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Introduction

ABSTRACT

Osteoarthritis (OA) is an extremely prevalent degenerative disease affecting 32.5
million people in the United States and 595 million people worldwide. Adults aged
40 and older are primarily affected by OA, with it being ranked seventh among
causes of years lived with disability (YLDs). OA is commonly treated with over-
the-counter pain medications, but these are not always completely effective.
Because of the high prevalence of OA and the lack of satisfaction with the available
treatment, a lot of individuals feel the need to seek out dietary supplements as a
subsidiary treatment. Dietary supplements are commonly used, with 57.6% of
adults aged 20 and over using at least one. This Systematic Review (SR) and Meta-
Analysis aims to examine the literature available on glucosamine (GA) and
chondroitin (CD) to provide an unbiased overview of the efficacy and safety of
these supplements. Ten randomized controlled trials were reviewed for the
systematic review. Three of those articles were then statistically analyzed for pain
and function endpoints in the meta-analysis. While the results were not statistically
significant, a slight positive trend was observed. (GA+CD) were found to have
minimal adverse effects. (GA+CD) may help with osteoarthritis pain and function,
but it is advisable to consult with a healthcare provider before initiating
supplementation.

Keywords: Glucosamine, chondroitin, osteoarthritis, dietary supplement, A
Systematic Review and Meta-Analysis.

other than prescribed medication. This leads
individuals to seek out dietary supplements. Per a

Osteoarthritis (OA) is a degenerative disease that
causes the breakdown of cartilage in the joint space,
leading to pain, stiffness, tenderness, and loss of
function [1].It is an extremely common disease,
affecting approximately 32.5 million people in the
United States [2], and 595 million people worldwide
[3]. The prevalence of OA increases with age,
ranking seventh among reasons people aged 70+
years lived with disability [3]. Due to the prevalence
of the disease, people resort to looking for solutions
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study done via the CDC in 2021 [4], 57.6% of adults
aged 20 and over used at least 1 dietary supplement
in the last 30 days.

Glucosamine is a molecule naturally found in your
body and is theorized to play a role in slowing
cartilage breakdown via maintaining elasticity,
strength, and resilience of cartilage, as well as
inhibiting proteolytic enzymes and promoting
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glycosaminoglycan and proteoglycan synthesis. It
also has anti-inflammatory, immunosuppressive, and
anti-catabolic properties [5]. GA can be sourced
naturally via extraction from shells or shellfish or
made in a lab [6]. There are three commercially
available forms of GA: GA HCl, G sulfate, and N-
acetyl GA. (GA) has a pKa of 7.58, alogP of -2.8, MW
of 179.17 g/mol, and oral bioavailability of 44% [7].
(CD) is another molecule that is naturally found in
your body. It is theorized to slow the progression and
modify the course of OA [8]. (C) can be naturally
sourced via extraction from shark and bovine
cartilage or made in a lab [9]. (CD) has a pKa of 1.5-
2, a logP of -4.8, MW of 463.37 g/mol, and oral
bioavailability of 10-20% [10].

According to the FDA, “Dietary supplements are
intended to add to or supplement the diet and are
different from conventional food” [11]. However,
dietary supplements are not regulated in the same
way as drug products. They are regulated by a
branch of the US FDA called the Center for Food
Safety and Applied Nutrition [12]. Dietary
supplements are monitored for misbranding and
adulteration, not efficacy [13]. In other words, they
are monitored for inaccurate levels and claims, not
for if they work. It is the responsibility of the
manufacturers and distributors to analyze their
products for safety and efficacy [12]. The goal of this
SR & MA is to evaluate the available data on dietary
supplements (GA + CD) for efficacy and safety and
provide information so that the readers can make
informed decisions on whether or not to recommend
these supplements.

Method

A SR & MA was performed using the electronic
database PubMed. The keywords (glucosamine,
dietary supplement, osteoarthritis) were used, and
the results were then evaluated for appropriateness
as well as the availability of full text. The search
included articles published between 2000 and 2024.
Specifications were made only to review randomized
controlled trials. Ten articles were evaluated for the
systematic review, and only 3 were analyzed in the
meta-analysis. This was due to a lack of consistency
between the articles and their reported data. An
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effort was made only to include articles with the
same dose of (GA + CD) (1500 mg GA and 1200 mg
CD). However, there were two articles in which the
doses were different.

Identification of studies via databases

=
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= databases > before screening
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Figure 1: Flow Chart of Study Selection
Results and Discussion
Efficacy/Effectiveness:

SRs are when researchers evaluate all relevant
studies on a particular topic and form their
conclusions and summarization of the data [14]. MAs
are more specific in the topic of discussion [15]. MAs
also differ from SRs in that researchers do their
statistical analysis of the data, typically involving
heterogeneity, effect size, forest plots, and funnel
plots. The purpose of heterogeneity is to determine
how consistent the study is. This is evaluated with 12
- if the 12 value is >50%, the study might be
inconsistent for reasons other than chance and needs
to be evaluated [16]. On the contrary, an 12 value
<50% means the study is homogenous and the
studies had consistent results [17]. “Cohens d is a
standardized effect size for measuring the difference
between two group means” [18]. Cohen’s d is
evaluated based on three categories: small (d = 0.2),
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medium (d = 0.5), and large (d = 0.8). These three
categories refer to the effect of the treatment
compared to the placebo. In the instance of this
study, cohen’s d was used to evaluate the difference
between the treatment group and the control group.
A forest plot is used in meta-analyses as a way to
summarize the conclusions of relevant studies on a
particular data point [16].

Table 1: Summary of the included studies [25, 26,

The Western Ontario and McMaster Universities
Arthritis Index (WOMAC) score is commonly used
for the evaluation of OA. The test has three different
categories: pain, function, and stiffness. For the
meta-analyses of (GA + CD), pain and function were
evaluated. There was a lack of agreement between
the various studies. Upon first evaluation, there are
more negative studies than positive ones. However,
the cumulative percent weight of the positive studies
is 77.59%.

Author, Year Dose Duration Participants % Weight Outcomes

Osamaet al, 2022 G 500 mg TID + C 400 mg TID 4 weeks 24 0.93 (—]
750 mg G + 600 mg C + 350 mg MSM

Kilig, 2021 at 2x1 doses 3 months 26 1.01 (—]

Wang et al, 2021 750 mg G + 250 mg C + 50 mg HA 8 weeks 80 3N (—]
1500 mg G + 1200 mg C vs 15600 mg G

Lubis et al, 2017  + 1200 mg C + 500 mg MSM vs_ 3 months 147 572
placebo

Sterzietal, 2016 200 M9 G +400mg C+200mgMSM g oo 53 2.06
at 2x1 doses

Lugo etal, 2016 1000 Mg G +1200mg Cvs. 40 mg UC- 444 4 101 743
Il vs. placebo

';'g;’g”o etal. 1500 mg G+ 1200 mg C 28 days 20 078

Hochberg et al 1500 mg G vs. 1200 C vs. G+C vs. 200

2008 mg celecoxib 24 weeks 1583 61.60

Sawitzke et al 1500 mg G vs. 1200 C vs. G+C vs. 200

2008 mg celecoxib 24 months 357 13.89 (—]

'2”'0905?31“ etal, 1500 mg G + 1200 mg Chondroitin 12 months 89 346 )

“Articles are ones reviewed in MA

ID Cohen'sd LL uL P-value  Weight (%) Forest Plot ‘Jml-lugae |

Messier etal (2007) -0.05 047 036 080 3276 !

Wang et al (2021) -0.25 069 019 027 30.61 -

Lugoetal (2016) 028 009 066 014 3663 :

Overall 0.01 030 032 095 '

Model: Random-effects model

Heterogeneity: Tau-squared = 0.03, H-squared = 1.74, |-squared = 0.43
Homogeneity: Q =347, df = 2, p-value =0.18

Test of overall effect size: z = 0.06, p-value = 0.95

Fig 2: Forest Plot of Pain (WOMAC) [27, 30, 34]
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Fig 3: Forest Plot of Function (WOMAC) [27, 30,
34]

For both forest plots (Figures 2 & 3), the mean is
close to the null effect with a slight positive
correlation. This suggests that, on average, there is
not a strong effect of (GA + CD) on pain or function,
but there might be a minimal positive effect
observed. An I2 value of 0.43 and 0.00 for pain and
function (P + F) respectively, suggests moderate
heterogeneity in the study results, meaning that
there is some variability in the effect sizes across the
included studies, but not enough to be concerning.
With a p-value of 0.95 and 0.65 for (P + F),
respectively, the findings are not statistically
significant. This means the observed results are
likely due to random chance rather than a true effect
of (GA + CD) on (P + F). Cohen's d is a measure of
effect size that indicates the standardized difference
between two means. In this case, Cohen's d of 0.01
and 0.06 for (P + F), respectively, is very small,
suggesting that the effect of (GA + CD) on (P + F) is
minimal. In summary, the forest plot shows that the
overall effect of (GA + CD) on (P + F) is not
statistically significant, with a small positive
correlation and a very small effect size according to
Cohen's d. The homogeneity within the analysis
indicates that the results are reasonably consistent
across the included studies.

The articles did not all have the same results.
However, after careful review and evaluation, there
is enough evidence to say that (GA + CD)
supplementation may provide benefits. These
supplements seem to have more of an effect on
slowing the progression of diminishing joint space
rather than controlling pain. For pain and function
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evaluations, (GA + CD) only worked marginally
better than placebo. For this article, (GA + CD) was
explored for the treatment of osteoarthritis.
Osteoarthritis becomes more common with age, so
these supplements are recommended for older
adults (40+).

Drug Interactions

It is widely believed by the general public that dietary
supplements are safe and, therefore, have no drug
interactions because they are sold over the counter.
This, however, is not factual and can be harmful to
individuals who believe this. Dietary supplements
can cause harm in several ways, including interacting
with prescription medication, interfering with lab
work, or having adverse effects during surgery
[11]. (GA) or the combination of (GA + CD) should
be avoided in patients who are on warfarin. (GA) or
the combination of (GA + CD) can cause increased
INR [19]. Additionally, (GA) is theorized to reduce
the efficacy of acetaminophen [20]. However, a CYP
inhibition assay was performed and (GA + CD) was
not found to have inhibitory effects on CYP1A2,
CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6,
and CYP3A4[21]. (CD) itself does not appear to have
any individual drug interactions other than the
synergistic effect it may have on (GA)’s interaction
with warfarin.

Adverse Effects and Risk
Overall, (GA + CD) does not have an abundance of

adverse effects. They both can cause mild side
effects such as bloating, nausea, diarrhea, and


https://pubmed.ncbi.nlm.nih.gov/34622845/
https://pubmed.ncbi.nlm.nih.gov/26822714/
https://pubmed.ncbi.nlm.nih.gov/17561418/
https://www.fda.gov/consumers/consumer-updates/fda-101-dietary-supplements
https://pubmed.ncbi.nlm.nih.gov/18363538/
https://pubmed.ncbi.nlm.nih.gov/17405676/
https://pubmed.ncbi.nlm.nih.gov/38138558/

The American Journal of Natural Medicines, Facts: 1(1), 2024

constipation [22,23]. Due to the sourcing process of
both (GA + CD), these supplements should not be
used in individuals with a shellfish allergy. However,
some available forms do not contain shellfish;
patients should consult their doctor or pharmacist to
determine which form is right for them. Also, caution
should be used if using the HCl form of (GA). The
HCI form of (GA) contains salt which may interfere
with blood pressure and renal function in patients”
[24].

Conclusion

(GA + CD) shows potential to supplement the
treatment of osteoarthritis. After reviewing the
relevant and available literature, we determined that
while the data for these supplements is not
statistically significant, the positive trend suggests
that supplementation may slow disease progression
in individuals who suffer from osteoarthritis.
Exclusively analyzing randomized controlled trials
enhanced the quality and reliability of this SR/MA.
However, these supplements should not replace
prescribed medications. These supplements are not
approved by the FDA, so individuals seeking to take
these supplements should consult with their
healthcare provider. When reviewing the available
articles for this analysis, there was an apparent lack
of research on (GA + CD) when used alone. There
were a couple of studies available, but they used
small sample sizes. There needs to be further
research on both (GA + CD) alone to examine how
the effects differ from when they are used in
combination. This could be managed by analyzing
(GA) or (CD) as additional treatment in individuals
already using medication therapy to treat their OA.
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