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Abstract 

In the early 1980's, Glucosamine Sulfate was 

introduced as a non -FDA approved, herbal supplement for the 

treatment of oteoarthritis (Adams, 1999).Preliminary 

evidence shows that long -term use of Glucosamine can slow 

joint space narrowing caused by osteoarthritis (Adams). 

Animal studies were conducted to assess the 

effectiveness and mechanisms of action of glucosamine. 

Glucosamine's insulin resistant property was discovered 

during the animal studies. The purpose of this project was 

to conduct a review of the literature to determine if there 

was enough human anecdotal and /or rat empirical data to 

warrant further study in humans on the impact of 

glucosamine on insulin resistance. 

Data gathered in this project provided evidence that 

glucosamine leads to insulin resistance in animals. 

Awareness of the insulin resistant properties of 

glucosamine noted in animal studies, coupled with the lack 

of well -controlled studies of effect and impact on humans, 

demonstrates the need to continue study in humans to 

determine the effect of glucosamine on insulin resistance 

in humans. 
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CHAPTER 1 

INTRODUCTION 

Overview of project 

Recently, there has been concern that glucosamine 

causes insulin resistance in those who are on long -term 

glucosamine therapy. Studies conducted on rats confirmed 

effects of glucosamine on insulin resistance (Adams, 1999). 

It is hypothesized that similar effects exist in humans who 

use long -term glucosamine therapy. A thorough literature 

review is a necessary first step toward understanding the 

role glucosamine might, or might not play, in increased 

insulin resistance in humans. 

Research Question 

The purpose of this clinical project was to determine 

if there existed any human or rat empirical data to warrant 

further study of glucosamine in humans. The guiding 

question was: 

Is there any human data, or enough rat empirical 

evidence that glucosamine causes insulin resistance to 

warrant further study in humans? 
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Definition of terms 

Glucosamine. Glucosamine is synthesized in the body 

and is an essential component of glycosaminoglycans, 

glycoproteins, and glycolipids. These products serve as the 

building blocks of tendons, ligaments, cartilage, synovial 

fluid, blood vessels, heart valves, and mucous membranes 

(Gregory, 1999). 

Osteoarthritis. Osteoarthritis is thought to be the 

result of decreased production and increased degradation of 

the cartilaginous matrix within joints (Barclay, 2000). 

Loss of this protective layer leads to roughening and 

eventually erosion of the cartilage severe enough to expose 

the bone. 

Glucosamine Therapy. Glucosamine, a non -FDA approved 

food supplement, is proposed to be a chondroprotective 

agent that may stop the progression of cartilage 

degradation and stimulate the production of new cartilage 

(Barclay, 2000). Glucosamine therapy provides the articular 

cartilage with the hexosamine precursor and the sulfate 

anion it needs for the synthesis of glycosaminoglycans 

(Barclay). The production of these components potentially 

stimulates production of the cartilaginous matrix and 

provides nonspecific protection against chemical damage. 
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Type II Diabetes. Type II diabetes is a metabolic 

disorder resulting from the body's inability to make 

enough, or properly use, insulin. It is the most common 

form of the disease. Type II diabetes accounts for ninety 

to ninety -five percent of diabetes and is nearing epidemic 

proportions, due to an increased number of older Americans, 

and a greater prevalence of obesity and sedentary 

lifestyles (ADA, 2002). 

Insulin Resistance. Insulin is a peptide hormone, 

secreted by the pancreatic islets of Langerhans. It 

promotes glucose utilization, protein synthesis, and the 

formation and storage of neutral lipids by regulating the 

sugar metabolism of the body (ADA, 2002). Insulin 

resistance refers to clinical condition in which the 

biologic response to insulin is diminished to below normal 

levels. Clinically significant insulin resistance is 

usually identified when an adult patient requires more than 

two hundred units of insulin a day (ADA). 

Glucosamine and Insulin Resistance. Recently, the 

Arthritis Foundation made a statement regarding glucosamine 

indicating that diabetics taking the product may experience 

increased blood glucose levels, necessitating increased 

blood glucose monitoring (Gregory, 1999). Although the 
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mechanism of action of glucosamine- induced insulin 

resistance is not understood, some hypotheses have been 

proposed. One hypothesis suggests glucosamine may reduce 

glucokinase activity (Gregory). The enzyme, glucokinase, 

functions as the glucose sensor in beta -cells and is 

important in pancreatic insulin production (ADA, 2002). 

Another hypothesis suggests that glucosamine may contribute 

to insulin resistance by acting at the tissue level. It is 

hypothesized that glucosamine may affect various factors in 

the insulin induced cascade of events to impair GLUT -4 (a 

major insulin regulated glucose transporter) expression in 

the plasma membrane (Gregory, 1999). 

Methodology 

Literature for review was obtained using MEDLINE (1966 to 

December 2002) with the following search criteria: 

1.English only articles 

2.Key words osteoarthritis, insulin, insulin 

resistance, glucosamine, and glucosamine sulfate. 

Studies were included if they were published double - 

blind, randomized, placebo -controlled trials of up to four 

or more hours duration that tested glucosamine on rats or 

humans and reported extractable data on its effect on 

insulin resistance. Twenty -six of thirty -five studies 
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identified were included in the analysis. Nine were 

omitted, as they did not meet inclusion criteria. 

A systematic assessment of each clinical trial was 

conducted to determine whether animal or human subjects 

were studied. The outcome of glucosamine's effect on 

insulin resistance was identified within each study group. 

Significance 

Global Health. Glucosamine products have been used for 

osteoarthritis in Europe for decades and have recently 

become popular in the United States (Yang, 1999). Sales of 

glucosamine supplements jumped 300 percent -- from $60 

million to $240 million -- between 1995 and 1998 (Yang). 

With this worldwide use of glucosamine, it is critical to 

understand its implications among individuals with comorbid 

conditions like diabetes. 

Economy. The Centers for Disease Control (2001) 

reports, the direct and indirect costs of diabetes are 

nearly $100 billion a year. The average health care cost 

for a person with diabetes in 1997 was $10,071, compared 

with $2,699 for a person without diabetes. However, the 

full burden of diabetes is hard to measure: death records 

often fail to reflect the role of diabetes, and the costs 

related to undiagnosed diabetes are unknown (CDC, paragraph 

4) . 
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Osteoarthritis is the most common form of arthritis; 

15.8 million Americans are afflicted with this disease 

(CDC, 2002). As the population ages, this number will 

increase dramatically; by 2020, 60 million Americans 

(almost one in five) will be affected by osteoarthritis 

(CDC). Osteoarthritis is the leading cause of disability 

among adults in the United States. Each year, arthritis 

results in 750,000 hospitalizations and 44 million 

outpatient visits (CDC). The estimated cost of medical care 

for arthritis is $15 billion, and the estimated total cost, 

including lost productivity, exceeds $65 billion (CDC). 

Ninety percent of all diabetics have osteoarthritis 

(CDC, 2001). Understanding the role glucosamine plays on 

insulin resistance in osteoarthritic diabetic patients will 

reduce cost and mortality (CDC, 2002). 

Nursing. Knowledge of glucosamine's effects on insulin 

resistance could benefit nursing. Nurses would be able to 

teach diabetic patients about glucosamine's effects on 

insulin resistance. This information would contribute to 

better management of diabetes in those patients. Knowledge 

about insulin resistance with Glucosamine could lead to the 

establishment of protocols for patients with osteoarthritis 

and Type II diabetes. Better control of diabetes 
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potentially leads to decreased hospital stays and decrease 

costs. 

Nurse Practitioners could also benefit from this 

information. Nurse Practitioners performing routine 

medication screening could inquire about the use of 

glucosamine in diabetic patients and provide insights into 

elevated glucose levels with strategies to control these 

elevated blood sugars. Nurse Practitioners could educate 

newly diagnosed diabetic patients about glucosamine to 

promote consumer awareness. 

Summary 

One non -prescription treatment for osteoarthritis, 

glucosamine sulfate, has jumped three hundred percent 

between 1995 and 1998 (Yang, 1999). Current literature 

based on animal studies supports glucosamine- induced 

insulin resistance exists. If the same is true for humans, 

Type II diabetic patients with osteoarthritis on 

glucosamine therapy could have uncontrolled blood glucose 

levels leading to increased morbidity and mortality. For 

diabetic patients with osteoarthritis on glucosamine 

therapy, this information is of great importance in order 

to maintain adequate blood sugar levels and avoid potential 

complications of diabetes. This project was designed to 
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determine if there exists enough human anecdotal and rat 

empirical data to warrant further study of glucosamine in 

humans based on literature review. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Data Analysis 

Out of thirty -five articles, twenty -six addressed 

glucosamine's insulin resistant properties. Four were 

conducted on humans, twenty -two on rats 

The rat data were summarized into five subsections 

identifying the possible route in which glucosamine causes 

insulin resistance. The routes were via the GLUT -4, 

Hexosamine, PI 3- kinase, reduction of glucokinase activity, 

or inconclusive pathways. 

The four articles that addressed glucosamine's effect 

on insulin resistance among human subjects are presented 

below. There was no need to divide these into subsections. 

Rat Data 

GLUT -4 Pathway. The ability of insulin to stimulate 

glucose uptake relies on a complex signaling cascade that 

leads to the translocation of glucose transporter protein 4 

(GLUT4) from an intracellular compartment to the plasma 

membrane, which results in increased glucose uptake. 

Defects in the ability of insulin to regulate this key 
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metabolic event can lead to insulin resistance and non - 

insulin- dependent type II diabetes mellitus in rats or 

humans or both (Cheatham, 2000). 

Baron (1995) determined glucosamine was a potent 

inducer of insulin resistance in rat tissue by causing a 

defect intrinsic to GLUT -4 translocation. Glucosamine 

completely blocked movement of GLUT -4 induced by insulin. 

These data support a potential role for Glucosamine in 

glucose- induced insulin resistance (glucose toxicity). 

Kim (1999) determined glucosamine induced insulin 

resistance in skeletal muscle by impairing insulin induced 

GLUT -4 translocation to the plasma membrane. Conducted on 

skeletal muscle of rats infused for two hours with 

glucosamine or saline, glucosamine infusion resulted in 

rapid induction of insulin resistance. 

Miles (2000) conducted a similar study on rats and 

determined that glucosamine inhibited both insulin and 

hyperosmolarity stimulated GLUT -4 translocation. These data 

found induction of GLUT -4 translocation occurred through a 

common convergent signal step targeted by glucosamine 

causing insulin resistance. 

Nelson (2000) studied glucosamine plus insulin in rat 

skeletal muscle and found inhibition of insulin -stimulated 
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GLUT4 translocation. This combination caused marked 

glucosamine dose - dependent accumulation of G1cN -6- 

phosphate, which correlated with insulin resistance of 

glucose transport. This study concluded that chronic 

exposure to high glucose or glucosamine in the presence of 

low insulin caused insulin resistance of glucose transport. 

Hexosamine Biosynthetic Pathway. The hexosamine 

biosynthetic pathway is considered to function as a 

biochemical sensor of intracellular nutrient availability. 

Two to three percent of cellular glucose uptake enters this 

pathway of glucose metabolism and to begin a signaling 

process indicating induction or inhibition of glucose 

induced insulin secretion. 

Giacarri (1995) studied two groups of awake rats with 

either the infusion of glucosamine or insulin to assess 

glucose toxicity. In glucosamine infused rats, he found an 

increase in hexosamine metabolism, which lead to inhibition 

of glucose - induced insulin secretion, and a reduction of 

insulin stimulated glycolysis and glycogen synthesis. These 

discoveries lead to the conclusion that glucosamine mimics 

major alterations of glucose toxicity found in diabetes. 

Hawkins (1997) tested the hypothesis that increased 

glucosamine infusion through the hexosamine biosynthetic 

pathway can induce insulin resistance in skeletal muscle in 
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vivo. Fasted conscious rats were infused with either 

glucosamine or saline for a seven -hour period. The results 

confirmed the hypothesis; increased glucosamine 

availability induces severe skeletal muscle insulin 

resistance in rats. 

Hu (1999) conducted a similar study with focus on 

exercise stimulated glucose uptake. Two groups of rats were 

either infused with glucosamine or saline then allowed 

thirty minutes of treadmill exercise. He determined the 

infusion of glucosamine impaired exercise - induced glucose 

uptake via the hexosamine pathway causing insulin 

resistance. 

Virkamaki (1997) studied rat heart, epididymal fat, 

submandibular gland and in soleus, abdominous and 

gastrocnemius muscles to determine glucosamine's effects on 

the hexosamine pathway. Glucosamine completely abolished 

glycogen synthesis in the liver and decreased insulin 

stimulated glucose uptake in the submandibular gland and 

gastrocnemius muscle. Activity of the hexosamine pathway 

was 10 -fold higher in the submandibular gland than the 

gastrocnemius muscle within the glucosamine infused group. 

These data raise the possibility that glucosamine may 

contribute to glucose toxicity not only in skeletal muscle 
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but also in other insulin sensitive tissues due to 

overactivity of the hexosamine pathway. 

PI 3- kinase. PI -3 kinase is important in a number of 

signal pathways such as survival and proliferation of cells 

(Malone, 2001). 

Miki (2002) examined insulin signaling in rat to 

determine glucosamine's effect on insulin signaling in 

adipocytes (fat cells). After glucosamine infusion for 4 

hours, he determined the glucosamine infusion decreased 

insulin -stimulated phosphatidylinositol (PI) 3- kinase 

activityThese results suggest that glucosamine infusion 

contributes to the development of insulin resistance by 

mainly modulating the PI 3- kinase molecules. 

Reduction of glucokinase activity. Glucokinase 

converts glucose to glucose -6- phosphate, an intermediate in 

the glucose oxidation pathway. Once glucose is converted to 

glucose -6- phosphate, it is used in the metabolism of that 

particular cell (Malone, 2001). 

Balkan (1994) assessed the effects of glucosamine on 

glucokinase activity in islet cells within the pancreas of 

rats. Glucosamine was administered ten minutes before an 

infusion of glucose. Glucosamine lowered plasma insulin 

levels, which increased blood glucose. He concluded that 

glucosamine, through the reduction of glucokinase activity, 
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impaired insulin secretion in a manner comparable to that 

seen in Type II, diabetes. 

Unknown Causes. Nine studies conducted on rats 

determined glucosamine caused insulin resistance with 

inconclusive evidence as to mechanism of action (Furnsinn, 

1995; Hresko, 1998; Kajinuma, 1985; Kee, 2000; Rotta, 1986; 

Shankar, 1998; Wu -Wong, 2002; Yoshihawa, 2001; Yoshino, 

1999). These studies identified glucosamine treatment 

blocked both insulin and glucose uptake through 

undetermined mechanisms. 

Strengths and Limitations of Rat Data 

Strengths. Glucosamine caused insulin resistance among 

animal trials. The routes identified were GLUT -4, 

Hexosamine Biosynthetic Pathway, PI 3- kinase signal 

pathways, and inhibition of glucokinase impaired insulin 

secretion. Evidence of glucosamine's mechanism of action 

among animal studies provides a foundation to understand 

potential effects on humans. Due to previously established 

inclusion criteria, twenty -two studies were included. 

Therefore, the rat data is credible. 

Limitations. There were limitations to the rat data. 

These limitations were inconsistent research designs and 

procedures. The research designs varied in the number of 
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rats studied from two groups of twelve rats (Shankar, 1998) 

to three groups of six rats (Virkamaki, 1997). The amount 

of infused glucosamine ranged from low to high doses. The 

procedures for specimen collection focused on multiple 

sites such as blood and tissue samples. These 

inconsistencies among rat studies limit comparison between 

data groups. 

Summary of Rat Data 

The rat data identified many routes in which 

glucosamine was related to insulin resistance. One route, 

GLUT -4, demonstrated glucosamine caused insulin resistance 

through defects in insulin to regulation. The Hexosamine 

Biosynthetic Pathway was affected by glucosamine by 

inhibition of glucose- induced insulin secretion. PI 3- 

kinase signal pathways were inhibited due to glucosamine's 

effects and contributed to a reduction of glucose 

metabolism. Inhibition of the glucokinase impaired insulin 

secretion in a manner comparable to that seen in Type II, 

diabetes. The rat data readily supports glucosamine's 

inpact on insulin resistance. 

Human Data 

Glucosamine treatment for osteoarthritis. Glucosamine, 

a non -FDA approved food supplement, is proposed to be a 
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chondroprotective agent that may stop the progression of 

cartilage degradation and stimulate the production of new 

cartilage (Barclay, 2000). Glucosamine therapy provides the 

articular cartilage with the hexosamine precursor and the 

sulfate anion it needs for the synthesis of 

glycosaminoglycans (Barclay). The production of these 

components potentially stimulates production of the 

cartilaginous matrix and provides nonspecific protection 

against chemical damage. 

Insulin Resistance. Monauni (2000) tested the 

hypothesis that glucosamine affects insulin secretion in 

humans. In ten healthy subjects, intravenous glucose was 

supplied during saline, low glucosamine or high glucosamine 

infusion.. Beta -cell secretion, insulin, and glucose action 

on glucose utilization were measured according to minimal 

models of insulin secretion and action. 

Infusion of glucosamine did not affect readily 

releasable insulin levels, glucose- stimulated insulin 

secretion, or the time constant of secretion, but it did 

increase both the glucose threshold and plasma fasting 

glucose levels. Thus, in humans, acute glucosamine infusion 

mimics some metabolic features of human diabetes. 
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Cada (2002) studied ten human subjects and found an 

infusion of glucosamine sulfate reduced glucose tolerance. 

This observation and recent in vitro evidence suggest that 

glucosamine can increase insulin resistance, resulting in 

the need for larger doses of oral hypoglycemic agents or 

insulin in diabetic patients. 

Reginster (2001) studied human skeletal muscle cell 

cultures from nondiabetic and type II diabetic subjects to 

determine if gluocosamine caused insulin- stimulated glucose 

uptake. After forty -eight hours of chronic exposure to 

glucosamine, it was concluded that increased exposure to 

glucosamine alters metabolism at multiple sites and can 

contribute to insulin resistance. Nondiabetic and Type II 

muscle cells displayed equal sensitivity and responsiveness 

to glucosamine. 

No Effect. Pouwels (2001) conducted placebo -controlled 

study to determine whether Glucosamine infusion affected 

insulin resistance in vivo. Eighteen healthy subjects 

received infusions of glucosamine or saline for five hours. 

The effects of Glucosamine on forearm glucose uptake and on 

whole body glucose uptake was measured. Despite relevant 

Glucosamine concentrations, there was no effect on insulin- 
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induced glucose uptake, at least not in the short -term 

setting. 

Strengths and Limitations of Human Data 

Strengths. Glucosamine altered glucose metabolism at 

multiple sites that contributed to insulin resistance among 

human subjects. This conclusion was determined among the 

majority of human clinical trials identified for this 

clinical project. Only four human studies addressed 

glucosamine's insulin resistant property. This confirms the 

need for further research. 

Limitations. The limitations within human data were 

based on number of subjects and length of study. These 

groups ranged from ten (Monauni, 2000) to eighteen 

(Pouwels, 2001) human subjects. The length time glucosamine 

was infused varied from five hours in one study to two days 

in another. Due to small group size and short term nature 

of studies conducted limits the reliability of conclusive 

evidence. 

It remains undetermined the implication of intravenous 

route of glucosamine administration compared to the oral 

dose. It would be necessary to determine this as the herbal 
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supplement is purchased over -the counter and administered 

orally. 

Summary of Human Data 

Much of the human research focused on the efficacy of 

the drug (Adams, 1999; Barclay, 2000; Gregory, 1999). Only 

four articles addressed glucosamine's effects on insulin 

resistance among human subjects. Three concluded 

glucosamine altered glucose metabolism at multiple sites 

that contributed to insulin resistance (Cada, 2002; 

Monauni, 2000; Reginster, 2001). One study (Pouwels, 2001) 

concluded no effect indicating no effect on insulin- induced 

glucose uptake. 

Summary 

Out of thirty -six articles, twenty -five addressed 

glucosamine's insulin resistant properties. Four were 

conducted on humans, twenty -three on rats. All of the rat 

data lead to insulin resistance after glucosamine infusion. 

The human data lead to inconclusive determination of 

glucosamine's effect on insulin resistance. 

Based on this literature review, rat data strongly 

suggests glucosamine causes insulin resistance despite 

limitations among studies. The human data indicates some 

link, but adequate study has yet to be conducted. In order 
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to understand glucosamine's full effect on human insulin 

resistance and its implication to Type II diabetes, further 

human study must be conducted. 
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Chapter 3 

DISCUSSION 

This section will address the strengths and 

limitations of the methodology as well as arrive at a 

conclusion based on the data gathered. Recommendations for 

further research will be identified. 

Strengths and Limitations of Methodology 

Strengths. A retrospective analysis of research 

obtained through Medline (1966 to December 2002) provided a 

clear picture of gaps in glucosamine research. This search 

engine allowed the inclusion of all forms of research on 

this topic. 

Limitations. Key words were limited to osteoarthritis, 

insulin, insulin resistance, glucosamine, and glucosamine 

sulfate. This search yielded only twenty -six studies, with 

only four articles based on human subjects. Including terms 

such as GLUT -4, Hexosamine Biosynthetic Pathway, PI 3- 

kinase signal pathways, and inhibition of glucokinase could 

have retrieved a larger body of research. 

Conclusion 

Based on this literature review, rat data 

strongly suggests glucosamine causes insulin resistance 

despite limitations among studies. Twenty -two out of thirty 
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six articles reviewed supported insulin resistance after 

glucosamine infusion among animal studies. The remaining 

four studies (Cada, 2002; Ciaraldi, 1999; Monauni, 2000; 

Pouwels, 2001) were based on human study and are discussed 

below. The routes identified were GLUT -4, Hexosamine 

Biosynthetic Pathway, PI 3- kinase signal pathways, and 

inhibition of glucokinase impaired insulin secretion. 

The human data indicates some link, but adequate study 

has yet to be conducted. Only four of twenty -two articles 

reviewed addressed glucosamine study in humans. Of these 

four, three concluded glucosamine altered glucose 

metabolism. In order to understand glucosamine's full 

effect on human insulin resistance and its implication to 

Type II diabetes, further human study must be conducted. 

Recommendations for Future Human Research 

Future research on glucosamine should focus on its 

implication to humans. This research could be conducted by 

chart review or retrospective study in order to obtain data 

without causing harm to human subjects. 

It would be important to identify equivalent 

glucosamine dosage and routes of administration to mimic 

real human experience. This could be accomplished by 

metabolic studies of glucosamine. 
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Finally, glucosamine's mechanism of action should be 

more fully understood. The literature identifies 

conflicting theories as to the process leading from 

glucosamine to insulin resistance. Once this is understood, 

the drug could be altered or possibly eliminated from human 

use. 
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