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Abstract  

In Australia, 18% of the population, representing around one in five Australians, 

experience or are diagnosed with some form of arthritis. This equates to about 3.85 

million Australians. The 2008 Crosby Textor Public Opinion Poll (Chong 2012) shows 

that Australians are more worried about developing arthritis than any other disease. The 

average cost in terms of arthritis treatment per person per year is $6200, with 61% of 

arthritis costs borne by the individuals themselves. 

Glucosamine is an over-the-counter complementary medicine marketed for the 

treatment and relief of various types of arthritis; however, it is only clinically indicated 

for osteoarthritis. The existing research is conflicting regarding its efficacy.  

Aim 

The aim of this study is to explore consumer perception of the efficacy of, and tolerance 

for, glucosamine preparations in inflammatory joint diseases. 

Method 

The first component of the study was a qualitative observational survey based, with a 

20-question survey administered to members of the community to capture their personal 

experience of the efficacy and toxicity of glucosamine. Survey questions were based on 

a visual pain and joint function scale. The second part of the study was an analysis 

based on an unidentifiable historical patient report to investigate if patients use 

glucosamine alone or with other medications indicated for the treatment of arthritis, 

what form of glucosamine salt was used, how long they have been using glucosamine 

and at what dose. 
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Results 

Out of 87 participants (aged 40–84 years, both male and female), 91.9% and 91.7% 

stated that glucosamine reduced their pain and improved their joint movement 

respectively. Pain was perceived to be reduced by 3–4 points (out of a possible 5 or 

more) in 46.5% of participants and 1–2 points’ improvement out of possible 5 or more 

in joint movement was found in 51.7% of participants. Sixty participants who used 

glucosamine for six months or more indicated a reduction in their pain and 

improvement in their joint function by at least 1 point on the scale ranging up to 5 

points. The majority of the 60 participants who used glucosamine for six months or 

more indicated a pain improvement of 3–4 points on the scale.  

Six participants indicated that glucosamine was not effective in reducing their pain, and 

four participants indicated that it did not improve their joints function; those participants 

took glucosamine for less than six months. All others (n=17) had less significant 

improvement (<score of 3).  

There were no reports of glucosamine intolerance across the sample (44 males and 43 

females). Most participants (59 out of 84 or 70.2%) started taking glucosamine on the 

advice of their pharmacist or their doctor to improve joint pain and function even if they 

did not receive a medical diagnosis of arthritis. Five participants were diagnosed with 

rheumatoid arthritis and all reported a reduction in pain and improvement in joint 

function by up to 5 points on both scales after taking daily 1500 mg of glucosamine 

sulphate for over six months.  
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Discussion This study provided insight on the possible benefits of glucosamine in 

relieving oxidative stress associated with arthritis, given its strong antioxidant activity. 

Critical analysis of the literature revealed that most studies that reported effectiveness of 

glucosamine used glucosamine sulphate whilst concluding that glucosamine was not 

effective when used in the hydrochloride formulation. Few studies investigated the 

effectiveness of glucosamine in other types of arthritis and no research has been 

conducted on the antioxidant activity of glucosamine in arthritis treatment. 

Conclusion  

The results of this study indicate that health professionals have a degree of confidence 

in the benefits of glucosamine as a complementary treatment for osteoarthritis. Five out 

of 87 participants had rheumatoid arthritis and, whilst this is a small percentage of the 

total sample, they reported that it was effective. It is therefore recommended that further 

research be conducted on the efficacy of glucosamine in different types of arthritis and 

examining the antioxidant role of glucosamine given the oxidative stress associated with 

arthritis. 
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Chapter I – Introduction 

In Australia, 18% of the population, or around one in five Australians experience or are 

diagnosed with some form of arthritis. This equates to about 3.85 million people. The 

2008 Crosby Textor Public Opinion Poll (Chong 2012) shows that Australians are more 

worried about developing arthritis than any other disease. The average cost in terms of 

arthritis treatment per person per year is $6200, with 61% of arthritis costs borne by the 

individual. 

Glucosamine is an over-the-counter (OTC) complementary medicine marketed for the 

treatment and relief of various types of arthritis; however, it is only clinically indicated 

for osteoarthritis (OA). The existing research can be conflicting regarding the efficacy 

of glucosamine.  

The literature review for this research is presented in Chapter II. The conclusion, based 

on the available literature, is that inflammatory joint disease (IJD) pathogenesis 

involves oxidative stress, and its treatment includes OTC complementary medicines 

such as glucosamine. The efficacy and toxicity of glucosamine is related to antioxidant 

action and the oxidative stress process, which are yet to be monitored in clinical 

management protocols. The investigation into the feasibility of laboratory methods to 

monitor glucosamine efficacy and/or toxicity using oxidative stress markers and pain-

scale scores would be of significance not only to clinical practice, but also to clinical 

research in terms of efficacy and toxicity assessment. 

The study concept development is discussed in Chapter III, and further identifies the 

current gaps in knowledge and develops the hypothesis to guide the development of the 

study aim, objectives, question and methodology. By assessing the efficacy and toxicity 



 

2 

of glucosamine in terms of its antioxidant activity, as well as assisting in the assessment 

of disease progression (total antioxidant status), a more complete assessment of a 

patient can be made in terms of diagnosis and monitoring of disease progression. This 

study will only focus on patient perception of the efficacy and tolerance of glucosamine 

in all participants with IJD, not just those with OA of the knee. Future studies will look 

at the potential of an antioxidant test that can be used in the clinical setting in 

conjunction with the joint-movement and pain-scoring tests to assist in monitoring 

treatment efficacy and IJD progression.  

Chapter IV discusses the research methodology. While there was a delay in the 

commencement of the intervention phase, the researcher was able to complete the 

project on time. The study had two components. Firstly, analysis of a prospective 

survey that collected data from arthritis sufferers using glucosamine to assess 

participant perception of glucosamine in terms of its efficacy and tolerance.  Secondly, 

examining retrospective historical data retrieved from a Dose Administration Aid 

database to establish the formulation of glucosamine commonly used, if it is used alone 

or with other medications prescribed to treat arthritis and other types of IJD, and how 

long patients use glucosamine.  

Chapter V presents the statistical analysis of the completed survey results. Statistical 

testing of the hypothesis was conducted by testing each part of the original hypothesis. 

It was found that the original hypothesis is strongly supported. Also, analysis of the 

answers provided in the completed surveys resulted in achieving the objectives of this 

study.  
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Chapter VI discusses the significance of the results of this study in relation to the 

original objectives and hypothesis. The chapter discusses the journey of developing the 

study concept, interprets the results and explains the limitations and difficulties 

experienced during the period of the candidature. 

Chapter VII concludes that health professionals have a degree of confidence in the 

benefits of glucosamine as a complementary treatment of OA. Five out of 87 

participants had rheumatoid arthritis (RA), and whilst this is a small percentage of the 

total sample, they reported that it was effective in reducing pain and improving joint 

movement. It is therefore recommended that further research be conducted on the 

efficacy of glucosamine for different types of arthritis by examining the antioxidant role 

of glucosamine given the oxidative stress associated with arthritis. 
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Chapter II –Literature Review 

This research examines the efficacy and toxicity of glucosamine in a sample of arthritis 

sufferers who participated in a voluntary survey. Additionally, this study discusses the 

possible effect/efficacy of glucosamine on oxidative stress and in the pathogenesis and 

disease progression of IJD patients. Additionally, given the antioxidant activity of 

glucosamine and the role of free radicals in IJD, this research discusses the role of 

glucosamine as a symptom and/or disease modifier in other types of arthritic patients. 

This literature review evaluates the use of glucosamine, a complementary/alternative 

medicine used in the treatment of IJD. Glucosamine is currently indicated in the 

complementary treatment of OA (Rheumatology, Therapeutic Guidelines online). 

Whilst there is a good level of evidence for its treatment for osteoarthritic knees, there is 

also evidence for its efficacy in the treatment of other osteoarthritic joints (Smolen et al. 

2010). However, there is a lack of evidence regarding its possible benefit in other forms 

of IJD such as RA. Due to the antioxidant property of, and given the oxidative stress 

associated with, arthritis, the possible role of glucosamine as an antioxidant is 

discussed. 

The review outlines the aetiology, pathogenesis, pathophysiology, clinical progression 

and diagnosis of IJD, with particular reference to OA and RA and their standard 

recommended pharmacological and non-pharmacological management. The review also 

discusses the pharmacology, pharmacokinetics and mechanisms of action of 

glucosamine. It evaluates the evidence available from the literature about the efficacy 

and safety of glucosamine.  
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Antioxidant Properties of Glucosamine 

Recent in vitro research has demonstrated the strong (in comparison to vitamin C) 

antioxidant activity of glucosamine (Mendis, Kim, Rajapakse & Kim 2008; Xing, Liu, 

Guo et al. 2006; Xing, Liu, Wang et al. 2009; Yang et al. 2007). In light of this research, 

this appraisal examines evidence as to the role of free radicals such as reactive oxygen 

species (ROS) and reactive nitrogen species (RNS), resulting in ‘oxidative stress’ in the 

pathogenesis and clinical progression of IJD. Thus, the effectiveness of glucosamine as 

an antioxidant (comparable to vitamin C) and its possible extension as a therapeutic 

agent to treat oxidative stress associated with IJDs such as RA and OA is discussed and 

evaluated in this context whilst identifying possible adverse/toxic effects.  

Aetiology/Pathogenesis of Inflammatory Joint Disease 

Rheumatoid Arthritis 

RA is an auto-immunological trigger beginning with an inflammatory process that 

ultimately manifests clinically with typical signs and symptoms of disease, such as joint 

swelling and tenderness (Choy & Panayi 2001). Inflammation is also responsible for 

stimulating destructive progressive mechanisms in the joint, which leads to structural 

damage and subsequently to functional declines and disability (Moreland 2001). The 

rheumatoid joint contains numerous cell types that are involved in these inflammatory 

and destructive processes (Feldman, Brennan & Maini 1996). 

The cellular composition of the synovial fluid varies, but it is principally composed of 

neutrophils that have infiltrated from the circulation (Bingham 2002). As synovial 

proliferation continues, pannus invades from the joint margins, triggering cartilage 
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thinning that is mediated in part by the release of matrix metalloproteinases (MMP) 

from synovial fibroblasts in addition to chondrocyte mediated destruction and failure of 

repair mechanisms. Bone destruction is also initiated through the activation of 

osteoclasts (Bingham 2002; Kinne, Brauer, Stuhlmuller, Palombo-Kinne, Burmester 

2000). 

The synovial macrophage plays an important role in orchestrating inflammation and 

joint destruction in the rheumatoid joint. The macrophages are activated by T Helper 

Cell Type 1 (Th1) cytokines, including interferon-y (IFN-y), interleukin (IL)-12, and 

IL-18, which are released following T-cell activation by antigen-presenting cells, 

resulting in autoantibody activation. Once activated, macrophages release multiple 

cytokines and other inflammatory mediators that further amplify the inflammatory and 

destructive process (Bingham 2002; Choy & Panayi 2001; Firestein 2005; Firestein 

2013; Vey, Dayer & Burger 1997). Figure 1 is a schematic diagram of disease 

mechanisms that likely occur in rheumatoid arthritis. Innate immunity could activate 

fibroblast-like synoviocytes (FLS), dendritric cells (DC), and macrophages (MΦ) in the 

earliest phases in individuals with underlying immune hyper-reactivity as evidenced by 

the production of autoantibodies. The genetic makeup of an individual including the 

presence of certain gene polymorphisms in genes that regulate immune responses and 

environmental exposures are both required. Chronic inflammation leads to citrullination 

of proteins in a variety of sites including mucosal surfaces such as the lungs or the joint. 

In a genetically susceptible individual, a breakdown of tolerance can occur with the 

formation of anticitrullinated protein antibodies. DCs can migrate to the central 

lymphoid organs to present antigen and activate T cells, which can in turn activate B 

cells. These lymphocytes can migrate back to the synovium and enhance adaptive 
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immune responses in the target organ. In addition, repeated activation of innate 

immunity can directly lead to chronic inflammation and possibly antigen presentation in 

the synovium. In the latter phases of disease, many cell types activate osteoclasts (OC) 

through the receptor activator of nuclear factor κB (NFκB)/receptor activator of NFκB 

ligand (RANK/RANKL) system, although FLS and T cells likely provide the greatest 

stimulus. Autonomous activation of FLS might also contribute to this process. 

 

Figure 1 – Diagrammatic representation of aetiology and pathogenesis of rheumatoid arthritis  

Legend: Fibroblast-like synoviocytes – FLS, Dendritric cells – DC, Macrophages – MΦ, T cells – T, B cells – B, 
Osteoclasts – OC, Nuclear factor kB – NFkB, Polymorphism – PMN 

Source: Firestein 2005, accessed on 17/10/16 from: http://www.Elsevierhealth.com 

IL-1 and tumour necrosis factor alpha (TNF-α) share many pro-inflammatory actions in 

RA; however, the rheumatoid joint contains a variety of pro-inflammatory cytokines 

besides IL-1 and TNF-α. Under normal physiologic conditions, the actions of these pro-

inflammatory cytokines are maintained in balance by anti-inflammatory cytokines. In 

the rheumatoid joint, however, the balance swings in favour of the pro-inflammatory 

cytokines (Arend 2001). In addition to cytokines, cyclooxygenase (COX) 2, an 

intermediate enzyme that converts eicosanoids into the pro-inflammatory prostaglandins 

(PGE) plays a role in the pathogenesis of RA. Up-regulation of COX 2 leads to 
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enhanced production of the PGE 2 which in turn causes several effects that may be 

relevant to bone and cartilage erosion in RA. In particular, high concentrations of PGE 

2 stimulate release of MMPs that degrade cartilage (Abramson 1999; Raisz 1999). 

Nitric oxide (NO) is another mediator that appears to be important in cartilage and bone 

destruction. Like the PGEs, NO is produced through constitutive and inducible 

pathways, which are responsible for its pathogenic roles. Like COX 2, the 

transcriptional control of NO is regulated by cytokines, such as IL-1 and TNF-α, as well 

as other cellular stimuli. Among its many biological actions, NO activates MMPs, 

inhibits collagen and proteoglycan synthesis by chondrocytes, and promotes 

vasodilation, which leads to fluid and cellular influx into the inflammatory site. NO also 

combines with ROS to produce peroxynitrite (ONOO–), which promotes chondrocyte 

apoptosis (Lotz, Hashimoto & Kuhn 1998). 

Osteoarthritis 

OA is the most common form of arthritis and the most prevalent among the IJDs. It 

differs from RA in its aetiology. OA is not an auto-immune disease; rather its aetiology 

varies among individuals, with possible roles for systemic factors, such as genetics and 

obesity, as well as for local biomechanical factors, such as muscle weakness, joint 

laxity, and traumatic injury and stress. OA is particularly frequent in the large, weight-

bearing joints of the lower limbs. Joint deterioration occurs over extended periods of 

time, and the diverse molecular mechanisms that mediate pathogenic progression of 

early, mid and late stages of the disease are not yet fully understood. In OA, the 

synovium, bone, and cartilage are each well established as sites that can be involved in 
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the pathophysiological mechanisms that can lead to progressive joint degeneration 

(Abramson & Krasnokutsky 2006; Hunter 2007). 

OA affects the entire joint structure. The cartilage, synovium, and bone can all be major 

sites for the production of cytokines, growth factors, chemokines and mediators, all 

classically associated with inflammation, which eventually promote progression 

pathogenesis of the disease in terms of joint destruction (Loeser 2006; Pelletier, Martel-

Pelletier & Abramson 2001). As in RA, the inflammatory process of OA involves 

cytokines such as IL-1, TNF-α, IL-6, IL-8, and NO, acting on chondrocytes to cause a 

catabolic cascade where proteases break down proteins in cartilage leading to 

inflammation and creating a positive amplification loop leading to further protease 

production resulting in further cartilage degradation (Alturfan et al. 2007; Ayral, 

Pickering, Woodworth, Mackillop & Dougados 2005; Glass 2006).  

Similar to the pathogenesis of RA, PGE 2 and NO play important roles in cartilage 

catabolism in OA. For example, high concentrations of PGE 2 stimulate release of 

MMPs that degrade cartilage (Yuan, Masuko-Hongo, Kato & Nishioka 2003). As 

illustrated in Figure 2, both mechanical and immune-mediated pathways can initiate the 

cytokine mediated cartilage degradation process. The actions of both IL-1 and TNF-α 

are mediated by nuclear factor kappa-B cells (NFk-B), which increase expression of the 

inducible form of NO synthase and COX 2, thereby creating an autocatalytic cascade 

that promotes cartilage destruction. Additionally, increased NO levels in turn induce 

increased expression of COX 2 in OA chondrocytes (Afonso, Champy, Mitrovic, Collin 

& Lomri 2007). PGE 2 produced by OA cartilage has been shown to decrease 

proteoglycan (required for cartilage synthesis) synthesis and enhance the degradation of 
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aggrecan and type II collagen (components of cartilage). In turn, members of the ROS 

such as superoxide anion (O2
.), hydrogen peroxide (H2O2), and hydroxyl radicals (HO.) 

appear to contribute to OA pathology by the promotion of chondrocyte apoptosis 

(Afonso, Champy, Mitrovic, Collin & Lomri 2007; Bagchi, Moriyama & Raychaudhuri 

2011; Hashimoto, Takahashi, Amiel, Coutts & Lotz 1998). 

 

Figure 2 – Schematic diagram of the involvement of mechanical and immune-mediated 
pathways in the cartilage degradation of osteoarthritis 

Source: Yuan et al. 2003, retrieved on 25/10/2016. From:  Arthritis & Rheumatism, 48(3): 602-611 

Pathophysiology 

Rheumatoid Arthritis 

RA is a systemic chronic inflammatory disease that is manifested as a destructive 

polyarthritis in association with serological evidence of auto-reactivity. It is 

characterised by chronic pain and joint destruction, elevated risk of disability and 

premature mortality. RA is characterised by persistent and progressive synovitis of 

peripheral joints, leading to destruction of cartilage and subchondral bone (Bagchi et al. 

2011). 
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The pathogenic basis of RA is a sustained specific immune response against as yet 

unknown self-antigens. It is believed that in RA, the persistent autoimmune response 

mediates local synovial inflammation and cellular infiltration, which ultimately results 

in the pathophysiological damage to tissue commonly seen. The two main 

pathophysiological events leading to RA are (1) hyperplastic synovial lining cells, the 

layer in direct contact with the intra-articular (IA) cavity, and (2) mononuclear cell 

infiltration in the subintimal layer (Bagchi et al. 2011).  

Another major pathological phenomenon in RA is the formation of a destructive type of 

tissue that invades at the interface between cartilage and bone known as pannus. Pannus 

formation is one of the characteristic features of RA that makes it distinct from other 

inflammatory arthoropathies. Eventually, the chronic synovitis can progress to 

destruction of adjacent bone and cartilage, leading to joint deformity and disability 

(Bagchi et al. 2011). 

Osteoarthritis 

Whilst OA is classed as an IJD, it does not have an autoimmune pathogenesis as for 

RA. Also, OA differs from RA in that is it is not systemic and is generally confined to 

the affected joint (Ayral et al. 2005). OA commonly develops after age 45, although it 

can occur in younger people. OA is characterised by the breakdown and eventual loss of 

cartilage in one or more joints. Cartilage is a protein produced by chondrocytes that 

serves as a cushion between the bones of the joints. The joints are wrapped inside a 

tough capsule filled with synovial fluid. This fluid lubricates the joint and keeps it 

moving smoothly (Dam et al. 2009).  
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In OA, the cartilage becomes brittle and degrades. Pieces of cartilage may even break 

away and float around inside the synovial fluid, which can lead to inflammation. 

Eventually, the cartilage can break down to the point that it no longer cushions the two 

bones at the joint (Fernandes, Martel-Pelletier & Pelletier 2002; Guilak et al. 2004; 

Kapoor, Martel-Pelletier, Lajeunesse, Pelletier & Fahmi 2011). Pain in the affected 

joint(s) is the most reported symptom by patient diagnosed with OA. Joint pain is 

usually worse later in the day and can be associated with swelling, warmth, stiffness, 

weakness of the muscles around affected joints, reduced mobility, occasional swelling 

and varying degrees of inflammation, and creaking of the joint (crepitus); stiffness can 

also occur after long periods of inactivity. OA usually affects the hands, spine, hips, and 

knees. Common risk factors for development of OA are family history (genetic 

predisposition), previous joint injury, and being overweight. Obesity can also 

exacerbate existing OA, particularly in the knees (Dam et al. 2009; Gandhi, Dhotar, 

Tsvetkov & Mahomed 2010; Lohmander, de Verdieer, Rollof, Nilsson & Engstrom 

2009). Table 1 summarises the differences between RA and OA. 
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Table 1 – Etiology/pathogenesis of rheumatoid arthritis and osteoarthritis 

 Rheumatoid Arthritis Osteoarthritis 
Aetiology Auto-immune trigger starts an 

inflammatory process. 
Not auto-immune. Inflammatory process 
begins as a result of risk factors such as 
genetics, obesity, muscle weakness, trauma, 
age, joint laxity 

Pathophysiology Symmetrical polyarticular arthritis. 
Chronic systemic inflammation 
leading to synovitis of peripheral 
joints, cartilage and subchondral bone 
destruction. 

Not systemic inflammation. 
Break down/loss of cartilage in one or more 
joints 

 

Generation of Reactive Oxygen Species/Reactive Nitrogen Species 

ROS are atoms or small molecules that have unpaired valence shell electrons. They 

readily accept another electron or transfer their unpaired electron to another molecule. 

ROS are normal by-products of cellular metabolism (Figure 3). However, alterations in 

the amount and nature of released ROS occur in various disease states (Halliwell & 

Gutteridge 1990).  

 

Figure 3 – Pathways for the production and removal of reactive oxygen species 

Source: Afonso, Champy et al. 2007 Retrieved on: 25/10/2016 from: Joint, Bone, Spine, 74(4), 324-329  
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Among ROS produced by living cells, O2
− is a pro-inflammatory compound that 

damages cells and the ECM. For instance, Afonso, Champy et al. (2007) explain that 

O2
− damages endothelial cells, increasing the permeability of the microvasculature and 

promoting the migration of neutrophils to foci of inflammation. O2
− can be converted to 

other more aggressive ROS such as the HO., which is produced when O2
− interacts with 

free iron or copper ions. The following equations describe the chemistry of these 

reactions. 

[2O2
- + 2H+  SOD→ H2O2 + O2]   

[H2O2 + Fe2+ → OH. + OH- + Fe3+] 

O2
− can combine with NO to produce ONOO−, thereby modifying the bioavailability of 

NO (Figure 4). H2O2 can diffuse in the cytoplasm and cross cell membranes. Some ROS 

act as mediators that regulate cell functions such as proliferation and apoptosis, by 

influencing intracellular signalling pathways via effects on gene expression (Haddad 

2002). Other ROS, including peroxyl radicals (ROO.) and HO., are highly aggressive: 

they fragment deoxyribonucleic acid (DNA) leading to DNA mutagenesis and 

carcinogenesis (Wiseman & Halliwell 1996), lipid structures (Bruckdorfer 1998) and 

matrix components (Tiku, Gupta & Deshmukh 1999), and they cause oxidative changes 

to proteins that result in chemical fragmentation or increased vulnerability to proteases 

(Davies 1987; Stadtman 1986). 



 

15 

 

Figure 4 – Superoxide anion  

Source: Afonso, Champy et al. 2007 On: 25/10/2010 From: Joint, Bone, Spine, 74(4), 324-329  

SOD accounts for 80% of the enzyme activity of joint fluid. Studies of joint fluid from 

patients with RA showed a 50% decrease in SOD activity, which may increase the 

vulnerability of synovial tissue to ROS-induced damage (Afonso, Champy et al. 2007). 

The role of Reactive Oxygen Species and Oxidative Stress in the Pathogenesis of 

Inflammatory Joint Disease 

ROS are normal by-products of cellular metabolism. Overproduction of ROS and their 

derivatives occurs in a number of diseases (Halliwell & Gutteridge 1992). Among ROS, 

O2
− plays a pivotal role in inflammation, particularly in patients with IJD (Henrotin, 

Kurz & Aigner 2005). The enzyme superoxide dismutase (SOD) neutralises O2
− by 

transforming it into H2O2, thereby preventing the formation of highly aggressive 

compounds such as ONOO− and HO– (Marklund, Bjelle & Elmqvist 1986). 

In IJD, pro-inflammatory factors such as cytokines and prostaglandins are released at 

sites of inflammation, together with ROS (Henrotin, Bruckner & Pujol 2003) and NO 

(Sakurai et al. 1995). These factors are associated with very low SOD concentrations in 

joint fluid (Marklund et al. 1986). Studies involving assays of nitrotyrosine residues in 
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synovial tissues from patients with RA (Sandhu, Robertson, Birnboim & Goldstein 

2003) or exposure of chondrocytes to synthetic ONOO– in vitro (Mathy-Hartert et al. 

2003) have established that the combination of O2
– and NO causes cartilage damage. 

Further evidence of the deleterious effects of O2
− comes from a study in which Intra-

articular (IA) injections of native SOD (bovine orgotein) produced greater clinical 

improvements than did IA aspirin in patients with RA involving the knee (Goebel, 

Storck & Neurath 1981). Experiments involving SOD knockout and over-expression in 

mouse models of arthritis have confirmed the ability of SOD to protect against the 

harmful effects of O2
− (Iyama et al. 2001; Ross, Banda, Muggli & Arend 2004). Several 

SOD mimetics have been developed as therapeutic tools for reducing inflammation 

while minimising side effects (Salvemini & Cuzzocrea 2003). These experiments show 

that SOD activity is a key component of the cellular antioxidant armamentarium that 

protects cells and the extra-cellular matrix (ECM) from the harmful effects of O2
− and 

its derivatives. 

Oxidative Stress in Osteoarthritis 

IL-1-Beta (IL-1β) is one of the most active factors involved in OA (Martel-Pelletier, 

Alaaeddine & Pelletier 1999). It diminishes the expression of type 2 collagen and 

aggrecan, and increases the expression of MMPs 1 and 3. IL-1β stimulates NO 

production, leading to the formation of ONOO–, which targets guanine repeats in DNA 

telomeres, explaining the link between oxidative stress and telomere erosion (Yudoh et 

al. 2005). Aging of cartilage and chondrocytes may be central to the pathogenesis and 

progression of OA. ROS are highly reactive compounds with a short half-life (t1/2). 

However, nitrotyrosine, formed when tyrosine is oxidised in the presence of NO, can 

serve as a measure of oxidative damage in vivo. Presence of nitrotyrosine in cartilage 
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was associated with older age and with OA, suggesting a role of oxidative stress in 

cartilage aging and degeneration (Loeser, Carlson, Carlo & Cole 2002). Thus, oxidative 

stress affects chondrocyte function in joint cartilage. 

Oxidative Stress in Rheumatoid Arthritis 

Although the exact causes of RA are unknown, involvement of ROS is suspected. In 

vitro, ONOO– formation is associated with decreased production of type 2 collagen and 

aggrecan, and with a diminished chondrocyte response to the growth factor IGF-1. In 

addition, ONOO– increases the expression of MMP-3 and MMP-13 and decreases the 

production and activity of the tissue inhibitors of MMPs (Afonso, Champy et al. 2007; 

Henrotin et al. 2003). Taken in concert, these changes lead to increased matrix 

breakdown. 

TNF-α overproduction is thought to be the main contributor to increased ROS release in 

patients with RA. TNF-α not only causes cell damage, but also inhibits SOD, therefore 

decreasing enzyme activity neutralising O2
− (Afonso, Santos et al. 2006) 

Diagnosis 

Rheumatoid Arthritis 

Table 2 summarises the differences between RA and OA symptoms and diagnostics.  

According to Firestein (2005) and Harris (2005), the hallmark symptoms of RA include: 

− Morning stiffness that lasts for at least an hour. 

− Swelling and pain in the joints for at least six weeks. The swollen joints often feel 

warm when touched, and most often involve the wrist, knuckles, knees and joints of 
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the ball of the foot. However, joints in the cervical spine, shoulders, elbows and jaw 

can also be involved. 

− In about 20% of people with RA, inflammation of small blood vessels can cause 

nodules, or lumps under the skin. They can be the size of a pea and are often located 

near the elbow. 

− Fluid accumulation particularly in the ankles. In some cases, the joint sac behind the 

knee accumulates fluid and forms what is known as a Baker cyst. 

− Flu-like symptoms such as fatigue, weight loss, and fever. However, unlike a 

common cold or influenza, RA symptoms can last for years. 

− Various blood tests may be used to help diagnose RA and determine its severity, 

including: 

• Rheumatoid factor – in RA, antibodies that collect in the synovium of the joint 

are known as rheumatoid factor. In about 80% of cases, blood tests reveal 

rheumatoid factor. 

• Erythrocyte Sedimentation Rate (ESR) Test – measures how fast red blood cells 

(erythrocytes) fall to the bottom of a fine glass tube that is filled with the 

patient’s blood. The higher the sedimentation rate the greater the inflammation. 

However, the sedimentation rate can be high in many conditions ranging from 

infection to inflammation to tumours. The test is used, then, not for diagnosis, 

but to help determine how active the condition is. 

• C-reactive protein (CRP) – high levels of CRP are indicators of active 

inflammation and are also used only to determine the extent of the condition. 

• Anti-cyclic citrullinated peptides (CCP) antibody test – the presence of 

antibodies to CCP can identify RA years before symptoms develop. In 
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combination with the test for rheumatoid factor, the CCP antibody test is the 

best predictor of which patients will go on to develop severe RA. 

• Tests for anaemia – whilst not a diagnostic test for RA, anaemia is a common 

complication of RA (Firestein 2005; Harris 2005). 

Various imaging techniques are also utilised in the diagnosis of RA including: 

− X-rays – whilst useful in detecting bone damage, X-rays have not been helpful for 

the early detection of RA because they cannot show images of soft tissue. 

− Dual-energy X-ray absorptiometry (DEXA) scans – the use of a technique known as 

DEXA, however, may be useful in detecting early bone loss in RA (2–27 months 

after onset). Evidence of damage on X-rays along with elevated rheumatoid factor is 

a significant predictor for progressive joint destruction. 

− Ultrasound – special techniques called Power Doppler Ultrasonography (PDUS) or 

Quantitative Ultrasound (QUS) may be helpful in diagnosing RA. PDUS may be 

reliable for monitoring inflammatory activity in the joint. QUS, which is used for 

osteoporosis, can detect bone loss in fingers, which may prove to be a good 

indicator of early RA. 

− Magnetic Resonance Imaging (MRI) – specially designed MRI equipment called 

extremity MRI may be able detect bone erosions in the hands of RA patients where 

X-rays cannot (Firestein 2005; Harris 2005). 

Table 2 (below) summarises diagnostic indicators and methods for RA and OA. 
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Table 2 – Summary of criteria used in the diagnosis of rheumatoid arthritis and osteoarthritis 

 Rheumatoid Arthritis Osteoarthritis 
Symptoms Pain and swelling in the joints. 

Joints feel warm to touch and are swollen. 
Can cause inflammation in blood vessels 
leading to nodules under the skin. 
Fluid accumulation, particularly in the ankles. 
Flu-like symptoms including, fatigue, fever, 
weight loss. 

Pain in the affected joint(s). 
Affected joint(s) associated with 
swelling, warmth, stiffness and 
weakness. 
Creaking of the joint (crepitus). 

Laboratory 
Tests/Imaging 
Tools 

Full blood count; blood test for anaemia; 
rheumatoid factor; erythrocyte sedimentation 
rate test; C-reactive protein test; anti-CCP 
antibody test; X-rays; DEXA scans; ultrasound; 
Magnetic Resonance Imaging. 

Full blood count; rheumatoid 
factor; erythrocyte sedimentation 
rate; C-reactive protein, uric acid 
levels (to differentiate from gout). 

Note: CCP = cyclic citrullinated peptides; DEXA = dual-energy X-ray absorptiometry 

Osteoarthritis 

The pain of OA typically begins gradually after age 40 and progresses slowly over 

many years. Younger people with the condition may have no symptoms at all. OA is 

commonly identified by the following symptoms (Gutierrez 2008; Hunter 2007): 

− Pain that worsens during activity and gets better during rest. This is the most 

common symptom of OA. As the disease advances, the pain may occur even when 

the joint is at rest. 

− Pain is generally described as aching, stiffness, and loss of mobility. The symptoms 

are often worse when resuming activities after periods of no activity. 

− The pain may be intermittent, with bad spells followed by periods of relative relief. 

− Pain seems to increase in humid weather. 

− Some patients experience muscle spasm and contractions in the tendons. 

− Some patients feel a grating sensation when the joint is used. OA in the knee may 

cause a crackling-like noise (called crepitus) when the affected knee is moved. 

− Joint pain is commonly experienced in the hands, knee, hips, spine and shoulder  
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Blood tests may help identify other causes of arthritis (if present) besides OA. They can 

also assist in the differential diagnosis of IJD. These tests include: 

− Elevated levels of rheumatoid factor (specific antibodies in the synovium) are 

usually found in patients with RA. 

− The ESR indicates inflammatory arthritis or related conditions, such as RA or 

systemic lupus erythematosis. 

− Elevated uric acid levels in the blood may indicate gout which may assist in the 

differential diagnosis of OA. 

According to Gutierrez 2008 and Hunter 2007, if the diagnosis is uncertain or infection 

is suspected, a medical practitioner may attempt to withdraw synovial fluid from the 

joint using a syringe. There will not be enough fluid to withdraw if the joint is normal. 

The fluid can be tested for factors that might confirm or rule out OA): 

− Cartilage cells in the fluid are signs of OA. 

− A high white blood cell count is a sign of infection, gout, pseudogout, or RA. 

− Uric acid crystals in the fluid are an indication of gout. 

OA can generally be distinguished from other joint diseases by considering several 

factors together. OA usually occurs in older people and is located in only one or a few 

joints; the joints are usually less inflamed than in other arthritic conditions; the 

progression of pain is usually gradual. Conditions that are most commonly confused 

with, or may even accompany OA include: RA; chondrocalcinosis (pseudogout), which 

is the accumulation of calcium crystals known as CPPD (calcium pyrophosphate 

dihydrate) in the joints; Charcot’s joint, which occurs when an underlying disease, 
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usually diabetes, causes nerve damage in the joint, and leads to swelling, bleeding, 

increased temperature, and changes in bone (Hart, 2008)). 

Issues and Limitations in Clinical Management of Inflammatory Joint Diseases 

The use of OTC complementary medicines is routinely recommended in the treatment 

of IJD, but not monitored in terms of laboratory tests to assess their efficacy/toxicity. 

Given that the pathogenesis and clinical progression of IJD is associated with the action 

of ROS (Houpt, McMillan, Wein & Paget-Dellio 1999), it is highly likely that 

assessment of oxidative stress markers, such as NO, SOD and glutathione (GSH), will 

be of some value, especially to assess the effectiveness of treatment and/or clinical 

progression of the disease (Servetto et al. 2010; Vignola et al. 2012). 

It may be that many physicians do not investigate efficacy of OTC complementary 

medicines taken by their patients who have chronic joint inflammation (Rheumatology, 

eTG Complete, r2015). However, many of the oxidative stress biomarkers investigated 

in research laboratories to assess antioxidant activity such as NO and SOD (Servetto et 

al. 2010; Vignola et al. 2012), which may also indicate efficacy of treatment and 

progression of disease, are unavailable in the diagnostic laboratory setting. For example, 

popular pathology laboratories in Australia do not offer tests for catalase, GSH, lipid 

peroxide, malondialdehyde, NO, SOD, or total antioxidant assay services (pathology 

services: healthscopepathology.com.au, 7/6/2016; pathology/hospital services: 

wdp.com.au, 7/6/2016). Yet, spectrofluorimetric GSH and GSH transferase assays have 

been validated and have been used in research to measure total antioxidant activity 

(Yakubu, Yakasai & Musa 2011).  
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Another analytical method used in clinical research that has yet to be adopted in clinical 

practice is the use of appropriate pain-rating scales such as the Visual Analogue Scale, 

Numerical Rating Scale, and the McGill Pain Questionnaire (Williamson & Hoggart 

2005). The following IJD patient’s personal account illustrates that pain-rating scales 

and validated antioxidant laboratory tests are yet to be adopted in clinical practice: 

I went to the doctor about pain and stiffness that I had in my left elbow. I had some 

blood tests and an X-ray and the doctor told me that it was likely that I had 

osteoarthritis in my elbow. The doctor prescribed me some anti-inflammatory medicine, 

and told me to take Panadol for the pain. He also recommended that I take a supplement 

that contained glucosamine and chondroitin. On subsequent visits to the doctor about 

my elbow, he would just ask me if my pain was any better and if I needed any more 

pain relief or anti-inflammatories. On all my visits to the doctor in regard to my elbow 

he never once gave me any formal type of test to assess my pain nor did he record any 

measurement of my pain over the course of treatment. Apart from the initial blood test, 

he never sent me to get a blood test over the course of treatment to measure my 

response to the medicines I was taking. It felt like my pain lessened over time, but 

because my pain was never measured, I don’t know to what extent my symptoms 

improved. Also, I don’t know if it was the anti-inflammatory medication or the over-

the-counter glucosamine/chondroitin supplement that was responsible for the 

improvement in my symptoms. (Personal account of osteoarthritis patient 2013) 
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Pharmacological and Non-Pharmacological Treatment of Rheumatoid Arthritis and 

Osteoarthristis 

Pharmacological Treatment of Rheumatoid Arthritis 

OARSI treatment guidelines emphasise that optimal management of OA requires a 

combination of both pharmacological and non-pharmacological modalities (Smolen et 

al. 2010). 

A combination of the following types of therapies is recommended in the treatment of 

RA: 

− Rapidly acting anti-inflammatory medications, including non-steroidal anti-

inflammatory Drugs (NSAIDs) and systemic and IA glucocorticoids.  

− Disease Modifying Antirheumatic Drugs (DMARDs), including nonbiologic 

(traditional small molecule or synthetic) and biologic DMARDs, and an orally 

administered small molecule kinase inhibitor, which all have the potential to reduce 

or prevent joint damage and to preserve joint integrity and function (Smolen, et al. 

2010).  

The nonbiologic DMARDs most frequently used include hydroxychloroquine, 

sulfasalazine, methotrexate, and leflunomide (Saag et al. 2008; Singh, Furst, et al. 

2012). Biologic DMARDs, produced by recombinant DNA technology, generally target 

cytokines or their receptors, or are directed against other cell surface molecules. These 

include anticytokine therapies, such as the TNF-α inhibitors, etanercept, infliximab, 

adlimumab, golimumab, and cetrolizumab pegol; the IL-1 receptor antagonist, anakinra; 

and the IL-6 receptor antagonist, toclizumab. They also include other biologic response 

modifiers such as the T-cell co-stimulation blocker, abatacept, which affects the 
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Cytotoxic T Lymphocyte Antigen 4 (CTLA4-Ig), and the anti-cluster of differentiation 

20 B (CD20)-cell depleting monoclonal antibody drug, nituximab (Adachi, 2006).  

Several kinase inhibitors are in development for use in RA, and one of these, tofactinib, 

is available for such clinical use in the United States of America (USA) and is under 

review for potential approval in Europe. Tofacitinib is an orally administered small 

molecule DMARD that inhibits cytokine and growth factor signalling through 

interference with Janus kinases (Saag, et al. 2008; Singh, et al. 2012). 

Non-pharmacological Treatment of Rheumatoid Arthritis 

OARSI guidelines also recommend the use of several complementary alternative 

medicine (CAM) interventions including glucosamine and acupuncture (Smolen, et al. 

2010; Zhang et al. 2007, 2008, and 2010). 

A number of non-pharmacologic measures and other medical interventions are 

important in the comprehensive management of RA in all stages of the disease, in 

addition to anti-inflammatory and anti-rheumatic drug therapies. Patient education that 

addresses issues related to the disease and its management is indicated for all patients 

with RA. Attention to health promotion and specific strategies aimed at minimising the 

adverse effects of RA and of agents used to treat it are also appropriate (Smolen et al. 

2013). These therapies include patient education; psychosocial interventions; rest, 

exercise, and physical and occupational therapy; nutritional and dietary counselling; 

interventions to reduce risks of cardiovascular disease, including smoking cessation, 

and of osteoporosis; and immunisations to decrease risk of infectious complications of 

immunosuppressive therapies (Saag et al. 2008; Singh et al. 2012). 
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Pharmacological Treatment of Osteoarthritis 

According to the Osteoarthritis Research Society International (OARSI) Treatment 

Guidelines Committee, there is no known cure for OA; treatment should be based on 

management of the symptoms with a focus on reducing pain (Zhang et al. 2007). 

Standard therapy is based on a combination of pharmacological (e.g. paracetamol, 

NSAIDs, glucosamine) and non-pharmacological methods (e.g. self-management and 

education about exercise, diet, appropriate footwear) (Smolen et al. 2010). 

OARSI pharmacological intervention recommendations also include three additional 

pharmacological interventions (Smolen et al. 2010): 

− Topical use of NSAIDs and capsaicin as adjuncts or alternatives to oral 

analgesic/anti-inflammatory agents in knee OA. 

− Treatment with glucosamine and/or chondroitin sulphate in patients with knee or hip 

OA. 

− The use of weak opioids and narcotic analgesics for the treatment of refractory pain 

in patients with hip or knee OA, when other pharmacological agents have been 

ineffective or are contraindicated. 

Paracetamol (acetaminophen; an aniline analgesic) is generally the first-line 

pharmacological treatment recommendation (Flood 2010). Treatment guidelines suggest 

that NSAIDs should be used with or without concurrent paracetamol if symptom relief 

is not sufficient with paracetamol alone and doses should be as low as possible to 

achieve effective results, and long-term use should be avoided if possible (Pavelka et al. 

2002; Smolen et al. 2010). NSAIDs may be only slightly better than placebo in 

providing short-term pain relief (Smolen et al. 2010). Furthermore, many NSAIDs are 
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associated with considerable side effects. Gastrointestinal bleeding, the most clinically 

substantial NSAID side effect, causes approximately 16,500 and 2200 deaths, and 

107,000 and 12,000 hospital admissions in the USA and United Kingdom, respectively, 

and is of particular concern in older patients (Moore 2002).  An analysis of NSAIDs 

related death incidences, due to gastrointestinal bleeding in the USA indicated that the 

statistics in the 1998 and 2002 studies were somehow exaggerated. In 2004 and 2005 

there were 3200 deaths annually (Cryer 2005). 

Single IA corticosteroid injections can also provide rapid relief for up to four weeks 

(Ostergaard & Halberg 1998; Ayral et al 2005). IA hyaluronic acid injections can also 

be given weekly for three–five weeks, depending on the preparation (Iannitti, Lodi & 

Palmieri 2010). Hyaluronic acid has been shown to provide slower onset but more 

prolonged (up to 12 weeks) relief of symptoms than corticosteroids (Caborn, Rush, 

Lanzer, Parenti & Murry 2004; Stahl, Karsh-Zafrir, Ratzon & Rosenberg 2005). 

Non-pharmacological Treatment of Osteoarthritis 

Self-management, education, and information about OA and its treatment are a core part 

of non-pharmacological treatment recommendations. Non-pharmacological modalities 

include diet modifications, regular exercise (aerobic and muscle strengthening), pacing 

of activities, weight reduction, and the use of walking aids.  

Table 3 summarises the pharmacological and non-pharmacological treatment of RA and 

OA 
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Table 3 – Pharmacological and non-pharmacological treatment of rheumatoid arthritis and 
osteoarthritis 

 Rheumatoid Arthritis Osteoarthritis 
Pharmacological 
Treatment 

Anti-inflammatory medication such 
as NSAIDs and intra-articular 
glucocorticoids; DMARDs), 
including biologic DMARDs and 
kinase inhibitors; Complementary 
over-the-counter supplements 

Anti-inflammatory medication such as 
NSAIDs, including topical formulations; 
analgesic medication such as paracetamol or 
weak opioids; intra-articular 
glucocorticoids; Complementary over-the-
counter supplements such as glucosamine 
and chondroitin 

Non-
pharmacological 
Treatment 

Education, psychosocial 
interventions, rest, exercise, physical 
and occupational therapy, diet 

Education, exercise, pacing of activities, 
diet modifications, weight reduction, use of 
walking aids 

Note: NSAIDS = non-steroidal anti-inflammatory drugs; DMARD = disease modifying anti-rheumatic drugs 

In terms of IJD, current guidelines recommend the use of glucosamine for the 

complementary treatment of OA only and mainly for knees (Smolen et al. 2010).  

The remainder of this review will discuss the efficacy and toxicity of glucosamine, and, 

given its strong antioxidant activity (Mendis et al. 2008; Xing, Liu, Guo et al. 2006; 

Xing, Liu, Wang et al. 2009; Yang et al. 2007), examine the possible role of 

glucosamine as an antioxidant in IJDs including RA. 

Glucosamine 

Glucosamine (Figure 5) was first used as a topical medication for treating OA pain in 

Germany in the late 1960s (Vetter 1965; 1969). Subsequently, it was developed as an 

oral preparation available on prescription (Rx) in Europe (Curtis, Harwood, Dent & 

Caterson 2004; Zerlak & Dougados 2004). Glucosamine is freely available in the USA 

and Australia without Rx. It is heavily marketed as a dietary supplement to alleviate 

arthritic pain of the knee and as a prophylactic agent against joint damage due to age or 

overuse (Reginster et al, 2012). Typically, glucosamine is formulated as N-acetyl, 

sulphate, or hydrochloride (HCl) salt. In Australia glucosamine is usually formulated as 

a sulphate or HCl salt and alone or combined with chondroitin sulphate in capsules of 
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500 mg of glucosamine salt and 400 mg chondroitin sulphate, with a recommended 

daily dose of three capsules per day (McAlindon 2003). 

  

Figure 5 – Chemical structure of glucosamine  
Source: Royal Society of Chemistry 2013. Retrieved on: 25/10/2016, from: http://www.rsc.org/  

Chemical Properties 

Glucosamine is an amino monosaccharide that is a component of almost all animal 

tissues, including cartilage. Like most hexose molecules, glucosamine exists in two 

anomeric pyranose ring forms, α and β. Both forms coexist in aqueous solution, 

interconverting via their linear form.  

 

Figure 6 - Glucosamine exists in two anomeric pyranose ring forms 
Source: akayama, Seiji & Suzuki, Michio & Endo, Hirotoshi & Iimura, Kurin & Kinoshita, Shigeharu & Watabe, 
Shugo & Kogure, Toshihiro & Nagasawa, Hiromichi. (2013). Identification and characterization of a matrix protein 
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(PPP-10) in the periostracum of the pearl oyster, Pinctada fucata. FEBS open bio. 3. 421-7. 
10.1016/j.fob.2013.10.001. 

Original due to its weak ultraviolet absorbance it was difficult to make direct 

quantitative measurements of glucosamine in biological tissues by high-performance 

liquid chromatography (HPLC) (Karamanos, Syrokou, Vanky, Nurminen & Hjerpe 

1994; Liang, Leslie, Adebowale, Ashraf & Eddington 1999). However, more recent 

validated methods for determining the concentration of glucosamine in human plasma 

have been developed using a sensitive amino high-performance liquid chromatography 

(HPLC) column and a water/acetonitirile mobile phase elution gradient. This has 

allowed for a more accurate measurement of glucosamine in human plasma to a limit of 

10 ng/mL (Roda et al, 2006). Glucosamine is readily soluble in water (H2O) and boiling 

methanol, and has a melting point of 88 ̊ C (National Cancer Institute 2002). It is usually 

manufactured by the hydrolysis of chitin, which is extracted from the shells of 

Crustacea (Abedowale, Cox & Liang 2000). 

Metabolism and Pharmacokinetics of Glucosamine 

Both intracellular and extracellular concentrations of glucosamine are negligible (<1 

micromolar [µm]) under normal physiological conditions). Exogenous glucosamine is 

rapidly taken up by cells via glucose transporter proteins and is phosphorylated to 

produce glucosamine-6-phosphate and other hexosamines (Bagchi et al. 2011).  

Early in vivo studies on the absorption, disposition, metabolism, and excretion of 

glucosamine salts have been conducted in animals and humans by Setnikar, Giacchetti 

& Zanola (1986), Setnikar, Palumbo, Canali & Zanola (1993) and Setnikar and Rovati 

(2001) using 14C (radioactive isotope)-labelled glucosamine and, in some cases, 
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isolation of radioactive metabolites by ion exchange chromatography, the results of 

which are as follows: 

− After single bolus intravenous injection of 1005 mg of glucosamine sulphate (628 

mg of glucosamine), the parent glucosamine disappeared from plasma with an 

apparent t½ of 1.11 hours (h). The urinary excretion of glucosamine over 24 hours 

(determined by ion exchange chromatography) was 38% of the administered dose, 

mostly during the first 8 hours after administration. Glucosamine dose peak after 10 

hours and it is fully eliminated after 28 hours.  

− After a single oral dose of 7.5 grams (g) of glucosamine sulphate, glucosamine in 

plasma was below the limit of detection (3 micrograms per millilitre [µg/mL] or 17 

µm) when the ion exchange chromatography method was used. After a single dose 

of 314 mg 14C glucosamine sulphate, radioactivity was incorporated in plasma 

globulins with a lag time of 1.5 hour and increased at a rate of 0.24 Becquerel per 

hour. The radioactivity reached its maximum level at 9 hours and t½ calculated as 46 

hours. The absolute oral bioavailability evaluated on the area under the curve (AUC) 

of the globulin-incorporated radioactivity was 44%. The faecal excretion in 120 

hours was 11.3% of the administered dose, showing that at least 88.7% of the 

administered dose was absorbed and eliminated through the gastrointestinal tract. 

The urinary elimination in humans of the parent glucosamine in 24 hours 

determined with ion exchange chromatography after a single dose of 7.5 g of 

glucosamine sulphate was 1.19% of the administered dose, occurring mostly in the 

first 8 hours after administration (Setnikar and Rovati, 2001). 

− After administration of 1884 mg/day for seven days, the daily urinary excretion of 

glucosamine increased from 1.60% of the daily dose during the first 24 hours to 
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2.22% of the daily dose in the last 24 hours. The steady state in urine was reached 

after the second day. The urinary excretion at steady state by repeated 

administration suggests that doses of 1884 mg glucosamine sulphate administered 

either three times daily in sugar-coated tablets or once a day in oral solution are 

bioequivalent (Setnikaret al., 2001). 

Roda et al. (2006) developed a HPLC-Mass Spectrometry (HPLC-MS) method to 

measure the plasma glucosamine concentration values in healthy human volunteers 

(0.36 ± 0.26 µm). After a single bolus dose of 1.5 g of glucosamine sulphate, peak 

serum concentrations of 5.5 ± 1.5 µm were recorded 3 hours after the dose, and their 

data suggested plasma t½ values of approximately 48 hours, all values after 120 hours 

were close to background concentrations. Interestingly, peak concentrations increased to 

8.4 ± 2.7 µm after three days of daily dosing, suggesting that plasma concentrations rise 

after repeated exposure.  

Biggee, Blinn, McAlindon, Nuite and Silbert (2006) measured glucosamine 

concentrations using high-performance ion exchange chromatography with 

amperometric detection in serum from 18 patients with OA after ingestion of a 1.5-g 

bolus dose of glucosamine sulphate. There was a large variation in peak concentrations 

that did not relate to gender or body mass index (BMI) of the patient. However, subjects 

who had previously taken glucosamine products tended to have higher glucosamine 

levels. 

Jackson et al. (2010) examined the pharmacokinetics of glucosamine HCl and 

chondroitin sulphate when taken separately or in combination either as a single dose in 

normal individuals (1.5 g of glucosamine HCl and/or 1.2 g of chondroitin sulphate in 
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capsules), or after three months of daily dosing in patients with symptomatic knee pain 

(0.5 g of glucosamine HCl and/or 0.4 g of chondroitin sulphate taken three times per 

day in capsules). Plasma glucosamine concentrations were determined using 

fluorophore-assisted carbohydrate electrophoresis. For glucosamine HCl alone, a 

maximum concentration (Cmax) value of 492 ± 163 ng/mL (2.75 ± 0.9 µm) was obtained 

after the single 1.5-g dose, with a t1/2 value of 2.5 h. For patients receiving glucosamine 

HCl alone for three months, a Cmax value of 211 ± 98 ng/mL (1.18 ± 0.5 µm) was 

obtained after the single 1.5-g dose, with a t1/2 value of 3.9 h. 

Considered together, these studies (Roda et al. 2006) suggest that although intravenous 

doses of glucosamine salts result in significant plasma concentrations of glucosamine 

itself, oral doses are predominantly consumed by intestinal flora and enteric tissues 

where they are incorporated into plasma proteins, degraded to carbon dioxide or urea, or 

used in biosynthetic processes such as the production of glycosaminoglycans and 

glycoproteins. For humans taking oral glucosamine, concentrations in plasma and 

synovial fluid can increase from baseline levels of <1 µm up to a maximum of 10–20 

µm. Despite early data showing bioequivalence of urinary output, greater Cmax values 

are achieved with IV bolus doses of solubilised glucosamine salts than with multiple 

doses of capsules or tablets (Biggee et al. 2006). 

Pharmacological Mechanism of Action of Glucosamine 

Glucosamine as a Stimulant for the Synthesis of Glycosaminoglycan 

Glucosamine is preferentially incorporated by chondrocytes into the components of 

glycosaminoglycan chains in the intact cartilage (Noyszewski et al. 2001), stimulating 

the synthesis of physiological proteoglycans (Dodge & Jimenez 2003) and decreasing 
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the activity of catabolic enzymes in the cartilage, including MMPs (Sandy, Gamett, 

Thompson, Verscharen 1998).  

In vivo, the compound is effective in experimental animal models of OA (Altman & 

Cheung 2001; Tiraloche et al. 2005). For several years, the mechanism of action of 

glucosamine sulphate was considered to be the mere incorporation of glucosamine into 

glycosaminoglycan as a simple building block, thereby stimulating their synthesis. 

However, this hypothesis is oversimplified. In fact, while metabolic effects exerted at 

the level of articular cartilage might support a long-term joint structure-modifying 

activity, they hardly explain the relatively short-term symptomatic benefit outlined in 

clinical trials (Castaneda, Herrero-Beaumont, Roman-Blas & Largo 2010). 

Recent studies have shown that high glucosamine concentrations stimulate 

glycosaminoglycan synthesis in vitro (Mroz & Silbert 2004), and they may largely 

exceed the concentrations achieved in biological fluids after oral administration to 

humans (Bagchi et al. 2011). Nevertheless, selected in vitro models also demonstrated 

that glucosamine was effective in increasing proteoglycan levels by up-regulating the 

expression of corresponding genes at concentrations 100-fold lower and compatible 

with those found in biological fluids during treatment in humans (Bassleer et al. 1998). 

An alternative hypothesis has been proposed, suggesting the existence of relevant 

glucosamine metabolic activities in tissues where extracellular glucosamine 

concentrations might be higher, including the intestine, liver and kidney, which might 

modulate the compound anti-arthritic effects (Laverty et al. 2005) however the authors 

could not explain what the new modality will look like or be. Yet another alternative 

hypothesis suggests that the increase in the production of cartilage extracellular matrix 
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is mediated by glucosamine-induced up-regulation of transforming growth factor-[beta], 

which has been observed at clinically relevant concentrations in the low µm range 

(Varghese et al. 2007).  

Glucosamine as an Inhibitor of the Cytokine Pro-Inflammatory Process 

A unifying hypothesis for glucosamine sulphate’s mechanism of action in OA has 

recently been proposed, and supports the role of this compound as both a symptom-

modifying and a structure-modifying agent in OA. This mechanism refers to 

glucosamine-induced reversal of the pro-inflammatory and joint-degenerating effects of 

IL-1β (Gouze, Bordji et al. 2001; Shikhman, Kuhn, Alaaeddine & Lotz 2001) through 

the blockade of the cytokine intracellular signalling cascade, by inhibiting the activation 

of the NFk-B pathway (Gouze, Bianchi et al. 2002). Indeed, glucosamine sulphate has 

been shown to inhibit the IL-1 β-induced activation and nuclear translocation of NFk-B 

in human osteoarthritic chondrocytes (Largo et al. 2003). Moreover, glucosamine 

sulphate was able to inhibit both gene expression and protein synthesis of COX 2 

selectively over COX 1, via the inhibition of NFk-B activation. Thus, glucosamine 

sulphate further prevented the release of PGE 2 into the culture medium (Gouze, 

Bianchi et al 2002).  

Several lines of evidence are progressively appearing to further substantiate this 

mechanism of inhibition of IL-1 β-induced expression of genes involved in the 

pathophysiology of joint inflammation and tissue destruction. Indeed, NFkB activity has 

been found to be inhibited by glucosamine sulphate in both human chondrocytes and 

synoviocytes, with subsequent decrease in COX 2 protein synthesis, PGE 2 and NO 

release, showing a pattern that differs from that of other potential antiosteoarthritic 

agents and NSAIDs (Alvarez-Soria, Largo, Calvo, Egido & Herrero-Beaumont 2005). 
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Moreover, glucosamine sulphate consistently decreased IL-1 β-induced 

metalloproteinase synthesis in both types of cell (Largo et al. 2002). 

Most of these in vitro experiments used glucosamine concentrations higher than those 

found in human plasma after therapeutic doses. However, some studies pointed out that 

this mechanism is operative at glucosamine concentrations of approximately 10 µm or 

lower (Piepoli et al. 2005), and found in human plasma or synovial fluid after 

therapeutic doses of crystalline glucosamine sulphate. Indeed, effective glucosamine 

concentrations (expressed as IC50) that inhibit IL-1-stimulated gene expression of 

different pro-inflammatory or pro-degenerative transcripts, including IL-1β itself, 

MMP-3, COX 2 and inducible NO synthase, have been reported to range between 6.2 

and 13.8 µM (Shikhman et al. 2001).  

In another in vitro study that confirmed the suppressive effect of glucosamine on both 

anabolic and catabolic gene expression in the osteoarthritic cartilage, the authors 

speculate that the effect of glucosamine sulphate as a potential disease-modifying agent 

might be due to anticatabolic activities, rather than anabolic activities (Uitterlinden et al. 

2006). Interestingly, glucosamine sulphate has been found to be a stronger catabolic 

inhibitor than the hydrochloride salt formulation (Gouze, Bianchi et al. 2002). This 

finding might help to explain the different clinical patient outcomes between these two 

glucosamine salts.  

In addition, the increase of sulphate concentrations following the administration of 

glucosamine sulphate might also contribute to the differences in patient clinical 

outcomes between glucosamine sulphate and glucosamine HCl (Cordoba & Nimni 

2003). Thus, the sulphate increase might overcome a deficiency in inorganic sulphur 
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caused by low levels of dietary proteins (containing sulphur-rich amino acids) in the 

elderly. Sulphur is an essential mineral ion for the synthesis of proteoglycans and other 

sulphur-containing metabolic intermediates (e.g. coenzyme A and GSH), which are 

important for chondrocyte metabolism (Hoffer, Kaplan, Hamadeh, Grigoriu & Baron 

2001).  

Glucosamine as an Antioxidant 

In addition to being a stimulant for the synthesis of glycosaminoglycan and an inhibitor 

of the cytokine pro-inflammatory process, glucosamine also has strong antioxidant 

(Xing, Liu, Guo et al. 2006; Xing, Liu, Wang et al. 2009; Yang et al. 2007) and 

immuno-stimulating properties (Mendis et al. 2008). 

The general redox reaction for glucosamine, using N-Acetyl-D-glucosamine as an 

example, was theoretically explained by Schomburg & Stephan 1995 as N-Acetyl-D-

glucosamine + 02 ⇒ N-Acetyl-D-glucosaminate + H2O2, however more explanation 

need to be presented before this example can be accepted as possible reaction pathway. 

Recent research by Xing, Liu, Guo et al. (2006) investigating the antioxidant activity of 

glucosamine HCl in vitro showed that glucosamine HCl had strong scavenging activity 

of superoxide/HO. and that it had pronounced reducing power. The reducing power of 

glucosamine HCl was shown to increase with increasing concentration was linear and 

similar to that of ascorbic acid (vitamin C). The reducing properties of glucosamine HCl 

are associated with the presence of reductones (reducing enediol aldehydes or ketones) 

that have been shown to exert antioxidant action by breaking the free-radical chain by 

donating a hydrogen atom (Xing, Liu, Guo et al 2006). 
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Studies conducted on the antioxidant activity of glucosamine sulphate produced similar 

results to that of glucosamine HCl. The scavenging ability of glucosamine sulphate was 

pronounced; increasing ability with increasing concentration. The reducing power of 

glucosamine sulphate was also strong, similar to that of ascorbic acid and attributed to 

the presence of reductones. In addition, glucosamine sulphate was shown to inhibit 

radical mediated expression and activation of NFk-B proteins, and enhance reduced 

GSH level in oxidatively stressed human chondrocytes, thus improving cellular redox 

balance (Mendis et al. 2008; Xing, Liu, Wang et al. 2009).  

Another study on the antioxidant and immuno-stimulating properties of D-glucosamine 

demonstrated that glucosamine exhibited strong antioxidant ability as manifested by its 

effective chelating effect on ferrous ions and its protection of macromolecules such as 

deoxyribose, lipid and protein such that they were protected from oxidative damage. In 

terms of immuno-stimulating ability, D-glucosamine exerted a strong effect on 

phagocytosis of macrophages, indicating that pre-treatment with D-glucosamine could 

efficiently augment the humeral and cellular immune response (Yang et al. 2007). This 

study presented the first evidence of glucosamine sulphate salt as being an efficacious 

agent that can attenuate oxidation-related damage to cells via mechanisms involving 

radical scavenging, and suggests a superior treatment efficacy compared to other 

glucosamine salts. Particularly, this effect was observed in cells involved in OA, such as 

chondrocytes and macrophages. From the results of this study, it was clear that both 

glucosamine HCl and glucosamine sulphate act to prevent oxidation of membrane 

lipids.  
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The ROS mediated damage to proteins have been reported to be higher in OA patients, 

thus the role of glucosamine sulphate in protecting DNA damage mediated through OH· 

produced from the concerted action of H2O2 and Fe2+ is highly significant (Yang et al. 

2007). In addition, consistent with a role for oxidative stress in pathogenesis of OA, a 

number of clinical and preclinical studies have correlated increases in markers of 

oxidative stress and lower levels of the body’s natural antioxidants, such as GSH, with 

disease severity (Yang et al. 2007). Their study demonstrated that GSH is up-regulated 

in the presence of glucosamine sulphate, and this ability promotes its potency to act 

against intracellular oxidative stress. 

Potential Paradoxical Pro-Oxidant Property of Glucosamine 

Oxidative stress is a matter of antioxidant/pro-oxidant imbalance; and this is applicable 

to IJDs (Graeser et al. 2009; Pedersen-Lane, Zurier & Lawrence 2007). It is pertinent to 

emphasise that every potential antioxidant has a paradoxical pro-oxidant property. It has 

been reported that glucosamine induces a significant increase in oxidative stress through 

the production of ROS (Ju et al. 2009). The mechanism by which glucosamine exerts its 

pro-oxidant activity relates to the hexokinase (HXK) action which is essential for the 

glucosamine-mediated inhibition of hypocotyl elongation in Arabidopsis. This enzyme 

converts glucosamine into glucosamine-6-phosphate, a competitive inhibitor of glucose-

6-phosphate-dehydrogenase (G6PD) that performs the first and rate-limiting step in the 

oxy-pentose-phosphate (OPP) pathway in animals (Luderitz et al, 2004). G6PD activity 

is coupled to the reduction of nicotinamide adenine dinucleotide phosphate (NADP+) to 

its reduced form (NADPH) and is therefore important for maintaining the redox state of 

cells and for reducing H2O2 to H2O (Cheng, Jiang et al. 2006; Kline, Schrufer, Jefferson 

& Kimball 2006; Singh, Cheng, Kowluru, Levi & Jiang 2007), (Figure 6). 
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Figure 6 – Glucosamine phosphate: The pro-oxidant metabolite of glucosamine 
Source: Cochrane, Lipchock, Smith and Strobel. 2009 Retrieved on: 25/10/2016 from: Biochemistry 48(15), 3239-
3246 

Due to the pro-oxidant activity of glucosamine, it is necessary to conduct further 

research on the extent to which this pro-oxidant activity affects the oxidative balance in 

patients with IJD being treated with glucosamine. Thus, the toxicity of glucosamine can 

be accurately assessed, which in turn may further inform decisions as to its clinical use. 

Efficacy and Toxicity of Glucosamine 

Studies relating to the efficacy of glucosamine have been primarily concerned with 

glucosamine as a supplementary/complementary treatment for OA rather than RA, and 

have yielded mixed results. A variety of meta-analyses have been conducted on 

glucosamine; some concluded that glucosamine provides better pain relief and improve 

function compared to placebo (Bruyere, Burlet et al. 2008; Distler & Anguelouch 2006; 

Gregory, Sperry & Wilson 2008; Hart 2008; Wandel et al. 2010), where others reported 

weak or no benefit (McAlindon, LaValley, Gulin & Felson 2000; Morelli, Naquin & 

Weaver 2003; Towheed et al. 2005;). A possible explanation for the mixed findings is a 
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study reporting that glucosamine sulphate consistently produced better symptomatic 

benefits compared to glucosamine HCl (Towheed et al. 2005), which suggests that the 

form of glucosamine being used might possibly influence results. Two studies involving 

either paracetamol (acetaminophen) or NSAIDs as the comparator have shown that 

glucosamine sulphate was at least equal to, and in some studies superior to, NSAIDs in 

providing symptomatic pain relief (Herrero-Beaumont, Ivorra et al. 2007). Regarding 

safety, the majority of studies and meta-analyses conclude that the use of glucosamine 

preparations in OA is linked to only minor and transient side effects such as minor 

stomach upsets (Albert et al. 2007; Dostrovsky, Towheed, Hudson & Anastassiades 

2011; Hawkins et al. 1997; Muniyappa et al. 2006; Gray, Hutcheson & Slavin 2004; 

Sawitzke et al. 2010; Thie, Prasad & Major 2001). The evidence regarding the efficacy 

and safety of glucosamine is reviewed in more detail below.  

Efficacy of Glucosamine 

Reginster, Deroisy et al. (2001) and Pavelka et al. (2002) were the first to show a 

potential OA-modifying effect by a pharmacological agent in two long-term studies 

(over 3 years). In a randomised, placebo-controlled clinical trials it was demonstrated 

that glucosamine sulphate was not only able to control the symptoms of the disease over 

such a long-term treatment course, from six months to three years, but also significantly 

decreased the progression of joint structure changes in patients with mild-to-moderate 

OA of the knee. The data were particularly strong in the subgroup of female 

postmenopausal patients (Bruyere, Pavelka, Rovati & Reginster 2004). Joint structure 

changes were principally assessed by monitoring radiographic joint-space narrowing. 

The long-term symptom-modifying efficacy of glucosamine for OA was considered 

impressive (McAlindon 2001). 



 

42 

A meta-analysis conducted in 2000 found weak evidence that glucosamine is more 

efficacious than placebo in reducing pain or disability from OA (McAlindon et al. 

2000). Many of the studies included in this meta-analysis were conducted for 

intermediate durations (at least four weeks of intervention) and involved an adequate 

number of patients (total of 1710 patients from 15 clinical trials). Reviews/meta-

analyses conducted in 2005 and 2006 did not completely agree on the efficacy of 

glucosamine (Distler & Anguelouch 2006; Towheed et al. 2005).  

The critical analysis of a selected neutral/negative result study reveals the following:  

A study conducted in 1999 (Houpt et al. 1999) concluded that there was no significant 

difference between glucosamine and placebo in terms of pain-score results. An analysis 

of the study reveals that the study consisted of 118 patients with moderate pain for at 

least six months due to primary knee OA and with radiological changes. The patients 

were given 1500 mg daily of glucosamine HCL versus placebo for eight weeks. Patients 

who had previously taken glucosamine or those who had received an IA injection of 

corticosteroids within the previous six months were excluded from the study. These 

negative results may be largely due to the experimental design/methodology of the 

study. 

The current best-practice guidelines are based on meta-analyses conducted in 2006, 

2008 and 2010 (Bruyereet al. 2008; Distler & Anguelouch 2006; Wandel et al. 2010) 

recommend a dose of 1500 mg for a period of six months for full benefits (no further 

improvements) to be achieved. Furthermore, these guidelines recommend the use of 

glucosamine sulphate rather than the HCl version for better results.  
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In contrast to these findings, a 2005 Cochrane meta-analysis that included 25 

randomised clinical trials (RCT) reported that glucosamine preparations showed 22% 

improvement in pain and 11% improvement in function compared to baseline 

measurements (Towheed et al. 2005). Several meta-analyses conducted in 2008 

concluded that, although several studies indicate glucosamine has little benefit in 

providing pain relief for OA, over 40 studies indicate that glucosamine is effective in 

providing relief of pain and improvement of joint health among sufferers of OA (Hart 

2008; National Center for Complementary and Alternative Medicine 2008). 

The critical analysis of a positive result study (Herrero-Beaumont, Ivorra et al. 2007) 

found that the study concluded that administration of glucosamine to OA patients 

resulted in significant improvement in terms of the Lequesne index pain scores versus 

placebo. The study consisted of 318 patients with moderate pain for at least three 

months who were given 1500 mg daily of glucosamine sulphate versus placebo for six 

months. Patients already taking glucosamine were excluded from the study. These 

positive results may be largely due to the experimental design aligning with current 

best-practice recommendations pertaining to the use of glucosamine in the treatment of 

OA (Bruyere, Burlet et al. 2008; Distler & Anguelouch 2006; Wandel et al. 2010). That 

is, 1500 mg daily of glucosamine sulphate, as opposed to glucosamine HCl, was given 

for a minimum period of six months.  

Glucosamine is often combined with chondroitin in dietary supplements. The rationale 

is that both molecules act as a structural building block for proteoglycans and other 

macromolecules that are part of the cartilage matrix (Brief, Maurer & Di Cesare 2001). 

Based on prior clinical trial data, a 2008 National Institutes of Health (NIH)-funded 
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Glucosamine/Chondroitin Arthritis Intervention Trial (GAIT) was conducted involving 

1583 patients with OA. The study concluded that glucosamine sulphate, in combination 

with chondroitin, is effective in treating moderate-to-severe knee pain at a 

recommended dose of 500 mg glucosamine sulphate three times daily. The researchers 

also concluded that one should allow six to eight weeks for initial effects and six 

months for full benefits to be achieved (National Center for Complementary and 

Alternative Medicine 2008). 

A 2008 article reviewed 20 randomised controlled trials on the efficacy and safety of 

glucosamine in sufferers of OA, involving more than 2500 patients (Hart 2008). The 

findings were mostly positive for a benefit in reducing OA pain and disease progression 

as indicated by reduced joint-space narrowing.  

Another recent network meta-analysis included 10 clinical trials comparing 

glucosamine sulphate and glucosamine HCl, as well as chondroitin sulphate, and their 

combinations, with placebo. The research concluded that the overall effect on reduction 

of pain intensity was not clinically significant as evaluated by a visual analogue scale, 

but that these interventions do have an impact on joint-space narrowing (Wandel et al. 

2010).  

Demonstrating the high degree of glucosamine efficacy comparable to standard 

pharmacological treatment are studies conducted in 2001 and 2010 that compared the 

efficacy of glucosamine sulphate to NSAIDs such as celecoxib and ibuprofen (Sawitzke 

et al. 2010; Thie, Prasad & Major 2001). Both studies concluded that the degree of pain 

relief from glucosamine sulphate was similar to NSAIDs, which demonstrates that 

glucosamine treatment can result in substantial and significant pain relief. Although it 
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was found that pain scores decreased faster during the first two weeks of the study in 

the ibuprofen group than the glucosamine group, the benefit of ibuprofen reached a 

plateau after two weeks, while the glucosamine group continued to improve. By week 

eight of the study, the pain scores were not significantly different between the ibuprofen 

and glucosamine sulphate groups compared to placebo (Thie et al. 2001).  

A 2007 study compared the efficacy of glucosamine or acetaminophen against placebo 

over a six-month period in 318 patients with knee OA (Herrero-Beaumont, Ivorra et al. 

2007). Pain reduction was reported in 39.6% of subjects on glucosamine, 33.3% taking 

acetaminophen, and 21.1% on placebo. Glucosamine was slightly more effective in 

providing pain relief than acetaminophen in this trial. The study, conducted over a six-

month period, also concluded that a 1.5 g-once daily dose of glucosamine sulphate was 

more effective than a 500-mg three times daily dose of glucosamine HCl. The authors 

hypothesised the difference may be due to the formulation difference rather than the 

difference in dosing schedule (Herrero-Beaumont, Ivorra et al. 2007).  

As mentioned previously, and demonstrated in the critical review of selected studies, 

factors that may be contributing to the mixed findings is the form of glucosamine used 

and the duration of trials. A review of glucosamine studies notes that most of the non-

significant findings resulted from clinical trials using glucosamine HCl, whereas most 

positive trials were performed with a glucosamine sulphate (first sold as the patented 

Rotta brand) preparation (Reginster, Bruyere & Neuprez 2007). For example, a study 

conducted in 2000, involving 98 patients given a 500-mg dose of glucosamine HCl 

three times daily or placebo for two months, concluded that glucosamine was no better 

than placebo in reducing knee OA pain (Rindone, Hiller, Collacott, Nordhaugen & 
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Arriola 2000). In a 2005 Cochrane meta-analysis of 25 RCTs, significant pain reduction 

was found for the Rotta brand of glucosamine sulphate; however, no statistical 

significance compared to placebo was found for the non-Rotta glucosamine HCl form 

(Towheed et al. 2005). An additional significant finding in the 2005 and 2006 reviews 

(Distler & Anguelouch 2006; Towheed et al. 2005) was that glucosamine sulphate 

(Rotta brand) was able to slow radiologically determined progression of OA over a 

three-year period and that there were no more adverse reactions than placebo during the 

trial. No studies have compared the Rotta brand with other glucosamine sulphate 

preparations.  

Poor results reported in some studies may also be due to their short duration (two 

months or less) and the fact that there is a latency period of four to eight weeks before 

therapeutic benefits are seen, as has been established by evidence-based best-practice 

guidelines. For maximum benefits to be seen, it is recommended that the duration of 

glucosamine treatment should be six months (Herrero-Beaumont, Ivorra et al. 2007; 

National Center for Complementary and Alternative Medicine 2008).  

The most recent meta-analysis conducted on the efficacy of different glucosamine 

formulations on knee OA patients (Wu, Huang, Gu & Fan 2013) concur with the above 

assessment regarding formulation and duration of treatment. This study concluded that 

whilst glucosamine HCl was ineffective for pain reduction or function-modifying effect 

in patients with knee OA, glucosamine sulphate was effective in these patients when 

administered for a period of six months. However, there were no further pain-reduction 

benefits after six months of therapy. 
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Safety and Toxicity of Glucosamine 

A 2008 review of 20 clinical trials reported no significant side effects from the use of 

glucosamine (Hart 2008). This is consistent with other evidence indicating that the long-

term use of glucosamine is associated with only minor and infrequent adverse effects – 

primarily mild and temporary gastrointestinal symptoms. It is believed that glucosamine 

does not carry risks such as gastric bleeding or ulcers, and does not raise the risk of 

heart attack, stroke, or kidney disease, as do some first-line pharmacological treatments 

(Bruyere, Burlet et al. 2008). 

Yet, one potential safety concern with glucosamine involves blood sugar regulation. 

Studies in diabetic animals raised concerns that glucosamine supplementation might 

increase insulin resistance (Hawkins et al. 1997; Kim & Roland 2016). However, earlier 

studies conducted in 2006 and 2007 in patients with diabetes and OA found that 

glucosamine did not directly affect blood-glucose levels or cause worsening of insulin 

sensitivity. In addition, it had no effect on levels of either high-density lipoprotein 

(HDL) or apolipoprotein A1, a constituent of HDL (Albert et al. 2007; Muniyappa et al. 

2006). A meta-analysis of clinical studies in 2011 indicates that glucosamine may 

decrease insulin sensitivity and increase fasting glucose. The authors note that these 

effects were more likely to be detected in studies including subjects with baseline 

impaired glucose tolerance or insulin resistance. The authors also concluded that further 

research is needed to provide firm evidence (Dostrovsky, Towheed, Hudson & 

Anastassiades 2011). Glucosamine is thought to be a competitive inhibitor of beta cell 

glucokinase. Glucokinase in beta cells has a role in sensing glucose and stimulating 

insulin secretion. Thus, glucosamine may raise the glucose threshold for glucose 

stimulated insulin secretion and lead to higher plasma fasting glucose levels as a result 
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(Monauni et al. 2000). Until definitive information is available, blood sugar levels 

should be closely monitored if glucosamine preparations are given to diabetic and 

glucose-intolerant patients.  

The critical analysis of a selected study reporting negative toxic effects of glucosamine 

– decreased insulin sensitivity – concluded that glucosamine may cause a significant 

decrease in insulin sensitivity. The study was conducted on 15 participants who did not 

suffer impaired glucose tolerance or diabetes mellitus. In the study, participants were 

given a single oral 1500-mg dose of glucosamine sulphate for a period of 12 weeks after 

which fasting glucose levels were tested (Almada, Harvey & Platt 2001).  

A further safety consideration is that, since most glucosamine is prepared from 

shellfish, it should not be recommended to patients with significant seafood allergy, 

although case reports show that patients do not typically react to glucosamine (Gray et 

al. 2004).  

A study conducted by Knudsen and Sokol (2008) discussed the possibility that 

glucosamine may result in a potential interaction between warfarin (an anti-coagulant 

medication) and glucosamine that is associated with an increase in the International 

Normalised Ratio (INR). The USA Food and Drug Administration (FDA) MedWatch 

database identified 20 reports of glucosamine or glucosamine-chondroitin sulphate use 

with warfarin associated with altered coagulation (manifested by increased INR, or 

increased bleeding or bruising). The study further states that the World Health 

Organisation (WHO) adverse drug reactions database documented 21 spontaneous 

reports of increased INR associated with glucosamine use, 17 of which resolved when 

glucosamine was stopped. The study concludes, however, that the mechanism for this 
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interaction with warfarin is not understood, and that more research is required to 

confirm and identify this possible interaction. 

Despite the above possible interaction with warfarin, it is assessed that it is unlikely that 

glucosamine will have adverse interactions with other drugs since glucosamine is 

mainly absorbed via glucose transporters and does not compete for general absorption 

mechanisms. In addition, it is mainly metabolised independently of the cytochrome 

P450 enzyme system (Anderson, Nicolosi & Borzelleca 2005). 

Since crystalline glucosamine sulphate is an Rx drug in several countries, it is subject to 

stringent post-marketing surveillance analysis. The latest Periodic Safety Update Report 

estimates an exposure of around seven million patients in the period between 2003 and 

2006. Few adverse drug reactions were reported and these did not affect the good safety 

pattern described earlier – Periodic Updated Safety Report-Final assessment 2006 

(Herrero-Beaumont, Rovati 2006).  

Chapter Summary 

IJD pathogenesis involves oxidative stress, and its treatment includes OTC 

complementary medicines such as glucosamine. The efficacy and toxicity of 

glucosamine is related to antioxidant action and the oxidative stress process, which are 

yet to be monitored in clinical management protocols. The investigation into the 

feasibility of laboratory methods to monitor glucosamine efficacy and/or toxicity using 

oxidative stress markers, and pain-scale scores would be of significance not only to 

clinical practice, but also to clinical research in terms of efficacy and toxicity 

assessment. 
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Chapter III – Concept Development 

Glucosamine is an OTC complementary medicine marketed for the treatment and relief 

of various types of arthritis; however, according to international therapeutic guidelines 

it is only clinically indicated for OA, mainly in the knees.  

In Australia, 18% of the population or around one in five Australians suffer from some 

form of arthritis. This equates to about 3.85 million Australians 

(https://arthritisnsw.org.au/arthritis/research/latest-statistics/). Research Australia’s 

Public Opinion Poll of 2008 conducted by Crosby Textor, shows that Australians are 

more worried about developing arthritis than any other disease. The average cost in 

terms of arthritis treatment per person per year is $6200, 61% of which is borne by the 

individual. Like the USA, OA is the most common form of arthritis followed by RA 

(https://arthritisnsw.org.au/arthritis/research/latest-statistics/).  

In order to rationalise the concept development of this study there are several lines of 

evidence that led to the development of the hypothesis.  These pieces of evidence are 

outlined as follows: 

The pathogenesis of RA involves an auto-immunological trigger which begins an 

inflammatory process that ultimately manifests clinically with typical signs and 

symptoms of disease, such as joint swelling and tenderness (Choy & Panayi 2001). In 

the early phases of OA, however, there is an increase in the production of structural 

molecules such as aggrecan and collagen. This is part of the normal physiological 

response. But under chronic inflammation, the normal physiology appears to be 

overcome by an increase in catabolism by proteases under the influence of cytokines, 
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which results in the breakdown of cartilage and becomes part of the pathophysiology of 

OA (Charni-Ben-Tabassi & Garnerro 2007; Lorenz et al. 2005). 

Besides the influence of oxygen itself, ROS play a crucial role in the regulation of a 

number of basic chondrocyte activities such as cell activation, proliferation and matrix 

remodelling. However, when ROS production exceeds the antioxidant capacities of the 

cell, oxidative stress occurs leading to structural and functional cartilage damage like 

cell death and matrix degradation (Henrotin et al. 2005; Skurlova 2012). Increased ROS 

production leads to tissue damage associated with inflammation. Validated tests to 

assess oxidative stress have been developed, such as GSH transferase, and are readily 

available for use in a laboratory setting (Yakubu et al. 2011). 

Glucosamine plays a role in increasing synovial fluid availability by stimulating the 

synthesis of physiological proteoglycans (Bassleer et al. 1998; Dodge & Jimenez 2003; 

Piperno et al. 2000) and decreasing the activity of catabolic enzymes in the cartilage, 

including MMPs (Dodge & Jimenez 2003; Sandy et al. 1998). It is hypothesised that 

glucosamine also results in a glucosamine-induced reversal of the pro-inflammatory and 

joint-degenerating effects of IL-1β (Gouze, Bordji et al. 2001; Shikman et al. 2001) 

through the blockade of the cytokine intracellular signalling cascade, by inhibiting the 

activation of the NFk-B pathway (Gouze, Bianchi et al. 2002).  

It has also been shown that glucosamine has strong antioxidant and immuno-stimulating 

properties. Recent research investigating the antioxidant activity of glucosamine HCl in 

vitro showed that it had strong scavenging activity of O2
− /HO– radicals and that it had 

pronounced reducing power (Xing, Liu, Wang et al 2009; Mendis et al. 2008; Yang et 

al. 2007). 
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Thus, given the role of free radicals in the pathophysiology and clinical progression of 

IJDs such as OA and RA (Henrotin et al. 2005), the antioxidant properties of 

glucosamine may be important in terms of possible treatment and disease modification 

strategies.  

Therefore, this research proposes to assess the efficacy/toxicity of glucosamine in the 

treatment of both OA and RA, both in terms of pain reduction and as an antioxidant, as 

there has not been any previous studies conducted assessing the efficacy of glucosamine 

in terms of its antioxidant activity in either OA or RA patients (in vivo), nor in terms of 

its symptom modifying potential in RA patients. 

In addition to its therapeutic pain relief and antioxidant properties (Bruyere, Burlet et al. 

2008; Gregory, et al. 2008), glucosamine may also result in toxic effects in terms of 

decreasing insulin sensitivity, thus increasing blood-glucose levels (Dostrovsky et al. 

2011).  

Therefore, in addition to measuring pain relief and antioxidant activity of glucosamine, 

the study investigated the patient experience with glucosamine side effects.  

Possible Role of Glucosamine as an Antioxidant in Inflammatory Joint Diseases 

Current Knowledge 

Analysis of the existing literature regarding the efficacy of glucosamine indicates that it 

is an effective treatment for patients suffering from OA, but very little research has been 

conducted testing the efficacy of glucosamine in RA patients. It appears that in order for 

glucosamine to be effective in the treatment of OA, a particular treatment regime needs 

to be adhered to. That is, a treatment period of at least six months with a daily dose of 



 

54 

1500 mg of glucosamine sulphate needs to be adhered to in order to observe significant 

benefits (Bruyere, Burlet et al. 2008; Distler & Anguelouch 2006; Herrero-Beaumont, 

Ivorra et al, 2007; National Center for Complementary and Alternative Medicine 2008; 

Wandel et al. 2010).  

Research demonstrates the strong antioxidant properties of glucosamine (Mendis et al. 

2008; Xing, Liu, Guo et al. 2006; Xing, Liu, Wang et al. 2009; Yang et al. 2007). Given 

the role of oxidative stress in the progression of IJDs such as OA and RA (Afonso, 

Champy et al. 2007; Henrotin et al. 2005), the strong antioxidant activity of 

glucosamine not only indicates a possible additional role/mechanism of action for 

glucosamine in regard to IJDs, but may also indicate a possible extension in the use of 

glucosamine as a therapeutic agent. Whilst not the focus of this study, it is important to 

note that the antioxidant activity of glucosamine may result in its therapeutic extension 

not only as a symptom modifier, but also as a disease modifier. That is, the strong 

antioxidant activity of glucosamine as a ‘scavenger’ of free radicals (Xing, Liu, Wang et 

al. 2009) assists in attenuating the pro-inflammatory process by reducing the production 

of harmful free radicals. Given that ROS, including ROO– and HO–, can result in 

fragmentation of DNA leading to DNA mutagenesis and carcinogenesis (Mirshafiey & 

Mohsenzadegan 2008; Wiseman & Halliwell 1996), there is the possibility of 

expanding the therapeutic potential of glucosamine sulphate, especially considering its 

additional mechanism of action as an oxidative-damage inhibitory agent with great 

biocompatibility (Afonso, Champy et al. 2007; Xing, Liu, Wang et al. 2009). 

The available literature also indicates that glucosamine may have toxic consequences in 

decreasing insulin sensitivity and having potential pro-oxidant activity of inhibiting the 
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protective role of G6PD (Dostrovsky et al. 2011; Ju et al. 2009;). Caution is also 

advised for patients with significant seafood allergy due to glucosamine originating 

from shellfish (Gray et al. 2004). 

Gaps in Current Knowledge  

Knowledge gaps still exist about the efficacy and toxicity of glucosamine in terms of: 

− The most effective/efficient treatment regime  

− The nature and extent of its toxicity  

− Its antioxidant/pro-oxidant activity in vivo  

− Its efficacy and toxicity in the treatment of oxidative stress associated with OA 

and RA  

− Its efficacy as a symptom and/or disease modifier in RA  

To date, no research has been conducted regarding the antioxidant/pro-oxidant activity 

of glucosamine in human patients suffering from IJD, and there has been very little 

research conducted about the efficacy of glucosamine in the treatment of RA patients. 

Nakamura et al. (2007) found that glucosamine treatment produced noticeable 

improvements in symptoms of RA patients. However, no anti-rheumatic effect was 

noted, with ESR and CRP levels remaining unchanged. A critical analysis of this study 

reveals that it was conducted over three months, with testing of glucosamine HCl 

formulation in a small representative population. The choice of formulation and short 

duration of the study could be responsible for negative anti-rheumatic effects, given that 

the current recommendations regarding glucosamine use are: 

− Minimum of six months of glucosamine treatment before benefits are seen.  
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− Glucosamine sulphate formulation has been shown to produce better results than the 

HCl formulation (Wu et al. 2013).  

In addition, total antioxidant status was not measured in this study. Whilst there is 

available evidence regarding glucosamine’s antioxidant activity in vitro, its 

effectiveness and/or toxicity as an antioxidant/pro-oxidant is yet to be measured in 

actual sufferers of IJD. The results of such research may inform decisions as to the 

clinical use of glucosamine and further indicate possible wider therapeutic uses, which 

in turn could be investigated in more long-term research.  

A review of the literature in terms of diagnostic methodologies (Gutierrez 2008; Hunter 

2007) highlighted the limitations of current clinical practice in terms of objectively 

assessing and measuring pain, and of utilising laboratory tests to assess/measure the 

effectiveness/toxicity of OTC medicines such as glucosamine, which may be 

recommended in the treatment of IJD. In particular, standard pain-score tests and 

validated laboratory total antioxidant testing, such as the GSH and GSH transferase tests 

may assist in assessing glucosamine treatment efficacy and IJD progression, but are yet 

to be routinely utilised in the clinical setting.  

Strategies to Bridge the Knowledge Gaps 

In order to address these gaps in knowledge regarding the efficacy and toxicity of 

glucosamine, the current research proposes to further examine the efficacy and toxicity 

of glucosamine in terms of pain modification as perceived by consumers of 

glucosamine, and to provide a discussion regarding the possible effect/efficacy of 

glucosamine on oxidative stress. This study will propose a method of measuring this 

effect in terms of measuring ROS and RNS levels in the blood of IJD patients, in 
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particular, those suffering from OA and RA. Additionally (given the antioxidant activity 

of glucosamine and the role of free radicals in IJD) the study explored the possible 

effect of glucosamine in reliving symptoms in patients diagnosed with RA. 

In addition to the use of pain scores, mobility scores will be used to assess the 

improvement in patients’ range of movement.  

The results of this research will inform future studies about the exploring the use of 

glucosamine in the treatment of IJDs such as RA. The research may also assist in 

supporting the further study of glucosamine’s effectiveness as an antioxidant, further 

informing decisions as to its potential additional use as a disease modifying therapeutic 

agent for IJDs and for use in clinical medicine in general. 

Development of the Hypothesis 

The hypothesis developed for this study is: 

Glucosamine in its sulphate salt formulation significantly decreases pain associated 

with IJDs and improves joint function or movement. In order to achieve maximum 

benefit from glucosamine treatment, administration should continue for a period of at 

least six months with a daily dose of 1500 mg. However, prolonged/sustained 

glucosamine administration may also cause side-effect. 

The rationale of developing this hypothesis was based on the following: 

− Several meta-analyses conducted in 2008 concluded that, although several studies 

indicate glucosamine has little benefit in providing pain relief for OA, over 40 

studies indicate that glucosamine is effective in providing relief of pain and 
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improvement of joint health among sufferers of OA (Bruyere, Burlet et al. 2008; 

Gregory et al. 2008).  

− A 2008 NIH funded GAIT study involving 1583 patients with OA concluded that 

glucosamine sulphate, in combination with chondroitin, is effective in treating 

moderate-to-severe knee pain at a recommended dose of 1500 mg daily. The 

researchers also concluded that six–eight weeks should be allowed for initial effects, 

and six months for full benefits, to be achieved (National Center for Complementary 

and Alternative Medicine 2008).  

− The current best-practice guidelines based on meta-analyses conducted in 2006, 

2008 and 2010 recommend a glucosamine dose of 1500 mg daily for a period of six 

months for full benefits to be achieved. Furthermore, these guidelines (e.g. 

recommend the use of glucosamine sulphate rather than the HCl version for better 

results (Bruyere, Burlet et al. 2008; Gregory et al. 2008; National Center for 

Complementary and Alternative Medicine 2008; Wandel et al. 2010). In addition, a 

recent meta-analysis agrees with this assessment, concluding that whilst 

glucosamine HCl was ineffective for pain reduction in patients with knee OA, 

glucosamine sulphate was effective when administered for more than six months 

(Wu et al 2013). 

− A meta-analysis of clinical studies conducted in 2011 indicates that glucosamine 

may decrease insulin sensitivity and increase fasting glucose. The authors note that 

these effects were more likely to be detected in studies including subjects with 

baseline impaired glucose tolerance or insulin resistance (Dostrovsky et al. 2011). 

Since most glucosamine is prepared from shellfish, it should not be recommended to 
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patients with significant seafood allergy, although case reports show that patients do 

not typically react to glucosamine (Gray et al. 2004).  

− Among ROS, O2
. plays a pivotal role in inflammation, particularly in patients with 

IJDs such as OA and RA (Henrotin et al. 2005).  

− Recent research (Mendis et al. 2008; Xing, Liu, Guo et al. 2006; Xing, Liu, Wang et 

al. 2009; Yang et al. 2007) investigating the antioxidant activity of glucosamine in 

vitro shows that both glucosamine HCl and glucosamine sulphate had strong 

scavenging activity of superoxide/HO. and that they had pronounced reducing 

power. In addition, GSH is up-regulated in the presence of glucosamine sulphate 

and this ability promotes its potency to act against intracellular oxidative stress 

(Yang et al. 2007). 

− Many physicians do not routinely initiate laboratory investigations for efficacy of 

OTC complementary medicines, such as glucosamine, which may have been 

recommended to their patients who have chronic IJD (eTG complete, revised 2015). 

As such, many of the biomarkers investigated in laboratories to assess antioxidant 

activity, which may indicate efficacy of treatment as well as progression of disease, 

such as NO and SOD (Servetto et al. 2010; Vignola et al. 2012) are unavailable in 

the diagnostic laboratory setting. For example, popular pathology laboratories in 

Australia do not offer NO or SOD total antioxidant assay services (pathology 

services, healthscopepathology.com.au; pathology/hospital services, wdp.com.au). 

However, validated tests to assess oxidative stress have been developed, such as 

GSH transferase, and are readily available for use in a laboratory setting (Yakubu et 

al. 2011). In measuring the efficacy and tolerance of glucosamine, it is suggested 

that these tests would be a useful tool in measuring total antioxidant activity after 
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the administration of glucosamine in order to gauge status of disease progression. 

These tests could also be used in unison with diagnostic tools such as pain and joint-

movement scales, thus providing correlation of results and providing tangible 

evidence of improvement rather than relying only on patient perception via pain 

scales, however, this was out of the scope of this study due to cost and researcher 

qualification to conduct patient clinical examination.  

Chapter Summary 

This chapter discussed the evidence that was relied upon in the concept development of 

this study, including the pathogenesis and clinical progression of OA and RA, and the 

mechanisms of action of glucosamine including its antioxidant activity. It identified 

current knowledge, current gaps in knowledge and presented the hypothesis of the study 

which led to its aim, objectives, the study question and methodology. This study 

focused on patient perception of the efficacy and tolerance of glucosamine in all 

patients with IJD, not only those with OA of the knee. It is proposed that future studies 

should look at the potential of antioxidant tests for testing the efficacy of glucosamine 

as an antioxidant. By assessing the efficacy and toxicity of glucosamine in terms of its 

antioxidant activity, as well as assisting in the assessment of disease progression (total 

antioxidant status), a more complete assessment of a patient can be made in terms of 

diagnosis and monitoring of disease progression.



 

61 

 

Chapter IV – Design and Methods  

The aim of this study is to explore consumer perception of the efficacy of, and tolerance 

for, glucosamine preparations in people with IJDs. 

Objectives 

The objectives of the proposed research are: 

− Through a review of the literature, discuss the role and possible significance of the 

antioxidant activity of glucosamine in the treatment of IJDs.  

− Through an analysis of a large dose administration aid dispensing database of 

patient records (anonymised patient administration aid reports) establish the 

commonly used glucosamine salt and for how long it was used. 

− Assess the perceived efficacy of glucosamine in a sample of patients either 

diagnosed or not diagnosed with IJDs. 

− Assess the patient-reported tolerance/toxicity of glucosamine across the sample. 

Study Question 

Taken from the hypothesis, the main question of this study is: Can the administration of 

glucosamine preparations (from any salt) used for a period equal to or longer than six 

months improve the pain and mobility outcomes of consumers with IJDs? 

Study Design 

Designing this study was a dynamic continually evolving process until a final design 

was agreed upon and approved by the Human Ethics Research Committee. 
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The initial research designs are detailed below. 

Design 1 – Utilising a Validated Laboratory-Based Antioxidant Detection Test 

This design was rejected due to the cost of testing and the candidate not possessing the 

required qualifications. However, the parameters of the design are included below. 

Sample 

A sample of 120 volunteers suffering from joint pain as a result of OA or RA were to be 

recruited via public advertisements at workplaces, fitness centres, pharmacies and 

contact via Arthritis Australia. A questionnaire was to ask participants to indicate how 

long they have been taking glucosamine, with use for less than six months an exclusion 

factor. All volunteers with any kind of joint disease were to be included; separated into 

four groups: 

− A group consisting of patients suffering from OA to be supplied with glucosamine 

(Group A).  

− A group consisting of patients suffering from OA to be given placebo or not given 

glucosamine (Group B). 

− A group consisting of patients suffering from RA to be supplied with glucosamine 

(Group C). 

− A group consisting of patients suffering from RA to be given placebo or not given 

glucosamine (Group D). 

Analysis and Protocol 

The participants were to participate in a 24-week (six-month) trial. The trial would have 

consisted of patients in Groups A and C being supplied with glucosamine sulphate and 
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taking the recommended dose of glucosamine (1500 mg daily) (National Center for 

Complementary and Alternative Medicine 2008) for the 24-week period. 

All participants were to undergo a baseline blood test, followed by periodic (every two 

months) blood tests assessing total antioxidant status, full blood count, CRP, blood-

glucose levels and other relevant information, such as rheumatoid factor.  

The application and assessment of appropriate pain-rating scales (e.g. Visual Analogue 

Scale, Numerical Rating Scale, McGill Pain Questionnaire, The Western Ontario and 

McMaster Universities Arthritis Index) were also to be conducted on a two-monthly 

basis (Held, no date; Pain Rating Scales; Uy, McGlashan & Shaikh 2011; Western 

Ontario and McMaster Universities Osteoarthritis Index; Williamson & Hoggart 2005).  

Methods 

Blood samples from participants were to be collected by professional pathology staff at 

the Darwin Private Hospital, Northern Territory, Australia, and appropriately 

refrigerated at 4°C according to protocol recommendations. Standard laboratory blood 

tests such as CRP test (persistent inflammation is indicated by persistently high CRP) 

(Chiesa et al. 2001; Makrygiannis et al. 2013) were to be conducted to assess the degree 

of inflammation over the treatment period. Standard validated laboratory biochemical 

antioxidant blood testing methods such as GSH transferase (Yakubu et al. 2011) were to 

be conducted to measure total antioxidant status, and were to be carried out at the 

Charles Darwin University (CDU) laboratories.  

These tests were to be utilised to assess the effectiveness of glucosamine’s antioxidant 

activity. Thus, these biochemical tests would not only indicate the efficacy of 

glucosamine in terms of its antioxidant activity, but may have also supported the use of 
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these tests as diagnostic tools in other diseases associated with oxidative stress. In 

demonstrating the effectiveness of glucosamine’s antioxidant activity, the possible use 

of glucosamine in treating other diseases associated with oxidative stress could have 

been discussed. As a result of logistic and ethical issues (discussed later), a second 

research design was formulated. 

Design 2: Collaboration with a Pharmacist, General Practitioner and Pathology 

Laboratory 

This design was rejected due to the cost of testing, difficulties in recruiting a general 

practitioner and the candidate not possessing the required qualifications. However, the 

parameters of the design are included below. 

Sample 

A sample of 120 volunteers suffering joint pain as a result of any type of arthritis would 

be recruited via public advertisements at workplaces, fitness centres, pharmacies and 

any other place where glucosamine is sold. A questionnaire would identify suitable 

participants for the study and likewise, identify potential participants who would be 

excluded. All participants would be separated into two groups: 

− A group consisting of patients suffering from arthritis who would be supplied with 

glucosamine (Group A).  

− A group consisting of patients suffering from arthritis who would be given placebo 

or would not be given glucosamine (Group B). 

Protocol 

The participants were to participate in a 24-week (six-month) trial. The trial would have 

consisted of patients in Group A being supplied with glucosamine sulphate and taking 
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the recommended dose of glucosamine (1500 mg daily) (National Center for 

Complementary and Alternative Medicine 2008) for the 24-week period. The supply of 

glucosamine to the participants would have been administered by registered pharmacists 

who also provide professional counselling about appropriate dosing regimens as well as 

any points pertinent to the administration of glucosamine.  

A registered medical practitioner would provide a baseline and bi-monthly physical 

examination and blood test: 

− The blood test was to assess the total antioxidant status, CRP, and other relevant 

information, such as rheumatoid factor.  

− The physical examination was to assess pain and mobility by using validated 

clinical tests such as the; Visual Analogue Scale, Numerical Rating Scale, McGill 

Pain Questionnaire, The Western Ontario and McMaster Universities Arthritis 

Index, American College of Rheumatology response assessment in rheumatoid 

arthritis (ACR20) and the Disease Activity Score (DAS28)(Bellamy, Buchanan, 

Goldsmith, Campbell & Stitt 1988; Bellamy, Kean, Buchananan, Gerecz-Simon & 

Campbell 1992; Bellamy 1989; DAS-score; Hawker 1995; Held, no date; Melzack 

1975; Pain Rating Scales; Stuki 1998; Uy, et al. 2011; Western Ontario and 

McMaster Universities Osteoarthritis Index; Williamson & Hoggart 2005).  

Analytical Methods 

Blood samples from participants were to be collected by professional pathology staff at 

the Darwin Private Hospital, Northern Territory, Australia, and appropriately 

refrigerated at 4°C according to protocol recommendations. Standard laboratory blood 

tests such as CRP test (persistent inflammation is indicated by persistently high CRP) 
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(Chiesa et al. 2001; Makrygiannis et al. 2013) were to be conducted to assess the degree 

of inflammation over the treatment period. Standard validated laboratory biochemical 

antioxidant blood testing methods such as GSH transferase (Yakubu et al. 2011) were to 

be conducted to measure total antioxidant status and were to be carried out at the CDU 

laboratories.  

However, again due to ethical and logistical issues, this design was modified and 

resulted in the actual research design and methodology utilised in this study, which was 

formally approved by the Human Ethics Research Committee. 

Design 3 – Final Design of the Research  

The first component of the study was qualitative observational survey based, where a 

20-question survey was administered to members of the community to capture their 

personal experience of the efficacy and toxicity of glucosamine. Survey questions were 

based on validated clinical methods for assessing pain and joint functional movement, 

using a visual pain scale and visual joint-function scale (Bellamy, Buchanan et al. 1988; 

Bellamy, Kean et al. 1992; Bellamy 1989; DAS-score, Hawker 1995; Held, no date; 

Melzack 1975; Pain Rating Scales; Stuki 1998; Uy, et al. 2011; Western Ontario and 

McMaster Universities Osteoarthritis Index; Williamson & Hoggart 2005).  

The second part of the study was qualitative discussion analysis based on an 

unidentifiable patient report that was run by medication name rather than patient name. 

This report does not allow re-identification of patients, prescribers or facility. The 

databank was used to investigate if patients used glucosamine alone or with other 

medications indicated for the treatment of arthritis, which salt was used, how long they 

had been using it and at what dose. 
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Ethical Considerations 

An information sheet (Appendix 4) was provided to participants to allow them to 

voluntarily make the decision to participate or not participate. While the surveys were 

paper copies, they did not contain any personal identifiers.  

Participants were informed that participation was voluntary, and that they could choose 

to not answer all questions. They were advised that depositing the survey in a survey 

box at the pharmacy, or returning the survey to the researcher directly, would constitute 

consent to participate. Participants were informed that withdrawing their individual 

submission would not be possible, because the survey did not include any personal 

identifiers.  

Sample (Survey)  

Convenience sampling was selected, and the target was 100 patients. This methodology 

allows the exploration of trends and perceptions that may justify a follow-up laboratory-

based large-scale study.  

Participants were recruited from a variety of sources including community pharmacies, 

shopping-centre malls, workplace social rooms, fitness centre entrances, community-

centre halls, sports and recreational club receptions and community events such as 

Sunday markets. 

The researcher invited community pharmacists in the greater Darwin region to 

participate in the study by distributing surveys to customers who purchased 

glucosamine. In addition, the researcher approached potential participants (people 

purchasing or claiming to use glucosamine) at various pharmacies and supermarkets 
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where glucosamine is sold and invited participation in the research project. The 

researcher also approached potential participants at workplaces, fitness centres, aged 

care centres, shopping centres, social and sporting clubs, and community events, and 

invited them to participate in the survey. A $20 gift voucher was offered to all 

participants to spend at participating pharmacies. 

The time-frame for the collection of surveys was set at six months, and the survey 

inclusion criteria were: 

− Currently taking glucosamine in any formulation.  

− Diagnosis of a type of arthritis or joint pain. 

− Able to communicate in English independently or through an interpreter. 

− Able to consent to participate.  

− Above the age of 18 years. 

The survey exclusion criteria were: 

− Not taking glucosamine or just purchased their first container. 

− Taking glucosamine for reasons other than arthritis or joint pain.  

The survey questions were specifically designed to elicit information that could be used 

to assess the effectiveness and safety (toxicity) of glucosamine, and to assess if there are 

any differences in effectiveness across different brands or formulations. These questions 

elicited information regarding the following: 

− Basic demographic information (not including information that can lead to personal 

identification) 

− Reason(s) for taking glucosamine 
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− Diagnosed medical condition(s) of the participant 

− Other concurrent medications taken 

− Brand of glucosamine taken 

− Formulation of glucosamine taken 

− Length of time glucosamine taken  

− Benefits of taking glucosamine including pain reduction, range of joint mobility 

improvement and functionality of joint improvement. 

Sample (Historical Dose Administration Aid Data) 

Ten thousand electronic records of Dose Administration Aid (DAA) historical data were 

interrogated to identify those who were taking glucosamine packed or not packed in 

their weekly DAA packs. The medication historical report (which was extracted 

excluding any patient identifier) was analysed for: 

− Dose 

− Type of glucosamine 

− How long they have been taking it 

− Why they are taking it 

− What other medications they are currently taking for the treatment of arthritis 

− If the salt changed at any stage from sulphate to hydrochloride 

− Patient age 

− Patient gender 

Analytical Methods 

The results of the survey were collated and analysed, and used to test the hypothesis in 

the following ways: 
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− Assessing whether pain, functionality and range of movement were positively or 

negatively affected with glucosamine treatment to assist in assessing the 

effectiveness of glucosamine in terms of pain reduction and/or joint mobility 

improvement.  

− Identifying any side effects experienced whilst the participant was taking 

glucosamine to assist in assessing the safety of glucosamine.  

− Identifying the brand and/or formulation of the glucosamine used by the participant 

to assist in assessing if there are any significant differences in effectiveness and/or 

toxicity across brands and/or formulation of glucosamine.  

The results of the survey were compared to the existing literature in order to identify 

recurrent trends or identify new trends not previously identified in the reviewed 

literature. The research took into consideration independent variables such as age, 

gender, health status and current treatment regimes, as well as subjective dependent 

variables such as pain level, functionality of the joint and range of movement. 

Whilst the glucosamine salt taken by participants could not be directly confirmed 

(through visually inspecting the container of the previously used glucosamine) asking 

the participants to identify the brand and formulation of the glucosamine taken 

demonstrated a level of quality assurance, particularly if the participant consistently 

purchased the same brand and/or formulation.  

Statistical measurements, such as standard deviation, mean and variance, were 

employed to test the quality of the data obtained in terms of normality and distribution. 

Appropriate statistical analytical methods were utilised to assess the significance of 

decreased/increased pain scores, including Analysis of Variance and Multivariate 
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Analysis of Variance (ANOVA and MANOVA) (https://statistics.laerd.com/statistical-

guides/one-way-anova-statistical-guide.php), and comparison between groups and 

correlation analyses. Appropriate t-tests were also used to assess the significance of 

results as opposed to chance.  

The survey data was found to be not normally distributed. Therefore, non-parametric 

tests were used to test the statistical significance of the results. The tests used were: 

− The Shapiro Wilk test (Royston 1982)  

− The Wilcoxon signed-rank sum test (Mcdonald 2015)  

− The Kruskal-Wallis test (Spurrier 2003)  

− The Bonferroni adjustment method (Strassburger & Bretz 2008)  

Ethics  

The study required ethics clearance. Ethics application was submitted to the CDU, 

Human Ethics Research Committee and it was subsequently approved: Approval 

number H15095 (Appendix 1). 

Materials 

No specific equipment was required other than the survey printout and a poster 

advertising the research project. The survey and poster were tested in one community 

pharmacy in Darwin before copies were printed and distributed. The survey testing 

involved aspects of readability, understandability and ambiguity. The poster was tested 

in terms of being informative and simple but also catching consumers attention. The 

surveys and posters were distributed at participating pharmacies, sports and recreation 

clubs, social clubs and supermarkets. 
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The following pre-printed materials were developed: 

− Invitation to participate – a study information sheet (Appendix 2) was developed for 

business owners where recruitment was possible. This information sheet was hand 

delivered by the researcher and was for business owners to keep.  

− Poster – for advertising about the study in areas where there was potential for 

recruitment, such as community pharmacies and gyms (Appendix 3).  

− Participant information sheet – developed for potential participants to take home or 

read in the facility where recruitment was planned, to enable them to consider 

participating or not (Appendix 4). If a person was considering accepting the 

invitation, they could ask for a copy of the survey to complete. 

− Survey – the survey was anonymous with no patient identifiers (Appendix 5).  

Study Protocol 

The following research protocol was followed: 

− The researcher visited businesses and invited them to take part in the study by 

displaying the study poster, handing over participant information sheets and 

surveys, collecting completed surveys and handing over gift vouchers when the 

researcher was not in attendance. 

− When the facility manager accepted the invitation to participate, the study material 

(the surveys, posters and information sheets) were distributed by the researcher.  

− The researcher periodically visited participating businesses and approached potential 

participants (people purchasing or claiming to use glucosamine) and offered them a 

copy of the information sheet to read or take home to read later. 
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− If potential participants voluntarily decided to participate, the researcher or the 

facility shop assistant, depending on the availability of the researcher at this time, 

provided the person with the survey.  

− On completion and return of the survey, a $20 gift voucher was offered to 

participants to spend at participating pharmacies by the researcher or the 

participating facility. 

− The data collection phase for the project was determined to be six months. 

Participants were recruited to participate in the surveys from March 2016 up to 

August 2016. 

− As surveys were completed and at the conclusion of the collection phase of the 

research, the researcher collected and collated all the completed surveys. 

− The results of the survey were then statistically analysed and the significance of the 

results discussed. The research was then prepared as this thesis for submission. 
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Timeline  

Table 4 shows the timeline for design 3 of the study proposal.  

Table 4 – Study timetable 

Title Duration Start Completion 
Project planning 3 months January 2013 March 2013 
Research and writing of literature review 8 months March 2013 October 2013 
Submission of research proposal  November 2013  
Oral defence of research proposal 1 hour December 2013  
Redesign of research project and 
amendment to proposal 

9 months April 2014 December 2014 

Ethics application preparation, submission 
and approval 

10 months January 2015 28 October 2015 

Research collection phase (including 
planning) 

10 months November 2015 August 2016 

Thesis write-up phase 4 months August 2016 November 2016 

Budget 

Funding for research expenses including equipment and software was covered through 

the CDU Higher Degree Research Student allocation. 

Table 5 – Budget 

Item Cost  
$20 participants vouchers $540 
Statistics analysis and report $4000 
Printing, including editing of final thesis 
Editing/proofreading  

$2000 
$2000 

Total $8540 

Chapter Summary 

While there was delay in the commencement of the intervention phase, the researcher 

was able to complete the project on time. The study had two components. The first was 

retrospective historical data analysis to establish the formulation commonly used, if 
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they are used alone or with other medications prescribed to treat arthritis and other types 

of IJDs, and how long patients use glucosamine. The second component was a 

prospective survey that gathered participants’ experience in the use of glucosamine in 

terms of efficacy and tolerance.  
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Chapter V – Results  

This chapter presents the results from the activities undertaken: 

− Literature search analysis 

− Recruitment phase analysis 

− Participant survey analysis 

− DAA historical data analysis. 

Literature Search Analysis 

The search was conducted on the CDU library search database, meta-search, which 

includes other search engines such as PubMed. The following words and phrases were 

used in the search: <glucosamine>, <glucosamine efficacy>, <glucosamine tolerance>, 

<glucosamine toxicity>, <glucosamine sulphate vs glucosamine hydrochloride>, 

<glucosamine mechanisms of action>, <glucosamine pharmacology>, <glucosamine 

pharmacokinetics>, <glucosamine chemical properties>, <glucosamine antioxidant>, 

<Inflammatory Joint Disease>, <pathology, aetiology of inflammatory joint disease>, 

<oxidative stress>, <reactive oxygen species>, <glucosamine, osteoarthritis>, 

<glucosamine, rheumatoid arthritis>, <diagnosis of inflammatory joint disease, 

osteoarthritis, rheumatoid arthritis>, <treatment of inflammatory joint disease>, 

<reactive oxygen species, osteoarthritis, rheumatoid arthritis>. 

After the first hit, the yield of articles was sorted based on published trials, websites, 

conferences and abstracts. A total of 215 articles were initially obtained after the search 

phase. Only published articles were included. 



 

77 

After reading the abstracts and articles obtained in the search phase that contained the 

search words, several articles were identified that had aims or a focus different to that of 

the current study. The exclusion criteria for these articles were:  

− Studies that were not orientated towards the study of glucosamine and arthritis  

− Studies of the effects of glucosamine in other medical conditions  

− Studies involving the combined efficacy of glucosamine and other medications  

After these articles were excluded, a total of 197 articles were used in this study. 

Table 6 – Literature review article selection 

Database 
name and 
link 

First hit 
using words 
and phrases 
listed  

Number of 
articles 
found 

Number of 
articles 
excluded 
using 
exclusion 
criteria 
listed  

Number of 
articles 
included in 
first review 

Number of 
articles 
excluded 
after first 
review 
using 
exclusion 
criteria 
listed  

Number of 
articles 
used in this 
thesis 

CDU Library 
Meta-search 

78 78 4 74 3 69 

PubMed 83 83 5 78 0 80 
Medline 54 54 6 48 2 48 
Total  215 215 15 200 5 197 

The 199 papers provided material for the literature review as presented in Chapter II, 

supported the concept presented in Chapter III, the design presented in Chapter IV and 

the results presented in this chapter, and were also utilised to compare the results from 

this study with the existing literature. This enabled the researcher to discuss and validate 

the findings by referring to available literature. The following areas of the literature 

review were identified as being significant in terms of the results of this study:  

− The efficacy of glucosamine used for less than six months for OA treatment  
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− The efficacy of glucosamine used for more than six months for OA treatment 

− The efficacy of glucosamine sulphate compared to glucosamine HCl for OA 

treatment  

− The tolerance of glucosamine in all formulations for OA treatment  

− The efficacy of glucosamine in the treatment of other arthritis (e.g. RA) 

− The tolerance of glucosamine in the treatment of other arthritis (e.g. RA) 

− The role of oxidative stress in the aetiology, pathogenesis and disease progression of 

IJDs including OA and RA 

− The antioxidant properties activity of glucosamine. 

Recruitment Phase Analysis 

During the designing of this study (Designs 1 and 2), the researcher approached six 

doctor’s surgeries and three pathology laboratories for quotations for testing. 

Additionally, while planning for Design 2, the researcher approached five glucosamine 

suppliers for quotations. The possibility of sponsoring the supply of their products was 

also discussed (Table 7). However, due to the change in the study design this effort 

became redundant.  
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Table 7 – Communication during study designing: First and second designs 

 Number of in-
person visits 

Number of 
phone calls 

Number of 
emails or 
faxes 

Number of 
providers 
agreed to 
participate 

Number of 
quotations 
received 

Six doctors  6 9 0 1 2 
Three 
pathology 
laboratories  

3 7 3 1 1 

Five 
glucosamine 
suppliers 

0 7 5 3 3 

Finally, after the decision was made to utilise the third design, and after ethics clearance 

was obtained, the researcher approached nine community pharmacies in the greater 

Darwin region to distribute the surveys to customers who purchased glucosamine. In 

addition, the researcher approached potential participants (people purchasing or 

claiming to use glucosamine) at various pharmacies and supermarkets where 

glucosamine is sold, and invited participation in the research project. The researcher 

also approached potential participants at workplaces, fitness centres, aged care centres, 

shopping centres, social and sporting clubs, and community events such as weekend 

markets. The number of participating sites was 15, and the total number of participants 

enrolled in this study was 87 (Table 8).  
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Table 8 – Communication effort 

Site 
description 

Phone 
calls 

Emails In-person 
visits 

Participation 
(yes = 1 No = 0) 

No. of 
participants 

Community 
Pharmacy 1 

6 6 7 1 14 

Community 
Pharmacy 2 

0 6 6 1 4 

Community 
Pharmacy 3  

3 6 6 1 3 

Community 
Pharmacy 4 

2 6 6 1 2 

Community 
Pharmacy 5 

1 6 6 1 4 

Community 
Pharmacy 6 

1 6 6 1 3 

Community 
Pharmacy 7 

1 6 6 1 1 

Community 
Pharmacy 8 

1 6 66 1 0 

Community 
Pharmacy 9 

1 6 6 1 1 

Workplace 12 8 145 1 16 
Gym/Sports 
Facility/ 
Fitness Centre 

1 7 7 1 9 

Aged Care 
Centre 

1 0 1 1 9 

Shopping 
Centre 

0 0 13 1 8 

Markets 0 0 12 1 7 
Sporting 
Clubs 

0 0 23 1 6 

Total 34 69 256 15 87 

Participant Survey Analysis 

A total of 87 participants who were current users of glucosamine and had a self-reported 

type of arthritis or IJD were enrolled, and completed and returned the survey.  

Survey questions were analysed based on the total number of participants who answered 

that particular question. This method means it is possible to assess percentages of 

people who answered or omitted a specific question.  
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In addition, each question was analysed under a different theme or ‘banner’ as follows:  

− Demographic banner  

− Improvement banner (point improvement on a visual scale for pain and mobility, 

before taking glucosamine and after) 

− Diagnosis banner 

− Brand banner 

− Length of time on glucosamine banner. 

− Pain improvement versus glucosamine formulation banner  

− Duration of use banner  

Question 20 of the survey had two parts. Part one was an opportunity for the researcher 

to ask questions about the glucosamine formulation the patient used (brand name), for 

how long they been taking this formulation, if they change between formulation based 

on cost and which formulation they found better. The second part was a free text 

opportunity for comment by the participant.  

Demographic Banner 

Questions 1–4 collected demographic data relating to age, gender, occupation, and 

weight and height (from which BMI was calculated). The responses are presented in 

Tables 9–14, where they have been matched to the number of years respondents had 

been taking glucosamine, as identified in Question 20 (see above).  

The demographic data show that the highest percentage of participants who answered 

the survey were in the 54 to 61-year age group (26.4%). However, it appears that all age 
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groups were quite evenly represented. The age range of survey participants was from 40 

to 84 years (Table 9).  

Table 9 – Question1: Participant age 
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87 44 43 22 23 21 21 33 36 18 Total 
Answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

22 11 11 22 - - - 12 9 1 
40–53 years 

25.3% 25.0% 25.6% 100%       36.4% 25.0% 5.6% 
23 13 10 - 23 - - 10 10 3 

54–61 years 
26.4% 29.5% 23.3%   100%     30.3% 27.8% 16.7% 
21 8 13 - - 21 - 8 9 4 

62–67 years 
24.1% 18.2% 30.2%     100%   24.2% 25.0% 22.2% 
21 12 9 - - - 21 3 8 10 

68–84 years 
24.1% 27.3% 20.9%       100% 9.1% 22.2% 55.6% 

There were slightly more male participants (50.6%) than females. The age group with 

the greatest number of males was the 68–84-year group with 57.1%, and the female age 

group with the most respondents was the 62–67-year group with 61.9% (Table 10). 
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Table 10 – Question 2: Participant Gender  
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87 44 43 22 23 21 21 33 36 18 Total 
Answer-
ing 

100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

44 44 - 11 13 8 12 20 17 7 
Male 

50.6% 100%   50.0% 56.5% 38.1% 57.1% 60.6% 47.2% 38.9% 
43 - 43 11 10 13 9 13 19 11 

Female 
49.4%   100% 50.0% 43.5% 61.9% 42.9% 39.4% 52.8% 61.1% 

At the time of the survey, 64% of respondents were working in a varied array of 

occupations (see raw data chart in Appendix 6), whilst 36% were retired (Table 11). 

Table 11 – Question 3: Participant occupation (working or retired only) 
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86 44 42 22 23 20 21 32 36 18 Total 
Answering 100 100 100 100 100 100 100 100 100 100 

55 28 27 22 21 11 1 27 23 5 
Working 64.0% 63.6% 64.3% 100 91.3% 55.0% 4.8% 84.4% 63.9% 27.8% 

31 16 15 - 2 9 20 5 13 13 
Retired 

36.0% 36.4% 35.7%   8.7% 45.0% 95.2% 15.6% 36.1% 72.2% 

Question 4 asked for weight, height and BMI by age and gender. The data show that 

31.8% of males were in the 94–125 kilogram (kg) weight group, which correlates to the 

risk factors associated with OA of being overweight or obese (Abramson & 

Krasnokutsky 2006; Hunter 2007). However, most of the female respondents, 43.9%, 

were in the 40–69 kg weight group, which does not necessarily indicate excessive 

weight or obesity (Table 12). 
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Table 12 – Question 4a: Participant weight (mean score) 
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85 44 41 22 23 20 20 32 36 17 Total 
Answering 100 100 100 100 100 100 100 100 100 100 

23 5 18 6 6 4 7 7 10 6 
40–69 kg 

27.1% 11.4% 43.9% 27.3% 26.1% 20.0% 35.0% 21.9% 27.8% 35.3% 

21 13 8 4 4 7 6 10 7 4 
70–80 kg 24.7% 29.5% 19.5% 18.2% 17.4% 35.0% 30.0% 31.3% 19.4% 23.5% 

22 12 10 8 8 4 2 10 12 - 
81–93 kg 25.9% 27.3% 24.4% 36.4% 34.8% 20.0% 10.0% 31.3% 33.3%   

19 14 5 4 5 5 5 5 7 7 
94–125 kg 22.

4% 
31.8% 12.2% 18.2% 21.7% 25.0% 25.0% 15.6% 19.4% 41.2% 

The highest percentage of the male respondents (46.5%) were in the height range of 

176–179 centimetre (cm), whereas most of the female respondents (53.8%) were in the 

152–165 cm range (Table 13). 
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Table 13 – Question 4b: Participant height (mean score) 
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82 43 39 22 23 18 19 32 36 14 
Total 
Answering 100 100 100 100 100 100 100 100 100 100 

21 - 21 7 6 5 3 2 13 6 
152–165 cm 25.6%   53.8% 31.8% 26.1% 27.8% 15.8% 6.3% 36.1% 42.9% 

22 6 16 3 7 6 6 10 8 4 
166–176 cm 26.8% 14.0% 41.0% 13.6% 30.4% 33.3% 31.6% 31.3% 22.2% 28.6% 

21 20 1 6 4 4 7 9 9 3 
176–179 cm 25.6% 46.5% 2.6% 27.3% 17.4% 22.2% 36.8% 28.1% 25.0% 21.4% 

20 19 1 6 7 3 4 11 6 3 
180–188 cm 24.4% 44.2% 2.6% 27.3% 30.4% 16.7% 21.1% 34.4% 16.7% 21.4% 

BMI was calculated based on the following formula:  

𝐵𝑀𝐼=𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚𝑠ℎ𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 

BMI ranges for weight classification in adults are as follows  

− Under 18.5 – Underweight 

− 18.5–24.9 – Healthy weight range 

− 25.0–29.9 – Overweight 

− 30.0–34.9 – Obesity I 

− 35.0–39.9 – Obesity II 

− 40.0 and over – Obesity III.  

It should be noted that BMI is less accurate for assessing healthy weight in some groups 

of people, as it does not distinguish between the proportion of weight due to fat or 
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muscle (https://www.healthdirect.gov.au/body-mass-index-bmi-and-waist-

circumference). In this study it was impossible to gain waist and hip ratio due to the 

unavailability of a consultation room to provide privacy for participants. Height and 

weight recorded were self-reported. 

Table 14 shows that the 62–67-year age group had the highest average BMI with 27.81. 

This suggests that the participants in this age group could be classed as overweight. 

Similarly, the 54–61-year age group scored a mean BMI of 27.49, indicating that the 

participants in this age group could also be classed as overweight (Figure 7). 

Interestingly, the 68–84-year age group scored a BMI of 24.41, which indicates that 

most of the participants in this age group could be classed as being in the healthy weight 

range. It should be noted that some of the participants may have actually been quite frail 

for their height; however, this information was not reported. 
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Table 14 – Mean body mass index scores by age group 
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82 43 39 22 23 18 19 32 36 14 Total 
answering 

100 100 100 100 100 100 100 100 100 100 

Mean 26.60 26.38 26.85 26.58 27.49 27.81 24.41 25.37 27.67 26.65 

Median 26.65 26.53 26.67 26.24 26.95 27.59 22.69 25.82 27.78 23.84 

1st quartile 22.69 22.92 20.20 23.15 24.16 24.97 19.68 22.77 23.72 20.45 

3rd quartile 30.47 30.04 31.80 30.37 30.47 31.56 30.59 29.08 30.97 33.95 

 

 

Figure 7 – Mean body mass index across age categories  
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Participant Reasons for Taking Glucosamine 

There was 22.6% of all respondents stated they took glucosamine as a result of being 

prescribed or advised by their doctor. A further 47.6% stated they took glucosamine on 

advice of their pharmacist. These statistics indicate that health professionals have a 

degree of confidence regarding the efficacy and safety of glucosamine in that they are 

readily recommending it as a complementary treatment (Table 15). 

Table 15 – Question 5: Reasons for taking glucosamine  
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84 43 41 22 22 20 20 33 36 15 

Total answering 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

19 10 9 2 6 4 7 7 4 8 

Prescribed or 
directed by the 
doctor 22.6% 23.3% 22.0% 9.1% 27.3% 20.0% 35.0% 21.2% 11.1% 53.3% 

40 19 21 9 11 9 11 14 22 4 
On advice of 
the pharmacist 

47.6% 44.2% 51.2% 40.9% 50.0% 45.0% 55.0% 42.4% 61.1% 26.7% 

13 5 8 5 2 5 1 6 4 3 

I read about it 
and thought I’d 
try it 15.5% 11.6% 19.5% 22.7% 9.1% 25.0% 5.0% 18.2% 11.1% 20.0% 

12 9 3 6 3 2 1 6 6 - 
On friend’s 
advice who 
tried it 14.3% 20.9% 7.3% 27.3% 13.6% 10.0% 5.0% 18.2% 16.7%   
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Diagnosis of Arthritis or Any Type of Inflammatory Joint Disease 

Of the male respondents, 65.1% stated they had received a diagnosis from a doctor, 

whereas 74.4% of female respondents stated they had received a diagnosis from a 

doctor. This indicates that a large number of respondents were taking glucosamine as a 

result of a diagnosis from a medical practitioner (Table 16). 

Table 16 – Question 6a: Diagnosed by a medical doctor 
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86 43 43 22 22 21 21 32 36 18 
Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

60 28 32 9 15 16 20 19 23 18 
Yes 

69.8% 65.1% 74.4% 40.9% 68.2% 76.2% 95.2% 59.4% 63.9% 100% 
26 15 11 13 7 5 1 13 13 - 

No 
30.2% 34.9% 25.6% 59.1% 31.8% 23.8% 4.8% 40.6% 36.1%   

Of the total respondents, 39.3% of males, and 37.5% of females stated they had been 

diagnosed three or more years ago. Of that group, 69.6% stated they had been taking 

glucosamine for one to three years. This indicates a high compliance rate (70%) in 

terms of dosing regimens (Table 17). 
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Table 17 – Question 6b: Time since diagnosis with arthritis or inflammatory joint disease 
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60 28 32 9 15 16 20 19 23 18 
Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

18 7 11 - 2 4 12 1 3 14 
6-or-more 
years ago 30.0% 25.0% 34.4% -  13.3% 25.0% 60.0% 5.3% 13.0% 77.8% 

23 11 12 1 6 9 7 6 16 1 
3–5 years 
ago 38.3% 39.3% 37.5% 11.1% 40.0% 56.3% 35.0% 31.6% 69.6% 5.6% 

9 3 6 3 6 - - 3 4 2 
2-years 
ago 15.0% 10.7% 18.8% 33.3% 40.0%     15.8% 17.4% 11.1% 

10 7 3 5 1 3 1 9 - 1 
Less than 
2 years 
ago 16.7% 25.0% 9.4% 55.6% 6.7% 18.8% 5.0% 47.4%   5.6% 

Type of Diagnosis  

Of the total respondents to Question 7, 79.4% of males and 75.8% of females stated 

they had been diagnosed with OA; 2.9% of males and 9.1% of females stated they had 

been diagnosed with RA; and 17.6% of males and 15.2% of females stated they had 

joint pain but no diagnosis. These figures correlate with glucosamine being mainly 

indicated for the treatment of OA (reTG complete r2015). However, of particular 

interest is that a number of the participants were taking glucosamine having been 

diagnosed with RA. Furthermore, 11.5% of those respondents diagnosed with RA 

taking glucosamine have been taking glucosamine for one to three years and claimed 
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that glucosamine was beneficial in terms of pain reduction and improvement in joint 

function (Table 18). This finding will be explored further in Chapter VI. 

Table 18 – Question 7: Diagnosis 
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67 34 33 12 17 18 20 25 26 16 
Total 
answering 

100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

52 27 25 7 13 13 19 19 20 13 
Osteo-
arthritis 77.6% 79.4% 75.8% 58.3% 76.5% 72.2% 95.0% 76.0% 76.9% 81.3% 

4 1 3 1 1 2 - 1 3 - 
Rheumatoid 
arthritis 6.0% 2.9% 9.1% 8.3% 5.9% 11.1%   4.0% 11.5%   

- - - - - - - - - - 
Other 
arthritis 

                    
11 6 5 4 3 3 1 5 3 3 

Joint pain, 
no diagnosis 16.4% 17.6% 15.2% 33.3% 17.6% 16.7% 5.0% 20.0% 11.5% 18.8% 

Number of Affected Joints 

Most of the respondents to Question 8 indicated that one or two joints were affected; 

79.5% of males, and 74.4% of females (Table 19). 
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Table 19 – Question 8: Number of joints affected 
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87 44 43 22 23 21 21 33 36 18 

Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

67 35 32 20 17 15 15 26 31 10 

One–Two 
77.0% 79.5% 74.4% 90.9% 73.9% 71.4% 71.4% 78.8% 86.1% 55.6% 

12 6 6 1 4 3 4 6 2 4 
Three or 
more 13.8% 13.6% 14.0% 4.5% 17.4% 14.3% 19.0% 18.2% 5.6% 22.2% 

- - - - - - - - - - 
Back only 

                    

8 3 5 1 2 3 2 1 3 4 

Back and 
joints 9.2% 6.8% 11.6% 4.5% 8.7% 14.3% 9.5% 3.0% 8.3% 22.2% 

Location of the Affected Joint 

Out of all respondents, the majority stated that their knees were most affected; 86% of 

both males and females. The fingers were also a commonly affected joint; 37.2% of 

males and 53.5% of females (Table 20). 
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Table 20 – Question 9: Location of the affected joint 
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86 43 43 22 23 21 20 32 36 18 
Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

39 16 23 7 9 10 13 11 19 9 
Fingers 

45.3% 37.2% 53.5% 31.8% 39.1% 47.6% 65.0% 34.4% 52.8% 50.0% 

4 - 4 - - 2 2 - 1 3 
Toes 

4.7%   9.3%     9.5% 10.0%   2.8% 16.7% 

19 13 6 9 7 2 1 8 8 3 
Elbow 

22.1% 30.2% 14.0% 40.9% 30.4% 9.5% 5.0% 25.0% 22.2% 16.7% 

74 37 37 15 22 20 17 30 28 16 
Knees 

86.0% 86.0% 86.0% 68.2% 95.7% 95.2% 85.0% 93.8% 77.8% 88.9% 

Length of Time Taking Glucosamine 

Of the total number of respondents, the largest percentage (41.4%) stated they had been 

taking glucosamine for more than one year but less than three. By gender, the largest 

percentage of males (45.5%) stated they had been taking glucosamine for less than one 

year, and the largest percentage of females (44.2%) stated they had been taking 

glucosamine for more than one year but less than three (Table 21). 
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Table 21 – Question 10: Length of time taking glucosamine 
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87 44 43 22 23 21 21 33 36 18 Total  
answering 

100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

33 20 13 12 10 8 3 33 - - Less than one 
year 

37.9% 45.5% 30.2% 54.5% 43.5% 38.1% 14.3% 100%     

36 17 19 9 10 9 8 - 36 - More than 
one year but 
less than 
three 41.4% 38.6% 44.2% 40.9% 43.5% 42.9% 38.1%   100%   

10 2 8 1 3 2 4 - - 10 More than 
three years; 
stopped a 
number of 
times 

11.5% 4.5% 18.6% 4.5% 13.0% 9.5% 19.0%     55.6% 

8 5 3 - - 2 6 - - 8 More than 
three years, 
and have 
never stopped  

9.2% 11.4% 7.0%     9.5% 28.6%     44.4% 

Brand of Glucosamine Purchased  

Of the total number of respondents 74.7% stated they buy the same brand of 

glucosamine all the time. Of interest is that 94.4% of the respondents who stated they 

have taken glucosamine for between one and three years, stated they buy the same 

brand of glucosamine all the time (Table 22). 
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Table 22 – Question 11a: Purchase of the same brand of glucosamine  
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87 44 43 22 23 21 21 33 36 18 
Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

65 33 32 18 17 13 17 20 34 11 
Yes 

74.7% 75.0% 74.4% 81.8% 73.9% 61.9% 81.0% 60.6% 94.4% 61.1% 

22 11 11 4 6 8 4 13 2 7 
No 

25.3% 25.0% 25.6% 18.2% 26.1% 38.1% 19.0% 39.4% 5.6% 38.9% 

The most popular brand of glucosamine was Blackmores, with 55.4% of respondents 

stating they always buy Blackmores glucosamine (Table 23). 
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Table 23 – Question 11b – Brand of glucosamine 
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65 33 32 18 17 13 17 20 34 11 Total 
answering 

100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
36 18 18 8 12 4 12 11 19 6 Black-mores 

55.4% 54.5% 56.3% 44.4% 70.6% 30.8% 70.6% 55.0% 55.9% 54.5% 

15 7 8 5 2 5 3 6 6 3 Nature’s 
Own 

23.1% 21.2% 25.0% 27.8% 11.8% 38.5% 17.6% 30.0% 17.6% 27.3% 

6 3 3 1 2 2 1 - 5 1 Nature’s 
Way 

9.2% 9.1% 9.4% 5.6% 11.8% 15.4% 5.9%   14.7% 9.1% 

2 2 - 1 - 1 - - 2 - Metagenics 

3.1% 6.1%   5.6%   7.7%     5.9%   

3 3 - 2 1 - - 1 2 - Biogenics 

4.6% 9.1%   11.1% 5.9%     5.0% 5.9%   

1 - 1 1 - - - 1 - - Bio-
Organics 

1.5%   3.1% 5.6%       5.0%     
1 - 1 - - - 1 - - 1 Swisse 

1.5%   3.1%       5.9%     9.1% 

1 - 1 - - 1 - 1 - - Glucosamine 

1.5%   3.1%     7.7%   5.0%     

Most respondents (93.1%) stated they were taking other medications as well as taking 

glucosamine (Table 24). 
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Table 24 – Question 12: Other medications (yes or no) 
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87 44 43 22 23 21 21 33 36 18 
Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

81 42 39 20 22 19 20 30 35 16 
Yes 

93.1% 95.5% 90.7% 90.9% 95.7% 90.5% 95.2% 90.9% 97.2% 88.9% 
6 2 4 2 1 2 1 3 1 2 

No 
6.9% 4.5% 9.3% 9.1% 4.3% 9.5% 4.8% 9.1% 2.8% 11.1% 

Most respondents indicated they were taking Panadol Osteo (40%), and/or 

Ibuprofen/Brufen (40%) for management of their joint condition and pain. This 

correlates with the recommended first-line treatment for OA (Smolen et al. 2010) (Table 

25).  Twenty five percent (25%) of respondents also stated that they take fish oils. 

Table 25 – Question 13: Other medications (type) 
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80 41 39 20 22 20 18 30 34 16 
Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

14 7 7 3 1 6 4 5 7 2 
Paracetamol/ 
Panadol 17.5% 17.1% 17.9% 15.0% 4.5% 30.0% 22.2% 16.7% 20.6% 12.5% 

32 16 16 7 10 6 9 9 17 6 
Panadol Osteo 

40.0% 39.0% 41.0% 35.0% 45.5% 30.0% 50.0% 30.0% 50.0% 37.5% 

32 18 14 10 10 5 7 15 13 4 

Ibuprofen 
/Brufen 

40.0% 43.9% 35.9% 50.0% 45.5% 25.0% 38.9% 50.0% 38.2% 25.0% 

14 10 4 4 6 2 2 10 3 1 Panamax 

17.5% 24.4% 10.3% 20.0% 27.3% 10.0% 11.1% 33.3% 8.8% 6.3% 
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20 9 11 6 4 6 4 5 8 7 Fish Oil/ 
Omega 6 Fish 
Oil 25.0% 22.0% 28.2% 30.0% 18.2% 30.0% 22.2% 16.7% 23.5% 43.8% 

9 4 5 2 2 4 1 3 5 1 
Krill Oil 

11.3% 9.8% 12.8% 10.0% 9.1% 20.0% 5.6% 10.0% 14.7% 6.3% 

8 3 5 - 1 2 5 3 3 2 
Celebrex 10.0% 7.3% 12.8%   4.5% 10.0% 27.8% 10.0% 8.8% 12.5% 

2 - 2 - - 1 1 1 - 1 
Panadeine 
Forte 2.5%   5.1%     5.0% 5.6% 3.3%   6.3% 

3 2 1 - - - 3 1 - 2 Calcium 
Tablets 3.8% 4.9% 2.6%       16.7% 3.3%   12.5% 

1 - 1 - 1 - - - 1 - 
Diclofenac 

1.3%   2.6%   4.5%       2.9%   

1 - 1 - - 1 - 1 - - Plaquenil 
(Hydroxy- 
chloroquine) 1.3%   2.6%     5.0%   3.3%     

1 1 - - 1 - - - 1 - 
Infliximab 

1.3% 2.4%     4.5%       2.9%   

1 - 1 - - 1 - - 1 - 
Methotrexate 

1.3%   2.6%     5.0%     2.9%   

1 - 1 - - 1 - - 1 - 

Leflunomide 1.3%   2.6%     5.0%     2.9%   

1 - 1 - - 1 - - 1 - 
Celecoxib 

1.3%   2.6%     5.0%     2.9%   

2 1 1 - 2 - - 1 - 1 
Omega 6 

2.5% 2.4% 2.6%   9.1%     3.3%   6.3% 

1 1 - - 1 - - 1 - - 
Methadone 

1.3% 2.4%     4.5%     3.3%     

2 1 1 - 2 - - 1 - 1 

Amlodipine 2.5% 2.4% 2.6%   9.1%     3.3%   6.3% 

Ramipril 1 1 - - 1 - - 1 - - 
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 1.3% 2.4%     4.5%     3.3%     
1 1 - - 1 - - 1 - - 

Omeprazole 
1.3% 2.4%     4.5%     3.3%     
1 1 - - 1 - - 1 - - 

Tiotropium/ 
Salbutamol 1.3% 2.4%     4.5%     3.3%     

1 - 1 - 1 - - - - 1 Diabex 
1000mg per 
day 1.3%   2.6%   4.5%         6.3% 

1 - 1 - 1 - - - - 1 
Metoprolol 

1.3%   2.6%   4.5%         6.3% 

1 - 1 - - 1 - - - 1 Voltaren 
(Osteo Gel) 1.3%   2.6%     5.0%       6.3% 

1 - 1 - - 1 - - 1 - 
Vitamin E 

1.3%   2.6%     5.0%     2.9%   
2 - 2 - - 2 - - 1 1 Chondroitin 

with 
Glucosamine 2.5%   5.1%     10.0%     2.9% 6.3% 

1 1 - - - - 1 - - 1 
Arthrexin 

1.3% 2.4%         5.6%     6.3% 

1 1 - - - - 1 - - 1 

Biquinate 1.3% 2.4%         5.6%     6.3% 
1 - 1 - - 1 - - - 1 

Ezetrol 
1.3%   2.6%     5.0%       6.3% 

1 - 1 - - 1 - - - 1 
Magnesium 

1.3%   2.6%     5.0%       6.3% 

1 - 1 - - 1 - - - 1 
Voltaren oral 

1.3%   2.6%     5.0%       6.3% 

Side Effects from Taking Glucosamine 

A resounding 100% of respondents stated they did not experience any side effects from 

taking glucosamine. This is significant given that 36 respondents had been taking 
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glucosamine for one to three years, and 14 respondents had been taking glucosamine for 

over three years (Table 26). 

Table 26 – Question 14: Side effects from taking glucosamine 
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82 42 40 22 23 18 19 32 36 14 
Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

82 42 40 22 23 18 19 32 36 14 No side 
effects 
reported 

100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Reduction of Pain 

The majority (91.9%) of respondents equally distributed between males and females 

stated that glucosamine had helped reduce pain in their joints. Only 8.1% of respondents 

stated that glucosamine had been ineffective. Of interest is that most of the respondents 

who stated that glucosamine had been ineffective had been taking it for less than one 

year (Table 27). 
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Table 27 – Question 15: Reduction of joint pain  
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86 44 42 22 23 20 21 33 35 18 

Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

79 40 39 19 21 18 21 27 35 17 
Yes 

91.9% 90.9% 92.9% 86.4% 91.3% 90.0% 100% 81.8% 100% 94.4% 

7 4 3 3 2 2 - 6 - 1 
No 

8.1% 9.1% 7.1% 13.6% 8.7% 10.0%   18.2%   5.6% 

Improvement Banner 

Respondents rated their pain before and after taking glucosamine, and according to 

various aspects as presented in Tables 28–48. 

Table 28 shows that the highest percentage of participants rated their pain before taking 

glucosamine at 7 (40.7%) or 8 points (32.6%) on the 0–10 visual pain scale, where 0 = 

no pain, and 10 = the worst pain. 
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Table 28 – Question 16: Pain before started taking glucosamine  
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86 43 43 22 23 20 21 32 36 18 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

- - - - - - - - - - 
0–No Pain                     

- - - - - - - - - - 
1 

                    
- - - - - - - - - - 

2 
                    
- - - - - - - - - - 

3 
                    
2 - 2 - - 1 1 - - 2 

4 
2.3%   4.7%     5.0% 4.8%     11.1% 
2 - 2 1 - 1 - - - 2 

5 
2.3%   4.7% 4.5%   5.0%       11.1% 
8 5 3 2 4 1 1 5 2 1 

6 
9.3% 11.6% 7.0% 9.1% 17.4% 5.0% 4.8% 15.6% 5.6% 5.6% 
35 20 15 15 8 9 3 19 14 2 

7 
40.7% 46.5% 34.9% 68.2% 34.8% 45.0% 14.3% 59.4% 38.9% 11.1% 
28 15 13 4 8 5 11 7 13 8 

8 
32.6% 34.9% 30.2% 18.2% 34.8% 25.0% 52.4% 21.9% 36.1% 44.4% 
8 2 6 - 2 2 4 1 7 - 

9 
9.3% 4.7% 14.0%   8.7% 10.0% 19.0% 3.1% 19.4%   
3 1 2 - 1 1 1 - - 3 10 – Worst 

Pain 3.5% 2.3% 4.7%   4.3% 5.0% 4.8%     16.7% 

The highest percentage of respondents indicated that after having taken glucosamine 

their pain reduced to 5 (31.4%) or 4 points on the scale (25.6%). Also of note is that of 

the respondents who indicated their pain had reduced to 5, 50% had been taking 

glucosamine for over three years, and 30.6% had been taking glucosamine for between 

one and three years (Table 29). 
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Table 29 – Question 17: Pain after having taken glucosamine  
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86 43 43 22 23 20 21 32 36 18 Total 
Answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

1 - 1 1 - - - - 1 - 0 – No 
Pain 1.2%   2.3% 4.5%         2.8%   

3 1 2 - 1 1 1 1 - 2 
1 

3.5% 2.3% 4.7%   4.3% 5.0% 4.8% 3.1%   11.1% 

2 2 - - - - 2 - - 2 
2 

2.3% 4.7%         9.5%     11.1% 

9 5 4 2 3 4 - 3 5 1 
3 

10.5% 11.6% 9.3% 9.1% 13.0% 20.0%   9.4% 13.9% 5.6% 

22 13 9 6 6 6 4 10 11 1 
4 

25.6% 30.2% 20.9% 27.3% 26.1% 30.0% 19.0% 31.3% 30.6% 5.6% 

27 11 16 9 6 4 8 7 11 9 
5 

31.4% 25.6% 37.2% 40.9% 26.1% 20.0% 38.1% 21.9% 30.6% 50.0% 

14 7 7 3 3 3 5 8 6 - 
6 

16.3% 16.3% 16.3% 13.6% 13.0% 15.0% 23.8% 25.0% 16.7%   

6 3 3 1 3 1 1 3 2 1 
7 

7.0% 7.0% 7.0% 4.5% 13.0% 5.0% 4.8% 9.4% 5.6% 5.6% 

2 1 1 - 1 1 - - - 2 
8 

2.3% 2.3% 2.3%   4.3% 5.0%       11.1% 

- - - - - - - - - - 
9 

                    

- - - - - - - - - - 10 – 
Worst 
Pain                     

A resounding 91.7% of respondents stated that taking glucosamine had increased the 

movement in their joints (Table 30). 
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Table 30 – Question 18a: Increased joint movement from taking glucosamine 
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48 23 25 13 11 13 11 23 14 11 
Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

44 21 23 12 11 10 11 21 14 9 
Yes 

91.7% 91.3% 92.0% 92.3% 100% 76.9% 100% 91.3% 100% 81.8% 

4 2 2 1 - 3 - 2 - 2 
No 

8.3% 8.7% 8.0% 7.7%   23.1%   8.7%   18.2% 

The highest percentage of respondents indicated that before they started taking 

glucosamine, their joint movement elicited a pain response of 7 (32.6%) or 8 points 

(33.7%) on the scale (Table 31). 
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Table 31 – Question 18b: Joint movement before started taking glucosamine  
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86 43 43 22 23 20 21 32 36 18 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

- - - - - - - - - - 
0 – No Pain 

                    

- - - - - - - - - - 
1 

                    

- - - - - - - - - - 
2 

                    

- - - - - - - - - - 
3 

                    

- - - - - - - - - - 
4 

                    

5 - 5 2 - 2 1 1 1 3 
5 

5.8%   11.6% 9.1%   10.0% 4.8% 3.1% 2.8% 16.7% 

13 6 7 3 6 3 1 7 4 2 
6 

15.1% 14.0% 16.3% 13.6% 26.1% 15.0% 4.8% 21.9% 11.1% 11.1% 

28 19 9 10 8 7 3 17 9 2 
7 

32.6% 44.2% 20.9% 45.5% 34.8% 35.0% 14.3% 53.1% 25.0% 11.1% 

29 15 14 7 6 7 9 6 16 7 
8 

33.7% 34.9% 32.6% 31.8% 26.1% 35.0% 42.9% 18.8% 44.4% 38.9% 

9 3 6 - 2 1 6 1 6 2 
9 

10.5% 7.0% 14.0%   8.7% 5.0% 28.6% 3.1% 16.7% 11.1% 

2 - 2 - 1 - 1 - - 2 10 – Worst 
Pain 2.3%   4.7%   4.3%   4.8%     11.1% 

Most respondents (93.2%) indicated that taking glucosamine helped to improve the 

function of their joints (Table 32). 
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Table 32 – Question 19a: Improved function of joints from taking glucosamine 
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44 22 22 12 9 13 10 19 13 12 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

41 20 21 11 9 11 10 17 13 11 
Yes 

93.2% 90.9% 95.5% 91.7% 100% 84.6% 100% 89.5% 100% 91.7% 
3 2 1 1 - 2 - 2 - 1 

No 
6.8% 9.1% 4.5% 8.3%   15.4%   10.5%   8.3% 

Most respondents indicated that after having taken glucosamine their joint movement 

elicited a reduced pain response of 5 (31.4%) or 6 (23.3%) on the scale (Table 33). 
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Table 33 – Question 19b: Joint movement after having taken glucosamine  
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86 43 43 22 23 20 21 32 36 18 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

1 - 1 1 - - - - 1 - 0 – no 
pain 1.2%   2.3% 4.5%         2.8%   

2 1 1 - 1 - 1 1 - 1 
1 

2.3% 2.3% 2.3%   4.3%   4.8% 3.1%   5.6% 

2 - 2 - - 2 - - 1 1 
2 

2.3%   4.7%     10.0%     2.8% 5.6% 

5 2 3 1 - 3 1 1 3 1 
3 

5.8% 4.7% 7.0% 4.5%   15.0% 4.8% 3.1% 8.3% 5.6% 

13 12 1 3 4 2 4 7 6 - 
4 

15.1% 27.9% 2.3% 13.6% 17.4% 10.0% 19.0% 21.9% 16.7%   

27 10 17 10 6 6 5 12 8 7 
5 

31.4% 23.3% 39.5% 45.5% 26.1% 30.0% 23.8% 37.5% 22.2% 38.9% 

20 11 9 3 9 3 5 7 8 5 
6 

23.3% 25.6% 20.9% 13.6% 39.1% 15.0% 23.8% 21.9% 22.2% 27.8% 

13 4 9 4 2 3 4 3 9 1 
7 

15.1% 9.3% 20.9% 18.2% 8.7% 15.0% 19.0% 9.4% 25.0% 5.6% 

3 3 - - 1 1 1 1 - 2 
8 

3.5% 7.0%     4.3% 5.0% 4.8% 3.1%   11.1% 

- - - - - - - - - - 
9 

                    

- - - - - - - - - - 10 – worst 
pain                     

The highest percentage of respondents (46.5%) indicated their pain had improved by 3–

4 points on the visual scale after having taken glucosamine (Table 34). This significant 

improvement was further statistically tested and is reported on later in this chapter. 
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Table 34 – Comparison between Question 16 and17: Pain improvement 
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86 44 42 22 23 20 21 33 36 17 

Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

8 4 4 3 3 2 - 6 - 2 

No pain 
improvement 

9.3% 9.1% 9.5% 13.6% 13.0% 10.0%   18.2%   11.8% 

28 16 12 10 7 4 7 14 12 2 
Pain  
improvement 
(1–2 points) 

32.6% 36.4% 28.6% 45.5% 30.4% 20.0% 33.3% 42.4% 33.3% 11.8% 

40 19 21 8 10 11 11 10 20 10 
Pain  
improvement 
(3–4 points) 

46.5% 43.2% 50.0% 36.4% 43.5% 55.0% 52.4% 30.3% 55.6% 58.8% 

10 5 5 1 3 3 3 3 4 3 

Pain  
improvement 
(5+ points) 

11.6% 11.4% 11.9% 4.5% 13.0% 15.0% 14.3% 9.1% 11.1% 17.6% 

Most respondents (51.7%) stated that their joint movement had improved by 1–2 points 

on the visual scale after having taken glucosamine (Table 35). This is a significant 

finding that was further statistically tested, and is reported on later in this chapter.  

Please note that Question 18 and 19 is comprised of two parts.  A yes or no answer 

followed by a request to mark the participant’s pain rating on a visual score. Therefore, 

the yes or no answer component has been labelled 18a or 19a and the visual pain score 

chart component has been labelled 18b or 19b.  Thus, in table 35, the two questions that 

are being compared is Q18a, and Q19b. 
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Table 35 – Comparison between Questions 18b and19b: Joint movement improvement 

     

T
ot

al
 

G
en

de
r 

(m
al

e)
 

G
en

de
r 

(f
em

al
e)

 

A
ge

 4
0–

53
 

A
ge

 5
4–

61
 

A
ge

 6
2–

67
 

A
ge

 6
8–

84
 

<1
 y

ea
r 

of
 

gl
uc

os
am

in
e 

1–
3 

ye
ar

s o
f 

gl
uc

os
am

in
e 

3+
 y

ea
rs

 o
f 

gl
uc

os
am

in
e 

87 44 43 22 23 21 21 33 36 18 

Total answering 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

11 6 5 3 3 4 1 6 - 5 
No joint 
improvement 12.6% 13.6% 11.6% 13.6% 13.0% 19.0% 4.8% 18.2%   27.8% 

45 22 23 14 14 9 8 20 20 5 Joint  
improvement 
(1–2 points) 51.7% 50.0% 53.5% 63.6% 60.9% 42.9% 38.1% 60.6% 55.6% 27.8% 

25 14 11 4 4 7 10 5 15 5 Joint  
improvement 
(3–4 points) 28.7% 31.8% 25.6% 18.2% 17.4% 33.3% 47.6% 15.2% 41.7% 27.8% 

6 2 4 1 2 1 2 2 1 3 Joint  
improvement 
(5+ points) 6.9% 4.5% 9.3% 4.5% 8.7% 4.8% 9.5% 6.1% 2.8% 16.7% 

Table 36 compares pain and joint movement improvement by age groups.  It can be 

seen that most participants felt that after taking glucosamine their pain improved 3–4 

points and their joint-movement improved by 1–2 points on the visual scale. This 

improvement in pain and joint movement was evenly spread across all respondent age 

groups. 
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Table 36 – Age groups by pain and joint-movement improvement 
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87 8 28 40 10 11 45 25 6 
Total answering 

100% 100% 100% 100% 100% 100% 100% 100% 100% 
22 3 10 8 1 3 14 4 1 

40–53 years 
25.3% 37.5% 35.7% 20.0% 10.0% 27.3% 31.1% 16.0% 16.7% 
23 3 7 10 3 3 14 4 2 

54–61 years 
26.4% 37.5% 25.0% 25.0% 30.0% 27.3% 31.1% 16.0% 33.3% 
21 2 4 11 3 4 9 7 1 

62–67 years 
24.1% 25.0% 14.3% 27.5% 30.0% 36.4% 20.0% 28.0% 16.7% 
21 - 7 11 3 1 8 10 2 

68–84 years 
24.1%   25.0% 27.5% 30.0% 9.1% 17.8% 40.0% 33.3% 

Most participants stated that after taking glucosamine their pain improved by 3–4 points 

on the visual scale and that their joint-movement improved by 1–2 points. This pain and 

joint improvement was quite equally spread between males and females (Table 37). 

Table 37 – Gender versus pain and joint-movement improvement 
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87 8 28 40 10 11 45 25 6 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 

44 4 16 19 5 6 22 14 2 
Male 

50.6% 50.0% 57.1% 47.5% 50.0% 54.5% 48.9% 56.0% 33.3% 
43 4 12 21 5 5 23 11 4 

Female 
49.4% 50.0% 42.9% 52.5% 50.0% 45.5% 51.1% 44.0% 66.7% 
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Most participants stated that after taking glucosamine their pain improved 3–4 points on 

the visual scale and that their joint-movement improved by 1–2 points. Of the 

respondents who reported pain improvement of 3–4 points, 33% were in the 40–69 kg 

group, and 30.8% were in the 70–80 kg group. Of the respondents who reported joint-

movement improvement of 1–2 points, 28.9% were in the 81–93 kg group (Table 38). 

Table 38 – Weight group versus pain and joint-movement improvement 
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85 8 27 39 10 11 45 23 6 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 

23 2 4 13 4 2 9 8 4 
40–69 kg 

27.1% 25.0% 14.8% 33.3% 40.0% 18.2% 20.0% 34.8% 66.7% 
21 - 7 12 2 1 12 7 1 

70–80 kg 
24.7%   25.9% 30.8% 20.0% 9.1% 26.7% 30.4% 16.7% 
22 3 11 7 1 3 13 6 - 

81–93 kg 
25.9% 37.5% 40.7% 17.9% 10.0% 27.3% 28.9% 26.1%   
19 3 5 7 3 5 11 2 1 94–125 

kg 22.4% 37.5% 18.5% 17.9% 30.0% 45.5% 24.4% 8.7% 16.7% 

As expected from the literature, most participants (52) stated they took glucosamine for 

treatment of their OA. Out of these respondents, 27 stated that their OA pain improved 

by 3–4 points on the visual scale, and 28 stated that their joint-movement improved by 

1–2 points. However, as mentioned on page 92, four respondents stated they took 

glucosamine for their RA, and they all reported improvement in both pain and joint 

movement on the visual scale. These improvements ranged from 1–2 points through to 

5 or more points. (Table 39). This finding is significant, even though only a small 

number of RA sufferers participated in the survey, and will be discussed in Chapter VI. 
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Table 39 – Diagnosis versus pain and joint-movement improvement 
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67 3 21 33 9 6 34 22 5 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 

52 1 16 27 7 2 28 18 4 
Osteoarthritis 

77.6% 33.3% 76.2% 81.8% 77.8% 33.3% 82.4% 81.8% 80.0% 
4 - 2 1 1 - 1 2 1 Rheumatoid 

arthritis 6.0%   9.5% 3.0% 11.1%   2.9% 9.1% 20.0% 
- - - - - - - - - 

Other arthritis 
                  
11 2 3 5 1 4 5 2 - Joint pain, no 

diagnosis 16.4% 66.7% 14.3% 15.2% 11.1% 66.7% 14.7% 9.1%   

Most respondents (86%) indicated they had joint pain in their knees. Similarly, most 

respondents indicated pain and joint-movement improvement in their knees. More 

significant is that most of the responders indicating pain and joint improvement in their 

knees also indicated that they felt the improvement was 3–4 points on the visual scale 

(Table 40). 
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Table 40 – Location of joint pain versus pain and joint-movement improvement 
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86 8 28 39 10 11 45 24 6 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 

39 - 14 20 5 - 23 12 4 
Fingers 

45.3%   50.0% 51.3% 50.0%   51.1% 50.0% 66.7% 
4 - - 3 - - 1 2 1 

Toes 
4.7%     7.7%     2.2% 8.3% 16.7% 
19 1 10 8 - 2 12 5 - 

Elbow 
22.1% 12.5% 35.7% 20.5%   18.2% 26.7% 20.8%   
74 8 21 34 10 11 37 20 6 

Knees 
86.0% 100% 75.0% 87.2% 100% 100% 82.2% 83.3% 100% 

Most participants stated that after taking glucosamine their pain improved by 3–4 points 

on the visual scale, and their joint-movement improved by 1–2 points. Of the 

respondents who indicated their pain had improved by 3–4 points, most respondents 

indicated they had been taking glucosamine for more than one year but less than three. 

Of the respondents who indicated their joint movement had improved by 1–2 points, 

most respondents indicated they had been taking glucosamine for less than one year, or 

more than one year but less than three (Table 41). 
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Table 41 – Time on glucosamine versus pain and joint-movement improvement 
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87 8 28 40 10 11 45 25 6 Total 
answering 

100% 100% 100% 100% 100% 100% 100% 100% 100% 
33 6 14 10 3 6 20 5 2 Less than 

one year 
37.9% 75.0% 50.0% 25.0% 30.0% 54.5% 44.4% 20.0% 33.3% 
36 - 12 20 4 - 20 15 1 More than 

one year, 
less than 
three 

41.4%   42.9% 50.0% 40.0%   44.4% 60.0% 16.7% 

10 2 1 5 1 3 4 2 1 More than 
three years, 
but stopped 
a number of 
times 

11.5% 25.0% 3.6% 12.5% 10.0% 27.3% 8.9% 8.0% 16.7% 

8 - 1 5 2 2 1 3 2 More than 
three years, 
and have 
never 
stopped  

9.2%   3.6% 12.5% 20.0% 18.2% 2.2% 12.0% 33.3% 

It is clear from Table 42 that most respondents who indicated any kind of improvement 

in both pain and joint movement stated they bought the same brand of glucosamine all 

the time. 
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Table 42 – Same brand of glucosamine all the time versus pain and joint-movement 
improvement 
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87 8 28 40 10 11 45 25 6 
Total answering 

100% 100% 100% 100% 100% 100% 100% 100% 100% 
65 - 23 34 7 1 40 20 4 

Yes 
74.7%   82.1% 85.0% 70.0% 9.1% 88.9% 80.0% 66.7% 
22 8 5 6 3 10 5 5 2 

No 
25.3% 100% 17.9% 15.0% 30.0% 90.9% 11.1% 20.0% 33.3% 

Table 43 shows that most respondents who indicated any kind of improvement in both 

pain and joint movement stated they bought Blackmores brand of glucosamine. 
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Table 43 – Brand of glucosamine versus pain and joint-movement improvement 
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65 - 23 34 7 1 40 20 4 Total 
answering 100%   100% 100% 100% 100% 100% 100% 100% 

36 - 15 16 4 - 21 13 2 
Blackmores 

55.4%   65.2% 47.1% 57.1%   52.5% 65.0% 50.0% 
15 - 4 10 1 1 9 4 1 

Nature’s own 
23.1%   17.4% 29.4% 14.3% 100% 22.5% 20.0% 25.0% 
6 - 1 4 1 - 5 1 - 

Nature’s way 
9.2%   4.3% 11.8% 14.3%   12.5% 5.0%   
2 - - 2 - - 2 - - 

Metagenics 
3.1%     5.9%     5.0%     
3 - 1 2 - - 2 1 - 

Biogenics 
4.6%   4.3% 5.9%     5.0% 5.0%   
1 - 1 - - - 1 - - 

Bio-Organics 
1.5%   4.3%       2.5%     
1 - - - 1 - - - 1 

Swisse 
1.5%       14.3%       25.0% 
1 - 1 - - - - 1 - 

Glucosamine 
1.5%   4.3%         5.0%   

Most respondents (91.1%) strongly indicated that glucosamine had improved both their 

pain and joint movement. However, even more significant is that most respondents who 

indicated pain and joint-movement improvement also indicated that the pain 

improvement was by 3–4 points on the visual scale, and that joint-movement 

improvement was by 1–2 points. Some respondents even indicated a pain and joint-

movement improvement of 5 or more points (Table 44). 

In order to distinguish that these improvements could be attributed to glucosamine 

rather than concurrent medications the respondent might be taking, further questions in 
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the survey explored the respondent’s perception about pain and joint movement before 

and after taking glucosamine. 

Table 44 – Glucosamine versus improvement in pain and joint movement 
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86 8 28 40 9 11 45 24 6 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 

79 1 28 40 9 4 45 24 6 
Yes 

91.9% 12.5% 100% 100% 100% 36.4% 100% 100% 100% 
7 7 - - - 7 - - - 

No 
8.1% 87.5%       63.6%       

Table 45 shows that most respondents indicated on the visual scale that prior to 

commencing glucosamine their pain was at 7 or 8 points. 
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Table 45 – Pain rating before taking glucosamine 
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86 7 28 40 10 10 45 25 6 
Total answering 

100% 100% 100% 100% 100% 100% 100% 100% 100% 
- - - - - - - - - 

0 – no pain 
                  
- - - - - - - - - 

1 
                  
- - - - - - - - - 

2 
                  
- - - - - - - - - 

3 
                  
2 - - 1 - - 1 1 - 

4 
2.3%     2.5%     2.2% 4.0%   
2 1 - 1 - 1 - - 1 

5 
2.3% 14.3%   2.5%   10.0%     16.7% 
8 2 3 3 - 2 5 1 - 

6 
9.3% 28.6% 10.7% 7.5%   20.0% 11.1% 4.0%   
35 3 14 17 1 4 20 10 1 

7 
40.7% 42.9% 50.0% 42.5% 10.0% 40.0% 44.4% 40.0% 16.7% 
28 1 8 14 5 2 16 9 1 

8 
32.6% 14.3% 28.6% 35.0% 50.0% 20.0% 35.6% 36.0% 16.7% 
8 - 2 4 2 - 3 4 1 

9 
9.3%   7.1% 10.0% 20.0%   6.7% 16.0% 16.7% 
3 - 1 - 2 1 - - 2 

10 – worst pain 
3.5%   3.6%   20.0% 10.0%     33.3% 

The results clearly indicate that after taking glucosamine, most respondents indicated 

their pain had reduced to 4 or 5 points on the visual scale. This is a substantial reduction 

in pain. The possible effect of concurrent medication is negated as the questions 

specifically ask for pain ratings before and after taking glucosamine (Table 46). 
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Table 46 – Pain rating after taking glucosamine 
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86 7 28 40 10 10 45 25 6 
Total answering 

100% 100% 100% 100% 100% 100% 100% 100% 100% 
1 - - - 1 - - - 1 

0 – no pain 
1.2%       10.0%       16.7% 
3 - - 2 1 - - 1 2 

1 
3.5%     5.0% 10.0%     4.0% 33.3% 
2 - - 1 1 1 - 1 - 

2 
2.3%     2.5% 10.0% 10.0%   4.0%   
9 - - 6 3 1 4 4 - 

3 
10.5%     15.0% 30.0% 10.0% 8.9% 16.0%   
22 - 3 17 2 - 10 11 1 

4 
25.6%   10.7% 42.5% 20.0%   22.2% 44.0% 16.7% 
27 1 13 11 2 1 20 4 2 

5 
31.4% 14.3% 46.4% 27.5% 20.0% 10.0% 44.4% 16.0% 33.3% 
14 2 9 3 - 2 9 3 - 

6 
16.3% 28.6% 32.1% 7.5%   20.0% 20.0% 12.0%   
6 3 2 - - 3 2 1 - 

7 
7.0% 42.9% 7.1%     30.0% 4.4% 4.0%   
2 1 1 - - 2 - - - 

8 
2.3% 14.3% 3.6%     20.0%       
- - - - - - - - - 

9 
                  
- - - - - - - - - 

10 – worst pain 
                  

Most respondents rated their joint-movement pain at 7 or 8 points on the visual scale 

(Table 47). 



 

120 

Table 47 – Joint movement rating before taking glucosamine  
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86 7 28 40 10 10 45 25 6 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 

- - - - - - - - - 
0 – no pain 

                  
- - - - - - - - - 

1 
                  
- - - - - - - - - 

2 
                  
- - - - - - - - - 

3 
                  
- - - - - - - - - 

4 
                  
5 2 - 2 1 3 - 2 - 

5 
5.8% 28.6%   5.0% 10.0% 30.0%   8.0%   
13 3 3 6 - 3 8 2 - 

6 
15.1% 42.9% 10.7% 15.0%   30.0% 17.8% 8.0%   
28 1 11 14 2 1 18 8 1 

7 
32.6% 14.3% 39.3% 35.0% 20.0% 10.0% 40.0% 32.0% 16.7% 
29 1 12 12 4 3 15 9 2 

8 
33.7% 14.3% 42.9% 30.0% 40.0% 30.0% 33.3% 36.0% 33.3% 
9 - 2 6 1 - 4 4 1 

9 
10.5%   7.1% 15.0% 10.0%   8.9% 16.0% 16.7% 
2 - - - 2 - - - 2 10 – worst 

pain 2.3%       20.0%       33.3% 

Table 48 clearly shows that most respondents indicated that after taking glucosamine 

their joint-movement pain reduced to 5 or 6 points on the visual scale. 
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Table 48 – Joint movement rating after taking glucosamine 
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86 7 28 40 10 10 45 25 6 Total 
answering 100% 100% 100% 100% 100% 100% 100% 100% 100% 

1 - - - 1 - - - 1 0 – no 
pain 1.2%       10.0%       16.7% 

2 - - 1 1 - - 1 1 
1 

2.3%     2.5% 10.0%     4.0% 16.7% 
2 - - 1 1 - - 1 1 

2 
2.3%     2.5% 10.0%     4.0% 16.7% 
5 - 1 4 - - - 5 - 

3 
5.8%   3.6% 10.0%       20.0%   
13 - 1 10 2 - 4 8 1 

4 
15.1%   3.6% 25.0% 20.0%   8.9% 32.0% 16.7% 
27 2 10 10 4 3 15 7 2 

5 
31.4% 28.6% 35.7% 25.0% 40.0% 30.0% 33.3% 28.0% 33.3% 
20 3 9 8 - 3 14 3 - 

6 
23.3% 42.9% 32.1% 20.0%   30.0% 31.1% 12.0%   
13 1 6 6 - 1 12 - - 

7 
15.1% 14.3% 21.4% 15.0%   10.0% 26.7%     
3 1 1 - 1 3 - - - 

8 
3.5% 14.3% 3.6%   10.0% 30.0%       
- - - - - - - - - 

9 
                  
- - - - - - - - - 10 – worst 

pain                   

Diagnosis Banner 

Tables 49–60 present the results of the questions relating to the diagnosis banner. 

The results in Table 49 indicate that OA was the most common IJD diagnosis for the 

age groups ranging between 54 years through to 84 years. These results, in addition to 
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those found in the literature, indicate that OA is the most prevalent type of arthritis in 

these age groups (Abramson & Krasnokutsky 2006; Hunter 2007). 

Table 49 – Age group versus diagnosis 

 Total Diagnosed by 
doctor 

No medical 
diagnosis 

Osteo-
arthritis 

Rheumatoid 
arthritis 

87 60 26 52 5 Total answering 
100% 100% 100% 100% 100% 
22 9 13 7 2 40–53 years 
25.3% 15.0% 50.0% 13.5% 40.0% 
23 15 7 13 1 54–61 years 
26.4% 25.0% 26.9% 25.0% 20.0% 
21 16 5 13 2 62–67 years 
24.1% 26.7% 19.2% 25.0% 40.0% 
21 20 1 19 - 68–84 years 
24.1% 33.3% 3.8% 36.5%   

These results indicate that 52.9% of respondents who were diagnosed with OA started 

taking glucosamine on the advice of their pharmacist. However, it is still noteworthy 

that 31.4% of respondents diagnosed with OA were prescribed glucosamine by their 

doctor. Health professionals clearly have a degree of confidence in the efficacy/benefits 

of glucosamine as a complementary medicine for the treatment of OA. Also of note is 

that even of those respondents who did not receive a medical diagnosis, 50% still 

received advice from their pharmacist about glucosamine being an effective treatment 

for their joint pain. 

Of particular interest is that although glucosamine is not indicated for the treatment of 

RA, four respondents indicated they had read about glucosamine and decided to try it. 

Even more interesting is that earlier results indicated that all of the RA sufferers stated 

that glucosamine had reduced their joint pain and improved their joint movement (Table 

50). This finding is discussed in detail in Chapter VI. 
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Table 50 – Reason for taking glucosamine versus diagnosis 

 
  
  
  

Total 
Diagnosed 
by 
doctor 

No 
medical 
diagnosis 

Osteoarthritis Rheumatoid 
arthritis 

84 57 26 51 5 
Total answering 

100% 100% 100% 100% 100% 
19 19 - 16 1 Prescribed or directed by the 

doctor 22.6% 33.3%   31.4% 20.0% 
40 26 13 27 - 

On advice from the pharmacist 
47.6% 45.6% 50.0% 52.9%   
13 7 6 3 4 I read about it and thought I’d 

try it 15.5% 12.3% 23.1% 5.9% 80.0% 
12 5 7 5 - 

On friend’s advice who tried it 
14.3% 8.8% 26.9% 9.8%   

The results below (Table 51) indicate that most respondents diagnosed with OA stated 

that their knees were the site of their joint pain. This correlates with the available 

literature regarding OA, which explains that load bearing joints are the most common 

sites of OA (Abramson & Krasnokutsky 2006; Hunter 2007). 

Table 51 – Location of affected joints versus diagnosis 

 
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

86 59 26 51 5 
Total answering 

100% 100% 100% 100% 100% 
39 31 8 27 3 

Fingers 
45.3% 52.5% 30.8% 52.9% 60.0% 
4 4 - 4 - 

Toes 
4.7% 6.8%   7.8%   
19 14 5 13 1 

Elbow 
22.1% 23.7% 19.2% 25.5% 20.0% 
74 52 21 46 3 

Knees 
86.0% 88.1% 80.8% 90.2% 60.0% 

Table 52 indicates that most respondents diagnosed with OA purchase the same brand 

of glucosamine all the time. In addition, all of the respondents diagnosed with RA 
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purchase the same brand of glucosamine all the time. The majority of those respondents 

who indicated no medical diagnosis also stated that they purchased the same brand of 

glucosamine all the time. 

Table 52 – Buying the same brand of glucosamine all the time versus diagnosis 

 
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

87 60 26 52 5 
Total answering 

100% 100% 100% 100% 100% 
65 46 18 42 4 

Yes 
74.7% 76.7% 69.2% 80.8% 80.0% 
22 14 8 10 1 

No 
25.3% 23.3% 30.8% 19.2% 20.0% 

It is abundantly clear from Table 53 that most of the respondents with no medical 

diagnosis, most of those diagnosed with OA, and most of those diagnosed with RA all 

indicated that Blackmores glucosamine was the brand of choice. 
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Table 53 – Brand of glucosamine versus diagnosis 

 
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

65 46 18 42 4 
Total answering 

100% 100% 100% 100% 100% 
36 24 11 22 3 

Blackmores 
55.4% 52.2% 61.1% 52.4% 75.0% 
15 13 2 12 - 

Nature’s own 
23.1% 28.3% 11.1% 28.6%   
6 5 1 5 - 

Nature’s way 
9.2% 10.9% 5.6% 11.9%   
2 1 1 1 - 

Metagenics 
3.1% 2.2% 5.6% 2.4%   
3 - 3 - - 

Biogenics 
4.6%   16.7%     
1 1 - 1 - 

Bio-Organics 
1.5% 2.2%   2.4%   
1 1 - 1 - 

Swisse 
1.5% 2.2%   2.4%   
1 1 - - 1 Glucosamine 
1.5% 2.2%     25.0% 

Table 54 clearly shows that most respondents diagnosed with OA were concurrently 

taking first-line medications indicated for OA, such as NSAIDs and paracetamol. 

Likewise, all of the RA sufferers indicated they were taking concurrent first-line 

treatments, such as DMARDs. Most respondents who indicated no medical diagnosis 

were also taking NSAIDs, paracetamol and other complementary medicines such as fish 

and krill oil. 
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Table 54 – Other medications versus diagnosis 

 
Total 

Diagnosed 
by 
doctor 

No 
medical 
diagnosis 

Osteoarthritis Rheumatoid 
arthritis 

80 56 23 50 4 
Total answering 

100% 100% 100% 100% 100% 
14 10 4 9 1 

Panadol/paracetomol 
17.5% 17.9% 17.4% 18.0% 25.0% 
32 25 7 25 - 

Panadol osteo 
40.0% 44.6% 30.4% 50.0%   
32 21 11 21 - 

Ibuprofen/brufen 
40.0% 37.5% 47.8% 42.0%   
14 8 6 8 - 

Panamax 
17.5% 14.3% 26.1% 16.0%   
20 13 7 11 1 

Fish oil/omega 6 fish oil 
25.0% 23.2% 30.4% 22.0% 25.0% 
9 6 3 5 - 

Krill oil 
11.3% 10.7% 13.0% 10.0%   
8 8 - 7 1 

Celebrex 
10.0% 14.3%   14.0% 25.0% 
2 2 - 2 - 

Panadeine forte 
2.5% 3.6%   4.0%   
3 3 - 3 - 

Calcium tablets 
3.8% 5.4%   6.0%   
1 1 - 1 - 

Diclofenac 
1.3% 1.8%   2.0%   
1 1 - - 1 Plaquenil 

(hydroxychloroquine) 1.3% 1.8%     25.0% 
1 1 - - 1 

Infliximab 
1.3% 1.8%     25.0% 
1 1 - - 1 

Methotrexate 
1.3% 1.8%     25.0% 
1 1 - - 1 

Leflunomide 
1.3% 1.8%     25.0% 
1 1 - - 1 

Celecoxib 
1.3% 1.8%     25.0% 
2 1 1 1 - 

Omega 6 
2.5% 1.8% 4.3% 2.0%   
1 - - 1 - 

Methadone 
1.3%     2.0%   
2 1 - 1 - 

Amlodipine 2.5% 1.8%   2.0%   
Ramipril 1 - - 1 - 
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Total 

Diagnosed 
by 
doctor 

No 
medical 
diagnosis 

Osteoarthritis Rheumatoid 
arthritis 

 1.3%     2.0%   
1 - - 1 - 

Omeprazole 
1.3%     2.0%   
1 - - 1 - 

Tiotropium/salbutomoal 
1.3%     2.0%   
1 1 - - - 

Diabex 1000mg per day 
1.3% 1.8%       
1 1 - - - 

Metoprolol 
1.3% 1.8%       
1 1 - 1 - 

Voltaren (osteo gel) 
1.3% 1.8%   2.0%   
1 1 - 1 - 

Vitamin E 
1.3% 1.8%   2.0%   
2 2 - 2 - 

Chondroitin with glucosamine 
2.5% 3.6%   4.0%   
1 1 - 1 - 

Arthrexin 
1.3% 1.8%   2.0%   
1 1 - 1 - 

Biquinate 
1.3% 1.8%   2.0%   
1 1 - 1 - 

Ezetrol 
1.3% 1.8%   2.0%   
1 1 - 1 - 

Magnesium 
1.3% 1.8%   2.0%   
1 1 - - - 

Voltaren oral 
1.3% 1.8%       

Most respondents diagnosed with OA indicated that their pain rating prior to taking 

glucosamine was 7 to 8 points on the visual scale (Table 55). Similarly, most 

respondents diagnosed with RA indicated that their pain rating prior to taking 

glucosamine was 8 to 9 points. Most of the respondents indicating no medical diagnosis 

for their joint pain stated that their pain rating prior to taking glucosamine was 6 to 7 

points. 
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Table 55 – Pain rating before taking glucosamine versus diagnosis 

 
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

86 60 25 52 5 
Total answering 

100% 100% 100% 100% 100% 
- - - - - 

0 – no pain 
          
- - - - - 

1 
          
- - - - - 

2 
          
- - - - - 

3 
          
2 2 - 2 - 

4 
2.3% 3.3%   3.8%   
2 2 - 1 1 

5 
2.3% 3.3%   1.9% 20.0% 
8 2 6 2 - 

6 
9.3% 3.3% 24.0% 3.8%   
35 19 15 18 1 

7 
40.7% 31.7% 60.0% 34.6% 20.0% 
28 24 4 21 1 

8 
32.6% 40.0% 16.0% 40.4% 20.0% 
8 8 - 6 2 

9 
9.3% 13.3%   11.5% 40.0% 
3 3 - 2 - 

10 – worst pain 
3.5% 5.0%   3.8%   

After taking glucosamine most respondents diagnosed with OA indicated that their pain 

rating reduced to 4 or 5 points on the visual scale. Similarly, those respondents 

diagnosed with RA indicated that their pain rating reduced to 5 or 6 points. Of particular 

interest is that one respondent diagnosed with RA indicated that his pain rating had 

reduced to 0 after taking glucosamine. Those respondents who did not receive a medical 

diagnosis reported similar results, with a reduced pain rating of 4 or 5 points after taking 

glucosamine (Table 56). 
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Table 56 – Pain rating after taking glucosamine versus diagnosis 

 
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

86 60 25 52 5 
Total answering 

100% 100% 100% 100% 100% 
1 1 - - 1 

0 – no pain 
1.2% 1.7%     20.0% 
3 2 - 3 - 

1 
3.5% 3.3%   5.8%   
2 2 - 1 - 

2 
2.3% 3.3%   1.9%   
9 5 4 4 - 

3 
10.5% 8.3% 16.0% 7.7%   
22 14 8 14 - 

4 
25.6% 23.3% 32.0% 26.9%   
27 19 8 16 2 

5 
31.4% 31.7% 32.0% 30.8% 40.0% 
14 11 3 10 1 

6 
16.3% 18.3% 12.0% 19.2% 20.0% 
6 4 2 3 1 

7 
7.0% 6.7% 8.0% 5.8% 20.0% 
2 2 - 1 - 

8 
2.3% 3.3%   1.9%   
- - - - - 

9 
          
- - - - - 

10 – worst pain 
          

Most respondents diagnosed with OA indicated that prior to taking glucosamine their 

joint-movement pain was from 6 to 8 points on the visual scale (Table 57). Most 

respondents diagnosed with RA indicated that their joint-movement pain ranged from 7 

to 9 points prior to taking glucosamine. Most of those respondents with no medical 

diagnosis indicated that their joint-movement pain ranged from 6 to 8 points prior to 

taking glucosamine. 
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Table 57 – Joint-movement pain rating before taking glucosamine versus diagnosis 

 
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

86 60 25 52 5 
Total answering 

100% 100% 100% 100% 100% 
- - - - - 

0 – no pain 
          
- - - - - 

1 
          
- - - - - 

2 
          
- - - - - 

3 
          
- - - - - 

4 
          
5 4 1 2 1 

5 
5.8% 6.7% 4.0% 3.8% 20.0% 
13 4 9 3 - 

6 
15.1% 6.7% 36.0% 5.8%   
28 18 9 18 1 

7 
32.6% 30.0% 36.0% 34.6% 20.0% 
29 23 6 21 1 

8 
33.7% 38.3% 24.0% 40.4% 20.0% 
9 9 - 7 2 

9 
10.5% 15.0%   13.5% 40.0% 
2 2 - 1 - 

10 – worst pain 
2.3% 3.3%   1.9%   

Most respondents diagnosed with OA indicated that after taking glucosamine their joint-

movement pain ranged from 4–5 points on the visual scale. Most respondents diagnosed 

with RA indicated that their joint-movement pain ranged from 3–6 points after taking 

glucosamine. One RA sufferer reported no pain after taking glucosamine. Most of those 

respondents with no medical diagnosis indicated that their joint-movement pain ranged 

from 5–6 points after taking glucosamine (Table 58). 
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Table 58 – Joint-movement pain after taking glucosamine versus diagnosis 

 
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

86 60 25 52 5 
Total answering 

100% 100% 100% 100% 100% 
1 1 - - 1 

0 – no pain 
1.2% 1.7%     20.0% 
2 1 - 2 - 

1 
2.3% 1.7%   3.8%   
2 2 - 2 - 

2 
2.3% 3.3%   3.8%   
5 2 3 1 1 

3 
5.8% 3.3% 12.0% 1.9% 20.0% 
13 10 3 10 - 

4 
15.1% 16.7% 12.0% 19.2%   
27 18 9 15 1 

5 
31.4% 30.0% 36.0% 28.8% 20.0% 
20 14 6 12 1 

6 
23.3% 23.3% 24.0% 23.1% 20.0% 
13 9 4 8 1 

7 
15.1% 15.0% 16.0% 15.4% 20.0% 
3 3 - 2 - 

8 
3.5% 5.0%   3.8%   
- - - - - 

9 
          
- - - - - 

10 – worst pain 
          

It can be seen from Table 59 that most respondents diagnosed with OA experienced a 

reduction in pain by 3–4 points on the visual scale after taking glucosamine. 

Respondents diagnosed with RA experienced pain reduction ranging from 1–5 or more 

points after taking glucosamine. Most of the respondents with no medical diagnosis for 

their joint pain experienced a reduction in pain of 1–4 points after taking glucosamine. 
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Table 59 – Pain Improvement versus diagnosis 

  
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

86 59 26 51 5 
Total answering 

100% 100% 100% 100% 100% 
8 3 5 1   

No pain improvement 
9.3% 5.1% 19.2% 2.0% 0% 
28 18 10 16 2 

Pain improvement (1–2 points) 
32.6% 30.5% 38.5% 31.4% 40.0% 
40 29 11 27 1 

Pain improvement (3–4 points) 
46.5% 49.2% 42.3% 52.9% 20.0% 
10 9 - 7 2 

Pain improvement (5+ points) 
11.6% 15.3%   13.7% 40.0% 

Table 60 shows that most respondents diagnosed with OA experienced a reduction in 

joint-movement pain by 1–4 points on the visual scale after taking glucosamine. Most 

respondents diagnosed with RA experienced joint-movement pain reduction ranging 

from 1–5 or more points after taking glucosamine. Most of the respondents with no 

medical diagnosis for their joint pain experienced a reduction in joint-movement pain of 

1–4 points after taking glucosamine. 
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Table 60 – Joint-movement pain improvement versus diagnosis 

 
Total Diagnosed by 

doctor 
No medical 
diagnosis Osteoarthritis Rheumatoid 

arthritis 

87 60 26 52 5 
Total answering 

100% 100% 100% 100% 100% 
11 6 5 2 1 

No joint improvement 
12.6% 10.0% 19.2% 3.8% 20.0% 
45 29 16 28 1 

Joint improvement (1–2 points) 
51.7% 48.3% 61.5% 53.8% 20.0% 
25 20 5 18 2 

Joint improvement (3–4 points) 
28.7% 33.3% 19.2% 34.6% 40.0% 
6 5 - 4 1 

Joint improvement (5+ points) 
6.9% 8.3%   7.7% 20.0% 

Brands Banner 

It is quite clear that the most popular brand amongst respondents was Blackmores 

glucosamine (Table 61). This popularity appears to be fairly uniform over the age 

groups, except for the 62–67-year group, which showed a preference for Nature’s Own 

brand of glucosamine. 

Table 61 – Brand of glucosamine versus age 

 
Total Blackmores Nature’s Own Nature’s Way Other brand 

87 36 15 6 8 
Total answering 

100% 100% 100% 100% 100% 
22 8 5 1 4 

40–53 years 
25.3% 22.2% 33.3% 16.7% 50.0% 
23 12 2 2 1 

54–61 years 
26.4% 33.3% 13.3% 33.3% 12.5% 
21 4 5 2 2 

62–67 years 
24.1% 11.1% 33.3% 33.3% 25.0% 
21 12 3 1 1 

68–84 years 
24.1% 33.3% 20.0% 16.7% 12.5% 
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Blackmores’ glucosamine was indicted by respondents as being the most popular brand 

used across each group of respondents diagnosed with OA or RA, as well as those 

respondents with no medical diagnosis (Table 62). 

Table 62 – Diagnosis versus brand of glucosamine 

 
Total Blackmores Nature’s Own Nature’s Way Other brand 

67 28 14 5 6 
Total answering 

100% 100% 100% 100% 100% 
52 22 12 5 3 

Osteoarthritis 
77.6% 78.6% 85.7% 100% 50.0% 
4 3 - - 1 

Rheumatoid arthritis 
6.0% 10.7%     16.7% 
- - - - - 

Other arthritis 
          
11 3 2 - 2 

Joint pain, no diagnosis 
16.4% 10.7% 14.3%   33.3% 

It is clear from Table 63 that although Blackmores was the most popular brand of 

glucosamine, each brand was effective in reducing respondents’ pain 100% of the time. 

Thus, it can be said that each brand of glucosamine is as effective as the other. 

Table 63 – Reduction of pain in your joints versus brand of glucosamine used 

 Total Blackmores Nature’s Own Nature’s Way Other brand 

86 36 15 6 8 
Total answering 

100% 100% 100% 100% 100% 
79 36 15 6 8 

Yes 
91.9% 100% 100% 100% 100% 
7 - - - - 

No 
8.1%         

Most respondents, regardless of which brand of glucosamine they took, reported a pain 

rating of between 7 and 8 points on the visual scale before taking glucosamine (Table 

64). 
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Table 64 – Pain rating before taking glucosamine versus brand of glucosamine  

 
Total Blackmores Nature’s Own Nature’s Way Other brand 

86 36 15 6 8 
Total answering 

100% 100% 100% 100% 100% 
- - - - - 

0 – no pain 
          
- - - - - 

1 
          
- - - - - 

2 
          
- - - - - 

3 
          
2 1 - - - 

4 
2.3% 2.8%       
2 - 1 - - 

5 
2.3%   6.7%     
8 3 - 1 - 

6 
9.3% 8.3%   16.7%   
35 12 8 2 5 

7 
40.7% 33.3% 53.3% 33.3% 62.5% 
28 15 5 2 2 

8 
32.6% 41.7% 33.3% 33.3% 25.0% 
8 5 1 1 - 

9 
9.3% 13.9% 6.7% 16.7%   
3 - - - 1 

10 – worst pain 
3.5%       12.5% 

Most respondents regardless of brand reported a reduction of pain on the visual scale. 

Most indicated a pain rating of 4 or 5 points on the visual scale after taking glucosamine 

regardless of brand (Table 65). 
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Table 65 – Pain rating after taking glucosamine versus brand of glucosamine 

 
Total Blackmores Nature's own Nature's way Other brand 

86 36 15 6 8 
Total answering 

100% 100% 100% 100% 100% 
1 1 - - - 

0 – no pain 
1.2% 2.8%       
3 1 1 - - 

1 
3.5% 2.8% 6.7%     
2 - 1 - - 

2 
2.3%   6.7%     
9 3 1 2 1 

3 
10.5% 8.3% 6.7% 33.3% 12.5% 
22 10 5 1 2 

4 
25.6% 27.8% 33.3% 16.7% 25.0% 
27 12 4 2 5 

5 
31.4% 33.3% 26.7% 33.3% 62.5% 
14 6 3 1 - 

6 
16.3% 16.7% 20.0% 16.7%   
6 3 - - - 

7 
7.0% 8.3%       
2 - - - - 

8 
2.3%         
- - - - - 

9 
          
- - - - - 

10 – worst pain 
          

Table 66, shows that the majority respondents, regardless of the brand of glucosamine 

they had taken, reported their joint-movement pain rating to be 7 or 8 points on the 

visual scale before taking glucosamine. 
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Table 66 – Joint-movement pain rating before taking glucosamine versus brand of glucosamine 

 
Total Blackmores Nature’s Own Nature’s Way Other brand 

86 36 15 6 8 
Total answering 

100% 100% 100% 100% 100% 
- - - - - 

0 – no pain 
          
- - - - - 

1 
          
- - - - - 

2 
          
- - - - - 

3 
          
- - - - - 

4 
          
5 - - - - 

5 
5.8%         
13 6 1 1 1 

6 
15.1% 16.7% 6.7% 16.7% 12.5% 
28 11 5 1 4 

7 
32.6% 30.6% 33.3% 16.7% 50.0% 
29 13 8 3 2 

8 
33.7% 36.1% 53.3% 50.0% 25.0% 
9 6 1 1 - 

9 
10.5% 16.7% 6.7% 16.7%   
2 - - - 1 

10 – worst pain 
2.3%       12.5% 

Table 67 shows that most respondents, regardless of the type of glucosamine they took, 

reported a reduction in their joint-movement pain of 4 or 5 points on the visual scale 

after taking glucosamine. 
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Table 67 – Joint-movement pain rating after taking glucosamine versus brand of glucosamine 

 
Total Blackmores Nature’s Own Nature’s Way Other brand 

86 36 15 6 8 
Total answering 

100% 100% 100% 100% 100% 
1 1 - - - 

0 – no pain 
1.2% 2.8%       
2 1 - - - 

1 
2.3% 2.8%       
2 - 1 - - 

2 
2.3%   6.7%     
5 1 1 - 1 

3 
5.8% 2.8% 6.7%   12.5% 
13 5 2 2 2 

4 
15.1% 13.9% 13.3% 33.3% 25.0% 
27 14 2 1 4 

5 
31.4% 38.9% 13.3% 16.7% 50.0% 
20 9 4 2 - 

6 
23.3% 25.0% 26.7% 33.3%   
13 5 4 1 1 

7 
15.1% 13.9% 26.7% 16.7% 12.5% 
3 - 1 - - 

8 
3.5%   6.7%     
- - - - - 

9 
          
- - - - - 

10 – worst pain 
          

Table 68 shows that all brands of glucosamine resulted in a reduction of joint pain. 

After taking glucosamine most respondents experienced a reduction in joint pain of 

between 3 and 4 points on the visual scale. 
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Table 68 – Joint pain improvement versus brand of glucosamine 

 
Total Blackmores Nature’s Own Nature’s Way Other 

brand 

86 35 15 6 8 
Total answering 

100% 100% 100% 100% 100% 
8 - - - - 

No pain improvement 
9.3%         
28 15 4 1 3 Pain improvement (1–2 

points) 32.6% 42.9% 26.7% 16.7% 37.5% 
40 16 10 4 4 Pain improvement (3–4 

points) 46.5% 45.7% 66.7% 66.7% 50.0% 
10 4 1 1 1 Pain improvement (5+ 

points) 11.6% 11.4% 6.7% 16.7% 12.5% 

Table 69 shows that all brands of glucosamine resulted in a reduction of joint-

movement pain. After taking glucosamine most respondents experienced a reduction in 

joint-movement pain of between 3 and 4 points on the visual scale. 

Table 69 – Joint-movement pain improvement versus brand of glucosamine 

 
Total Blackmores Nature’s 

own 
Nature’s 
way 

Other 
brand 

87 36 15 6 8 
Total answering 

100% 100% 100% 100% 100% 
11 - 1 - - 

No joint improvement 
12.6%   6.7%     
45 21 9 5 5 Joint improvement (1–2 

points) 51.7% 58.3% 60.0% 83.3% 62.5% 
25 13 4 1 2 Joint improvement (3–4 

points) 28.7% 36.1% 26.7% 16.7% 25.0% 
6 2 1 - 1 

Joint improvement (5+ points) 
6.9% 5.6% 6.7%   12.5% 
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Length of Time on Glucosamine Banner 

The results in Table 70 are of particular significance as they indicate that there were no 

reported side effects amongst respondents regardless of whether glucosamine was taken 

for a period of less than six months or for more than two years. This data supports 

glucosamine’s toxicity profiles being a safe and well-tolerated complementary 

medicine. 

Table 70 – Side effects versus time on glucosamine 

 
Total Less than 6 

months 
6 months to a 
year 1–2 years More than 2 

years 

82 13 24 16 9 
Total answering 

100% 100% 100% 100% 100% 
82 13 24 16 9 

No side effects reported 
100% 100% 100% 100% 100% 

Table 71 indicates that taking glucosamine for less than six months can result in the 

perception that glucosamine becomes ineffective. Those respondents who took 

glucosamine for over six months all reported that glucosamine was beneficial in 

reducing their joint pain. However, amongst those respondents who had taken 

glucosamine for less than six months, nearly half reported no benefit. This leads to the 

conclusion that for glucosamine to be effective in reducing joint pain, it must be taken 

for a period exceeding six months. 
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Table 71 – Reduction in joint pain versus time since started glucosamine 

 
Total Less than 6 

months 
6 months to a 
year 1–2 years More than 2 

years 

86 13 24 16 10 
Total answering 

100% 100% 100% 100% 100% 
79 7 24 16 10 

Yes 
91.9% 53.8% 100% 100% 100% 
7 6 - - - 

No 
8.1% 46.2%       

Table 72 shows that in the ‘taken glucosamine less than six months’ group, most 

respondents reported no improvement in their pain rating. However, in the other groups 

– ‘taken glucosamine six months to a year’, ‘taken glucosamine one to two years’ and 

‘taken glucosamine more than two years’ – most respondents indicated that from the 

time prior to taking glucosamine, compared to the time that they had been taking 

glucosamine, they had experienced an improvement in their pain rating of 1–4 points on 

the visual scale.  

These results are significant in that they again strongly indicate that glucosamine is 

effective in reducing pain associated with arthritic joints. Glucosamine effectiveness 

appears to be dependent on the time period over which it is taken. Taking glucosamine 

for more than six months is associated with more beneficial results in terms of joint pain 

reduction/improvement (Table 72). 
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Table 72 – Joint pain improvement versus time on glucosamine 

 
Total Less than 6 

months 
6 months to a 
year 

1–2 
years 

More than 2 
years 

86 13 24 16 9 
Total answering 

100% 100% 100% 100% 100% 
8 6 - - - 

No pain improvement 
9.3% 46.2%       
28 4 11 7 1 Pain improvement (1–2 

points) 32.6% 30.8% 45.8% 43.8% 11.1% 
40 3 12 8 7 Pain improvement (3–4 

points) 46.5% 23.1% 50.0% 50.0% 77.8% 
10 - 1 1 1 Pain improvement (5+ 

points) 11.6%   4.2% 6.3% 11.1% 

Pain Improvement versus Glucosamine Formulation Banner 

There was insufficient data in this study to compare the effectiveness of different 

formulations of glucosamine. Out of the 87 returned surveys only 27 respondents 

indicated which formulation of glucosamine they used, and they all indicated they used 

the sulphate salt formulation. The other 60 respondents either did not answer the 

question or stated they did not know which formulation they used.  

Specific Formulation of glucosamine 

A total of twenty-seven (31%) respondents mentioned that the type of glucosamine they 

were taking was the sulphate salt formulation. The remaining respondents did not state 

which formulation they used or were unsure. This might be due to number of 

possibilities; however, none could be confirmed as participation was anonymous and 

the researcher could not go back and clarify any answers. Possible reasons are: 

− Consumers buy whichever brand is on sale or cheaper. 

− Consumers buy any brand (the cheapest again) but with a specific formulation that 

works for them. 
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− All brands and formulations produce the same outcome for them. 

− Consumers do not have actual need (pain or mobility issues) but are using 

glucosamine as a supplement or preventative measure, thus there is no therapeutic 

outcome they are measuring. 

Duration of Use Banner 

Question 20 responses regarding the duration of use of glucosamine were classified 

according to the following time groups:  

− Less than six months 

− Six to 12 months 

− Thirteen to 24 months 

− More than 24 months. 

Table 73 shows the number of responses for each group. 

Table 73 – Number of responses for each time group by gender 

Duration  Male  Female  Total  
Less than 6 months 7 6 13 
6 to 12 months 15 9 24 
13 to 24 months 10 6 16 
More than 24 months 5 5 10 
Did not specify  7 17 24 
Total  44 43 87 

After relevant questions were analysed under each of the above themes/banners, the 

hypothesis was broken down into several smaller hypotheses and tested statistically for 

significant differences. 
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Data Bank Analysis 

Collation and analysis of the large amount of data from the DAA provider was not 

effective in determining any trends about glucosamine formulation used in the treatment 

of arthritis, nor did it reveal any particular trends in determining the periods of time 

glucosamine was used to treat arthritis. The main issues with this data were that the 

dose and type of glucosamine salt (i.e. sulphate or HCl) was not recorded. Nor was the 

date that the patient initially started taking glucosamine recorded. Therefore, it was not 

possible to assess the use/popularity of a particular glucosamine salt, nor was it possible 

to correlate the use of a particular formulation of glucosamine (salt) with the length of 

time that it had been used. Consequently, whether glucosamine is packed for patients 

based on price, brand preference or formulation basis was unable to be concluded, and 

this data did not contribute to the research results of this study.  

Statistically Testing the Hypothesis 

In order to test the hypothesis statistically, it was necessary to break it into nine sub-

hypotheses. Each sub-hypothesis that could be tested statistically has been done so in 

accordance with the obtained results. The sub-hypotheses include secondary hypotheses 

that arose due to the results of the research. The methods used are:  

− The Shapiro Wilk test  

− The Wilcoxon signed-rank sum test 

− The Kruskal-Wallis test  

− The Bonferroni adjustment method. 
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Sub-Hypothesis One  

Glucosamine has a positive effect on joint pain 

Procedure: Obtain a pain-improvement score by calculating before–after score. If data 

are normally distributed, use standard paired t-test. Alternatively, use non-parametric 

equivalent. 

Null hypothesis: Overall pain-score difference = 0 (Q17 – Q16 = 0), noted in output as 

‘painscorediff’.  

Assumptions to satisfy for a paired t-test: There are four assumptions that underpin the 

paired t-test. If any of these assumptions are not met, a paired t-test will not yield valid 

results. The assumptions are: 

− Assumption 1: The dependent variable should be measured at the interval or ratio 

level (i.e. continuous).  

− Assumption 2: The independent variable should consist of two categorical, ‘related 

groups’ or ‘matched pairs’. Related groups indicate that the same subjects are 

present in both groups.  

Assumptions 1 and 2 relate to the way the data is analysed for this hypothesis and are 

satisfied here. 

− Assumption 3: The distribution of the differences in the dependent variable between 

the two related groups should be approximately normally distributed.  
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− Assumption 4: There should be no significant outliers in the differences between the 

two related groups. An outlier is simply a single data point within the data that does 

not follow the usual or expected pattern. 

Assessing Normality 

Assumptions 3 and 4 can be tested statistically, starting with normality. In order to test 

normality, a pain-score difference variable (i.e. before–after) was calculated. A Shapiro-

Wilk test (Royston 1982) was then used (Box 1). 

Box 1: Shapiro-Wilk test for normal data 

Variable  Obs W  V z Prob>z 

Painscorediff  86 0.96820  2.317 1.849 0.03226 

Notes: W = Wilk test statistic; V = index for degree of normality or non-normality (median value for normal 
distribution is 1. Large values of V indicate non-normality); Obs = total number of observations in the sample; z = 
area under the normal curve; Prob>z = probability of chance greater than area under the normal curve  

If the probability of chance is greater than area under the normal curve (Prob>z) is less 

than 0.05, the result is significant as there is a less than 5% chance that the results were 

just a chance occurrence.  

The null hypothesis for this test assumes that the variable being assessed is normally 

distributed. As the ‘z-value’ is less than 0.05, the null hypothesis is rejected and it is 

concluded that the distribution of the difference variable is not normal. 

As the Assumption of Normality is not satisfied the standard paired t-test cannot be 

used.  

Non-parametric Equivalent to the Paired T-test 

The Wilcoxon signed-rank sum test is the non-parametric version of a paired samples t-

test. This test is used when the difference between the two variables is not normally 
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distributed (as above). The key assumption for this test is that the difference variable is 

ordinal (i.e. –3 is less than 2. This is satisfied here). 

The analysis in Boxes 2 and 3 and illustrated in Figure 8 show a comparison of pain 

scores before and after glucosamine (significant difference). 

Box 2: Wilcoxon signed-rank sum test - comparison of pain scores 

Sign   Obs Sum ranks Expected 

Positive   78  3662.5   1856.5 

Negative   1  50.5   1856.5 

Zero    7  28   28 

All    86  3741   3741 

Unadjusted variance 53932.75 

Adjustment for ties –1006.00 

Adjustment for zeros –35.00 

Adjusted variance 52891.75 

Ho: PRE_PAIN Score = POST_PAIN Score 

z = 7.853 

Prob>z = 0.0000 => reject Ho: the score difference is significant 

Notes: Obs = total number of observations in the sample; Ho = null hypothesis; z = area under the normal curve; 
Prob>z = probability of chance greater than area under the normal curve 

It can be seen by looking at the median scores, post glucosamine use pain scores are 

(significantly) lower than the pre- glucosamine use pain scores (Box 3). 

Box 3: Summary statistics of pre- glucosamine and post glucosamine pain scores 

       Quartiles 

Variable  n mean  SD  Min  .25   .Mdn  .75  Max   

Pre-pain Score  86  7.41  1.12  4.00  7.00  7.00  8.00  10.00 

Post-pain Score  86  4.64  1.51  0.00  4.00  5.00  6.00  8.00 

Notes: n = number; SD = standard deviation; Mdn = median 
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Therefore, the difference between the pain scores before and after taking glucosamine is 

significant and the hypothesis that glucosamine has a positive effect on joint pain is 

statistically supported (Figure 8). 

 
Figure 8 – Pain score: Lower score means less pain 

Sub-Hypothesis Two 

Glucosamine has a positive effect on joint movement  

Procedure: Obtain a joint pain movement improvement score by calculating the before–

after taking glucosamine score. If data are normally distributed, a standard paired t-test 

will be used. Alternatively, a non-parametric equivalent will be used. 

Null hypothesis: Joint-movement pain improvement score = 0 (Q19 – Q18 = 0), noted 

in output as ‘jointimprovscore’. 
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Assessing Normality 

A Shapiro-Wilk test (Royston 1982) was used (Box 4). 

Box 4: Shapiro-Wilk test for normal data 

Variable   Obs  W   V  z  Prob>z 

Jointimprovscore   86  0.93049   5.064  3.569  0.00018 

Notes: W = Wilk test statistic; V = index for degree of normality or non-normality (median value for normal 
distribution is 1. Large values of V indicate non-normality); Obs = total number of observations in the sample; z = 
area under the normal curve; Prob>z = probability of chance greater than area under the normal curve 

The Ho assumes that the distribution is normal. As the z-value is less than 0.05 the null 

hypothesis is rejected and it is concluded that the distribution of the difference variable 

is not normally distributed. 

The Assumption of Normality is not satisfied; therefore, a Wilcoxon signed-rank sum 

test will be used (Box 5). 

Box 5: Wilcoxon signed-rank sum test 

Sign   Obs  Sum ranks  Expected 

Positive  76  3686   1843 

Negative  0  0   1843 

Zero   10  55   55 

All   86  3741   3741 

Unadjusted variance 53932.75 

Adjustment for ties –621.25 

Adjustment for zeros –96.25 

Adjusted variance 53215.25 

Ho: Pre-treatment = post treatment 

z = 7.989 

Prob>z = 0.0000. Therefore, reject Ho: the score difference is significant 

Notes: Obs = total number of observations in the sample; Ho = null hypothesis; z = area under the normal curve; 
Prob>z = probability of chance greater than area under the normal curve 



 

150 

Looking at the median scores, post-glucosamine treatment joint-movement pain scores 

are (significantly) lower than pre-treatment glucosamine scores (Box 6). 

Box 6: Summary statistics 

      Quartiles 

Variable   n  Mean  SD  Min  .25  Mdn  .75  Max 

Pre-treament score  86  7.35  1.11  5.00  7.00  7.00  8.00  10.00 

Post-treatment score  86  5.15  1.55  0.00  4.00  5.00  6.00  8.00 

Notes: n = number; SD = standard deviation; Mdn = median 

Therefore, the difference between the joint-movement pain scores before and after 

taking glucosamine is significant and the hypothesis that glucosamine has a positive 

effect on joint-movement pain is statistically supported (Figure 9). 

 

Figure 9 – Movement score where lower scores mean more movement 
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Sub- Hypothesis Three  

Glucosamine use is not associated with any negative side effects (not assessed 

statistically, but rather based on self-reporting) 

Finding: Eighty-two respondents in this study answered the question about side effects, 

and none reported any side effects associated with glucosamine use, this is supporting 

the study hypothesis. 

Sub-Hypothesis Four  

Different brands of glucosamine have a different impact on pain improvement score 

(secondary hypothesis from results) 

Procedure: Obtain a pain improvement score by calculating before–after score. If data 

are normally distributed, use ANOVA by brand. Alternatively, use a non-parametric 

equivalent.  

Null hypothesis: All brands have the same impact on pain improvement score. The 

dependent variable (difference between pain rating before and after taking glucosamine 

(i.e. Q17 – Q16) was tested previously and found to be not normally distributed. 

Therefore, the Kruskal-Wallis test (the non-parametric alternative to one-way ANOVA) 

will be used (Box 7).  
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Box 7: Kruskal-Wallis test 

Brand    Obs  Rank  Sum  

Blackmores  36  1253.50  

Nature’s Own   15 470.50  

Other   14  421.00  

Chi-squared = 0.781 with 2 df 

Probability = 0.6767 

Chi-squared with ties = 0.872 with 2 df 

Probability = 0.6467 

Notes: Obs = total number of observations in the sample; df = degrees of freedom 

The null hypothesis for this test is that all pain-score difference is the same for all 

brands. As p = 0.64, the null hypothesis is accepted and it is concluded that all brands 

provide a similar level of pain improvement (Box 8 and Figure 10). 

Box 8: Summary statistics – pain-score difference levels (after–before) 

      Quartiles  

Variable  n  Mean  SD  Min  .25  Mdn  .75  Max 

Blackmore’s  36  –2.89  1.67  –8.00  –3.50  –3.00  –2.00  3.00    

Nature’s Own  15  –3.07  1.03  –6.00  –3.00  –3.00  –2.00  –2.00 

Other brands  14  –3.14  1.03  –5.00  –4.00  –3.00  –2.00  –2.00 

Notes: n = number; SD = standard deviation; Mdn = median 
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Figure 10 – Pain score improvement by brand, larger negative number corresponds to greater 
improvement 

Sub-Hypothesis Five  

Different brands of glucosamine have different impacts on joint-movement improvement 

score (secondary hypothesis from results) 

Procedure: Obtain a joint-movement improvement score by calculating before–after 

scores. If the data are normally distributed, ANOVA will be used by brand. 

Alternatively, a non-parametric equivalent was used.  

Null hypothesis: All brands have the same impact on joint-movement improvement 

score. 
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Assessing Normality 

Joint movement improvement score (the difference between before taking glucosamine 

joint movement score and after taking glucosamine joint movement score (i.e. Q19 – 

Q18) was found earlier to be not normally distributed. Therefore, the Kruskal-Wallis 

test (the non-parametric alternative to one-way ANOVA) was used (Box 9). 

Box 9: Kruskal-Wallis test 

Brand   Obs Rank Sum 

Blackmores  36 1161.50  

Nature’s Own  15 568.50  

Other   14 415.00  

Chi-squared = 1.503 with 2 df 

Probability = 0.4716 

Chi-squared with ties = 1.637 with 2 df 

Probability = 0.4411 

Notes: Obs = total number of observations in the sample; df = degrees of freedom 

The null hypothesis for this test is that all joint-movement improvement scores are the 

same for all brands. As the p value = 0.44 the null hypothesis is accepted and it is 

concluded that all brands provide a similar level of joint pain improvement (Box 10 and 

Figure 11). 

Box 10: Summary statistics – joint-movement improvement score (after–before) 

     Quartiles 

Variable  n Mean SD  Min  .25  Mdn .75  Max 

Blackmores  36 –2.44 1.44 –8.00 –3.00 –2.00 –1.50 –1.00 

Nature’s Own  15 – 2.07  1.44 – 6.00  –3.00  –2.00  –1.00  0.00 

Other brands  14  –2.57  1.16  –5.00  –4.00  –2.00  –2.00  –1.00 

Notes: n = number; SD = standard deviation; Mdn = median 
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Figure 11 – Joint movement score improvement by brand, larger negative numbers correspond 
to greater improvement 

Sub-Hypothesis Six  

The sulphate formulation of glucosamine is significantly more effective than the 

hydrochloride formulation (not assessed statistically) 

Finding: There were insufficient data to assess this hypothesis, as only 27 respondents 

stated they used the sulphate salt formulation of glucosamine. The other respondents did 

not answer or did not know what formulation they used. Therefore, no comparative 

analysis can be conducted in relation to the effectiveness of glucosamine formulation. 
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Sub-Hypothesis Seven  

Glucosamine effectiveness depends on the medical condition of the patient (not assessed 

statistically) 

Finding: Since the vast majority of participants in the study were diagnosed with OA, 

there were insufficient data to assess this hypothesis. 

Sub-Hypothesis Eight  

Glucosamine effectiveness depends on other concurrent medications  

Procedure: As this was a multiple response question, groups of exclusive users were 

used (i.e. glucosamine only, glucosamine and OTC medications, glucosamine and 

prescriptions). 

For these analyses, the following categories were used (all use glucosamine): 

− Prescription medication (+ glucosamine and possibly OTC)  

− OTC plus glucosamine 

− Mostly glucosamine only  

Part A: Overall Pain Improvement by Treatment 

First it is necessary to look at improvement in overall pain score. Previous normality 

tests indicated that this variable is not normally distributed and unlikely to be so if 

assessed at the category level due to small sample sizes. Therefore, a non-parametric 

Kruskal-Wallis test was used (Box 11). 



 

157 

Box 11: Kruskal-Wallis equality-of-populations rank test 

Category   Obs Rank Sum 

Rx Medication*   14 596.50 

Over the counter (no Rx)*  65 2905.00 

Glucosamine only  7 239.50 

Chi-squared = 1.134 with 2 df 

Probability = 0.5672 

Chi-squared with ties = 1.223 with 2 df 

Probability = 0.5426 

Notes: *Plus glucosamine; Obs = total number of observations in the sample; df = degrees of freedom; Rx = 
prescription 

The null hypothesis for this test is that overall pain-score differences are the same for all 

medication categories. As the p value = 0.54 (Box 11) the null hypothesis is accepted 

and it is concluded that all medication categories provide a similar level of overall pain 

improvement (Box 12 and Figure 12). 

Box 12: Summary statistics 

      Quartiles 

Variable   n  Mean  SD  Min  .25  Mdn  .75  Max 

Rx    14  –2.86  1.41  –6.00  –4.00  –3.00  –2.00  0.00 

Over the counter   65  –2.63  1.49  –5.00  –3.00  –3.00  –2.00  3.00 

Glucosamine only  7  –3.86  2.27  –8.00  –6.00  –3.00  –2.00  –2.00 

Notes: n = number; SD = standard deviation; Mdn = median 
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Figure 12 – Pain-score improvement by prescription status, larger negative numbers correspond 
to greater improvement 

Part B: Joint Movement Improvement by Treatment 

This time, at least one of the three groups is different (p = 0.0061). In order to determine 

which group or groups are different a non-parametric equivalent to the two samples t-

test, the rank-sum test was used (Box 13). 
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Box 13: Kruskal-Wallis equality-of-populations rank-sum test 

Category   Obs Rank Sum  

Rx Medication*   14 389.00  

Over the counter (no Rx)*  65 3136.50  

Glucosamine only   7 215.50  

Chi-squared = 9.716 with 2 df 

Probability = 0.0078 

Chi-squared with ties = 10.210 with 2 df 

Probability = 0.0061 

Notes: *Plus glucosamine; Obs = total number of observations in the sample; df = degrees of freedom; Rx = 
prescription 

With three groups, there are three comparisons: 

− Rx medication versus glucosamine only 

− Rx medication versus OTC (no Rx) 

− OTC (no Rx) versus glucosamine only. 

In order to maintain the alpha level during the multiple comparisons, it was adjusted 

using the Bonferroni method (Figure 13). In this case, the new alpha level will be 0.05 / 

3 = 0.0166. 
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Figure 13 – Joint movement score improvement by prescription status, larger negative numbers 
correspond to greater improvement 

Prescription Medication versus Glucosamine Only 

The two-sample Wilcoxon signed-rank sum test was used. The test indicates that the 

two groups are similar (p = 0.93) (Boxes 14 and 15, and Figure 14). 
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Box 14: Two-sample Wilcoxon signed-rank sum test 

Rx   Obs  Rank Sum  Expected 

Rx   14  155  154 

Glucosamine only  7 76  77 

Combined   21 231  231 

Unadjusted variance 179.67 

Adjustment for ties –7.82 

Adjusted variance 171.85 

Ho: equality 

z = 0.076 

Prob>z = 0.9392 

Notes: Obs = total number of observations in the sample; Rx = prescription; Ho = null hypothesis; z = area under the 
normal curve; Prob>z = probability of chance greater than area under the normal curve 

Box 15: Summary statistics (joint movement–pain improvement score by group) 

      Quartiles 

Variable   n  Mean  SD  Min  .25  Mdn  .75  Max 

Rx    14 3. 14 1. 66  0.00  2.00  3.00  4.00  6.00 

Glucosamine only  7  3.29  2.50  0.00  2.00  3.00  4.00  8.00 

Notes: n = number; SD = standard deviation; Mdn = median; Rx = prescription 
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Figure 14 – Prescription medication versus glucosamine only, larger negative numbers 
correspond to greater improvement 

Prescription + Glucosamine versus Over-the-Counter + Glucosamine Medications  

The test (Box 16) indicates that there is a statistically significant difference between the 

two groups (p = 0.0039). The summary (Box 17) suggests that Rx medication + 

glucosamine appears have a higher impact on increasing joint movement (and 

minimising pain) than OTC and glucosamine (Figure 15). 
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Box 16: The two-sample Wilcoxon signed-rank sum test (joint-movement pain improvement 
score by group) 

Rx  Obs  Rank Sum  Expected 

1  14 341  560 

2  65 2819  2600 

Combined 79 3160  3160 

Unadjusted variance 6066.67 

Adjustment for ties –316.03 

Adjusted variance 5750.63 

Ho: equality 

z = –2.888 

Prob>| = 0.0039 

Notes: Rx = prescription; Obs = total number of observations in the sample; Ho = null hypothesis; z = area under the 
normal curve; Prob>z = probability of chance greater than area under the normal curve 

Box 17: Summary statistics (joint-movement pain improvement score by group) 

     Quartiles 

Variable  n  Mean  SD  Min  .25  Mdn  .75  Max 

Rx   14  –3.14  1.66  –6.00 –4.00 –3.00  –2.00  0.00 

Over the counter  65  –1.88  1.24  –5.00  –3.00  –2.00  –1.00  0.00 

Notes: n = number; SD = standard deviation; Mdn = median; Rx = prescription 
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Figure 15 – Prescription medication versus over the counter, larger negative numbers 
correspond to greater improvement 

Over the Counter (No Prescription) versus Glucosamine Only 

The test indicates that the two groups are similar (p = 0.077) (Box 18). 
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Box 18: Two-sample Wilcoxon signed- rank sum test 

Rx   Obs  Rank Sum  Expected 

2   65  2462.5   2372.5 

3  7  165.5   255.5 

Combined  72  2628   2628 

Unadjusted variance 2767.92 

Adjustment for ties –164.62 

Adjusted variance 2603.30 

Ho: equality 

 z = 1.764 

 Prob>| = 0.0777 

Notes: Rx = prescription; Obs = total number of observations in the sample; Ho = null hypothesis; z = area under the 
normal curve; Prob>z = probability of chance greater than area under the normal curve 

The difference between medians looks rather large, but sample size for glucosamine 

only is small (Box 19 and Figure 16). 

Box 19: Summary statistics (joint movement score by group) 

     Quartiles 

Variable  n Mean  SD  Min  .25  Mdn  .75  Max 

Over the counter 65  –1.88  1.24  –5.00  –3.00  –2.00  –1.00  0.00 

Glucosamine only 7  –3.29  2.50  –8.00  –4.00  –3.00  –2.00  0.00 

Notes: n = number; SD = standard deviation; Mdn = median 
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Figure 16 – Over the counter versus glucosamine only, larger negative numbers correspond to 
greater improvement 

Sub-Hypothesis Nine  

Glucosamine effectiveness depends on how long glucosamine is taken  

Procedure: Compare pain and joint-movement improvement scores for people taking 

glucosamine for less than six months versus people taking glucosamine for longer. Two 

sample t-tests were calculated to ascertain if data are normal, or non-parametric 

equivalent. 
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Overall Pain Improvement and Duration of Treatment 

In order to look at pain improvement, the overall pain-score difference (Q17 – Q16) was 

used. It was previously established that this variable was not normally distributed, so in 

order to assess the impact of duration of glucosamine treatment on overall pain-score 

improvement the Wilcoxon signed-rank sum test was used. 

Two-sample Wilcoxon Signed-Rank Sum Test  

The test (Box 20) indicates a statistically significant difference between the two groups 

(p = 0.0018). The summary (Box 21) suggests that people taking glucosamine for longer 

than six months experience a significantly larger reduction in overall pain (Figure 17). 

Box 20: Two-sample Wilcoxon signed- rank sum test 

Time  Obs  Rank Sum  Expected 

< 6 Months  12  709   486 

 6 Months+  68  2531   2754 

Combined  80  3240   3240 

Unadjusted variance 5508.00 

Adjustment for ties –399.41 

Adjusted variance 5108.59 

Ho: equality 

z = 3.120 

Prob>z = 0.0018 

Notes: Obs = total number of observations in the sample; Ho = null hypothesis; z = area under the normal curve; 
Prob>z = probability of chance greater than area under the normal curve 

Box 21: Summary statistics 

     Quartiles 

Variable  n  Mean  SD  Min  .25  Mdn  .75  Max 

<6 months  12  –1.42  1.44  –4.00  –2.50  –1.50  0.00  0.00 

>6 months   68  –2.94  1.46  –8.00  –4.00  –3.00  –2.00  3.00 

Notes: Notes: n = number; SD = standard deviation; Mdn = median 
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Figure 17 – Under six months versus six months and over glucosamine administration, larger 
negative numbers correspond to greater pain improvement 

Joint-Movement Pain Improvement and Length of Treatment 

In order to look at joint-movement and pain improvement, the score difference between 

Q19 and Q18 was used. Earlier, it was established that this variable is not normally 

distributed, so in order to assess the impact of length of glucosamine treatment on joint-

movement pain improvement the Wilcoxon signed-rank sum test was used. 

Two-sample Wilcoxon signed-rank sum test 

The test (Box 22) indicates that there is a statistically significant difference between the 

two groups (p = 0.0343). The summary (Box 23) suggests that people taking 
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glucosamine for longer than six months experience a significantly larger reduction in 

joint-movement pain (Figure 18). 

Box 22: Two-sample Wilcoxon signed- rank sum test 

Time  Obs Rank Sum  Expected 

< 6 Months 12  639   486 

>6 Months 68  2601   2754 

Combined 80  3240   3240 

Unadjusted variance 5508.00 

Adjustment for ties –282.69 

Adjusted variance 5225.31 

Ho: equality 

z = 2.117 

Prob>z| = 0.0343 

Notes: Obs = total number of observations in the sample; Ho = null hypothesis; z = area under the normal curve; 
Prob>z = probability of chance greater than area under the normal curve 

Box 23: Summary statistics 

     Quartiles 

Variable  n  Mean  SD  Min  .25  Mdn  .75  Max 

< 6 months  12  –1.25  1.22 –3.00  –2.00  –1.50  0.00  0.00 

<6 months  68  –2.26  1.48  –8.00  –3.00  –2.00  –1.00  0.00 

Notes: n = number; SD = standard deviation; Mdn = median 
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Figure 18 – Under six months versus over six month of glucosamine administration. Larger 
negative numbers correspond to greater movement improvement 

In summary of overall pain and joint-movement pain scores, the difference between the 

‘taking glucosamine for less than six months group’ scores and the ‘taking glucosamine 

for longer than six months group’ scores is statistically significant. It can therefore be 

concluded that the hypothesis that glucosamine is beneficial if taken for more than six 

months is statistically supported. 
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Chapter Summary  

It is clear from the statistical analysis of results of the answers provided in the 

completed surveys and the statistical testing of the hypothesis that the original 

hypothesis is strongly supported. Also, the analysis of the answers provided in the 

completed surveys resulted in the objectives of this study being achieved. The 

significance of the results of this study in relation to the original objectives and 

hypothesis will be discussed in next chapter. 
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Chapter VI – Discussion 

Developing the Research Concept 

The initial proposed research design was intended to be able to test the hypothesis in its 

entirety, including obtaining blood samples and utilising methodologies to measure total 

antioxidant levels. However, a change in supervisory team, and after ethical issues were 

identified by the Ethics Committee, the research design and protocol was modified a 

further two times, which caused a 24-month delay in commencing the intervention. 

The Research Design and Associated Issues 

The final version of the research design protocol (the current version described in this 

thesis) was formulated as a result of the ethics committee’s decision. It was decided to 

completely omit supplying glucosamine to participants, and to omit obtaining blood 

tests for biochemical testing. Instead, the study would focus on the perception of people 

already using glucosamine on its efficacy and tolerance. As a result, a survey was 

formulated (see Appendix 5) to attempt to capture the glucosamine user’s perception of 

whether glucosamine is effective in the treatment of their condition in terms of pain 

reduction and improvement in joint function/movement, and whether glucosamine is 

well tolerated. The survey incorporates pain and function/movement scale 

methodologies in order to gauge perceived effectiveness of glucosamine.  

The first part of the study was a qualitative observational survey based with a 20-item 

questionnaire administered to members of the community to capture their perception on 

the efficacy and toxicity of glucosamine. The second part was a qualitative discussion 
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analysis, based on a de-identified large sample of data from a DAA provider to 

investigate if patients use glucosamine alone or with other medications used for the 

treatment of arthritis, which salt, how long they have been using it, and at what dose. 

This design was approved by the CDU ethics committee. 

A total of 87 participants suffering with joint pain as a result of OA, RA or other forms 

of IJDs completed and returned the survey. Participants were offered $20 gift vouchers, 

which could be spent at any of the participating pharmacies.  

The survey questions were specifically designed to elicit information that could be used 

to assess the effectiveness and safety (toxicity) of glucosamine and to assess if there are 

any differences in effectiveness across different brands or formulations of glucosamine.  

The results of the survey were collated and analysed and used to test the hypothesis as 

follows: 

− Assessing whether pain, functionality and range of movement were positively or 

negatively affected with glucosamine treatment.  

− Identifying any side effects experienced whilst the participant was taking 

glucosamine to assist in assessing the safety of glucosamine.  

− Identifying the brand and/or formulation of the glucosamine used by the participant 

The results of the survey were compared to the existing literature to identify recurrent 

trends or identify new trends not identified in the literature.  

Identifying the brand of the glucosamine taken by the participant was self-reported, 

particularly aimed to confirm the purchased the same brand and/or formulation of 
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glucosamine. A question in the participant survey was included to elicit this 

information.  

Since the data in this study were not normally distributed (non-parametric) the 

following non-parametric tests were used to statistically test the data: 

− the Shapiro-Wilk test (Royston 1982)  

− the Wilcoxon signed-rank sum test (McDonald 2015)  

− the Kruskal-Wallis test (Spurrier 2003)  

− the Bonferroni adjustment method (Strassburger & Bretz, 2008).  

Difficulties Experienced in this Study 

The difficulties experienced in terms of the research protocol utilised in this study are 

described in detail below. 

First, the collation and analysis of the large amount of data from the DAA provider was 

time consuming. However, it was not effective in determining any trends about 

glucosamine formulation used in the treatment of arthritis, nor did it reveal any 

particular trends in determining periods of time that glucosamine was used to treat 

arthritis and did not contribute to the research results of this study.  

Second, the main issue with the research design of this study was that the results are 

solely based on the perceptions of participants in terms of improvement in pain and 

joint function/movement, and in terms of adverse effects from taking glucosamine. That 

is, no biochemical or clinical tests were performed to support participant claims of 

improvement or otherwise. However, validated methodologies were utilised in the 

design of the survey, such as pain scales and joint function/movement scales (Held, no 
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date; Pain Rating Scales; Uy et al. 2011; Western Ontario and McMaster Universities 

Osteoarthritis Index; Williamson & Hoggart 2005).  

Third, it was difficult to actually get people to fill in the survey. The surveys were 

initially only distributed to nine participating pharmacies in the greater Darwin region 

and an incentive was offered to participants to fill in the survey (a $20 gift voucher from 

the participating pharmacy). However, less than 50% of the completed surveys were 

obtained from the participating pharmacies. The remaining completed surveys were 

obtained from shopping centres, work places, fitness centres, retirement and aged care 

facilities, social community centres, sports and recreational clubs, social clubs and at 

community events. This involved the researcher actively attending these places to 

promote the research project. Initially, attracting people who had already been taking 

glucosamine to participate in the survey was a slow process. However, after some time, 

as well as obtaining completed surveys from the places mentioned above, potential 

participants started to contact the researcher directly by phone or email requesting to 

participate in the study. Participants who contacted the researcher stated they had seen 

the survey advertised in various pharmacies, at sports and recreational clubs, at aged 

care centres and at social clubs. By actively attending at the places mentioned the 

researcher was able to complete the surveys in the presence of the participant by asking 

the questions from the survey. This ensured the participant understood the questions and 

enabled the researcher to ask follow-up questions in the further comments question, 

leading to specific answers about formulation used and length of times that glucosamine 

had been taken.  
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Fourth, given that the questions pertaining to pain and movement scores in the survey 

were based on the participant’s subjective assessment of their pain and degree of 

movement and not the clinical assessment of a medical practitioner, it is difficult to 

assess the accuracy of answers. However, even in a clinical setting, a patient’s responses 

to pain and movement scores are largely subjective, based on the patient’s own 

assessment. Thus, the answers provided in the surveys about pain and movement scores 

are valid. This point pertains to why the original research design included biochemical 

testing. 

Fifth, laboratory biochemical testing in conjunction with subjective pain and movement 

clinical assessments would have assisted in corroborating and validating both forms of 

assessment. That is, the results of the biochemical testing may have been supported by 

the subjective pain and movement scores and vice versa; hence validating biochemical 

testing such as total antioxidant status in the diagnosis, and monitoring of disease 

progression in diseases such as arthritis.  

Sixth, it is difficult to rely on participants’ answers on dosing compliance. For example, 

many claimed to have been taking glucosamine for years, complying with daily dosage 

regimes. However, even for patients taking prescribed medication over a significant 

period of time, pharmacy records can only indicate the frequency of the supply of the 

prescribed medication. Actual compliance in terms of dosage and frequency can only be 

gauged based on the patient claims of either compliance or non-compliance to the 

dosing regimen. The only exception to this would be in the case of a patient under 24-h 

care where medication is administered on the patient’s behalf. Thus, answers in the 

survey provided by participants in terms of dosage are valid. 
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Seventh, another difficulty with the study design was in terms of quality assurance. 

Whilst the quality assurance of the glucosamine taken by participants could not be 

directly controlled, identifying the brand and formulation of the glucosamine taken by 

the participant helped to demonstrate a level of quality assurance, particularly if the 

participant consistently purchased the same brand and/or formulation of glucosamine. A 

question in the participant survey was included to elicit this information.  

Eighth, it is difficult to assess whether answers provided in the surveys were truthful or 

were provided merely to obtain the $20 gift voucher. If all the completed surveys 

resulted in the provision of the $20 gift voucher, this may have been a valid concern. 

However, only 26 of the 87 returned surveys resulted in the provision of the $20 gift 

voucher, strongly indicating that it was not a motivating factor for completing the 

survey. Contrarily, it appears that most participants completing the surveys did so in 

order to be able to express their perception regarding the efficacy of glucosamine; and 

they certainly had strong perceptions, which will be discussed later. 

Finally, a difficulty with leaving surveys at participating pharmacies to be completed by 

participants was that additional information could not be ascertained in the form of 

follow-up questions due to the researcher not being present at the time. For example, 

when participants answered ‘Yes’ to buying the same brand of glucosamine, it was 

highly relevant to the aims of the study to ascertain whether the participant always 

purchased the same formulation of glucosamine. As critical analysis of selected studies 

in the literature review section revealed, the majority of studies with positive outcomes 

in terms of the efficacy of glucosamine utilised glucosamine sulphate in the study 

design. Conversely, studies that reported negative results in terms of efficacy mostly 
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utilised glucosamine HCl in their protocol. Thus, it was relevant to ascertain whether 

participants purchased not only the same brand of glucosamine, but also whether they 

consistently purchased the same formulation. That this question was omitted from the 

survey was a flaw in the design of the survey. However, this flaw was compensated for 

by the researcher being present during the time most participants completed the survey 

and specifically asking about the formulation of glucosamine purchased at the end of 

the survey. The answer to this question was recorded in Question 20 ‘Do you have any 

other comment?’ As the majority of surveys were completed in the presence of the 

researcher, the question pertaining to the formulation of glucosamine purchased was 

asked in the majority of completed surveys. 

Results versus Hypothesis 

The analysis of the completed surveys and the statistical testing of the hypothesis shows 

that the original hypothesis is strongly supported in part (regarding the efficacy of 

glucosamine in decreasing pain and improving movement, and the duration of treatment 

and dose) and the objectives of this study were achieved.  

It should be noted that the hypothesis that glucosamine was perceived to be effective in 

reducing pain and improving joint movement was supported by the results of the study. 

Likewise, the hypothesis that in order to achieve maximum benefit from glucosamine 

treatment, administration should continue for a period of at least six months with a daily 

dose of 1500 mg was also supported by the results of the study. 

However, the hypothesis that glucosamine has a significant antioxidant effect, reducing 

adverse free-radical activity associated with the clinical progression of the disease, was 

not tested in this study due to cost and the researcher qualification.  Similarly, the 
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hypothesis that pro-longed/sustained glucosamine administration may result in a toxic 

side-effect, namely, decreased insulin sensitivity, was also not tested in this study. The 

researcher is aiming to address those three issues in future studies. 

The initial research design of this study included the analysis of a de-identified large 

sample of data from a DAA provider. However, collation and analysis was not effective 

in determining any trends about glucosamine formulation used in the treatment of 

arthritis, nor did it reveal any particular trends in determining periods of time that 

glucosamine was used to treat arthritis and did not contribute to the research results of 

this study.  

The survey component of the study, however, was successful and formed the entirety of 

the results and discussion presented in this study. A total of 87 completed surveys were 

collected. The researcher gathered specific information about the formulation and length 

of time participants had been taking glucosamine. 

Specific Significant Findings/Results  

There were 10 main findings from this research. 

Finding 1 

The majority of survey participants found glucosamine to be very effective in reducing 

joint pain and improving joint movement/function. 

The results of the study indicate that glucosamine is very effective in the treatment of 

OA in terms of reducing associated pain and improving movement in the affected joints. 

A huge 91.9% of respondents, equally distributed between male and female, stated 
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glucosamine had helped reduce pain in their joints. Only 8.1% of respondents stated 

glucosamine had been ineffective. Further, a resounding 91.7% of respondents stated 

that taking glucosamine had improved the movement in their joints. Likewise, 93.2% of 

respondents indicated that taking glucosamine has helped to improve the function of 

their joints due to the pain reduction.  This perceived pain reduction may also account 

for why respondents reported an improvement in the function of their joints.  Pain is a 

major inhibitor of joint motion so it logically follows that a reduction in pain would 

most likely result in the patient experiencing a greater range of movement and function 

in their joints. 

The reduction in pain and improvement in joint movement/function was measured by 

asking participants to rate their pain and joint movement/function on a visual pain-

rating scale that measured pain on a scale of 1–10 before and after taking glucosamine. 

Almost half (46.5%) indicated their pain had improved by 3–4 points after having taken 

glucosamine, and just over half (51.7%) indicated their joint movement had improved 

by 1–2 points; both are significant findings. A small percentage of respondents reported 

their pain and joint movement/function had improved by 5 or more points (11.6% and 

6.9% respectively), representing a significant improvement. 

Statistical testing was performed to ascertain whether the difference between pain 

scores and joint movement scores before and after taking glucosamine was statistically 

significant. Due to the data being not normally distributed, non-parametric testing was 

used, specifically the Wilcoxon signed-rank sum test. For both joint pain and joint 

movement/function, the score difference before compared to after taking glucosamine 

was found to be statistically significant with Prob>z = 0.0000. This suggests that after 
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taking glucosamine participants experienced a significant reduction in pain and 

improvement in joint movement. 

It could be argued that the responses to the questions given by participants do not take 

into consideration that the participant could be using other pain medication or other 

medications that may be responsible for the reduction in pain and/or improvement in 

joint movement function. However, the survey questions pertaining to pain and joint 

movement were carefully constructed to ask specifically about the participant’s pain 

rating and joint movement rating before and taking glucosamine, somewhat excluding 

the effect of other medications taken at the same time.  

The available literature also supports the finding in this study that glucosamine is very 

effective in reducing pain and improving movement in affected joints. Several meta-

analyses conducted in 2008 concluded that, although several studies found glucosamine 

has little benefit in providing pain relief for OA, over 40 studies found that glucosamine 

is effective in providing relief of pain and improvement of joint movement/health 

among sufferers of OA (Bruyere, Burlet et al. 2008; Gregory et al. 2008). In addition, 

critical analysis of the available literature reveals that whilst glucosamine HCl was 

ineffective for pain reduction in patients with knee OA, glucosamine sulphate was 

effective when administered for more than six months (Wu et al. 2013).  

Finding 2  

The knees are the most common location of arthritis. 

Most respondents (86%) indicated they had joint pain in their knees. Similarly, most 

respondents indicated pain and joint-movement improvement in their knees after taking 
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glucosamine. More significantly, most of the responders indicating pain and joint 

improvement in their knees also indicated a significant improvement of 3–4 points on 

the visual scale. 

Finding 3 

No conclusion can be drawn about glucosamine sulphate formulation versus 

glucosamine HCl formulation. 

Question 20 of the participant survey was used to ask participants if they had any other 

comments, and if in person, the researcher asked specifically how long they had been 

taking glucosamine and if they knew what  brand of glucosamine they had been taking 

(for the researcher to determine if it was glucosamine sulphate or HCl). 

Whilst most of the participants did not know what formulation they had been taking, 27 

of the 87 respondents indicated they had been taking the glucosamine sulphate 

formulation. Although it is significant that the 27 participants who stated they had been 

taking glucosamine sulphate also indicated that it had substantially reduced their pain 

and improved their joint function/movement, unfortunately no conclusions can be 

drawn about one formulation being more effective than another in this study due to the 

other 60 participants not mentioning or not knowing what formulation they used. 

Although the results of this study do not support the hypothesis that the sulphate 

formulation is more beneficial than other glucosamine formulations, the existing 

literature does support this hypothesis, as discussed in Finding 1.  
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Finding 4 

All participants indicating positive results used glucosamine for over six months. 

It is clear from the study that those patients who used glucosamine for more than six 

months experienced a significant reduction in pain and an improvement in joint 

movement. The results in Table 72 (page 140) show that all respondents (100%) who 

took glucosamine for over six months reported that glucosamine was beneficial in 

reducing their joint pain. However, amongst those respondents who took glucosamine 

for less than six months, nearly half reported no benefit from taking glucosamine. This 

leads to the conclusion that for glucosamine to be effective in reducing joint pain, it 

must be taken for a period exceeding six months. 

Sixty out of 80 participants indicated they had used glucosamine for more than six 

months. Of significance is that all (100%) of these participants reported pain reduction 

and joint-movement improvement after using glucosamine ranging from 1–2 points 

through to 5 or more points on the rating scales.  

This result is statistically significant. Statistical testing was conducted to ascertain 

whether the difference between pain scores and joint-movement scores in participants 

taking glucosamine for more than six months compared to those taking glucosamine for 

less than six months was significant. Due to the data being not normally distributed, 

non-parametric testing was used, specifically the Wilcoxon signed-rank sum test.  

For joint pain, the score difference between taking glucosamine for more than six 

months and taking glucosamine for less than six months was found to be statistically 
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significant, with Prob>z = 0.0018. This suggests that taking glucosamine for longer than 

six months results in a significantly large reduction in overall pain. 

For joint-movement improvement, the score difference between taking glucosamine for 

more than six months and taking glucosamine for less than six months was statistically 

significant, with Prob>z = 0.0343. This suggests that taking glucosamine for longer than 

six months results in a significantly large improvement in overall joint movement. 

This finding also supports both the hypothesis of this study and the existing literature on 

the efficacy of glucosamine. The hypothesis states that in order to achieve maximum 

benefit from glucosamine treatment, administration should continue for a period of at 

least six months with a daily dose of 1500 mg. 

The finding of this study that 100% of participants who indicated they took glucosamine 

for more than six months reported a statistically significant reduction in pain and an 

improvement joint function/movement is also supported by the existing literature. The 

current best-practice guidelines recommend a glucosamine dose of 1500 mg daily for a 

period of six months for full benefits to be achieved. However, the guidelines go further 

and recommend the use of glucosamine sulphate rather than the HCl formulation for 

better results (Bruyere, Burlet et al. 2008; Gregory, et al. 2008; National Center for 

Complementary and Alternative Medicine. 2008; Wandel, et al. 2010). In addition, a 

recent meta-analysis conducted in 2013agrees with this assessment, concluding that 

whilst glucosamine HCl was ineffective for pain reduction in patients with knee OA, 

glucosamine sulphate was effective when administered for more than six months (Wu et 

al. 2013). 
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Finding 5 

All participants who indicated negative results used glucosamine for less than six 

months. 

A small number of the total number of participants in the study indicated that 

glucosamine had not been effective in reducing their pain or improving the 

function/movement of their joints (six and four participants out of 87 respectively). This 

is a significant finding, as all of these participants took glucosamine for less than six 

months, supporting the hypothesis of this study and corroborating the literature.  

The hypothesis of this study states that in order to achieve maximum benefit from 

glucosamine treatment, administration should continue for a period of at least six 

months with a daily dose of 1500 mg. While small in number, 100% of the participants 

who indicated that glucosamine was ineffective stated they had been taking 

glucosamine for less than six months. The actual time-frames recorded in the surveys 

ranged from as little as two weeks up to four months.  

The existing literature also supports the assertion that maximum benefit from 

glucosamine treatment is achieved after administration for at least six months with a 

daily dose of 1500 mg (Bruyere, Burlet et al. 2008; Gregory et al. 2008; National Center 

for Complementary and Alternative Medicine 2008; Wandel et al. 2010). A more recent 

meta-analysis conducted in 2013 agrees with this assessment, concluding that 

glucosamine sulphate was effective when administered for more than six months (Wu et 

al. 2013). 
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Furthermore, a critical analysis of the literature indicating negative or poor results from 

using glucosamine revealed that this may be due to short duration (two months or less) 

and that there is a latency period of four to eight weeks before therapeutic benefits from 

glucosamine administration are seen, as has been established by evidence-based best-

practice guidelines (Herrero-Beaumont, Ivorra et al. 2007; National Center for 

Complementary and Alternative Medicine 2008). 

Finding 6 

The majority of those participants indicating positive results were diagnosed with OA. 

The majority (52%) of participants who reported that glucosamine was effective in 

terms of pain reduction and improvement in joint movement/function stated they had 

been diagnosed with OA by their doctor. 

The hypothesis of this study states that glucosamine in its sulphate salt formulation 

significantly decreases pain associated with IJDs and improves joint 

function/movement. The finding that the majority of participants who reported positive 

results with glucosamine were diagnosed with OA supports the hypothesis of this study 

because OA is a form of IJD. 

This finding is supported by the existing literature, which points out that whilst OA is 

classed as an IJD it does not have an autoimmune pathogenesis as in RA. It is not 

systemic and is generally confined to the affected joint (Ayral et al. 2005). OA is 

characterised by the breakdown and eventual loss of cartilage in one or more joints 

(Dam et al. 2009). The cartilage becomes brittle and degrades; pieces of cartilage may 

break away and float around inside the synovial fluid, which can lead to inflammation. 
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Eventually, the cartilage can break down to the point that it no longer cushions the two 

bones at the joint (Fernandes et al. 2002; Guilak et al. 2004; Kapoor et al. 2011). Thus 

the progression of OA is strongly associated with inflammation and justifies its 

classification as an IJD. 

Finding 7 

Glucosamine is highly effective in participants diagnosed with rheumatoid arthritis. 

An interesting finding of the study was that a small group of participants reported that 

they were diagnosed with RA (five out of 87 participants). Of particular interest was 

that 100% of those participants diagnosed with RA reported a highly significant 

decrease in pain ranging from 1–2 points through to 5 points or more on the visual 

scale. They also reported a significant improvement in joint function/movement ranging 

from 1–2 points through to 5 or more points. All of the participants with a self-reported 

RA diagnosis indicated they had been taking glucosamine for longer than six months at 

the recommended dose of 1500mg per day. Additionally, most reported they had been 

taking the same brand of glucosamine in the sulphate salt formulation. 

This finding supports the hypothesis of the study that glucosamine in its sulphate salt 

formulation significantly decreases pain associated with IJD and improves joint 

function/movement. However, the finding in this study that glucosamine appears to be 

highly effective in the treatment of people diagnosed with RA warrants further 

discussion in terms of the possible therapeutic extension of glucosamine. 

Glucosamine is only recommended for the treatment of OA. That is, in addition to first-

line treatments for OA (NSAIDs), the OARSI treatment guidelines only recommend the 
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use of CAM interventions such as glucosamine and acupuncture for the treatment of OA 

(Smolen  et al. 2010; Zhang et al. 2007). Glucosamine is not recommended in a clinical 

setting for the treatment of any other form of arthritis, including RA. The recommended 

treatments for RA include DMARDs, including non-biologic (traditional small 

molecule or synthetic) and biologic DMARDs, and orally administered small molecule 

kinase inhibitors (Saag et al. 2008; Singh, Furst et al. 2012; Smolen et al. 2010). 

All participants in this study diagnosed with RA reported significant reductions in pain 

and improvement in joint function/movement. A possible explanation for this finding 

could lie in the link between the oxidative stress found in both the pathogenesis and 

disease progression of RA, and the reported strong antioxidant activity of glucosamine.  

Although the exact causes of RA are unknown, involvement of ROS is suspected. In 

vitro, ONOO– formation is associated with decreased production of type 2 collagen and 

aggrecan and with a diminished chondrocyte response to the growth factor IGF-1. In 

addition, ONOO– increases the expression of MMP-3 and MMP-13 and decreases the 

production and activity of the tissue inhibitors of MMPs (TIMPs) (Henrotin et al. 2003; 

Afonso, Champy et al. 2007). Taken in concert, these changes lead to increased matrix 

breakdown. 

TNF-α overproduction is thought to be the main contributor to increased ROS release in 

patients with RA. TNF-α not only causes cell damage, but also inhibits SOD1 and 

SOD3 (Afonso, Santos et al. 2006; Stralin & Marklund 2000). Thus, the disease 

progression of RA can also be attributed to ROS. 

Research has demonstrated the strong antioxidant properties of glucosamine (Mendis et 

al. 2008; Xing, Liu, Guo et al. 2006; Xing, Liu, Wang et al. 2009; Yang et al. 2007) in 
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terms of its scavenging abilities, its reducing power and as an effective chelating agent. 

Glucosamine also exhibits strong immune-stimulating abilities, exerting a strong effect 

on phagocytosis of macrophages, indicating that pre-treatment with glucosamine could 

efficiently augment the humeral and cellular immune response (Yang et al. 2007). 

Given the role of ROS in the pathogenesis and pathological disease progression of RA, 

and given the strong antioxidant properties and immune-stimulating properties of 

glucosamine, the findings of this study may be rationalised. That is, the antioxidant 

properties of glucosamine may be directly responsible for the positive effects of 

glucosamine reported by RA suffers who took part in this study. It can be rationalised 

that a reduction in ROS in an RA sufferer may result in a reduction in inflammation 

around affected joints, thus resulting in a reduction of pain and an improvement in joint 

function and movement. 

To date, no research has been conducted regarding the antioxidant/pro-oxidant activity 

of glucosamine in human patients suffering from IJDs, and there has been very little 

research conducted on the efficacy of glucosamine in the treatment of RA patients. 

Nakamura et al. (2007) found that glucosamine treatment produced noticeable 

improvements in symptoms of RA patients. However, total antioxidant status was not 

able to be measured in this study; as such the finding cannot be documented as an 

abnormality, accidental or actual correlation between improvement in symptoms and 

improvement in total antioxidant status. 

There is a strong inference from the results of this study and that of Nakamura et al. 

(2007) that glucosamine may have a significant symptom-modifying effect on RA 

patients. It is very clear that further research involving the efficacy of glucosamine in 
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such arthritic patients’ needs to be conducted. This further research needs to be in the 

form of testing the blood of arthritis patients measuring total antioxidant status and 

other biological markers such as CRP and rheumatoid factor. This needs to be 

conducted in conjunction with clinical tests, such as pain and joint-function tests, in 

order to identify a correlation between improvement in biological markers and 

improvement in subjective clinical tests such as pain and joint-function scores. The trial 

needs to be conducted over a period of at least six months with administration of 1500-

mg daily dose of glucosamine. The initial intention of this research was to conduct such 

a study; however, ethical and logistical issues prevented such a design.  

The hypothesis of this study asserts that glucosamine has a significant antioxidant 

effect, reducing adverse free-radical activity associated with the clinical progression of 

the disease. Whilst this assertion has not been supported through biochemical testing, it 

can certainly be inferred given the following premise:  

− Glucosamine has been shown to be a strong antioxidant (Mendis et al. 2008; Xing, 

Liu, Guo et al. 2006; Xing, Liu, Wang et al. 2009; Yang et al. 2007).  

− Free-radical activity is associated with the pathogenesis and clinical progression of 

RA (Afonso, Champy et al. 2007; Henrotin et al. 2003).  

− The findings of this study show that 100% of participants diagnosed with RA 

reported significant improvement in terms of pain reduction and joint function and 

movement.  

Although the results of this study were based on patient perceptions alone, careful 

survey questioning measuring perceived pain and joint function improvement both 

before and after taking glucosamine resulted in overwhelming positive findings 
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regarding the efficacy of, and tolerance for, glucosamine. The significant improvement 

in pain and joint function scores in RA sufferers is particularly important as it may 

indicate a possible extension of glucosamine therapeutic application. 

Finding 8 

Glucosamine is well tolerated with no significant side effects or toxicities. 

A recent meta-analysis of clinical studies indicated that glucosamine may decrease 

insulin sensitivity and increase fasting glucose. The authors note that these effects were 

more likely to be detected in studies including subjects with baseline impaired glucose 

tolerance or insulin resistance. The authors also conclude that further research is needed 

to provide firm evidence (Dostrovsky et al. 2011). 

A further safety consideration is, that since most glucosamine is prepared from 

shellfish, it should not be recommended to patients with a significant seafood allergy, 

although case reports show that patients do not typically react to glucosamine (Gray et 

al. 2004).  

One study (Knudsen & Sokol 2008) discussed the possibility that glucosamine may 

result in a potential interaction between it and warfarin (an anti-coagulant medication) 

that is associated with an increase in the INR. However, the authors conclude that more 

research in this area needs to be conducted to confirm this interaction. Despite the 

possible interaction with warfarin, it is unlikely that glucosamine would have adverse 

interactions with other drugs since glucosamine is mainly absorbed via glucose 

transporters and does not compete for general absorption mechanisms. In addition, it is 
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mainly metabolised independently of the cytochrome P450 enzyme system (Anderson 

et al. 2005). 

The results of this study indicate that glucosamine is very well tolerated across a sample 

with a wide participant demographic; the age of participants was between 40 and 84 

years with 44 males and 43 females from a variety of occupations. There were no 

reports of glucosamine intolerance or toxicity across the entire sample. This is a 

significant finding given the participant demographics and the range of time-frames of 

the administration of glucosamine, which ranged from three weeks to over three years. 

Another finding of this study is that several participants who reported taking other 

medications for co-morbid conditions concurrently with glucosamine reported no 

noticeable side-effects or toxicities. The co-morbid conditions were either explicitly 

disclosed or inferred by the participants by way of listing other medications being taken 

concurrently. This is significant as it indicates that glucosamine did not have any 

reported drug–drug interactions.  

From the above findings about the tolerance and toxicity of glucosamine, the hypothesis 

that pro-longed/sustained glucosamine administration could result in reports of a toxic 

side-effect, namely, decreased insulin sensitivity was not supported. This finding is 

welcome, and indeed supports the rationale for the sustained use of glucosamine. 

However, whilst participants did not report such adverse effects, no biochemical tests 

were conducted to provide tangible evidence of this claim. This is particularly relevant 

since insulin resistance often does not trigger any noticeable symptoms, especially in 

the early phases. Thus, participants would not have necessarily reported any adverse 

effects. 
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Finding 9 

The most popular brand of glucosamine was Blackmores. 

An incidental finding of the study was that the Blackmores brand of glucosamine was 

the most popular choice amongst the participants, with 36 out of 87 participants 

purchasing it on a consistent and ongoing basis. The remaining participants were 

equally spread, purchasing brands of glucosamine including Nature’s Own, Nature’s 

Way, Swisse, Metagenics, Biogenics and Bio-Organics. 

The reason for Blackmores’ popularity was not in the scope of this study; however, it 

can be speculated that the brand is well established and well-known in Australia, and 

marketed widely. 

A favourable consequence resulting from the majority of participants in this study using 

Blackmores’ glucosamine is that it afforded the study a degree of quality assurance. For 

example, participants from different demographic groups reported similar positive 

results after taking Blackmores glucosamine. Whilst this result somewhat lends to the 

possibility that the positive results are related to a particular brand of glucosamine, the 

results were experienced by participants using a wide variety of glucosamine brands. 

However, it is noteworthy from the results that most respondents who indicated any 

kind of improvement in both pain and joint movement stated that they did buy the same 

brand of glucosamine all the time. 

Statistically, the null hypothesis to test the pain-score difference across different brands 

of glucosamine was that the pain-score differences between before and after taking 

glucosamine was the same for all brands. As p = 0.64, the null hypothesis is accepted 
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and it is therefore concluded that all brands provide a similar level of pain improvement. 

Similarly, the null hypothesis to test the joint movement difference across different 

brands of glucosamine was that all joint-movement improvement score differences 

between before and after taking glucosamine are the same for all brands. As the p value 

= 0.44 the null hypothesis is accepted and it is concluded that all brands provide a 

similar level of joint pain improvement. 

Finding 10 

Health professionals have confidence in the efficacy of glucosamine. 

The results indicate that most respondents diagnosed with OA (52.9%) started taking 

glucosamine on the advice of their pharmacist, while 31.4% of respondents diagnosed 

with OA were prescribed glucosamine by their doctor. These results indicate that health 

professionals have a degree of confidence in the efficacy/benefits of glucosamine as a 

complementary medicine for the treatment of OA. Also of note is that of those 

respondents who did not have a medical diagnosis, 50% still received advice from their 

pharmacist about glucosamine being an effective treatment for their joint pain. 

Of particular interest is that although glucosamine is not indicated for the treatment of 

RA, four respondents indicated that they had read about glucosamine and decided to try 

it to see if it helped improve the symptoms of their RA. 

Further Research Questions Arising from the Study 

This study recommends further research into the questions as outlined below. 
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Future Research Question 1 

Is there a difference in efficacy between glucosamine HCl and glucosamine sulphate? 

Whilst the majority of studies reviewed concluded that glucosamine was effective in the 

treatment of OA, there were also a significant number that reported negative results. A 

critical analysis of the studies reporting negative results revealed that the majority used 

glucosamine HCl formulation, and conducted the study for a period of less than six 

months. Some of the studies were conducted over several weeks only (Houpt et al. 

1999).  

These negative results may be largely due to the experimental design/methodology of 

the study. The current best-practice guidelines (Bruyere, Burlet et al. 2008; Distler, & 

Anguelouch 2006; Wandel et al. 2010), recommend a dose of 1500 mg of glucosamine 

sulphate for a period of six months for full benefits to be achieved. Furthermore, these 

guidelines recommend the use of glucosamine sulphate rather than the hydrochloride 

version for better results.  This recommendation requires further investigation. 

Therefore, further research is required to examine if there is a difference in efficacy 

between glucosamine sulphate and glucosamine HCl. If there is a significant difference, 

further research needs to be conducted to determine why. 

Future Research Question 2 

How long does glucosamine need to be taken before benefits are experienced? 

The existing literature indicates that the current best-practice guidelines for the use of 

glucosamine (Bruyere, Burlet et al. 2008; Distler & Anguelouch 2006; Wandel et al. 
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2010), recommend a dose of 1500 mg for a period of at least six months for full benefits 

to be achieved. The results of this study support the existing literature in that all 

participants reporting positive results with glucosamine had taken it for at least six 

months. Conversely those participants who reported negative results had taken 

glucosamine for less than six months. 

It would be beneficial to conduct further research into the minimum length of time 

needed to experience the benefits of glucosamine. This research could take the form of 

four groups of participants suffering with arthritis taking the two formulation (for both 

glucosamine sulphate and glucosamine HCl) and same dose of glucosamine; two group 

taking the glucosamine for a period exceeding six months and the other two groups 

taking it for a period not extending to six months. Comparing the results between the 

two groups may provide further evidence as to the length of time a patient should take 

glucosamine to experience maximum benefit.  Analysing the data may also show a 

minimum period for glucosamine treatment before benefits can be seen from both 

formulations.  

Future Research Question 3 

What is the antioxidant effect of glucosamine and its antioxidant activity in 

osteoarthritic patients? 

There is little existing literature regarding the antioxidant activity of glucosamine. 

Research has demonstrated, however, the strong antioxidant properties of glucosamine 

(Mendis et al. 2008; Xing, Liu, Guo et al. 2006; Xing, Liu, Wang et al. 2009; Yang et 

al. 2007) in that glucosamine is an effective ‘scavenger’ of free radicals and has 

particularly strong reduction properties. There are no reported studies of the antioxidant 
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effect of glucosamine in humans suffering with arthritis. Thus, further research is 

necessary to explore glucosamine’s full potential as an antioxidant; especially in 

reducing free-radical activity in humans. The results of such a study may indicate 

further therapeutic applications of glucosamine for other diseases associated with 

oxidative stress, such as autoimmune diseases. 

It is recommended that the suggested further research is in the form of the blood of 

arthritis patients being periodically tested during the trial, measuring total antioxidant 

status and other biological markers such as CRP and rheumatoid factor. This needs to be 

conducted in conjunction with clinical tests such as pain and joint-function tests in order 

to identify a correlation between improvement in biological markers and improvement 

in subjective clinical tests such as pain and joint-function scores. The trial needs to be 

conducted over a period of at least six months with a daily dose of 1500 mg of 

glucosamine.  

Future Research Question 4 

What is the efficacy and antioxidant activity of glucosamine in patients with RA?  

As mentioned earlier in this discussion, both the existing literature (Nakamura et al. 

2007) and the results of this study report significant positive results in the reduction of 

pain and improvement of joint function/movement in patients with RA who take 

glucosamine. 

It is hypothesised that the positive results experienced by RA patients taking 

glucosamine may be due to the strong antioxidant properties of glucosamine (Mendis et 

al. 2008; Xing, Liu, Guo et al. 2006; Xing, Liu, Wang et al. 2009; Yang et al. 2007). 
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The rationale for this hypothesis is based on the existing research about oxidative stress 

being responsible for the pathogenesis and disease progression of RA (Afonso, Santos 

et al. 2006; Afonso, Champy et al. 2007; Henrotin et al. 2003; Stralin & Marklund 

2000). It is logical to conclude, therefore, that the positive results of glucosamine 

experienced by RA patients can be attributed to the antioxidant activity of glucosamine. 

To test this hypothesis rigorously, large-scale research needs to be conducted examining 

the efficacy and tolerance of glucosamine specifically in RA patients. Testing biological 

markers such as total antioxidant status in conjunction with other diagnostic methods, 

such as pain and joint-function assessments, would greatly assist either supporting or 

refuting this hypothesis. 

Future Research Question 5 

What possible role does glucosamine have in the treatment of other diseases associated 

with oxidative stress? 

As discussed above, the existing literature reports the strong antioxidant properties of 

glucosamine. Further research examining the possible role of glucosamine in the 

treatment of other diseases associated with oxidative stress, such as auto-immune 

diseases is surely warranted, given that glucosamine has been identified as having 

strong scavenging and reduction properties, and glucosamine has a highly favourable 

safety profile supported by both the existing literature and the results of this study. 

Future Research Question 6 

What is the comparative efficacy of different brands of glucosamine? 
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Further research on the performance of different brands of glucosamine would be 

beneficial. This research may result in findings pertaining to different concentrations of 

glucosamine, and/or different excipient ingredients affecting the efficacy of a particular 

brand of glucosamine. 

Importance and Significance of Research Outcome 

Relevance to general practice: This study provides anecdotal evidence about the 

efficacy and toxicity of glucosamine not only in OA patients but also in RA sufferers. It 

also assesses the efficacy of glucosamine in terms of managing oxidative stress in IJDs. 

Further, it demonstrates and provides discussion regarding the usefulness of pain scores 

and total antioxidant assays, such as the GSH transferase test in assessing the efficacy 

and toxicity of glucosamine, which could be adopted in routine clinical practice to 

assess the efficacy of treatment and/or progression of disease.  

Education: This study will inform decisions on the recommendation of glucosamine for 

the treatment of IJDs such as OA and RA. In addition, this study provides discussion 

regarding the antioxidant/pro-oxidant activity of glucosamine in patients with IJDs, 

therefore examining the diagnostic value of antioxidant-related laboratory tests. As yet, 

no specific research has been conducted to measure the antioxidant activity of 

glucosamine in the blood of IJD patients. Given the role of ROS in many inflammatory 

diseases, proposed research regarding measurement of antioxidant status in IJD patients 

may also further inform decisions and generate discussion as to the additional clinical 

use of glucosamine as a therapeutic agent. 

Adaptability: The methodologies used and presented in this study are adaptable to 

clinical practice. Pain scores used to measure/quantify pain are routinely utilised in 
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research. These pain scores are readily available and could be adapted to routine clinical 

practice. Likewise, antioxidant tests/assays are readily available, and include validated 

methods such as the GSH and GSH transferase spectrofluorometric techniques (Yakubu 

et al. 2011). Assessing the antioxidant/pro-oxidant activity has a two-fold benefit in that 

it may assist in assessing a medication’s efficacy and toxicity in terms of its 

antioxidant/pro-oxidant activity, as well as providing a measure in terms of the clinical 

progression of a disease. Assessment of the efficacy and toxicity of glucosamine will 

further inform decisions about its clinical application, which may in turn be adapted into 

standard recommended treatment regimens for IJDs. 

Discrimination of a health problem: Glucosamine has been identified as being 

inadequately studied, with recent recommendations made for its further study (Davies et 

al. 2013). The efficacy and toxicity of glucosamine are still poorly understood. 

Similarly, even though glucosamine has demonstrated antioxidant activity in vitro, its 

efficacy/toxicity as an antioxidant/pro-oxidant in patients suffering from IJD has not 

been studied. 

Significance of Analytical Methods 

The results of the survey were collated and analysed, and used to test the hypothesis in 

the following ways: 

− Assessing whether pain, functionality and range of movement were positively or 

negatively affected with glucosamine treatment will assist in assessing the 

effectiveness of glucosamine in terms of pain reduction and/or joint mobility 

improvement. The application and assessment of appropriate pain-rating scales (e.g. 

Visual Analogue Scale, Numerical Rating Scale, McGill Pain Questionnaire, The 
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Western Ontario and McMaster Universities Arthritis Index) were incorporated into 

the survey questions. 

− Similarly, identifying any side effects experienced whilst the participant was taking 

glucosamine assisted in assessing the safety of glucosamine.  

− Identifying the brand and/or formulation of the glucosamine used by the participant 

also assisted in assessing if there were any significant differences in effectiveness 

and or toxicity across brands and/or formulation of glucosamine.  

− The results of the survey were also compared to the existing literature to identify 

recurrent trends or identify new trends not identified in the literature. 

− The research took into consideration independent variables such as age, gender, 

health status and current treatment regimes, as well as dependent variables (indices 

to be measured) such as survey answers on pain/functionality/range of movement. 

Whilst the quality assurance of the glucosamine taken by participants could not be 

directly controlled, identifying the brand and formulation of the glucosamine taken 

demonstrated a level of quality assurance, particularly if the participant consistently 

purchased the same brand and/or formulation of glucosamine. A question in the survey 

was included to elicit this information.  

As was discussed in Chapter III, to date, no research has been conducted regarding the 

antioxidant/pro-oxidant activity of glucosamine in human patients suffering from IJD, 

and there has been very little research conducted on the efficacy of glucosamine in the 

treatment of RA. A critical analysis of the Nakamura et al study (2007) reveals that it 

was conducted over three months of testing glucosamine HCl formulation in a small 

representative population. The choice of formulation and short duration of the study 



 

202 

could be responsible for negative anti-rheumatic effects, given the current 

recommendations regarding glucosamine use (Wu et al. 2013). In addition, total 

antioxidant status was not measured in this study. 

In order to address these gaps in knowledge regarding glucosamine, this research 

proposes further examination regarding the efficacy and toxicity of glucosamine. 

Additionally, this study proposes that further research into the possible effect/efficacy 

of glucosamine on oxidative stress and in the pathogenesis and disease progression of 

IJD patients be conducted. Additionally, (given the antioxidant activity of glucosamine 

and the role of free radicals in IJD) this research proposes that further research into the 

symptom and/or disease modifying activity of glucosamine in RA patients be 

conducted. 

Thus, further study in relation to glucosamine should examine the efficacy and toxicity 

of glucosamine, not only as a symptom-modifier, but also as a disease modifier through 

assessment of its antioxidant/pro-oxidant activity. Given the role of ROS in the clinical 

progression of IJDs such as OA and RA, future research of this kind will further enable 

examination of the extent to which glucosamine acts as an antioxidant in IJD patients. 

This may also assist in assessing glucosamine’s overall effectiveness in terms of 

reducing oxidative stress associated with IJD and may infer application in the treatment 

of other diseases associated with oxidative stress. This may therefore inform decisions 

about its additional clinical use as a therapeutic agent. 

Chapter Summary 

This chapter outlined the issues related to designing the study. It then presented the 

recommendations of this study. Finally, it identified questions for future research based 
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on existing knowledge gaps about the efficacy and toxicity of glucosamine in terms of 

the most effective/efficient treatment regime, the nature and extent of its toxicity, its 

antioxidant/pro-oxidant activity in vivo, its efficacy and toxicity in the treatment of 

oxidative stress associated with OA and RA, and its efficacy as a symptom and/or 

disease modifier in RA.  
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Chapter VII – Conclusion and Recommendations 

The initial research design of this project was complex and ambitious as it was my 

intention to measure the antioxidant activity of glucosamine in arthritis sufferers and to 

examine whether its apparent strong antioxidant activity may to some degree account 

for its reported beneficial effects in arthritis sufferers.  

Although this research did not allow for validated laboratory testing to assist in 

assessing glucosamine efficacy, it still utilised validated clinical methodologies such as 

visual pain and joint-movement scales to assess pain and joint movement in the 

participants. Participants in the study were all arthritis sufferers, and utilised these 

validated methodologies by answering specific questions, and making self-

determinations regarding pain and joint-movement scores based on their before and 

after assessment of taking glucosamine. Although the answers given in the survey are 

therefore completely subjective, they are no more subjective than the answers given to a 

physician in a clinical setting when pain and joint-movement scales are applied. 

The results of this study strongly point to the need for further research to be conducted 

with a research design of the kind described in the initial design of this study. Further 

research is needed regarding the efficacy of glucosamine, not only in terms of its 

effectiveness in the OA sufferers it is indicated for, but also in sufferers of other types 

of arthritis, which may indicate a possible therapeutic extension of glucosamine.  

The results of this study supported the hypothesis that glucosamine significantly 

decreases pain associated with IJD and improves joint function/movement, and that, in 

order to achieve maximum benefit from glucosamine treatment, administration should 
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continue for a period of at least six months with a daily dose of 1500 mg. The assertion 

that glucosamine in its sulphate salt formulation is more effective, and that glucosamine 

has a significant antioxidant effect reducing adverse free-radical activity associated with 

IJD, was not able to be tested. This was due to the delay in approval due to ethical 

issues that resulted in the change to the research design, and due to insufficient data 

collected regarding differences in efficacy between formulations of glucosamine. 

An overwhelming 91.9% and 91.7% of participants in this study stated that glucosamine 

had reduced their pain and improved their joint movement respectively. Of even more 

significance was by just how much glucosamine improved participants’ pain and joint 

movement. Reduction in pain and improvement in joint movement ranged from 1 point 

on the visual scale right through to 5 or more points. Of the participants who indicated 

that glucosamine was effective, the majority (46.5%) indicated that their pain had 

reduced by 3–4 points on the visual scale after taking glucosamine. Statistically, that is 

a highly significant substantial reduction in pain. Likewise, 51.7% of participants 

indicated that their joint movement had improved by 1–2 points on the scale. Again, this 

is a statistically significant improvement. 

Another interesting finding of this study was that 60 out of 80 participants indicated 

they had used glucosamine for more than six months. Significantly, all reported pain 

reduction and joint-movement improvement after using glucosamine. Specifically, 

100% of those participants who indicated they had been using glucosamine for more 

than six months reported that glucosamine had reduced their pain and improved their 

joint function/movement, ranging from an improvement of 1–2 points through to 5 or 

more. Of particular note, a small number of the total number of participants in the study 
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indicated that glucosamine had not been effective in reducing their pain, nor in 

improving the function/movement of their joints (six and four participants out of 87 

respectively). This is significant because all of these participants stated they had taken 

glucosamine for less than six months.  

An important finding of this study is the indication that glucosamine is very well 

tolerated across a sample with a wide participant demographic; the age of participants 

was between 40 and 84 years, with 44 males and 43 females from a variety of 

occupations. There were no reports of glucosamine intolerance or toxicity across the 

entire sample. This is a significant finding given the participant demographic reporting 

time-frames for the administration of glucosamine ranging from three weeks to over 

three years. Also of importance is that several participants who reported taking other 

medications for co-morbid conditions concurrently with glucosamine reported no 

noticeable side-effects or toxicities. This is significant as it indicates that glucosamine 

did not have any reported drug–drug interactions perceived by the participants.  

Encouragingly, the results of this study show that most participants started taking 

glucosamine on the advice of their pharmacist or doctor, indicating that health 

professionals have a degree of confidence in the efficacy/benefits of glucosamine as a 

complementary medicine for the treatment of OA. Also of note, is that even of those 

respondents who did not receive a medical diagnosis, 50% still received advice from 

their pharmacist about glucosamine being an effective treatment for their joint pain. 

A particularly interesting and significant secondary finding of this study was that a 

small group of participants reported that they were diagnosed with RA (four out of 87 

participants) and all (100%) reported a highly significant decrease in pain ranging from 
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1–2 points on the visual scale through to 5 points or more. They all also reported a 

significant improvement in joint function/movement ranging from 1–2 points on the 

scale through to 5 or more points. In addition, all of the participants claiming to be 

diagnosed with RA reported that they had been taking glucosamine for longer than six 

months at the recommended dose of 1500 mg per day. Additionally, most of these 

participants reported that they had been taking the same brand of glucosamine in the 

glucosamine sulphate formulation. Whilst five out of 87 participants is a small 

percentage of the total sample, RA sufferers were not specifically targeted in this study 

as glucosamine is only indicated by therapeutic guidelines in the complementary 

treatment of OA. The fact that all of the participants diagnosed with RA reported a 

significant reduction in pain and improvement in joint movement after taking 

glucosamine for more than six months certainly poses questions regarding 

glucosamine’s possible mechanism of action as an antioxidant in RA sufferers and its 

effectiveness in reducing oxidative stress associated with the disease, possibly resulting 

in the reduction of associated pain and inflammation. 

It is surprising to note that to date, no research has been conducted regarding the 

antioxidant/pro-oxidant activity of glucosamine in human patients suffering with any 

type of arthritis, and there has been very little research conducted on the efficacy of 

glucosamine in the treatment of RA patients. Nakamura et al. (2007) found that 

glucosamine treatment produced noticeable improvements in symptoms of RA patients. 

However, again, total antioxidant status was not measured in this study, so there is no 

documented correlation between improvement in symptoms and improvement in total 

antioxidant status. 
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The fact that there has been no research conducted regarding the antioxidant activity of 

glucosamine in human patients suffering with any type of arthritis, and very little 

research regarding glucosamine effectiveness in the treatment of forms of arthritis other 

than OA, reinforces the earlier assertion that there is a strong need for further research 

with a research design of the kind described in the initial design of this study, that is, 

comprising participants who have been diagnosed with different types of arthritis. 

Utilising a randomised, double-blinded protocol, these participants would undertake to 

be supplied with, and take, glucosamine for a period not less than six months. Their 

blood should be periodically tested using such biochemical tests as rheumatoid factor, 

C-reactive protein and total antioxidant status. Clinical evaluations using pain rating and 

joint-movement scales should occur concurrent with periodic blood tests. Utilising this 

type of research design, it may be possible to determine if glucosamine is effective in 

other types of arthritis, including RA, and it may be possible to determine if 

glucosamine has an antioxidant effect in arthritis sufferers that correlates with perceived 

reductions in pain and improvements in joint movement.  

The role of oxidative stress in IJDs such as arthritis has been well established. It has 

also been demonstrated that glucosamine exhibits strong antioxidant activity and has 

other mechanisms of action associated with joint inflammation, including acting as a 

stimulant for the synthesis of glycosaminoglycan. It is therefore logical to theorise that 

glucosamine may have a significant antioxidant effect on IJD sufferers as well as 

conferring therapeutic consequences resulting from its other mechanisms of action. 

Thus, the need for further research regarding the efficacy of glucosamine in IJDs is 

obvious and apparent. This further research needs to be of a similar design to that 
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outlined above and in the initial design of this study in order to try and elicit the data 

necessary to truly assess the efficacy of glucosamine. 

Recommendations 

The recommendations arising from this thesis are: 

− The efficacy and toxicity of glucosamine in the treatment of IJD should be further 

researched in a detailed study utilising both clinical and laboratory testing 

methodologies including total antioxidant assays. 

− A comparative study should be conducted on the efficacy of glucosamine sulphate 

compared to the efficacy of glucosamine HCl in IJD sufferers in order to determine 

if a difference really exists. 

− The length of time glucosamine needs to be taken before benefits are experienced 

needs to be further investigated. It would be beneficial to conduct further research 

into the minimum length of time needed to experience the benefits of glucosamine. 

This research could take the form of two groups of participants suffering with 

arthritis taking the same brand, formulation and dose of glucosamine; one group 

taking it for a period exceeding six months and the other for a period not extending 

to six months. Comparing the results between the two groups may provide further 

evidence as to the length of time a patient should take glucosamine before 

experiencing maximum benefits. 

− The antioxidant effect of glucosamine and its antioxidant activity in OA patients’ 

needs to be investigated. No research has been conducted regarding the antioxidant 

activity of glucosamine in IJD sufferers. This further research needs to be in the 

following form: the blood of arthritis patients needs to be periodically tested during 
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the trial, measuring total antioxidant status and other biological markers such as 

CRP and rheumatoid factor. This needs to be done in conjunction with clinical tests 

such as pain and joint-function tests in order to identify a correlation between 

improvement in biological markers and improvement in subjective clinical tests 

such as pain and joint-function scores. The trial needs to be conducted over a period 

of at least six months with a daily 1500-mg dose of glucosamine administered.  

-  The efficacy of glucosamine and its antioxidant activity in RA patients’ needs to be    

investigated. The results of this research indicated positive results experienced by 

RA patients taking glucosamine for more than six months. 

− It is hypothesised that the positive results experienced by Rheumatic arthritic 

patients taking glucosamine may be due to the strong antioxidant properties of 

glucosamine. In order to test this hypothesis rigorously, further large-scale research 

needs to be conducted examining the efficacy and tolerance of glucosamine 

specifically in RA patients. Testing biological markers such as total antioxidant 

status in conjunction with other clinical diagnostic methods such as pain and joint 

function assessments would greatly assist in either supporting or refuting this 

hypothesis. 
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