.epi-ucsf.org/datarelease/docs/StudyDesignProtocol.pdf
http://oai.epi-ucsf.org/datarelease/docs/StudyDesignProtocol.pdf


35. Zhang W, Nuki G, Moskowitz RW, et al. OARSI recommendations for the management of hip and
knee osteoarthritis: Part III: Changes in evidence following systematic cumulative update of
research published through January 2009. Osteoarthritis Cartilage. 2010; 18:476–499. [PubMed:
20170770]

36. Sharma, U. Complementary medicine today: Practitioners and patients. London: Routledge; 1992.

37. Zollman C, Vickers A. ABC of complementary medicine. Users and practitioners of
complementary medicine. BMJ. 1999; 319:836–838. [PubMed: 10496832]

38. Andrews GJ. Private complementary medicine and older people: Service use and user
empowerment. Ageing Soc. 2002; 22:343–368.

39. Kessler RC, Davis RB, Foster DF, et al. Long-term trends in the use of complementary and
alternative medical therapies in the United States. Ann Intern Med. 2001; 135:262–268. [PubMed:
11511141]

40. Rao J, Kroenke K, Mihaliak K, et al. Rheumatology patients’ use of complementary therapies:
Results from a one-year longitudinal study. Arthritis Rheum. 2003; 49:619–625. [PubMed:
14558046]

41. Rawsthorne P, Clara I, Graff L, et al. The Manitoba Inflammatory Bowel Disease Cohort Study: A
prospective longitudinal evaluation of the use of complementary and alternative medicine services
and products. Gut. 2012; 61:521–527. [PubMed: 21836028]

42. Bush TM, Rayburn KS, Holloway SW, et al. Adverse interactions between herbal and dietary
substances and prescription medications: A clinical survey. Altern Ther Health Med. 2007; 13:30–
35. [PubMed: 17405676]

43. McNamara PS, Barr SC, Erb HN. Hematologic, hemostatic, and biochemical effects in dogs
receiving an oral chondroprotective agent for thirty days. Am J Vet Res. 1996; 57:1390–1394.
[PubMed: 8874739]

44. American Geriatrics Society 2012 Beers Criteria Update Expert Panel. American Geriatrics
Society updated Beers Criteria for potentially inappropriate medication use in older adults. J Am
Geriatr Soc. 2012; 60:616–631. [PubMed: 22376048]

45. Grindrod KA, Marra CA, Colley L, et al. After patients are diagnosed with knee osteoarthritis,
what do they do? Arthritis Care Res (Hoboken). 2010; 62:510–515. [PubMed: 20391506]

46. Hathcock JN, Shao A. Risk assessment for glucosamine and chondroitin sulfate. Regul Toxicol
Pharmacol. 2007; 47:78–83. [PubMed: 16942821]

47. Ebrahim V, Albeldawi M, Chiang DJ. Acute liver injury associated with glucosamine dietary
supplement. BMJ Case Rep. 2012 (Article in press). 10.1136/bcr-2012-007665

48. von Felden J, Montani M, Kessebohm K, et al. Drug-induced acute liver injury mimicking
autoimmune hepatitis after intake of dietary supplements containing glucosamine and chondroitin
sulfate. Int J Clin Pharmacol Ther. 2013; 51:219–223. [PubMed: 23391366]

49. Smith A, Dillon J. Acute liver injury associated with the use of herbal preparations containing
glucosamine: Three case studies. BMJ Case Rep. 2009 (Article in press). 10.1136/bcr.
02.2009.1603

50. Hensrud DD, Engle DD, Scheitel SM. Underreporting the use of dietary supplements and
nonprescription medications among patients undergoing a periodic health examination. Mayo Clin
Proc. 1999; 74:443–447. [PubMed: 10319072]

51. Tarn DM, Paterniti DA, Good JS, et al. Physician-patient communication about dietary
supplements. Patient Educ Couns. 2013; 91:287–294. [PubMed: 23466249]

52. Gray CM, Tan AW, Pronk NP, et al. Complementary and alternative medicine use among health
plan members. A cross-sectional survey. Eff Clin Pract. 2002; 5:17–22. [PubMed: 11878283]

53. Bertisch SM, Wee CC, McCarthy EP. Use of complementary and alternative therapies by
overweight and obese adults. Obesity (Silver Spring). 2008; 16:1610–1615. [PubMed: 18451783]

54. Ong CK, Doll H, Bodeker G, et al. Use of osteopathic or chiropractic services among people with
back pain: A UK population survey. Health Soc Care Community. 2004; 12:265–273. [PubMed:
19777716]

55. Towheed TE, Maxwell L, Anastassiades TP, et al. Glucosamine therapy for treating osteoarthritis.
Cochrane Database Syst Rev. 2005; 2:CD002946. [PubMed: 15846645]

Yang et al. Page 11

Clin Ther. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



56. Yang S, Jawahar R, McAlindon TE, et al. Racial differences in symptom management approaches
among persons with radiographic knee osteoarthritis. BMC Complement Altern Med. 2012; 12:86.
[PubMed: 22769021]

57. Jawahar R, Yang S, Eaton CB, et al. Gender-specific correlates of complementary and alternative
medicine use for knee osteoarthritis. J Womens Health (Larchmt). 2012; 21:1091–1099. [PubMed:
22946630]

Yang et al. Page 12

Clin Ther. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Yang et al. Page 13

Table I

Participant characteristics by status of any CAM use at baseline among older adults with radiographic knee
OA

Characteristics CAM Users (N=581) Non-CAM users (N=540) Total (N=1,121)

Percentage

Age (≥75 years) 21.3 27.8 24.4

Women 65.1 51.7 58.6

Ethnicity/Race

 Non-Hispanic White 82.4 82.6 82.5

 Non-Hispanic Black 12.7 15.6 14.1

 Other 4.8 1.9 3.4

Education

 High school or less 18.0 22.2 20.0

 Some college 24.0 22.9 23.5

 College graduate 21.1 21.6 21.3

 Graduate Degree 37.0 33.3 35.2

Income ($)

 <25,000 17.0 18.7 17.8

 25,000 – 50,000 36.2 36.0 36.1

 >50,000 46.9 45.3 46.1

Insurance coverage of Rx 83.0 82.2 82.7

K-L grade 3 or 4 59.2 48.9 54.2

Symptom-related multi-joint OA 57.8 42.0 50.2

Use of analgesics 48.2 33.3 41.0

History of knee injury 43.6 39.9 41.8

History of knee surgery 26.3 24.1 25.3

Body mass index (kg/m2)

 <25 21.3 17.6 19.5

 25 – <30 41.5 44.3 42.8

 ≥30 37.2 38.2 37.6

Comorbidity score

 0 71.9 68.6 70.3

 1 15.8 16.5 16.1

 ≥2 12.3 15.0 13.6

Mean (Standard Deviation)

WOMAC Pain 4.3 (3.7) 3.1 (3.5) 3.8 (3.7)

WOMAC Stiffness 2.4 (1.7) 1.9 (1.7) 2.1 (1.7)

WOMAC Physical Function 13.4 (12.1) 10.4 (11.6) 12.0 (11.9)

SF-12 PCS 46.7 (8.9) 48.4 (8.8) 47.5 (8.9)

SF-12 MCS 55.6 (7.2) 55.4 (7.2) 55.5 (7.2)

K-L grade: Kellgren-Lawrence grade; MCS: Mental Component Summary score; PCS: Physical Component Summary score; Rx: prescription;
SF-12: 12-item Short-Form Health Survey; WOMAC: Western Ontario and McMaster Universities Arthritis Index scale.
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Table II

Patterns of longitudinal use of CAM modalities among older adults with radiographic knee OA

Number of assessments reporting CAM use†

0 1 2 3

Percentage†

Any CAM 29.8 21.4 17.6 31.2

Biologically based supplements

 Glucosamine/Chondroitin* 52.7 15.4 14.1 17.9

 Methylsulfonylmethane* 80.9 13.3 4.8 0.9

 S-adenosylmethionine* 98.7 1.1 0.1 0.1

 Herbs 95.3 3.9 0.6 0.2

 Vitamins 81.5 13.6 4.6 0.3

Biologically based topical agents

 Rubs, lotions, liniments, creams or oils 73.7 16.7 5.7 3.9

 Capsaicin 94.4 4.9 0.7 0.1

Mind-body interventions

 Yoga, Tai Chi, Chi Gong, Pilates 87.2 8.7 3.1 0.9

 Relaxation therapy, meditation, deep breathing or visualization 93.3 5.0 1.3 0.3

 Spiritual activities 91.8 6.1 1.6 0.6

Manipulation and body-based methods

 Chiropractic 93.3 4.6 1.7 0.5

 Massage 97.0 2.1 0.6 0.3

Alternative medical system/Energy therapy

 Acupuncture 98.2 1.5 0.2 0.1

 Acupressure 99.4 0.5 0.1 0.0

 Copper, magnet bracelet 93.8 4.7 1.0 0.5

 Homeopathy/Chelation therapy/Folk medicine/Ayurveda/biofeedback/hypnosis/
naturopathy/energy therapy

99.1 0.9 0.0 0.0

Biologically based diets 97.3 2.2 0.2 0.2

†
The number of assessments represents the total number of assessments (or frequency) when a participant reported using the CAM modality. The

percentage was calculated as the proportion of each frequency level.

*
0, 1, 2 and 3 respectively represents 0, 1–2, 3–4, and all 5 assessments when participants reported use of the four supplements.
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Table III

The top five treatment combinations among CAM modalities and between CAM modality and conventional
medication among older adults with radiographic knee OA

Rank Combination use Percent *

CAM modalities

1 GLUCHON & MSM 21.6

2 RELAX & Spiritual activity 20.7

3 RELAX & YOGA 16.5

4 RUB & Capsaicin 13.4

5 GLUCHON & Vitamins 13.3

CAM & Conventional medication

1 GLUCHON & NSAIDs 21.6

2 RUB & NSAIDs 14.6

3 RUB & Acetaminophen 13.9

4 GLUCHON & Acetaminophen 12.1

5 Chiropractic & NSAIDs 10.0

GLUCHON: glucosamine/chondroitin; MSM: methylsulfonylmethane; RELAX: relaxation therapy, meditation, deep breathing or visualization;
RUB: rubs, lotions, liniments, creams or oils; YOGA: Yoga, Tai Chi, Chi Gong, or Pilates.

*
Percent= No. of person-visits using both therapies/No. of person-visits using at least one of the two therapies × 100%.
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