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OSTEOARTHRITIS (OA) IS THE MOST COMMON FORM OF ARTHRITIS

and a substantial cause of disability in the United States. Treat-
ments for OA are aimed primarily at controlling symptoms of pain
and stiffness in the joints but do not affect the natural history of the
disease. Standard management includes the use of pharmaceutical
agents, such as acetaminophen and nonsteroidal anti-inflammatory
drugs (NSAIDs). The American College of Rheumatology and
European League Against Rheumatism guidelines for the manage-
ment of OA emphasize the importance of nonpharmacological ther-
apies, such as various forms of exercise, as well. Recent concerns
about the potential side effects of NSAIDs continue to fuel the
search for effective, less toxic treatments.

Glucosamine and chondroitin sulfate remain among the most
popular dietary supplements sold in the United States.1 They are
used by more than 5 million Americans each year and accounted for
close to $750 million in annual sales in 2004.2 Glucosamine is an
amino-monosaccharide and one of the basic constituents of the dis-
accharide units of articular cartilage glycosaminoglycans. Like glu-
cosamine, chondroitin is an important constituent of normal carti-
lage and other joint tissues. Glucosamine and chondroitin can be
reduced in osteoarthritic cartilage and, therefore, the notion of
replenishing them by taking dietary supplements is appealing. How-
ever, just how useful glucosamine and chondroitin are as therapy for
OA, either for symptom relief or disease modification, remains 
controversial.

Pharmacokinetics
Since the last update on glucosamine in Alternative Medicine

Alert,3 little has been added to the considerable amount of in vitro
and animal data regarding potential mechanisms of action through
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which glucosamine might affect those with OA. Earlier
laboratory work suggested that glucosamine could stim-
ulate proteoglycan synthesis by human chondrocytes
and become incorporated into glycosaminoglycans, the
building blocks of cartilage and other connective tis-
sues.4 However, human data are sparse regarding pre-
cisely how exogenously administered glucosamine
might act on chondrocytes in vivo to restore cartilage
lost through the pathophysiologic processes of OA.
Recently, glucosamine has been detected in human
serum using high-performance liquid chromatography
after oral glucosamine ingestion.5 In this experiment, the
18 subjects tested with OA had undetectable serum glu-
cosamine levels at the start of the trial. Participants then
received 1,500 mg of crystalline glucosamine sulfate
mixed with water. In most of those tested, serum glu-
cosamine levels reached a maximum of 4.8 µmol/L at a
mean of two hours after ingestion. Based on the low
serum levels achieved, the investigators felt that it was
unlikely that glucosamine contributes to proteoglycan
synthesis in vivo. 

Chondroitin appears to be less readily absorbed after
oral administration than glucosamine.6 Using chon-
droitin derived from shark cartilage, healthy volunteers
showed considerable variability in absorption measured
by disaccharide pattern evaluation on agarose gel elec-
trophoresis and high-performance liquid chromatogra-
phy. All participants in one trial had detectable levels of
chondroitin by 48 hours, but some had peak levels as
early as four hours post ingestion. 

Mechanism of Action
Other experiments have suggested that glucosamine

may have effects apart from those on proteoglycan syn-
thesis that may account for its proposed efficacy in OA.
Rather than simply providing the raw materials for carti-
lage building, glucosamine might affect the degradative
processes that are part of OA pathogenesis. Glu-
cosamine might interfere with degradative enzyme and
cytokine production by altering gene expression. Glu-
cosamine is known to affect matrix metalloproteinase-
13 and aggrecanase-1 production, as well as inducible
nitric oxide synthase and cyclooxygenase-2 stimulated
by interleukin-1ß (IL-1ß). When glucosamine is added
to normal equine chondrocyte culture at concentrations
of only 10 µg/mL, reductions occur in mRNA levels cor-
responding to degradative enzymes and cytokines.7

Chondroitin levels are altered in OA cartilage, plas-
ma, and synovial fluid.8 In vitro work has similarly sug-
gested a variety of mechanisms, in addition to a contri-
bution to structural integrity, through which this gly-
cosaminoglycan might be useful in the treatment of OA.
However, the link between potential therapeutic effects
and a clear demonstration of efficacy in OA is no more
certain for chondroitin than for glucosamine. 

Addition of chondroitin sulfate to cultured chondro-
cytes derived from osteoarthritic joints results in signifi-
cant increases in total proteoglycan production.4,9 When
mixed in chondrocyte culture with IL-1ß, chondroitin
will counteract the effects of IL-1ß,9 including reversing
the decrease in proteoglycan and collagen type II pro-
duction seen with IL-1ß. Furthermore, chondroitin itself
decreases prostaglandin E2 production and counters IL-
1ß induced increases. Chondroitin also appears to inhib-
it collagenolytic activity4 and matrix metalloproteinase
production in chondrocyte culture derived from patients
with hip OA.10

Animal studies have suggested that supplementation
with chondroitin can reduce the progression of articular
cartilage lesions in the rabbit instability model, but not
in the rabbit continuous immobilization model of
OA.11,12 Why this should be the case remains unclear.

Clinical Trials
Although a number of clinical trials using glu-

cosamine, chondroitin, and, for the first time, the combi-
nation have been published since our last update, the
efficacy of these agents in OA is perhaps less clear than
in the past. This is because many of the trials appear-
ing in the literature contradict earlier studies and each
other.

Prior to 2006, the two largest long-term trials assess-
ing the clinical efficacy of glucosamine had been carried
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out in Europe using the Rotta Pharmaceuticals prepara-
tion of glucosamine sulfate. Both suggested that glu-
cosamine was promising in the management of OA. The
first of these, by Reginster et al, involved 212 Belgian
subjects with OA of the knee.13 Participants received
either oral glucosamine at a dose of 1,500 mg daily or
placebo for three years. Subjects were evaluated using
the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), a validated question-
naire instrument assessing the degree of pain and stiff-
ness as well as functional impairment due to OA. Partic-
ipants also had weight-bearing anteroposterior view
radiographs of the knees taken at the beginning and end
of the trial. 

The trial showed that subjects who received glu-
cosamine had modest pain reduction with an average of
11.7% reduction in WOMAC score compared to base-
line. Those in the placebo group worsened an average of
9.8% as measured by their WOMAC score. The differ-
ence between the average scores was statistically signifi-
cant. Radiographs of those who received placebo
showed a mean of 0.31 mm of joint space narrowing in
the medial joint compartment at the end of three years in
the intention-to-treat analysis. Those who received glu-
cosamine had a mean of 0.06 mm of joint space narrow-
ing. The difference between these two mean figures was
statistically significant. Interestingly, there was no corre-
lation between the improvement of symptoms and radio-
graphic findings. The side effects of glucosamine were
not different from those of placebo. 

The second large glucosamine study, by Pavelka and
colleagues, included 202 Czech subjects and similarly
suggested that glucosamine could improve both the
symptoms of OA and slow the progressive cartilage loss
associated with the disease.14 The trial was randomized
and placebo-controlled. Participants received either
1,500 mg of Rotta brand crystalline glucosamine sulfate
or placebo for three years. Radiographs of the knees
were obtained annually throughout the trial. The
improvement in symptoms was a bit better in this trial,
but still modest, in the group treated with glucosamine.
In the intention-to-treat analysis at three years, the sub-
jects who received glucosamine had a mean reduction of
26% in their WOMAC scores. The participants in the
placebo group had a mean reduction of 16% in their
WOMAC scores compared to baseline. This difference
was statistically significant. As in the previous trial,
those who did not get glucosamine had a measurable
(though small) loss in joint space, while those who
received glucosamine did not. Intention-to-treat analysis
of X-rays of those who received placebo showed a mean
of 0.19 mm of joint space narrowing on anteroposterior

weight-bearing radiographs of the knee. In the glu-
cosamine-treated group, there was a mean gain in joint
space of 0.04 mm. This difference was statistically sig-
nificant. Again, glucosamine did not differ from placebo
in the frequency or type of side effects noted. 

Both of these studies have been interpreted to support
the contention that glucosamine is a disease-modifying
treatment for OA. However, several criticisms of these
two trials have been raised. First, some have voiced con-
cern about the involvement of pharmaceutical company
personnel among the investigators. Second, the ability to
assess how rapidly and severely OA progresses using 
X-rays is an imprecise undertaking. The positioning of
the patient, as well as the positioning of the X-ray beam,
can have substantial effects on the appearance of the
joint space and, thus, the interpretation of the degree of
cartilage loss.15,16 Unequivocal evidence of the ability of
glucosamine to modify structure in OA will likely await
the development of more precise outcome measures.

Much of the work since the publication of the Regin-
ster and Pavelka trials has not been as positive as those
trials with regard to the ability of glucosamine to modify
symptoms in OA. No further data are yet available on
structure modification. One subsequent study that
showed no apparent benefit to taking glucosamine was a
discontinuation trial.17 This study enrolled 137 current
users of glucosamine who felt that their knee pain had
improved since they started taking glucosamine. Partici-
pants were randomized to receive either 1,500 mg of
glucosamine sulfate or placebo for six months. During
the trial they were periodically assessed for the presence
of a disease flare. A flare was defined in one of two
ways: the patient’s perception of worsening of symp-
toms with a concomitant increase of at least 20% in
WOMAC pain on walking measured by a visual analog
scale, or a worsening of the physician global assessment
by at least 1 grade on a 1-5 scale. In the intention-to-
treat analysis, 42% of the 66 subjects in the placebo
group and 45% of the 71 subjects in the glucosamine
group experienced a disease flare. This did not represent
a statistically significant difference, suggesting that glu-
cosamine did not prevent flares of OA symptoms. 

The most recent meta-analysis to review the glu-
cosamine literature was published by the Cochrane Col-
laboration.18 This update reviewed 20 randomized, con-
trolled trials that included 2,570 subjects. Taken as a
whole, the studies showed that glucosamine outper-
formed placebo with a 28% improvement in pain and a
21% improvement in function using the Lequesne
Index. However, when the WOMAC scales for pain,
function, and stiffness outcomes were used the results
did not reach statistical significance. Once again it was
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noted that trials involving the glucosamine sulfate prepa-
ration from Rotta Pharmaceuticals appeared to have dif-
ferent results from those that used other preparations.
Ten trials used the crystalline glucosamine sulfate prepa-
ration from Rotta Pharmaceuticals. When these trials
were analyzed separately, glucosamine was found to be
superior to placebo in improving pain and function
using the Lequesne Index. When the analysis was
restricted to eight studies with the highest-quality
design, none showed improvement in pain or function.
The authors noted that compared to the 1999 Cochrane
review of glucosamine, this updated analysis suggested
that there was high-quality evidence that glucosamine
was not as useful for symptom improvement as had been
previously thought.

A meta-analysis of clinical trials evaluating the effica-
cy of chondroitin prior to 2000 suggested that chon-
droitin has modest efficacy for symptomatic manage-
ment of OA.19 Nine trials were analyzed and all found
that chondroitin was significantly more efficacious than
placebo in the treatment of OA pain. However, when the
studies were evaluated for quality, the authors found that
the higher-quality trials showed lower efficacy for chon-
droitin. Nonetheless, the overall effect size for chon-
droitin was considered large. Subsequent work has been
mixed in its findings of efficacy for chondroitin. No
more recent meta-analyses of chondroitin trials are
available.

An abstract published in 1998 suggested that admin-
istration of 1,200 mg daily of chondroitin was associated
with a slowing of the progression of finger joint OA.20 In
this randomized, double-blind, placebo-controlled study,
119 subjects had anteroposterior radiographs of the
hands at entry and at yearly intervals. At the conclusion
of the study at three years, those treated with chondroitin
were found to have significantly fewer new erosions on
X-ray. Unfortunately, however, the full results of this
trial have not been published. In contrast, a more recent
study of 24 subjects with erosive hand OA found oppo-
site results. All participants in this smaller trial worsened
over a two-year period whether they received chon-
droitin 800 mg daily plus naproxen or naproxen alone.21

A subsequent trial used an intermittent dosing treat-
ment schedule to test whether chondroitin was effica-
cious in knee OA.22 In this study, 120 subjects received
either 800 mg daily of granulated bovine chondroitin 4
and 6 sulfate mixed in water or an identical placebo.
Chondroitin was given only during months 0-3 and 6-9.
Chondroitin was found to be effective with significantly
greater improvements in the Lequesne Index, visual ana-
log scale measurements for pain, and walking time than
seen for those in the placebo group. Furthermore, those

in the chondroitin-treated group showed no radiographic
changes while those in the placebo group had significant
reductions in the joint space surface area, mean joint
space width, and the minimum joint space width. Chon-
droitin also had an excellent safety profile in this trial. 

A larger and more recent trial of chondroitin alone
also showed that chondroitin reduced the radiographic
progression in OA, but failed to improve symptoms.23 In
this randomized, double-blind, placebo-controlled trial,
300 participants received either chondroitin 800 mg
daily or placebo for two years. Those who received
chondroitin had no significant change in joint space nar-
rowing measured on anteroposterior radiographs of the
knee in flexion. In contrast, the placebo-treated group
had a statistically significant mean progression of joint
space narrowing of 0.14 mm after two years. Results
were similar for minimum joint space width. However,
there was no significant symptomatic effect measured
using the WOMAC scale, and similar amounts of rescue
drug were needed by chondroitin-treated and placebo-
treated subjects. The authors suggest that this reflected
the relatively low level of pain of those entered in the
study. Adverse events did not differ significantly
between the groups.

Many had hoped that the National Institutes of
Health-sponsored Glucosamine/Chondroitin Arthritis
Intervention Trial (GAIT) would clarify whether glu-
cosamine and chondroitin are useful agents for symptom
or structure modification of OA. Radiographic data have
yet to be published, but the data on symptom relief
recently reported in the New England Journal of Medi-
cine failed to end the controversy about the utility of
glucosamine and chondroitin.24 The GAIT trial was the
first major clinical trial to attempt to answer the question
of whether glucosamine, chondroitin, or the combina-
tion was best for OA. The GAIT trial included five arms
in its study design. The intervention subgroups included
either glucosamine hydrochloride 1,500 mg daily (as
opposed to glucosamine sulfate used in most other
reported trials); chondroitin sulfate 1,200 mg daily; the
combination of glucosamine and chondroitin; a
cyclooxygenase inhibitor, celecoxib; or placebo for six
months. The WOMAC scale of pain, stiffness, and func-
tion was used as the primary outcome measure. Addi-
tional outcome measures included: patient and physician
global assessments by visual analog scale (VAS); health-
related quality of life measured by the Short Form Gen-
eral Health Survey (SF-36); physical functioning meas-
ured by the Health Assessment Questionnaire (HAQ);
the use of acetaminophen, which was permitted as a res-
cue medication for uncontrolled symptoms up to a dose
of 4 g/d; and the presence of joint swelling or effusion. 
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Overall, glucosamine, chondroitin, and the combina-
tion of the two were no better at relieving OA symptoms
than placebo for any of the outcome measures. A single
predetermined subgroup had a positive result in the
GAIT study. In subjects with moderate-to-severe pain,
the combination of glucosamine and chondroitin, but
neither alone, was better than placebo at relieving symp-
toms. It was problematic, however, that the cyclooxyge-
nase inhibitor, celecoxib, was found to be ineffective in
this group, raising questions about the validity of the
observation. Several difficulties have been raised about
the trial design and the observed results of this study.
The placebo response was high. The sample size for the
trial was selected to detect a difference between the
treatments and placebo if the placebo response was
35%, as is often the case in placebo-controlled trials.
However, in this trial, the placebo response was closer to
60%, suggesting that the sample size used was inade-
quate. Second, most of the participants in the trial had a
relatively mild degree of pain. When study subjects are
less symptomatic it may be more difficult to detect dif-
ferences between treatment arms. Additional method-
ological concerns have also been raised,25 including the
attrition rate and limitations in the data analysis. Finally,
the significance of using a glucosamine hydrochloride
preparation, rather than glucosamine sulfate, in this trial
remains unclear.

Conclusion
The gap between the laboratory data suggesting that

glucosamine and chondroitin have important effects on
cartilage and connective tissue and the contradictory and
controversial results of clinical trials using these agents
to treat the symptoms and structural abnormalities of
OA remains to be bridged. In vitro and animal model
data suggest that glucosamine and chondroitin have
potential effects on important pathways in the pathogen-
esis of OA. A number of clinical trials can be cited that
support the contention that glucosamine and chondroitin
modify symptoms in OA and slow the damaging pro-
gression of disease. But data from high-quality studies
can also be cited to support the contention that these
dietary supplements are of no value in OA. There is no
question that the issue will continue to be debated.

Recommendation
Many patients seek advice about glucosamine and

chondroitin and expect that their physicians will be well
informed and straightforward in their discussions. It is
appropriate to inform patients that there is controversy
in the literature about efficacy for both pain relief and
structure modification, but that safety appears to be con-

firmed. Under these circumstances, an “n of 1” trial is
reasonable if patients want to investigate whether glu-
cosamine and/or chondroitin have a positive effect on
their symptoms. The patient and physician should, how-
ever, clearly define the dose, duration, and the goals of
therapy (e.g., a certain amount of pain reduction, being
able to perform certain activities) before starting either
supplement.  

The doses used in previous clinical trials are general-
ly glucosamine sulfate 1,500 mg daily and chondroitin
sulfate 1,200 mg daily. The length of the trial is arbitrary
but some symptomatic relief has been reported within
weeks to months. If, after a predetermined period of
time, the patient and physician note no improvement, the
supplements should be discontinued.  

It is known that chondroitin sulfate and other extra-
cellular matrix proteins are overexpressed in benign pro-
static hypertrophy and in prostate cancer, but the impli-
cations of these observations for treatment decisions is
entirely unclear. It may be prudent to avoid the use of
these supplements in men with these conditions.   ❖
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CHROMIUM(III), OR CR(III), IS A MICRONUTRIENT THAT

plays an essential role in glucose and insulin home-
ostasis. Also known as trivalent chromium, it is widely
available as a dietary supplement and is sold in various
complexed forms such as chromium picolinate, chromi-
um nicotinate, chromium citrate, chromium chloride,
and high-chromium yeast. 

The various chromium supplements are proven to 
differ in their absorption, bioavailability, and safety. The
literature reports chromium nicotinate and chromium
picolinate as being the most absorbable forms of Cr(III).
However, as noted later in this article, there also exist
safety concerns associated with chromium picolinate,
because the picolinate moiety is believed to be muta-
genic beyond a certain dose, and because picolinic 
acid alone has been shown to be a clastogen.1 Other
Cr(III) compounds are believed to be relatively safe for
human consumption.

Proposed Mechanism of Action
The physiological role of Cr(III) was first recognized

in 1977, when a patient receiving total parenteral nutri-
tion developed severe diabetes refractory to insulin. The
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symptoms of glucose intolerance completely resolved
when chromium chloride was added to the patient’s total
parenteral nutrition.2 But until recently, not much was
known about the mechanism of action of Cr(III) other
than that it appeared to improve the effects of insulin and
that it worked at the level of the cell membrane.3 The
mechanism of action was then elucidated by the discov-
ery of low-molecular weight chromium-binding sub-
stance, which binds Cr(III) and the insulin receptor, acti-
vating the cell’s insulin receptor kinase activity.4,5 This
leads to an increase in insulin sensitivity.

It has been shown that diabetic patients have an
increased urinary excretion of chromium leading to plas-
ma chromium deficiency,6 although tissue chromium
levels do not correlate well with plasma levels. In
chromium-deficiency states, peripheral cells become
desensitized to insulin. The possible role of chromium in
diabetes appears to be related to the insulin-resistant
state often found in Type 2 diabetes. It is therefore
believed that reversal of relative chromium deficiency
may improve insulin sensitivity of target organs.

The only postulated weight-loss mechanism of
chromium also involves the insulin-sensitization path-
way. It is theoretically possible that by reducing insulin
resistance, one may observe lower post-prandial insulin
spikes, leading to less post-prandial hypoglycemia-
induced hunger. In a small pilot study of patients with
depression, the subpopulation of subjects with high lev-
els of carbohydrate cravings benefited from relatively
high doses of chromium (600 µg of elemental chromi-
um), experiencing a significant reduction in carbohy-
drate craving.7

Human Studies
In reviewing the human data on Cr(III), only pub-

lished studies or studies using chromium as a single
ingredient were evaluated; studies in which chromium
was part of a multi-ingredient product were excluded.

Studies were then graded according to the classifica-
tion guidelines of evidence-based medicine (EBM),
which are based on the strength of the evidence derived
from their data-collection and research methodology.
Grade M studies constitute the meta-analyses, a statisti-
cal method that combines, compares, and contrasts
results obtained from several studies that address the
same medical question. Grade A studies are randomized
controlled trials and represent consistent and good-qual-
ity, patient-oriented evidence. Grade B studies present
lesser-quality or limited-quality patient-oriented evi-
dence, and consist of nonrandomized studies. These
include comparisons made between current patients, or
between current and former patients. Grade C studies

are retrospective studies that use questionnaires and/or
data already collected for other purposes. This method-
ology is often used when randomized controlled trial are
unfeasible or unethical; for instance when one cannot
deliberately expose subjects to trauma, toxins, infectious
agents, or incurable diseases for the sake of research. 

Blood Sugar and Insulin
Grade M Study. The only meta-analysis of chromi-

um for glycemic control was published in 2002.8 The
authors identified 20 randomized controlled clinical tri-
als of chromium and its effects on glucose, insulin, or
HbA1c. Fifteen of the trials were deemed of acceptable
quality for inclusion in the meta-analysis and these trials
included 618 subjects (193 diabetic and 425 healthy vol-
unteers). When the data were combined in a meta-analy-
sis, chromium supplementation did not alter glucose or
insulin levels in healthy subjects. The data on diabetic
subjects were inconclusive because the largest study
(155 subjects from China) showed a positive impact on
HbA1c, fasting blood sugar, and two-hour post-prandial
glucose while the rest of the studies failed to show any
improvement. The authors concluded that the data are
inconclusive for diabetics and that further study is nec-
essary. Because the doses of elemental chromium were
not standardized across the different studies, the results
of this meta-analysis are difficult to interpret. 

Grade A Studies. The 1997 study from China that
was included in the meta-analysis merits further com-
ment.9 Significant differences in HbA1c, fasting blood
sugar, and fasting insulin levels were observed with the
low- and high-dose chromium groups compared with
placebo at four months. What is noteworthy is the fact
that this study used very high doses of total elemental
chromium compared with other studies (200 µg and
1,000 µg of elemental chromium). This correlates
approximately to dosages of 1,600 µg and 8,000 µg of
chromium picolinate. 

One other factor that makes this study difficult to gen-
eralize is the fact that it was performed in a Chinese pop-
ulation that may have unique levels of chromium defi-
ciency due to dietary variations. In addition, due to the
relative genetic homogeneity found in many regions of
China, such a study may only represent a narrow per-
spective of the interactions between genes, diet, and dis-
ease. Because baseline chromium levels in this Chinese
population were not measured, it is impossible to say
that the degree of chromium deficiency in this diabetic
population is the same as it would be in an American
population. If this Chinese population had a greater
degree of baseline chromium deficiency, supplementa-
tion would have had a greater effect. 
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Another study included in the meta-analysis but
worth mentioning on its own was an eight-month ran-
domized, double-blind, placebo-controlled trial of 29
subjects with insulin resistance (pre-diabetes) given
1,000 µg chromium picolinate per day (yielding at least
100 µg of elemental chromium).10 Significant improve-
ments were seen in insulin sensitivity at four and eight
months. Most noteworthy is the fact that the FDA issued
a qualified health claim for chromium picolinate and
insulin resistance based solely on this study.11 All other
claims and all other studies related to any other claims
for chromium picolinate were rejected by the FDA. 

The only randomized clinical trial published after the
meta-analysis included 40 subjects with impaired glu-
cose tolerance who received either 400 µg twice a day
(800 µg/d) of chromium picolinate or placebo for three
months.12 No differences were seen in insulin or choles-
terol between the two groups. 

Grade B Studies. The same research group in China
performed another study—a 10-month open-label study
of 833 diabetics who received 500 µg elemental chromi-
um (as 4,000 µg chromium picolinate approximately).13

According to the authors, study subjects experienced
significant reductions in fasting and post-prandial glu-
cose. Statistical P values were not provided. This study
was not included in the meta-analysis.

A prospective open-label test of the glycemic index-
lowering properties of chromium was published in
2004.14 In this study, 13 healthy subjects were given
white bread alone or white bread with chromium picoli-
nate (400 or 800 µg) taken 30 minutes before the meal.
The glucose area under the curve was determined to cal-
culate the glycemic index. The addition of chromium
did lower the glycemic index of white bread in a non-
dose dependent fashion by 23% with 400 µg (P = 0.053)
and by 20% with 800 µg (P = 0.054). These values
approached, but did not achieve, statistical significance.

Another 2004 study compared 1,000 µg of high-
chromium yeast with placebo in reducing the oxidative
stress of diabetic subjects as measured by thiobarbituric
acid (TBARS) and by total antioxidant status (TAS) of
three subgroups stratified by HbA1c.15 The abstract
offers incomplete information and does not include the
number of subjects enrolled, and the full text article was
not available at the time of writing. TBARS was
decreased in diabetic subjects and TAS level was
increased in the most out-of-control diabetics (HbA1c 
> 8.5%), which the authors indicate correlates with
improved overall antioxidant status in diabetics. This is 
a poorly reported trial that uses nonstandard measure-
ments for antioxidant status; it should not be relied
upon.

Weight Loss and Body Fat Loss
Grade M Study. A meta-analysis of chromium picol-

inate studies for weight loss was published in 2003.16

Although the authors identified 31 weight-loss studies,
only 17 met the criteria for inclusion and of those, only
10 provided sufficient data for inclusion in the meta-
analysis. When the data from the 10 trials were pooled,
the result was a small but significant difference in favor
of chromium picolinate (weight loss of 1.1 kg compared
with placebo). Secondary analysis of data for body com-
position was available from seven of the pooled studies
and showed a significant reduction in percentage of
body fat (-1.2% in favor of chromium picolinate). There
were no significant differences seen for lean body mass.

Grade A Studies. The majority of the effect found in
the meta-analysis came from one trial, the 1996 trial of
154 patients.17 The allocation of dosage of chromium
picolinate in this study was difficult to ascertain because
subjects were allowed to consume a drink base contain-
ing 0, 100, and 200 µg of chromium picolinate and were
asked to drink at least two servings of the drink base
each day. Then they were asked to report how many
servings of the drink base they consumed each day. The
amount of chromium picolinate each subject consumed
was calculated from their self-report of product usage.
The results of this study showed a significant difference
between the active and placebo groups regarding weight
loss, percent body fat, and fat weight. Although these
differences were statistically significant, they were not
clinically significant, except for the fat weight reduction
at the 400 µg dose (see Table 1). 

The methodology employed in the aforementioned
study does not provide a standardized assessment of the
dose of active product and could allow subjects to con-
sume more than the assigned dosage. This study also
does not address the possibility that if participants drank
a great deal of liquid every day, they may have taken in
less solid food and fewer calories, which would have
obscured the real effect of chromium on weight loss. 

The second largest randomized controlled study in
the meta-analysis was performed by the same authors
and included 122 subjects receiving 400 µg chromium
picolinate (amounting to 50 µg of elemental chromium)
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Table 1

Results of the 1996 Kaats GR et al study

Weight Body Fat Fat Weight 
Loss (kg) Reduction (%) Reduction (%)

Placebo -0.14 -0.3 -0.18

200 µg CrP -1.08 -1.4 -1.62

400 µg CrP -1.40 -1.9 -2.07



or placebo for 90 days.18 The only statistically signifi-
cant difference between the placebo and active group
was the reduction in fat mass (-2.81 kg for chromium
picolinate and -1.53 kg for placebo, P = 0.023). Body fat
percentage and weight were not significantly different.
A secondary analysis was performed in which estimated
caloric intake and energy expenditure were taken into
account. In this analysis, the differences between the
active and placebo group all became statistically signifi-
cant (see Table 2). This is certainly interesting; however,
it was not the primary analysis and should be considered
in the context of the fact that the primary analysis failed
to show such changes.

Grade C Study. A retrospective questionnaire-based
study of 18,995 people between ages 53 and 57 looked
at weight gain and chromium supplementation.19

Among respondents who were overweight or obese,
those who took the most (the highest third) chromium
supplementation (in any form) gained less weight over
10 years than those who took less chromium. There
were several limitations to this study including reliance
upon self-reported weights (both current and from 10
years ago). In addition, the study did not account for
dietary chromium intake, nor did it quantify the dosage
range of chromium that appeared to be effective.

Safety
Chromium occurs in both trivalent, Cr(III), and hexa-

valent, Cr(VI), forms. The debates over chromium toxic-
ity almost exclusively concern Cr(VI), because ingestion
of Cr(VI) is 10-100 times more toxic than ingestion of
Cr(III) compounds.20

The Estimated Safe and Adequate Daily Dietary
Intake of elemental Cr(III) has been set at 50-200 µg.21

Most diets contain less than 60% of the minimum sug-
gested intake of 50 µg, suggesting dietary intake may
not be sufficient.22 There have been several case reports
and in vitro studies stipulating cytotoxicity and chromo-
somal damage associated with chromium picolinate,
inferring that the safety of Cr(III) may be largely
dependent on the ligand,1 and that chromium nicotinate,
chromium citrate, and chromium chloride may be safer
products than chromium picolinate; however, in animal

models the latter seems to have a substantially higher
absorption rate than other chromium compounds.23

Dosage
Dosage of the elemental Cr(III) is one of the most

important considerations in the review of the literature.
Chromium picolinate (formula: Cr(C

6
H

4
NO

2
)
3
;

molecular weight: 418.33 amu) contains 12.4% elemen-
tal Cr(III).24 Common dosages used, reported with one
significant figure, are provided in Table 3.

Efficacy Summary
When considering dosage and efficacy, it is worth-

while to separate glucose/insulin efficacy from weight-
loss/fat-loss efficacy as structured above.

Glucose/Insulin Efficacy and Dosage. Although
mechanistic data seem to support the fact that chromium
is deficient in the serum of many people with diabetes,
controversy exists as to whether this represents a true tis-
sue deficiency of chromium. The data on improving
control of glucose and insulin by using chromium in the
treatment of diabetes are inconclusive and seem to be
derived exclusively from a single and limited study in a
Chinese population sample. It is unclear whether the
sample has a greater degree of chromium deficiency in
general, given its dietary restrictions and/or its nutrition-
al genomics. This study used the highest dosage of ele-
mental chromium (200-1,000 µg of elemental chromium
derived from approximately 2,000 to 8,000 µg of
chromium picolinate) and found a significant effect.9

Based on the significant effect obtained using a high
dosage of chromium picolinate, when Gunton et al 
published a negative study on the use of chromium in
diabetes using 800 µg chromium picolinate (100 µg 
of elemental chromium approximately),12 Nutrition 21
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Table 2

Secondary analysis of the 
1998 Kaats GR et al study

Weight Body Fat Fat Weight 
Loss (kg) Reduction (%) Reduction (%)

Placebo -1.81 -1.2 -1.53

400 µg CrP -7.79 -6.3 -7.71

Table 3

Commonly reported chromium dosages

Chromium Elemental 
Picolinate Dose Chromium Level*

200 µg 20 µg

400 µg 50 µg

500 µg 60 µg

800 µg 100 µg

1,000 µg 120 µg

1,600 µg 200 µg

4,000 µg 500 µg

5,000 µg 600 µg

8,000 µg 1,000 µg

* One significant figure accuracy



scientists published a response criticizing the study for
using an insufficient dosage.24 When this same company
applied to the FDA for a qualified health claim,11 the
only claim allowed was related to reducing insulin
resistance based on a study utilizing 500 µg per day of
elemental chromium (4,000 µg chromium picolinate). 

The ability to significantly impact glucose and insulin
levels appears to require high amounts of elemental
chromium in dosages ranging from 200 µg to 1,000 µg
per day, which correlates approximately to chromium
picolinate dosages of 2,000 µg to 8,000 µg.

Weight-Loss and Fat-Loss Efficacy Summary. The
weight-loss data are even less robust than the
glucose/insulin data. A meta-analysis by Pittler et al did
show a significant difference when compared with
placebo, but the amount of weight lost was too small to
be clinically significant (1.1 kg difference). The percent
body fat reduction reported by Pittler et al was statisti-
cally significant (1.2% difference between groups), but
in reality such a small difference remains clinically
insignificant.16 More importantly, the comparison
between studies was not entirely accurate because it
indiscriminately combined dosages of chromium picoli-
nate and elemental chromium without taking into con-
sideration the fact that chromium picolinate contains
only 12.4% Cr(III), and that some studies have reported
dosages of chromium picolinate when others have speci-
fied the amount elemental chromium used. 

It is important to note that all weight-reduction stud-
ies have used dosages of total elemental chromium
lower than those used in diabetes studies. The studies
included in the meta-analysis used chromium picolinate
in dosages ranging from 20 µg to 200 µg of elemental
chromium. The two largest studies showed the largest
effects, and both used a 400 µg dose of chromium picol-
inate when statistical significance was reached com-
pared with placebo.17,18

Conclusion
The current research support is at best equivocal for

the use of chromium as an aid in the treatment of dia-
betes and in weight and/or fat reduction. It would take a
dosage of at least 4,800 µg chromium picolinate to
improve insulin sensitivity and 8,000 µg chromium
picolinate to reduce HbA1c and improve glucose levels.
Small amounts of weight loss and fat loss may be possi-
ble at dosages of 400 µg chromium picolinate.

Replacing chromium in a known chromium-deficient
population appears to have merit, but would require
individual testing prior to initiating therapy to identify
appropriate recipients of this treatment. Providing
chromium supplementation to a population that is not

chromium-deficient is unlikely to provide any specific
benefit according to published literature to date.

Recommendation
In a diabetic population, there may be a role for

chromium replacement as it may be depleted at faster
rates compared with non-diabetics. In this population,
the dose required for efficacy is at least 5,000 µg
chromium picolinate, not the commonly used dose of
400 µg. Because the safety of chromium picolinate,
specifically, has not been firmly established, it is recom-
mended that other forms of chromium be employed. For
weight loss, there are pooled data to support a statistical-
ly significant reduction in weight with chromium picoli-
nate. However, the amount of weight loss is too small to
be clinically significant; patients should focus instead on
diet and lifestyle changes.   ❖
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Policosa — no?

Source: Berthold HK, et al. Effect of poli-
cosanol on lipid levels among patients with
hypercholesterolemia or combined hyper-
lipidemia: A randomized controlled trial.
JAMA 2006;295:2262-2269.

Goal: To assess the lipid-lowering
capacity of policosanol in patients with
dyslipidemia and, if effective, determine
dose dependency.

Design: Randomized, double-blind,
placebo-controlled, parallel-group
(five), multicenter trial offering 12-
week intervention.

Subjects: Patients recruited from Ger-
man primary care offices and lipid clin-
ics with either hypercholesterolemia or
combined hyperlipidemia, and baseline

low-density lipoprotein (LDL) > 150
mg/dL with no or only one cardiac risk
factor, or baseline LDL between 150-
189 mg/dL with two or more risk fac-
tors (n = 143, data assessed for n = 129).

Methods: Following an open diet and a
six-week placebo run-in, subjects were
randomized to one of five groups:
placebo or 10, 20, 40, or 80 mg poli-
cosanol daily. Fasting blood samples
were obtained at baseline, four, five, and
six weeks into the run-in phase, and six
and 12 weeks into the intervention. Pri-
mary outcome to be determined was
dose-dependent decrease of LDL with
policosanol; secondary outcome meas-
ures focused on potential impact on
other lipid parameters as well as
safety/tolerability.

Results: At weeks 6 and 12 there was a
slight decrease in LDL in the active

group, but a decrease unlikely to be of
clinical relevance (< 10%). No signifi-
cant dose-dependent effect was identi-
fied, nor were significant changes noted
for other lipid parameters measured.
Policosanol was well tolerated, and no
serious adverse effects were noted in
either group.

Conclusion: Policosanol appears to be
safe but likewise appears ineffective at
lowering cholesterol levels in any clini-
cally relevant manner beyond placebo
for people with dyslipidemia.

Study strengths: Intention-to-treat
analysis; reported compliance; use of
policosanol formula employed in most
positive trials.

Study weaknesses: Compliance
checked by pill count; all subjects were
white; relatively short duration.
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Of note: The researchers embarked on
this trial in part because of a remarkable
degree of consistency of positive effect
of policosanol in Cuban trials in associ-
ation with a paucity of data from outside
Cuba; results from one Dutch study sug-
gested that 20 mg of policosanol
derived from wheat germ was ineffec-
tive at lowering cholesterol levels;
patients received dietary counseling at
baseline and at the end of the run-in
phase; potential subjects were excluded
if they had known coronary artery dis-
ease; 114 subjects received policosanol
while 29 were given placebo; compli-
ance with the study protocol was
extremely good; diet had no influence
on study results.

We knew that: Policosanol is a mixture
of alcohols isolated from sugar cane,
most often from Cuba, although some
products are derived from beeswax and
other sources; there are more than 80

published trials assessing the effects of
policosanol on high cholesterol levels,
the majority noting beneficial effects
comparable to those seen with statin
drugs, but nearly all the data come from
one Cuban research group; to achieve
significant reduction in cardiovascular
risk profile requires an approximate
30% drop in LDL levels; the usual dose
of policosanol recommended to help
lower cholesterol is 10-20 mg/d. 

Clinical import: As the authors point
out, the results of this independent trial
are in stark contrast to those published
trials suggesting a significant lipid-low-
ering effect of policosanol. The
researchers prudently dance around
potential reasons for this discrepancy,
and in a balanced appraisal state that
more research should be performed
(perhaps of longer duration, even
though some earlier trials showed bene-
fit within 4-6 weeks), but it is concern-

ing that almost all positive trials were
supported by one Cuban sponsor.
Although the positive trials remain
intriguing, morbidity and mortality data
have yet to be published. The clinical
pathway of lipid-lowering most always
begins with exercise and dietary manip-
ulation; if results are suboptimal and the
patient remains at risk, those who prefer
a nonpharmaceutical approach may opt
for agents like niacin (vitamin B

3
) or red

yeast rice (Monascus purpureus), and
with some confidence. However,
though concerns regarding potential
side effects persist, there is little doubt
regarding the lipid-lowering effective-
ness of pharmaceutical agents. The cur-
rent study strongly suggests that better
options than policosanol exist for con-
trolling high cholesterol, whether alter-
native or conventional.  

What to do with this article: Keep a
hard copy in your file cabinet. ❖
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CME Questions
23. Which of the following statements is true?

a. Glucosamine and chondroitin accounted for nearly $750 
million in annual sales in 2004.

b. Glucosamine and chondroitin are important constituents of 
normal cartilage and other joint tissues. 

c. Glucosamine and chondroitin can be reduced in osteoarthritic
cartilage. 

d. All of the above statements are true.

24. The National Institutes of Health-sponsored Glucosamine/
Chondroitin Arthritis Intervention Trial determined that: 
a. Glucosamine and chondroitin are effective for symptom relief 

of osteoarthritis. 
b. Glucosamine and chondroitin are effective for structural 

modification of osteoarthritis. 
c. Glucosamine and chondroitin are not effective for symptom

relief of osteoarthritis. 
d. Glucosamine and chondroitin are effective for both symptom

relief and structural modification of osteoarthritis. 

25. Based on clinical data, the effective dose of chromium picoli-
nate for glucose and insulin control is: 
a. 400 µg daily.
b. 500 µg daily. 
c. 4,000 µg daily
d. 5,000 µg daily. 

26. In the Pittler et al meta-analysis of chromium for weight loss,
although the amount of weight lost was statistically significant,
the amount was too small to be clinically significant. 
a. True
b. False

CME Instructions: Physicians participate in this
continuing medical education program by reading
the articles, using the provided references for further
research, and studying the CME questions. Partici-
pants should select what they believe to be the cor-
rect answers, then refer to the list of correct answers
to test their knowledge. To clarify confusion sur-
rounding any questions answered incorrectly, please
consult the source material. 

After completing this activity, participants must
complete the evaluation form provided at the end of
each semester (June and December) and return it in
the reply envelope provided to receive a credit letter.
When an evaluation form is received, a credit letter
will be mailed to the participant. 

After completing the program, physicians will be
able to:
a. present evidence-based clinical analyses of com-

monly used alternative therapies; 
b. make informed, evidence-based recommenda-

tions to clinicians about whether to consider
using such therapies in practice; and 

c. describe and critique the objectives, methods,
results and conclusions of useful, current, peer-
reviewed clinical studies in alternative medicine
as published in the scientific literature. 

Answers:23. d, 24. c, 25. d, 26. a.
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Arthritis and Exercise Q&A 

STUDIES HAVE SHOWN THAT EXERCISE HELPS PEOPLE WITH ARTHRITIS IN MANY WAYS. EXER-
cise reduces joint pain and stiffness and increases flexibility, muscle strength, cardiac

fitness, and endurance. It also helps with weight reduction and contributes to an improved
sense of well-being. 

How does exercise fit into a treatment plan for people with arthritis? Exercise is one part
of a comprehensive arthritis treatment plan. Treatment plans also may include rest and relax-
ation, proper diet, medication, and instruction about proper use of joints and ways to con-
serve energy (that is, not waste motion), as well as the use of pain relief methods.

What types of exercise are most suitable for someone with arthritis? Three types of exer-
cise are best for people with arthritis: 
• Range-of-motion exercises (e.g., dance) help maintain normal joint movement and relieve

stiffness. This type of exercise helps maintain or increase flexibility.
• Strengthening exercises (e.g., weight training) help keep or increase muscle strength.

Strong muscles help support and protect joints affected by arthritis.
• Aerobic or endurance exercises (e.g., bicycle riding) improve cardiovascular fitness, help

control weight, and improve overall function. Weight control can be important to people
who have arthritis because extra weight puts extra pressure on many joints. Some studies
show that aerobic exercise can reduce inflammation in some joints.

How does a person with arthritis start an exercise program? People with arthritis should
discuss exercise options with their doctors and other health care providers. Most doctors rec-
ommend exercise for their patients. Many people with arthritis begin with easy, range-of-
motion exercises and low-impact aerobics. People with arthritis can participate in a variety
of, but not all, sports and exercise programs. The doctor will know which, if any, sports are
off-limits.

The doctor may have suggestions about how to get started or may refer the patient to a
physical therapist. It is best to find a physical therapist who has experience working with
people who have arthritis. The therapist will design an appropriate home exercise program
and teach clients about pain-relief methods, proper body mechanics (placement of the body
for a given task, such as lifting a heavy box), joint protection, and conserving energy.

What are some pain relief methods for people with arthritis? There are known methods
to help stop pain for short periods of time. This temporary relief can make it easier for people
who have arthritis to exercise. The doctor or physical therapist can suggest a method that is
best for each patient. The following methods have worked for many people:
• Moist heat supplied by warm towels, hot packs, a bath, or a shower can be used at home

for 15-20 minutes three times a day to relieve symptoms. A health professional can use
short waves, microwaves, and ultrasound to deliver deep heat to non-inflamed joint areas.
Deep heat is not recommended for patients with acutely inflamed joints. Deep heat is
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often used around the shoulder to relax tight tendons
prior to stretching exercises.

• Cold supplied by a bag of ice or frozen vegetables
wrapped in a towel helps stop pain and reduce
swelling when used for 10-15 minutes at a time. It is
often used for acutely inflamed joints. People who
have Raynaud’s phenomenon should not use this
method.

• Hydrotherapy (water therapy) can decrease pain and
stiffness. Exercising in a large pool may be easier
because water takes some weight off painful joints.
Community centers, YMCAs, and YWCAs have
water exercise classes developed for people with
arthritis. Some patients also find relief from the heat
and movement provided by a whirlpool.

• Mobilization therapies include traction (gentle,
steady pulling), massage, and manipulation (using the
hands to restore normal movement to stiff joints).
When done by a trained professional, these methods
can help control pain and increase joint motion and
muscle and tendon flexibility.

• TENS (transcutaneous electrical nerve stimulation)
and biofeedback are two additional methods that may
provide some pain relief, but many patients find that
they cost too much money and take too much time. In
TENS, an electrical shock is transmitted through
electrodes placed on the skin’s surface. TENS
machines cost between $80 and $800. The inexpen-
sive units are fine. Patients can wear them during the
day and turn them off and on as needed for pain 
control.

• Relaxation therapy also helps reduce pain. Patients
can learn to release the tension in their muscles to
relieve pain. Physical therapists may be able to teach
relaxation techniques. The Arthritis Foundation has a
self-help course that includes relaxation therapy.
Health spas and vacation resorts sometimes have spe-
cial relaxation courses.

• Acupuncture is a traditional Chinese method of pain
relief. A medically qualified acupuncturist places
needles in certain sites. Researchers believe that the
needles stimulate deep sensory nerves that tell the
brain to release natural painkillers (endorphins). Acu-
pressure is similar to acupuncture, but pressure is
applied to the acupuncture sites instead of using 
needles.

How much exercise is too much? Most experts agree
that if exercise causes pain that lasts for more than one

hour, it is too strenuous. People with arthritis should
work with their physical therapist or doctor to adjust
their exercise program when they notice any of the fol-
lowing signs of strenuous exercise:
• Unusual or persistent fatigue
• Increased weakness
• Decreased range of motion
• Increased joint swelling
• Continuing pain (pain that lasts more than one hour

after exercising)

Source: National Institute of Arthritis and Muscu-
loskeletal and Skin Diseases, National Institutes of
Health. Available at: www.niams.nih.gov/hi/topics/
arthritis/arthexfs.htm. Accessed June 19, 2006. 
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Step Up to Exercise: 
How to Get Started
• Discuss exercise plans with your doctor.
• Start with supervision from a physical therapist or

qualified athletic trainer.
• Apply heat to sore joints (optional; many people

with arthritis start their exercise program this
way).

• Stretch and warm up with range-of-motion 
exercises.

• Start strengthening exercises slowly with small
weights (a 1- or 2-pound weight can make a big
difference).

• Progress slowly.
• Use cold packs after exercising (optional; many

people with arthritis complete their exercise 
routine this way).

• Add aerobic exercise.
• Consider appropriate recreational exercise (after

doing range-of-motion, strengthening, and aerobic
exercise). Fewer injuries to joints affected by
arthritis occur during recreational exercise if it is
preceded by range-of-motion, strengthening, and
aerobic exercise that gets your body in the best
condition possible.

• Ease off if joints become painful, inflamed, or red,
and work with your doctor to find the cause and
eliminate it.

• Choose the exercise program you enjoy most and
make it a habit.
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Dear Alternative Medicine Alert Subscriber:

This issue of your newsletter marks the start of a new continuing medical education (CME)
semester and provides us with an opportunity to review the procedures.

Alternative Medicine Alert, sponsored by Thomson American Health Consultants, provides
you with evidence-based information and best practices that help you make informed decisions
concerning treatment options and physician office practices. Our intent is the same as yours – the
best possible patient care.

The objectives of Alternative Medicine Alert are to:
1. Present evidence-based clinical analyses of commonly used alternative therapies
2. Make informed, evidence-based recommendations to clinicians about whether to consider

using such therapies in practice
3. Describe and critique the objectives, methods, results and conclusions of useful, current,

peer-reviewed clinical studies in alternative medicine as published in the scientific literature

Each issue of your newsletter contains questions relating to the information provided in that
issue. After reading the issue, answer the questions at the end of the issue to the best of your abili-
ty. You can then compare your answers against the correct answers provided in an answer key in
the newsletter. If any of your answers were incorrect, please refer back to the source material to
clarify any misunderstanding.

At the end of each semester you will receive an evaluation form to complete and return in an
envelope we will provide. Please make sure you sign the attestation verifying that you have com-
pleted the activity as designed. Once we have received your completed evaluation form we will
mail you a letter of credit. This activity is valid 36 months from the date of publication. The target
audience for this activity is physicians and researchers interested in complementary and alternative
medicine.

If you have any questions about the process, please call us at (800) 688-2421, or outside the
United States at (404) 262-5476. You can also fax us at (800) 284-3291, or outside the United
States at (404) 262-5560. You can also e-mail us at: ahc.customerservice@thomson.com.

On behalf of Thomson American Health Consultants, we thank you for your trust and look for-
ward to a continuing education partnership.

Sincerely,

Brenda Mooney
Vice-President/Group Publisher
Thomson American Health Consultants
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