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OBJECTIVE — Dietary and nutritional supplements are modulators of HDL cholesterol lev-
els and production of apolipoprotein (apo) Al Previously, in vitro treatment of hepatocyte cell
lines with glucosamine increased apoAl production by stabilization of apoAl mRNA. The
hypothesis is that the neutraceutical glucosamine, when given in conventional doses (1,500
mg/day) may increase apoAl and HDL cholesterol levels in subjects with diabetes and low
HDL cholesterol.

RESEARCH DESIGN AND METHODS — Twelve subjects (three men and nine
women) with type 1 (n = 2) and type 2 (n = 10) diabetes, aged 55 * 12 years (mean = SD), who
had low HDL cholesterol (1.03 = 0.20 mmol/l), were randomly assigned to a double-blind,
placebo-controlled, cross-over trial of 500 mg glucosamine or placebo orally three times daily for
2 weeks, followed by a 4-week washout phase and a 2-week cross-over to the alternate therapy.

RESULTS — Fasting serum glucose, fructosamine, and total cholesterol remained stable dur-
ing the drug and placebo phases. Glucosamine had no significant effect after therapy on serum
levels of HDL cholesterol (from baseline of 1.02 = 0.15 to 1.05 # 0.16 mmol/l compared with
placebo from 1.04 = 0.21 to 1.06 = 0.16 mmol/l) nor in changes in apoAl levels (from baseline
of 147 £ 15 to 140 = 126 mg/dl with glucosamine and from 146 * 25 to 142 £ 17 mg/dl with
placebo).

CONCLUSIONS — These observations suggest that glucosamine at commonly consumed
doses does not have significant effects on glycemic control, lipid profile, or levels of apoAl in

diabetic subjects after 2 weeks of supplementation.
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t is generally accepted that the mecha-

nism of the increased risk of cardiovas-

cular disease in diabetes is multifactorial
(1). One such factor is probably the re-
duced serum levels of HDL in obese type
2 diabetic individuals (1,2). Dietary com-
position and nutritional supplements are
important modulators of the HDL choles-
terol level and the production of its main
apolipoprotein (apo), namely, Al (3).
Glucosamine, a popular nutritional sup-

plement for treating arthritis, has been
shown to alter apoAl production in hepa-
tocyte cultures (4).

Endogenous glucosamine is synthe-
sized by the amidation of glucose-
6-phosphate via the hexosamine bio-
synthetic pathway (5). Approximately
5% of glucose-6-phosphate is metabolized
to N-acetylglucosamine by glutamine: fruc-
tose-6-phosphate amidotransferase. In ad-
dition, the extracellular glucosamine is
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transported into tissues and is subse-
quently phosphorylated to enter the hex-
osamine biosynthetic pathway. This
pathway has been implicated in insulin
resistance that may contribute to diabetes
and cardiovascular diseases (5).

Commercially available products
containing glucosamine are used exten-
sively as neutraceuticals in the treatment
of arthritis and have been shown in large
clinical trials to be safe in conventional
doses (1,500 mg/day) (6,7). Parenteral
administration of high doses of glu-
cosamine (i.e., 5-30 wmol * kg™ Lemin ™)
may cause diabetes in experimental ani-
mals (8). Studies in healthy human con-
trol subjects who received a peripheral
infusion of low-dose glucosamine (1.6
pwmol * kg ™'+ min~", steady-state plasma
levels of 0.57 mmol/l) showed no change
in parameters of glucose homeostasis.
High-dose, continuous infusion of glu-
cosamine (5 pwmol - kg ™! min "', steady-
state plasma levels of 1.15 mmol/) was
associated with minimal abnormalities in
insulin secretion, glucose tolerance, or in-
sulin-mediated glucose metabolism (8).
Furthermore, clinical trials in subjects
with type 2 diabetic subjects have shown
that glycemic control does not deteriorate
after treatment with 1,500 mg glu-
cosamine/1,200 mg chondroitin per day
over 90 days’ duration (9).

We have previously reported that
treatment of hepatocyte cell lines in cul-
ture with glucosamine increases apoAl
production as a result of stabilization of
apoAI mRNA (4). It is not known whether
this observation is clinically relevant and
whether glucosamine supplementation in
diabetic subjects, who tend to have low
apoAl levels, would ameliorate the hy-
poalphalipoproteinemic state. Improve-
ments in apoAl and HDL cholesterol
levels by glucosamine could potentially
reduce the cardiovascular risk in diabetes.
Therefore, the present study was per-
formed to test the hypothesis that glu-
cosamine supplementation, when given
in currently acceptable doses, may in-
crease apoAl and HDL cholesterol levels
in subjects with diabetes and low HDL
cholesterol.
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Table 1—Demographics and baseline laboratory findings of study participants at screening

visit
Parameters Value
Sex (male/female) 3/9
Diabetes type (1/2) 2/10
Age (years) 55 * 12
Height (m) 1.75 £ 0.14
Weight (kg) 1149 = 425
BMI (kg/m?) 36.7 £ 9.9
Hypolipemic drugs (doses)
Atorvastatin (10 mg/20 mg/80 mg) 1/171
Lovastatin (20 mg/40 mg) 1/1
Pravastatin (40 mg) 2
Nicotinic acid (2,000 mg) 1
Ezetimibe (10 mg) 1
Ezetimibe (10 mg) + rosuvastatin (10 mg) 1
None 2
A1C (%) 79+ 14
Fructosamine (mol/l) 280 £ 71
Fasting glucose (mmol/l) 9.12 = 4.04
Total cholesterol (mmol/1) 4.16 = 0.75
HDL cholesterol (mmol/1) 1.03 +0.20
LDL cholesterol (mmol/l) 2.24 = 0.68
Triglycerides (mmol/1) 2.65* 144
ApoAl (mg/dD) 146 = 19
ApoB (mg/dl) 05 = 18

Data are n or means = SD.

RESEARCH DESIGN AND
METHODS — Subjects with either
type 1 or type 2 diabetes were recruited
from the endocrinology clinics of Saint
Louis University. Inclusion criteria were
HDL cholesterol =1.29 mmol/l and at
least one of the following: triglycerides
=2.30 mmol/l, abdominal obesity (waist
circumference >102 c¢m in men or >88
cm in women), or hypertension (blood
pressure >130/85 mmHg before treat-
ment). They were randomly assigned to a
double-blind, placebo-controlled, cross-
over trial of 500 mg glucosamine orally
three times a day or matching placebo for
2 weeks, followed by a 4 week washout
phase and then a 2-week cross-over
to the alternate therapy of placebo or
glucosamine.

All subjects had stable A1C and were
not allowed to have had any new class of
antiglycemic medications within the pre-
vious 2 months before enrollment. Sub-
jects who were already taking lipid-
modifying agents, such as statins, fibrates,
niacin, ezetimibe, binding resins, glita-
zones, fish oil, estrogen, or selective estro-
gen receptor modulators, for at least the
preceding 2 months continued without
change in the dose of medication. Sub-
jects were excluded if they had any recent

myocardial infarction or revascularization
procedure (within 6 weeks), renal disease
(serum creatinine >177 wmol/l), recent
surgery (within 6 weeks), weight loss of
>5% of body weight within the preced-
ing 3 months, liver disease (abnormal
liver enzymes or liver function tests), or
chronic hepatitis or were pregnant.

All subjects signed a consent form ap-
proved by the Institutional Review Board
of Saint Louis University. They were ran-
domly assigned by computer-generated
random number allocation to initial treat-
ment with glucosamine or matching pla-
cebo. Independent analysis of random
pills were determined to be >99.5% pure
by chemical analysis of glucosamine con-
tent by high-performance liquid chroma-
tography (10).

Laboratory measurements were per-
formed in the clinical laboratories of
Quest Diagnostics (St. Louis, MO) using
standard laboratory ranges of glucose,
cholesterol, HDL cholesterol, LDL choles-
terol, triglycerides, A1C, fructosamine
(reference range 190-270 wmol/1), apoAl
(reference range for males 94-176 mg/dl
and females 101-198 mg/dl) and apoB
(reference range for males 52—-109 mg/dl
and females 49-103 mg/dl).

Albert and Associates

Statistical analysis. Changes in lipid
levels and lipoprotein levels were ana-
lyzed by paired parametric testing with
ANOVA of repeated measures. The effi-
cacy of glucosamine in increasing hepatic
apoAl production in cell culture studies
was used to calculate the number of subjects
needed to demonstrate a clinical effect. In
these cell culture studies, glucosamine
treatment of cells at the lowest dose tested
(0.03 mmol/l) was associated with an 80%
increase in apoAl levels in the culture media
(4). It was estimated that to demonstrate a
10% improvement in apoAl levels with
glucosamine treatment, 12 subjects
would have a power of >80% for an a =
0.05 by two-tailed paired testing.

Statistical procedures were per-
formed with the statistical package Statis-
tica for Windows (version 7; Statsoft,
Tulsa, OK). Significance was defined as
P < 0.05 by two-tailed testing.

RESULTS AND
CONCLUSIONS — Twelve subjects
with type 1 (n = 2) and type 2 (n = 10)
diabetes were enrolled. The demograph-
ics of the study population are summa-
rized in Table 1. Table 2 summarizes the
glycemic and lipid profiles of the subjects
throughout the study. Treatment with
glucosamine, 500 mg three times a day for
2 weeks, did not alter the glycemic con-
trol parameters such as fasting glucose or
fructosamine level and did not alter the
serum lipid and lipoprotein levels.

The lack of a significant effect on gly-
cemic parameters is consistent with pre-
viously published studies on the effect of
glucosamine in both diabetic and nondi-
abetic individuals (9,11). Of particular in-
terest in this study was the lack of a
change in HDL cholesterol or apoAl levels
after glucosamine treatment for 2 weeks.
This outcome was contrary to our expec-
tations based on our previous studies
showing a significant effect of glu-
cosamine on apoAl production in hepato-
cytes (4).

Several potential variables may ex-
plain the discrepancy between the in vivo
effects of glucosamine and the effects ob-
served in cell cultures. Interference of glu-
cosamine with the assays reported is
unlikely and has not been previously ob-
served (8,9,11). The half-life of apoAl has
been estimated to be 15-54 h (12). In
individuals with diabetes and hypertri-
glyceridemia, the fractional catabolic rate
of HDL and apoAl is increased (13). Thus,
given the known kinetics of apoAl and
HDL cholesterol, 2 weeks of treatment is
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Glucosamine and apoAl

Table 2—Serum concentrations of glucose, fructosamine, lipid, and lipoproteins before and after 2 weeks of treatment with glucosamine (500

mg) or placebo orally three times a day

Glucosamine Placebo

Parameter Before After Before After
Glucose (mmol/l) 05*54 10.3 =49 05*42 105 6.2
Cholesterol (mmol/l) 4.16 = 0.63 414 +0.77 420+ 0.76 419 = 0.84
HDL cholesterol (mmol/l) 1.02 £ 0.15 1.05 £0.16 1.04 £ 0.21 1.06 £ 0.16
LDL cholesterol (mmol/1) 2.19 = 0.59 2.26 £ 0.58 2.20 = 0.65 2.12 £ 0.63
Triglycerides (mmol/l) 2.81 *1.49 2,64 £197 2.86 x 1.61 3.02 201
Fructosamine (pmol/l) 309 = 104 330 = 139 208 = 74 327 £ 97
ApoAl (mg/dD) 147 £ 15 140 £ 16 146 £ 25 142 £ 17
ApoB (mg/dl) 91 =22 80 + 17 91 =16 95 + 27

Data are means *= SD.

sufficient to demonstrate a meaningful ef-
fect on steady-state levels of HDL choles-
terol and apoAl

The dose of glucosamine, however,
may have been insufficient to effect a
change. The choice of the dose was based
on the dose that is commonly prescribed
and on precautionary considerations that
higher doses of glucosamine may have ad-
verse metabolic effects (11). A single oral
dose of 500 mg glucosamine results in a
peak concentration of 2-5 pmol/l and is
eliminated with a mean apparent plasma
elimination half-life of 148 min (11).
Given such elimination kinetics, the
plasma glucosamine levels would not
reach a steady state when glucosamine
supplements are taken on a three-times-
a-day schedule.

If the peak concentration achievable
after a 500-mg dose of oral glucosamine is
5 wmol/l and if we assume that hepatic
first-pass metabolism accounts for 25%
bioavailability of glucosamine (11), it can
be assumed that the liver is exposed to
concentrations of glucosamine in the
range of 20 wmol/l. This amount is some-
what lower than the lowest concentration
of glucosamine (30 wmol/l) used in cell
culture studies (4). Thus, the dwell time
in plasma may be short and the concen-
tration not high enough for the intended
effect. It is possible that higher or more
frequent dosing may have an effect on
apoAl metabolism, but there is insuffi-
cient safety data available to make these
dose adjustments.

Another potential confounding factor
is the variability of the active ingredient
content of glucosamine pills (10). There-
fore, we measured the active ingredient in
a random samples of the pills used in the
study to document the reliability of the
commercial product.

The sample size may have limited the

capacity of this study to detect a signifi-
cant effect of glucosamine on apoAl lev-
els. The magnitude of the increase in
apoAl production after glucosamine
treatment of hepatocytes in cultures was
highly significant (4). Glucosamine was
used at doses of 0.03, 0.1, 0.3, 1.0, and
3.0 mmol/l. The changes in apoAl were
significant even at 0.03 mmol/l (763 vs.
baseline values of 423 arbitrary integrator
units), and at 1.0 mmol/l there was a 5.5-
fold increase in apoAl protein and a 2.4-
fold increase in apoAI mRNA. The current
study was designed to document a 10%
change in apoAl. Twelve subjects would
have been sufficient to provide a power of
>80% at an a = 0.05 to demonstrate a
10% improvement in apoAl levels with
glucosamine treatment by two-tailed test-
ing. It is possible that given the limited
number of subjects studied, a more mod-
estincrease in apoAl levels may have been
missed.

It is also possible that given the mul-
tiplicity of factors that suppress apoAl
production in diabetes (2), the effect of
glucosamine will not be demonstrable in
this population. It is noteworthy that a
recent study in nondiabetic lean or obese
subjects could not show a significant
change in HDL cholesterol levels after 6
weeks of treatment with 1,500 mg glu-
cosamine daily (11).

A recently published randomized,
placebo-controlled study examined
whether glucosamine has an antirheu-
matic effect in 51 patients with rheuma-
toid arthritis (14). Glucosamine
hydrochloride at a daily dose of 1,500 mg
and placebo were administered for 12
weeks along with conventional medica-
tion. Although significant improvement
was not found in objective measures of
severity of disease, pain was significantly
reduced in the glucosamine group. Be-

cause glucosamine has been used in the
treatment of osteoarthritis (6,7) and rheu-
matoid arthritis (14), it would therefore
be useful to know the effect of this treat-
ment on the plasma lipid profile. The
mechanism of action of glucosamine in its
antiarthritic effect is largely unknown but
seems to involve an anti-inflammatory ef-
fect (15). This implies an effect on circu-
lating inflammation mediators, some of
which, notably tumor necrosis factor-a
and interleukin-1B are known to down-
regulate apoAl production and reduce
HDL cholesterol levels (16,17). Thus, it is
possible that the potential salutary effects
of glucosamine on HDL cholesterol may
be more pronounced in those individuals
in a chronic inflammatory state such as
arthritis, compared with nonarthritic pa-
tients with diabetes in whom the degree of
chronic inflammation may be less.

Overall these observations suggest
that glucosamine at doses commonly con-
sumed by the public does not have signif-
icant effects on glycemic control or lipid
profiles of subjects with diabetes after 2
weeks of supplementation. The effects of
glucosamine previously shown in hepato-
cyte cultures are not demonstrable clini-
cally in subjects with diabetes when
glucosamine is consumed in commonly
used amounts.

References

1. Mooradian AD: Cardiovascular disease in
type 2 diabetes mellitus: current manage-
ment guidelines. Arch Intern Med 163:33—
40, 2003

2. Mooradian AD, Haas MJ, Wong NCW:
Transcriptional control of apolipoprotein
A-I gene expression in diabetes mellitus.
Diabetes 53:513-520, 2004

3. Mooradian AD, Haas MJ, Wong NCW:
The effect of select nutrients on serum
high density lipoprotein cholesterol and

2802

DiaBETES CARE, VOLUME 30, NUMBER 11, NOVEMBER 2007

#20z Iidy 01 uo 3sanb Aq 4pd*008200.0 1} L09PZ/Z6+Y6S5/0082/1 L/0E/PA-8]01IE/21ED/WOD JIEYIISA|IS BPE//:d}3Y WO} papeojumoq



apolipoprotein A-I levels. Endocr Rev 27:
2-16, 2006

. Haas MJ, Wong NCW, Mooradian AD: Ef-
fect of glucosamine on apolipoprotein Al
mRNA stabilization and expression in
HepG2 cells. Metabolism 53:766-771,
2004

. McClain DA: Hexosamines as mediators
of nutrient sensing: relevance to obesity,
insulin resistance, and diabetes. Curr Opin
Endocrinol Diabetes 8:186-191, 2001

. Reginster JY, Deroisy R, Rovati LC, Lee
RL, Lejeune E, Bruyere O, Giacovelli G,
Herotin Y, Dacre JE, Gossett C: Long-term
effects of glucosamine sulphate on osteo-
arthritis progression: a randomized, pla-
cebo-controlled clinical trial. Lancet 357:
251-256, 2001

. McAlindon TE, LaValley MP, Gulin JP,
Felson DT: Glucosamine and chondroitin
for treatment of osteoarthritis. JAMA 283:
1469-1475, 2000

. Monauni T, Zenti MG, Cretti A, Daniels
MC, Targher G, Caruso B, Caputo M, Mc-
Clain D, Del Prato S, Giaccari A, Muggeo
M, Bonora C, Bonadonna RC: Effects of
glucosamine infusions on insulin secre-

10.

11.

12.

tion and insulin action in humans. Diabe-
tes 49:926-935, 2000

. Scroggie DA, Albright A, Harris MD: The

effect of glucosamine-chondroitin sup-
plementation on glycosylated hemoglo-
bin levels in patients with type 2 diabetes
mellitus: a placebo-controlled, double-
blind randomized clinical trial. Arch In-
tern Med 163:1587-1590, 2003

Russell AS, Aghazadeh-Habashi A, Jamali
F: Active ingredient consistency of com-
mercially available glucosamine sulfate
products. ] Rheumatol 29:2407-2409,
2002

Muniyappa R, Karne R], Hall G, Crandon
SK, Bronstein JA, Ver MR, Hortin GL,
Quon MJ: Oral glucosamine for 6 weeks
at standard doses does not cause or
worsen insulin resistance or endothelial
dysfunction in lean or obese subjects. Di-
abetes 55:3142-3150, 2006

Nanjee MN, Crouse JR, King JM, Hovorka
R, Rees SE, Carson ER, Morgenthaler J-J,
Lerch P, Miller NE: Effects of intravenous
infusion of lipid-free apo A-I in humans.
Arterioscler Thromb Vasc Biol 16:1203—
1214, 1996

13.

14.

15.

16.

17.

Albert and Associates

Brinton EA, Eisenberg S, Breslow JL: In-
creased apo A-I and apo A-II fractional
catabolic rate in patients with low high
density lipoprotein-cholesterol levels
with or without hypertriglyceridemia.
J Clin Invest 87:536-544, 1991
Nakamura H, Masuko K, Yudoh K, Kato
T, Kamada T, Kawahara T: Effects of glu-
cosamine administration on patients with
rheumatoid arthritis.  Rheumatol  Int
27:213-218, 2007

Wang SX, Cherian A, Dumitriu M, Gryn-
pas MD, Carran J, Wainman D, Anas-
tassiades T: Disease modifying effects of
N-butyryl glucosamine in a streptococcal
cell wall induced arthritis model in rats.
J Rheumatol 34:712-720, 2007

Beers A, Haas MJ, Wong NC, Mooradian
AD: Inhibition of apolipoprotein Al gene
expression by tumor necrosis factor a:
roles for MEK/ERK and JNK signaling.
Biochemistry 45:2408-2413, 2006

Haas MJ, Horani M, Mreyood A, Plummer
B, Wong NC, Mooradian AD: Suppres-
sion of apolipoprotein Al gene expression
in HepG2 cells by TNF o and IL-1. Bio-
chim Biophys Acta 1623:120-128, 2003

DiaBETES CARE, VOLUME 30, NUMBER 11, NOVEMBER 2007

2803

#20z Iidy 01 uo 3sanb Aq 4pd*008200.0 1} L09PZ/Z6+Y6S5/0082/1 L/0E/PA-8]01IE/21ED/WOD JIEYIISA|IS BPE//:d}3Y WO} papeojumoq



