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ABSTRACT
Musculoskeletal diseases that included OA was the second greatest 
contributor to disability as measured by years lived with disability. The 
goals of OA treatment are to reduce pain, improve function and quality 
of life and decrease disability. The objective of this systematic review is 
to summarise the findings of the effect of glucosamine with or without 
chondroitin sulphate on glucose monitoring parameters in humans. An 
English language literature search of electronic bibliographic databases 
such as Medline, Web of Science, Science Direct, Scopus and Cochrane 
since inception to June 2020 was conducted. Two reviewers independently 
analysed the studies for quality and content using the Downs and Black 
Checklist. The thirteen studies that were included in the review consists 
of randomised control trials (n=7), non-randomised control trials (n=3), 
prospective cohort studies (n=2) and pre-post studies (n=1). Five studies 
detected the effect of glucosamine on glucose parameters. Studies that 
recruited patients with baseline impaired glucose tolerance or insulin 

resistance were more likely to detect an effect on glucose metabolism. 
Patients taking glucosamine have a higher risk of diabetes especially those 
who have high baseline glucose levels or have diabetes or have impaired 
glucose tolerance. Only two studies investigated the effect of glucosamine 
on glucose parameters in patients having osteoarthritis.
Key words: Diabetes, Glucosamine, Glucose metabolism, Osteoarthritis, 
Systematic review.
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INTRODUCTION
The estimate by the Global Burden of Disease 2010 was that 251 
million people suffered from knee osteoarthritis (OA) worldwide. OA, 
a musculoskeletal related disease was the second greatest contributor 
of disability as measured by years lived with disability.1 Data from the 
National Health Interview Survey estimated that 14 million people in 
the US have symptomatic knee OA (KOA), that included more than 3  
million racial or ethnic minorities.2 OA is usually considered a 
physiological part of aging and rarely associated with mortality in the 
elderly.3 
Glucosamine is a dietary supplement widely used for OA especially of 
the knees. It is described as not only efficacious but also safe for many 
patients.4 It is available over the counter as a nutraceutical in several 
countries and it is also available as a prescription pharmaceutical in 
Europe.5,6 In the United States alone, glucosamine was the fourth most 
commonly used herbal/ dietary supplement by over five million people 
annually.7 

Previous short-term research studies have shown that glucosamine 
sulphate is safer than standard therapy such as Non-steroidal Anti-
inflammatory Drugs (NSAIDs), especially concerning the gastrointestinal 
tract.8 However, there are concerns regarding the effect of glucosamine 
on glucose metabolism causing insulin resistance. This has been proven 
in several animal based studies.9 More recent studies suggest that it 
may also affect the glucose transport and insulin resistance in humans, 
especially when impaired glucose tolerance is present.10–12 However, 
these studies differed in terms of the route of administration, duration 

as well as dosage of glucosamine. This review was aimed to summarise 
the findings of the use of glucosamine with or without chondroitin at 
pharmacological doses and its effect on glucose monitoring parameters 
in humans. 

MATERIALS AND METHODS
This review was conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA). Studies 
were located through a comprehensive literature search of electronic 
bibliographic databases such as Medline, Web of Science, Science Direct, 
Scopus and Cochrane since inception to June 2020. These databases were 
searched for intervention trials investigating the effects of glucosamine 
alone or in combination with chondroitin on glucose monitoring 
parameters such as HbA1c, fasting plasma glucose, fasting insulin levels, 
fructosamine and other relevant parameters. Studies were selected for 
review as per Diagram 1.

Search Strategy
The subject headings (SH) and keywords used are based on the aspects 
of the PICO framework such as osteoarthritis, temporomandibular 
Joint and arthritis for the population; glucosamine and chondroitin as 
the intervention and hyperglycaemia, fructosamine, insulin resistance, 
glucose tolerance test and glucose toxicity as part of the outcomes. 
The search was conducted by a combination (using Boolean operators) 
of the search terms. Search limiters were English language, human 
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subjects and journal articles. Reference lists of selected articles were also 
sourced manually to gain more insight. Chosen articles were exported 
into Mendeley and checked for duplicates.

Inclusion Criteria
•	 All published types of studies and trials 
•	 Only English language articles
•	 On treatment with glucosamine and chondroitin or glucosamine 

alone. 
•	 There were no restrictions in age, health, gender, body mass index 

(BMI) or disease comorbidities.
•	 All types of glucosamine and administration by any route.
•	 All possible methods of glucose monitoring parameters 

Exclusion Criteria
•	 All in-vitro and in-silico studies
•	 Animal studies
•	 Single measurements of random or fasting glucose 

Quality Assessment
Each selected study was assessed for quality using the Downs and 
Black Checklist.13 This checklist includes 27 criteria, widely covering 
areas reporting quality, external and internal validity and power. The 
quality of each study was independently assessed by two reviewers, with 
discrepancies resolved through discussion and consensus. 

RESULTS
Study Selection
A total of 426 articles were traced from the databases and 3 articles were 
obtained manually. After de-duplication, 379 articles proceeded for 
screening and 353 articles were excluded as per exclusion criteria. Of 26 
articles that were checked for eligibility, 14 articles were appraised and 

finally, 13 were included in the review. The summary of the 13 studies are 
shown (Table 1). The studies that were included in the review consisted 
of randomised control trials (n=7), non-randomised control trials (n=3), 
prospective cohort studies (n=2) and pre-post studies (n=1). Nine of the 
studies used multiple glucosamine dosing while four studies used single 
glucosamine dosing.

Appraisal of Studies 
The research articles selected were scrutinised and assessed using the 
Downs and Black checklist13 and compiled (Table 2). Out of the 14 
papers, one was assessed to be poor due to the fulfilment of only 4 out 
of 27 criteria.14 This paper was later removed from the review group of 
studies. Five studies were assessed as Fair15-19 while 6 articles scored as 
Good.11,17–21 Two of the studies fulfilled 26 and 27 criteria and scored 
excellent.22,23 

Sample Size and Characteristics
Patients or respondents were from the US, Canada, Netherlands, UK, 
Iran and Iraq. Only one of the studies which was a cohort study involved 
the biggest sample size, which was 404,508 participants.21 Two studies 
recruited diabetic subjects20,23 while two studies included subjects who 
had impaired glucose tolerance.20,24 Seven studies recruited only healthy 
subjects.11,15-17,21,22,25 Only two studies recruited osteoarthritic patients.19,26

One study randomised the subjects according to obesity status i.e. lean 
and obese categories.17 Five of the studies merely reported the mean 
BMI10,15,17,18,21 from which three of the studies reflected that the subjects 
were mostly obese as the mean BMI was more than 30.18,22,23

Glucosamine Dosing
Six of the studies followed the recommendation of dosing in the CPG 
Management of Osteoarthritis 2nd Ed 201311,18-20,22,26 while one prospective 
study reported affirmative use of glucosamine but no specific information 
provided on the dosing.21 Three of the studies used the recommended 
dose but at a shorter duration of between 14 to 42 days.17,23,24 Nine studies 
used multiple dosing of glucosamine11,17,19-24,26 while four studies tested 
single doses of glucosamine.15-16,18,25 

Measured Outcome
As shown in Table 3, out of the thirteen studies, only six used HbA1c as 
an outcome,11,17,20,22,24,26 four of which were RCTs.11,17,20,22 Fasting glucose 
was used as a measuring parameter in most studies.11,15-19,23-36 Three out 
of the thirteen studies measured OGTT as a parameter.11,18,19  In order to 
determine insulin resistance, eight studies performed fasting insulin test 
as a secondary outcome.11,15-19,24,25 

Another similar study included a euglycemic insulin clamp and 
found no effects on glucose metabolism. In fact, the total body insulin 
sensitivity and whole body glucose uptake following glucosamine were 
similar to those of placebo. In addition, glucosamine did not affect the 
arteriovenous blood glucose difference or forearm glucose uptake.16 
One of the studies showed a significant effect on glucose monitoring 
parameters whereby the HOMA value rose after 6 weeks of daily 
glucosamine and the QUICKI index plunged in the same duration. 
Therefore, the effect of glucosamine on glucose or insulin was significant 
in the patients with higher baseline insulin resistance.24

Despite no significant effect of oral glucosamine on glucose metabolism 
in normoglycemic people, three of the patients with abnormal glucose 
tolerance tests showed a higher glucose AUC increment.18 This is the first 
study to report glucose and insulin levels when glucosamine is ingested 
together with an oral glucose load.

Diagram 1: PRISMA 2009 Flow Diagram.
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Effect on Glucose Metabolism
Of the thirteen studies, only four studies detected an effect on glucose 
parameters. Two studies concluded that the use of glucosamine 
significantly impaired the glucose parameters.24,26 The use of glucosamine 
at therapeutic doses may worsen insulin resistance and vascular function 
in subjects with underlying poorer insulin sensitivity.24 Normoglycemic 
patients with a family history of diabetes (especially female relatives) 
should use glucosamine-chondroitin supplements with caution.26 One 
study detected increased fasting glucose and decreased insulin sensitivity 
tested using IVGTT15 while another study detected decrease insulin 
sensitivity in patients with IGT using OGTT24 Conversely, habitual use of 
glucosamine was associated with a 17% lower risk of T2DM, independent 
of the traditional risk factors for T2DM, socio-economic factors and use 
of supplements other than glucosamine.21 

DISCUSSION
The sample sizes of subjects were small10,13–23  except for a prospective 
cohort study which involved 404,508 subjects.21 Duration of study 
ranged between 14 and 90 days. The prospective study focussed on long 
term effects of glucosamine and its association with T2DM, hence the 
follow- up period of 8.1 years.21 The shortest duration of the trial was 
only 14 days.23 Two of the studies were for a duration of 90 days19,20 while 
two more were for 42 days.17,24 The longest duration was 8.1 years.21 The 
study design was also different as it was a prospective cohort study. The 
usual therapeutic dose of glucosamine as per recommendation in the 
CPG Management of Osteoarthritis 2nd Ed 2013 is 1500 mg daily for 3 
months or more.27 Efficacy with relation to symptoms improvement is 
usually observed after 12 weeks.27 Therapeutic effects are obtained with 
doses ranging between 1,250–1,500mg daily.28 Symptomatic slow-acting 
drugs for OA (SYSADOA) such as glucosamine offer a slow onset of 
relief-approximately 2 weeks-but their effects may remain active for as 
long as 2 months after their omission.28

In terms of quality, all the 13 studies scored between 8 – 10 points in 
the reporting section of the Downs and Black Checklist. Eight of the 
studies scored a full score for external validity.17-23,25 Five studies scored 
full for internal validity17,19,20,22,23 while one study scored the lowest.25 One 
study scored the highest for internal validity (selection bias)22 which 
reflects the least biasness. Despite having small sample sizes, three of the 
studies had sufficient power to detect a clinically important effect with 
the probability being less than 5%.15,20,23 Of the three, only one detected 
significant effect on fasting glucose,15 but glucosamine administration 
was by injection, which is not a normal route of administration.
A study focusing on the effect of glucosamine on insulin secretion found 
that plasma glucose concentrations increased after 40–60 min infusions 
of glucosamine, regardless of dose; however, high dose infusions 
worsened intravenous glucose tolerance.29 Further, only high-dose 
glucosamine reduced glucose clearance and blunted insulin sensitivity 
and glucose effectiveness.12 
Seven out of twelve studies done have shown a significant association 
between diabetes and osteoarthritis.30 Different studies had demonstrated 
the relationship between chronic DM and rapid progression of OA 
with higher rates of synovial inflammation and joint pain. Conversely, 
the relationship between OA and DM appears to be bidirectional.31 

In a cohort study, joint pain and reduced mobility in the knee and 
hip, leading to a sedentary lifestyle have demonstrated to significantly 
promote the development of T2DM in patients older than 55 years of 
age.32 Apart from that, the possibility of glucosamine inducing diabetes 
is widely seen in OA patients as they use glucosamine as a symptom 
and structure modifying agent.8 More studies should be conducted on Po
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osteoarthritic patients taking glucosamine in order to determine an 
accurate relationship between glucosamine and diabetes.
In terms of efficacy of oral glucosamine in the management of OA, four 
large scale RCTs have been carried out.33-37 These studies were conducted 
for a duration period of between 6 months and 3 years and included about 
over 2000 subjects. However, these studies measured only random blood 
glucose and did not specifically address the glucose metabolism problem. 
None of these studies reported an adverse effect on glucose metabolism 
among subjects taking glucosamine. However, it is inconclusive to say 
that glucosamine does not affect glucose metabolism as these studies 
were not designed to appropriately assess glucose metabolism. 
Another interesting finding is that insulin resistance is often observed in 
obese people. Obesity is a risk factor for both OA and DM. For instance, 
the association of obesity with OA is well documented,29 and obesity 
occurs in the majority of people with T2DM.38 Therefore, in obese 
patients taking glucosamine, there is always a risk of developing DM.
There was no clear association between the use of glucosamine and the 
occurrence of diabetes or glucose related toxicities. In addition, the type 

Table 2: Downs and Black Checklist Summary.

Study Reporting (11)
External Validity 

(3)
Internal Validity 

(7)
Selection Bias (6)

Power of 
Study (1)

Total (28) Outcome

Gommans, 2016 10 3 7 6 1 27 Excellent

Albert, 2007 10 3 7 5 1 26 Excellent

Saghafi, 2016 10 3 7 5 0 25 Good

Muniyappa, 2006 10 3 7 5 0 25 Good

Scroggie, 2003 8 3 7 5 1 24 Good

Tannis, 2004 10 1 6 4 0 21 Good

Ma, 2020 10 3 4 3 0 20 Good

Biggee, 2007 9 3 5 3 0 20 Good

Pham, 2007 10 1 5 3 0 19 Fair

Al-Razuqqi, 2011 9 2 5 2 0 18 Fair

Monauni, 2000 8 1 5 2 1 17 Fair

Pouwels, 2001 9 0 5 2 0 16 Fair

Laferrere, 2004 8 3 3 2 0 16 Fair

Table 3: Summary of Measured Outcome.

Glucose Related 
Parameters

Multiple dosing 
(9)

Single 
dosing (4)

N

HbA1c 6 0 6

Fasting glucose 7 4 11

Fasting Insulin 5 4 9

Random glucose 1 0 1

Random Insulin 0 1 1

Glucose Tolerance Test 3 2 5

HOMA-IR 2 0 2

Meal Tolerance Test 1 0 1

Clamp 1 2 3

QUICKI 2 0 2

of glucosamine (sulfate or hydrochloride), the brand may contribute 
to the effect on glucose parameters. One review revealed that only 
Rottapharm glucosamine significantly improved pain and functional 
limitations in OA patients.5 This implied that the brand could cause a 
different effect on glucose metabolism. Nevertheless, none of the studies 
revealed the brand of glucosamine. Besides the brand, the standard 
regiment and the subjects recruited also play a role in the determination 
of effect on glucose metabolism. For instance, the effect of glucosamine 
on OA patients, who are more likely to be on glucosamine and share 
similar risk factors for diabetes would be different than healthy subjects. 
The limitations of the studies chosen were the underestimation of the 
effect of glucosamine on diabetic patients with normal HbA1c,

22 the use 
of glucosamine being a marker for healthy lifestyle,21 the absence of 
measurement of glucosamine levels and its metabolites,25 the use of the 
HOMA-IR model for assessment of insulin resistance when the glucose 
clamping technique is considered the gold standard for assessing insulin 
resistance and also small sample size which limited the statistical results 
of the study.19

CONCLUSION
From the review, it can be concluded that there were inadequate studies 
to establish a link between glucosamine and glucose metabolism. Studies 
done varied in terms of the type of subjects, dose and duration. There is 
a need for studies to mimic the actual use of glucosamine amongst OA 
patients for a minimum of at least 3 months at the dose recommended 
by the guidelines and capture the exact effect on glucose parameters 
such as fasting glucose or HbA1c. So far, some evidences point to the 
increased risk of DM in patients who have high baseline glucose levels, 
or have diabetes or have impaired glucose tolerance. Ideally, the effect of 
glucosamine should be investigated on OA patients with baseline IGT or 
with family history of DM for better risk management.
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