ORIGINAL CONTRIBUTION

Effect of Glucosamine on Pain-Related
Disability in Patients With Chronic
Low Back Pain and Degenerative
Lumbar Osteoarthritis
A Randomized Controlled Trial
Philip Wilkens, MChiro
Inger B. Scheel, PhD
Oliver Grundnes, PhD
Christian Hellum, MD
Kjersti Storheim, PhD

O

(OA) IS A
common condition that
currently affects more than
20 million individuals in
the United States, and this number is
expected to increase.1 Like the peripheral joints, the spine demonstrates
osteoarthritic (facet joint changes) and
degenerative alterations (disk area
changes).2 These findings are often present independently of low back pain
(LBP).3 Nevertheless, studies indicate
that such findings may cause LBP.2
Low back pain is widespread and is the
second most common concern expressed by patients in primary care.3 It
poses a diagnostic and therapeutic challenge to clinicians due to the unclear etiology and the range of interventions with
limited effect.3 Glucosamine is widely
used as a treatment for OA, despite its
controversial and conflicting evidence for
effect.1,4-11 Meta-analyses and systematic reviews have reported potential mild
effect of glucosamine on knee and hip
OA.4-8,10,11 Glucosamine is also increasingly taken by LBP patients.9
Glucosamine is hypothesized to restore cartilage and have anti-inflammatory properties.12 Degenerative lumSTEOARTHRITIS

See also p 93 and Patient Page.

Context Chronic low back pain (LBP) with degenerative lumbar osteoarthritis (OA)
is widespread in the adult population. Although glucosamine is increasingly used by
patients with chronic LBP, little is known about its effect in this setting.
Objective To investigate the effect of glucosamine in patients with chronic LBP and
degenerative lumbar OA.
Design, Setting, and Participants A double-blind, randomized, placebocontrolled trial conducted at Oslo University Hospital Outpatient Clinic, Oslo, Norway, with 250 patients older than 25 years of age with chronic LBP (⬎6 months) and
degenerative lumbar OA.
Interventions Daily intake of 1500 mg of oral glucosamine (n = 125) or placebo
(n=125) for 6 months, with assessment of effect after the 6-month intervention period and at 1 year (6 months postintervention).
Main Outcome Measures The primary outcome was pain-related disability measured with the Roland Morris Disability Questionnaire (RMDQ). Secondary outcomes
were numerical scores from pain-rating scales of patients at rest and during activity,
and the quality-of-life EuroQol-5 Dimensions (EQ-5D) instrument. Data collection occurred during the intervention period at baseline, 6 weeks, 3 and 6 months, and again
6 months following the intervention at 1 year. Group differences were analyzed using
linear mixed models analysis.
Results At baseline, mean RMDQ scores were 9.2 (95% confidence interval [CI],
8.4-10.0) for glucosamine and 9.7 (95% CI, 8.9-10.5) for the placebo group (P=.37).
At 6 months, the mean RMDQ score was the same for the glucosamine and placebo
groups (5.0; 95% CI, 4.2-5.8). At 1 year, the mean RMDQ scores were 4.8 (95% CI,
3.9-5.6) for glucosamine and 5.5 (95% CI, 4.7-6.4) for the placebo group. No statistically significant difference in change between groups was found when assessed after the 6-month intervention period and at 1 year: RMDQ (P=.72), LBP at rest (P=.91),
LBP during activity (P=.97), and quality-of-life EQ-5D (P=.20). Mild adverse events
were reported in 40 patients in the glucosamine group and 46 in the placebo group
(P=.48).
Conclusions Among patients with chronic LBP and degenerative lumbar OA, 6-month
treatment with oral glucosamine compared with placebo did not result in reduced painrelated disability after the 6-month intervention and after 1-year follow-up.
Trial Registration clinicaltrials.gov Identifier: NCT00404079
JAMA. 2010;304(1):45-52

bar OA is associated with cartilage
destruction and inflammatory processes,13,14 and glucosamine could therefore provide benefit. A few trials of the
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effect of glucosamine on LBP have been
conducted,15-17 but with methodological limitations like open-label design,
small sample size (⬍40 patients), short
intervention period (⬍4 weeks), multiple diagnoses, and outcomes measures with questionable psychometric
properties, the evidence remains inconclusive.
A more robust evaluation is warranted to establish the effect of glucosamine in LBP patients. We conducted a randomized, double-blind,
placebo-controlled trial to investigate
the effect of a 6-month intake of glucosamine in reducing pain-related disability in patients with LBP and degenerative lumbar OA.18
METHODS
Patient Recruitment and Inclusion

The trial was conducted at Oslo University Hospital Outpatient Clinic, Oslo,
Norway. Recruitment occurred between December 2006 and July 2008
in Oslo and Bergen, Norway, via referrals by general practitioners, physiotherapists, chiropractors, and selfreferrals based on 1 newspaper
advertisement. The newspaper is read
by approximately 40.0% of the population in the trial area.19
Patients were included when the eligibility criteria had been confirmed. Inclusion criteria were primary concern
of nonspecific chronic LBP (defined as
the area below the 12th rib and above
the gluteal folds),20 LBP for at least 6
months with summed score of at least
3 out of 24 points on the Roland Morris Disability Questionnaire (RMDQ),
older than 25 years of age, and written
informed consent. Patients with concomitant leg pain were included as long
as the LBP pain rating was higher than
the leg pain rating.
Additionally, magnetic resonance
imaging (MRI) scans no older than 1 year
prior to inclusion consisting of at least
1 axial view (T2 weighted) and 2 sagital
views (T1 and T2 weighted) were required for inclusion. The MRIs, without concealment of name, age, and sex,
were first analyzed by radiologists who
were not part of the research group. Fur46
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ther categorizations of the MRI findings and inclusion to the trial were decided by an orthopedic spinal surgeon
and a chiropractor. The chiropractor received additional training in analyzing
MRIs and conducted an interreliability
test with a radiologist. Disagreements between the 2 diagnosticians were resolved by a second orthopedic surgeon.
MRI findings indicating a degenerative
process were required for inclusion because glucosamine is a preparation targeting joint degeneration. Patients had
to fulfill at least 1 of the following MRI
criteria: disk signal intensity changes
(gray, dark, or black),21 reduced disk
height compared with adjacent superior disk,21 facet joint changes (grade 1
or grade 2),22 modic changes (type 1, type
2 or type 3),23 or high-intensity zone
(present or not present).24
Exclusion criteria included symptomatic intervertebral disk herniation or
spinal stenosis, previous lumbar fracture or surgery, pregnancy or breastfeeding, seafood allergy, ongoing psychiatric or somatic disease potentially
influencing a patient’s pain, and use of
any type of glucosamine 1 year prior to
enrollment.
Interventions and Follow-up

The trial participants were randomized to receive a daily dose of 1500 mg
of glucosamine sulfate (Glucosamine,
Pharma Nord, Vejle, Denmark) or placebo administered as three 500-mg capsules, which could be taken one by one
throughout the day or all at once over
a period of 6 months. Glucosamine sulfate was supplied as white powder in
white capsules in white plastic containers. Placebo was identically supplied
and consisted mainly of cellulose. After the 6-month intervention period, the
participating patients were free to
choose LBP management according to
their own preference. Patients were permitted to use rescue medication (pain
killers or nonsteroidal anti-inflammatory drugs), their existing analgesics, or
their usual LBP therapy (eg, manipulation, physiotherapy, massage). Adjunctive management was reported at
the subsequent visit.

Follow-up visits occurred at 6 weeks,
3 and 6 months, and 1 year. The 1-year
follow-up assessment was conducted by
postal questionnaires.
Adherence was assessed by returned
capsule count at 3- and 6-month visits.
Testing of successful blinding was conducted by asking the participants to indicate whether they had been assigned
to either glucosamine or placebo after the
trial intervention period.
Primary Outcome Measure

The primary outcome measure used was
the Norwegian version of the RMDQ,25
whichisawidelyused,back-specific,selfadministered measure of pain-related
disability. Greater levels of disability give
higher numbers on a 24-point scale.
RMDQ has content and construct validity and internal consistency. It is also reproducible and sensitive to change over
time for LBP patients.26,27 A 3-point reduction in the total RMDQ was a priori
classified as a response to treatment.
Secondary Outcome Measures

Low back and leg pain intensities during activity and at rest were measured
using an 11-point numeric pain rating
scale (NRS) with 0 indicating no pain
and 10 indicating the worst pain imaginable.28 Patients were asked to rate
“most severe low back and/or leg pain”
during the preceding week.
Health-related quality of life was measured using EuroQol-5 Dimensions (EQ5D) index and EuroQol-visual analog
scale (EQ-VAS).29 The EQ-5D index
measures 5 quality-of-life domains on a
−0.59 to 1.0 scale and EQ-VAS measures overall health status on a 20-cm 0
to 100 vertical visual analog scale. The
global perceived effect of glucosamine
was assessed by the patient on a 7-point
Likert scale (1, completely recovered; 2,
much recovered; to 7, vastly worsened).30
Baseline Characteristics

Background descriptive data, psychological status (Hopkins Symptom
Checklist-25),31 and fear avoidance
behavior (Fear Avoidance Beliefs
Questionnaire)32 were collected at baseline only.
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Adverse Events and Safety

Any unfavorable change from the patients’ pretreatment state was regarded
as an adverse event—regardless of relationship to the study medication. Safety
monitoring included assessment of adverse events, blood pressure measurements at every visit, and fasting blood
glucose and cholesterol levels before and
following intervention. Interim analysis and early discontinuation end points
were considered unnecessary because
previous studies indicated low risks with
glucosamine.7 Adverse events, withdrawals, and concomitant illnesses were recorded in accordance with good clinical practice guidelines.
Norway regulates glucosamine as a
prescription drug only. Therefore, the
study complied with the Norwegian
Medicines Agency for conducting randomized controlled trials and provided regular reports to the agency. Additionally, the Regional Ethical
Committees for Medicine and Health
and the Norwegian Data Inspectorate
approved the study, which followed the
Declaration of Helsinki.
Randomization

An unstratified computer-generated
randomization list in blocks of 10 with
a 1:1 ratio allocated patients to glucosamine or placebo. Concealment for
blinding was achieved by securing and
hiding the researchers’ code list, which
was accessible to the researchers only
after the total data collection was complete. The study medication for each
randomization number was packaged
and labeled by the manufacturer
(Pharma Nord), stored by the pharmacy department in the hospital, and
dispensed by a research nurse to the patients. When accepted for the trial, each
patient selected an envelope with the
allocation number inside from several
sealed opaque envelopes.
Statistical Analysis

A change in score of 3 points on the
RMDQ is considered the lowest level
of clinical importance to be used for
sample size calculations in trials.27 We
estimated that 250 patients should be

enrolled based on a clinically important difference of 3 with 80% power, a
2-sided significance level of .05, and
adding 20% for possible dropouts.
Data monitoring was planned before
data collection but facilitated afterward. Data analyses, which were performed on an intention-to-treat basis,
commenced after data monitoring. Descriptive statistics were used to summarize patients’ characteristics at baseline
for each group. Means for baseline and
follow-up outcomes were calculated
Table 1. Baseline Characteristics a

No. (%)
Glucosamine
Characteristics
(n = 125)
Age, mean (SD), y
47.5 (11.5)
Female sex
54 (43.2)
BMI, mean (SD) b
25.4 (4.0)
Nonsmokers
106 (84.8)
Attended college
74 (59.2)
Married
82 (65.6)
Employment status
Full- or part-time
91 (72.8)
Retired
7 (5.6)
Disability pension
9 (7.2)
Sick leave
13 (10.4)
Other
5 (4.0)
Clinical characteristics
159.8 (125.3)
Duration of LBP, mean (SD), mo d
LBP 6-48 mo
33 (26.4)
LBP ⱖ48 mo
92 (73.6)
Modic changes (any type)
85 (68.0)
Presence of high intensity zone/annulus tear
41 (32.8)
Disk signal (any change)
119 (95.2)
Disk height (any reduction)
92 (73.6)
Facet changes (any change)
75 (60.0)
Pain rating scale, range
RMDQ, 0-24, mean (SD)
9.2 (3.9)
NRS LBP at rest, 0-10, mean (SD)
3.7 (2.6)
NRS leg pain at rest, 0-10, mean (SD)
1.8 (2.2)
Median (IQR)
1 (0-3)
NRS LBP when active, 0-10, mean (SD)
4.9 (2.5)
NRS leg pain when active, 0-10, mean (SD)
2.4 (2.6)
Median (IQR)
1 (0-3)
HSCL-25, 1-4, mean (SD)
1.46 (0.40)
FABQ physical activity, 0-24, mean (SD)
10.7 (5.1)
FABQ work, 0-42, mean (SD)
13.8 (10.3)
EQ-5D index, −0.59-1, mean (SD)
0.57 (0.3)
EQ-5D VAS, 0-100, mean (SD)
5.8 (2.2)

Placebo
(n = 125)
49.4 (11.0)
67 (53.6)
25.4 (4.6)
102 (81.6)
69 (55.2)
80 (64.0)
91 (72.8)
10 (8.0)
7 (5.4)
14 (11.2)
5 (4.0)

Total
P
(N = 250)
Value
48.5 (11.24)
.19
121 (48.4)
.13
25.4 (4.3)
.98
208 (83.2)
.61
143 (57.2)
.53
162 (64.8)
.79
182 (72.8)
17 (6.8)
16 (6.3)
27 (10.8)
10 (4.0)

.63
c
c
c
c

160.1 (132.0) 159.9 (128.6)
32 (25.6)
32.5 (26.0)
.99
c
93 (74.4)
92.5 (74.0)
80 (64.0)
165 (66.0)
.50
56 (44.9)
97 (38.9)
.07
119 (95.2)
238 (95.2) ⬎.99
81 (64.8)
173 (69.2)
.13
79 (62.9)
154 (61.5)
.71
9.7 (4.5)
3.9 (2.4)
2.0 (2.3)
2 (0-4)
5.1 (2.3)
2.7 (2.6)
2 (0-5)
1.46 (0.40)
9.7 (5.3)
11.7 (9.8)
0.63 (0.2)
6.4 (2.0)

9.5 (4.2)
3.8 (2.3)
1.9 (2.2)
NA
5.0 (2.4)
2.5 (2.6)
NA
1.46 (0.40)
10.2 (5.2)
12.8 (10.1)
0.60 (0.3)
6.1 (2.1)

.37
.48
.57
NA
.65
.51
NA
.93
.13
.11
.10
.02

Abbreviations: BMI, body mass index; EQ-5D, EuroQol-5 Dimensions; FABQ, Fear Avoidance Beliefs Questionnaire;
HSCL-25, Hopkins Symptom Checklist; IQR, interquartile range; LBP, low back pain; NA, not applicable; NRS, Numerical Rating Scale; RMDQ, Roland Morris Disability Questionnaire; VAS, visual analog scale.
a Values are presented as No. (%) unless otherwise specified (mean [SD]; or median [IQR]).
b BMI is calculated as weight in kilograms divided by height in meters squared.
c No P value given between subgroups of 1 category.
d Mean (SD) values for duration of LBP indicate patients with long-standing LBP. Conversion is 13.3 (10.4) years for
glucosamine, 13.3 (11) years for placebo, and 13.3 (10.7) years for the total category.
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from the raw data. The NRS data for leg
pain had skewed distribution (TABLE 1).
RMDQ is considered a continuous variable for the linear mixed-effects models that were used to present estimated
treatment effect, confidence intervals
(CIs), and P values for the betweengroup differences during the intervention period at 6 weeks, 3 and 6 months,
and again 6 months after the intervention at 1 year.26 Fixed effects were time
and time ⫻ treatment group interaction. Random effects were intercept and
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random slope. RMDQ observations for
every follow-up visit were included and
the model was adjusted for RMDQ at
baseline, since baseline is assumed to
affect the outcome. Unstructured components analysis was used to account for
within-subject correlation over time because it produced the lowest Akaike
number. Assumptions were assessed by
residual analysis.
Secondary outcomes were also assessed using linear mixed-effects models. Data across all measurements, with
adjustment for the baseline value in
question, were included. The secondary outcomes were assessed for normal distribution, which indicated that
parametric statistics were appropriate. Missing values were considered
missing at random or completely at
random.

Nonmixed models analyses (eg, independent t tests, Pearson 2 tests, odds
ratios) were performed with multiple
imputation. Analyses were performed
with SPSS version 17.0 for Windows
(SPSS, Inc, Chicago, Illinois).
RESULTS
Patient Characteristics

A total of 473 patients were screened,
and 250 were included and randomized (FIGURE 1). Reasons for exclusion were LBP as a secondary complaint (n=153), previous spinal surgery
(n=38), a total RMDQ score of less than
3 points (n=23), refusal of randomization (n=5), and no MRI findings (n=4).
The groups were similar at baseline, except for EQ-5D VAS, in which an independent t test revealed significant difference (Table 1).

Disability, Pain, and Quality of Life

Baseline RMDQ score for the glucosamine group was 9.2 (95% CI, 8.410.0) and 9.7 (95% CI, 8.9-10.5) for
placebo. The 6-month RMDQ score
was 5.0 (95% CI, 4.2-5.8) for the
glucosamine group and 5.0 (95% CI,
4.2-5.8) for placebo. The 1-year RMDQ
score was 4.8 (95% CI, 3.9-5.6), for
the glucosamine group and 5.5 (95%
CI, 4.7-6.4) for placebo. There was
no significant time ⫻ treatment interaction for glucosamine vs placebo at
the end of the intervention period (6
months) or at 1-year follow-up for
RMDQ, NRS LBP, EQ-5D, and EQ-5D
VAS (T ABLE 2). No difference was
found between glucosamine and placebo in terms of minimal important
clinical change for the main outcomes
(FIGURE 2).
Adherence, Dosage, and Safety

Figure 1. Enrollment and Outcomes

473 Patients assessed for eligibility
223 Excluded
153 LBP as secondary complaint
38 Previous spinal surgery
23 RMDQ <3 points
5 Refused randomization
4 No MRI findings

250 Randomized

125 Randomized to and received
glucosamine

125 Randomized to and received
placebo

3 Missed appointments

3 Missed appointments

6 Withdrew from treatment
3 Protocol violation
2 Adverse events
1 New diagnosis (disk herniation
or prolapse)

3 Withdrew from treatment
(adverse events)

15 Withdrew from study
8 Did not return 1-year questionnaire
4 Lost to follow-up
2 Adverse events
1 Died

14 Withdrew from study
4 Did not return 1-year questionnaire
4 Lost to follow-up
1 New diagnosis (disk herniation
or prolapse)
2 Adverse events
3 Withdrew consent

103 Complete datasets
22 Incomplete datasets

105 Complete datasets
20 Incomplete datasets

125 Included in primary analysis

125 Included in primary analysis

Patients listed as having withdrawn from treatment discontinued the assigned intervention but continued to
undergo trial assessments. Those listed as having withdrawn from the trial discontinued the intervention and
assessments. Incomplete data sets reflect the number of missing questionnaires and not the actual number of
individuals withdrawing from treatment or study. LBP indicates low back pain; RMDQ, Roland Morris Disability Questionnaire; MRI, magnetic resonance imaging.
48
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The attrition rate was 6.8% (17 of
250) with 7 and 10 patients in the glucosamine and the placebo group during the intervention period, respectively. At 6 weeks, 4 patients had
discontinued the trial in the glucosamine group and 3 in the placebo
group (P = .70). At 12 weeks, 3 more
patients in the placebo group left the
trial (P=.52). At 6-month follow-up, 3
more patients discontinued the trial in
the glucosamine group and 4 more in
the placebo group (P = .79). There
were 15 patients in the glucosamine
group and 14 in placebo who did not
complete and return the 1-year postal
questionnaire. Of all the patients
(n = 208), 44.2% (92) guessed they
received glucosamine as the study
medication. However, of those receiving glucosamine, 52.4% (54 of 103)
correctly guessed their medication and
62.9% of those receiving placebo (66
of 105) correctly guessed their medication allocation (P=.06). Medication
adherence was similar in the 2 groups
with average dose for both groups of
81.5% at 3 months and 87.0% at 6
months. Adverse events (n=86) were
mild and consisted mostly of gastrointestinal (flatulence, abdominal pain,
nausea/vomiting, constipation, and
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diarrhea) and dermatologic problems
(TABLE 3). All adverse events were
self-limiting without treatment and
resolved either with discontinuation
(n = 10) or continuation of the study
drug (n = 7). In terms of serious
adverse events, 1 patient in the glucosamine group died and 1 participant
in each group developed a disk herniation (new diagnosis) and underwent
surgery. These events were not considered to be study related. Fasting blood
glucose and cholesterol and blood
pressure levels did not deviate from
normal fluctuations during the trial.
Concomitant Medication
and Treatment

Among participants in the glucosamine group during the intervention period, 38.4% (48 of 125) used analgesics, 53.6% (67 of 125) used
concomitant therapy, and 28.0% (35 of
125) used both analgesics and concomitant therapy. Corresponding results in the placebo group were 45.6%
(57 of 125), 53.6% (67 of 125), and
28.0% (35 of 125) (Table 3).
Among patients in the glucosamine
group after the intervention period,
16.0% (20 of 125) used some type of
glucosamine preparation, 29.6% (37 of
125) used analgesics, 64.0% (80
of 125) used concomitant therapy,
and 50.4% (63 of 125) used a combination of glucosamine, analgesics, or
therapy. Corresponding reports in the
placebo group were 20.8% (26 of
125), 32.0% (40 of 125), 55.2% (69
of 125), and 58.4% (73 of 125)
(Table 3). Both users and nonusers of
concomitant management (medication
and therapy) improved with 4.5 points
on the RMDQ after the 6-month intervention period and 4.3 points at 1-year
follow-up.
COMMENT
To our knowledge, this is the first large,
long-term trial investigating the efficacy of glucosamine in patients with
chronic LBP. Our findings suggest that
glucosamine is not associated with a significant difference in pain-related disability, low back and leg pain, health-

Table 2. Primary and Secondary Outcomes
Mean SD (95% CI) a
Assessment (Range)
and Time of Evaluation
RMDQ (0 to 24)
Baseline
6 wk
3 mo
6 mo
1y
NRS LBP at rest (0 to 10)
Baseline
6 wk
3 mo
6 mo
1y
NRS leg pain at rest (0 to 10)
Baseline
6 wk
3 mo
6 mo
1y
NRS LBP when active (0 to 10)
Baseline
6 wk
3 mo
6 mo
1y
NRS leg pain when active (0 to 10)
Baseline
6 wk
3 mo
6 mo
1y
EQ-5D index (−0.59 to 1.0)
Baseline
6 wk
3 mo
6 mo
1y
EQ-5D VAS (0 to 100)
Baseline
6 wk
3 mo
6 mo
1y
Global perceived effect, No. (%) d
Baseline
6 wk
3 mo
6 mo
1y

Placebo
(n = 125)

Treatment
Effect b

P
Value c

9.2 (8.4 to 10.0)
7.0 (6.1 to 7.8)
5.8 (5.0 to 6.6)
5.0 (4.2 to 5.8)
4.8 (3.9 to 5.6)

9.7 (8.9 to 10.5)
7.1 (6.3 to 7.9)
6.5 (5.7 to 7.3)
5.0 (4.2 to 5.8)
5.5 (4.7 to 6.4)

NA
−0.1 (−1.3 to 1.0)
−0.7 (−1.8 to 0.5)
0.0 (−1.1 to 1.2)
−0.8 (−2.0 to 0.4)

NA
.82
.24
.72
.50

3.7 (3.3 to 4.1)
2.9 (2.5 to 3.3)
2.7 (2.4 to 3.1)
2.5 (2.1 to 2.9)
2.5 (2.1 to 2.9)

3.9 (3.5 to 4.3)
2.9 (2.5 to 3.3)
2.9 (2.5 to 3.3)
2.4 (2.0 to 2.8)
2.8 (2.4 to 3.1)

NA
−0.0 (−0.6 to 0.5)
−0.2 (−0.1 to 0.4)
0.1 (−0.5 to 0.6)
−0.3 (−0.8 to 0.3)

NA
.93
.54
.91
.85

1.8 (1.5 to 2.2)
1.3 (1.0 to 1.7)
1.4 (1.0 to 1.8)
1.4 (1.0 to 1.7)
1.5 (1.1 to 1.8)

2.0 (1.6 to 2.3)
1.5 (1.2 to 1.9)
1.7 (1.4 to 2.1)
1.5 (1.1 to 1.8)
1.6 (1.3 to 2.0)

NA
−0.2 (−0.7 to 0.3)
−0.3 (−0.9 to 0.2)
−0.1 (−0.6 to 0.4)
−0.2 (−0.7 to 0.4)

NA
.42
.20
.59
.93

4.9 (4.5 to 5.3)
3.7 (3.2 to 4.1)
3.3 (2.9 to 3.7)
3.1 (2.7 to 3.5)
3.0 (2.5 to 3.4)

5.1 (4.7 to 5.5)
3.6 (3.2 to 4.0)
3.2 (2.8 to 3.6)
2.9 (2.5 to 3.3)
2.9 (2.5 to 3.3)

NA
0.1 (−0.5 to 0.6)
0.1 (−0.5 to 0.6)
0.2 (−0.4 to 0.8)
0.1 (−0.5 to 0.6)

NA
.85
.85
.97
.90

2.4 (2.0 to 2.8)
1.8 (1.4 to 2.2)
1.7 (1.2 to 2.1)
1.6 (1.2 to 2.0)
1.7 (1.3 to 2.1)

2.7 (2.3 to 3.0)
1.9 (1.5 to 2.3)
1.9 (1.5 to 2.3)
1.9 (1.5 to 2.3)
2.0 (1.5 to 2.4)

NA
−0.2 (−0.8 to 0.4)
−0.2 (−0.8 to 0.4)
−0.3 (−0.9 to 0.3)
−0.3 (−0.8 to 0.3)

NA
.53
.53
.61
.95

0.63 (0.57 to 0.66)
0.68 (0.64 to 0.72)
0.73 (0.70 to 0.77)
0.74 (0.70 to 0.78)
0.74 (0.70 to 0.78)

0.57 (0.53 to 0.61)
0.69 (0.65 to 0.72)
0.69 (0.65 to 0.73)
0.76 (0.72 to 0.80)
0.70 (0.65 to 0.74)

NA
0.0 (−0.1 to 0.1)
0.0 (0.0 to 0.1)
0.0 (−0.1 to 0.0)
0.0 (0.0 to 0.1)

NA
.83
.14
.20
.07

6.4 (5.9 to 7.0)
6.8 (6.2 to 7.3)
7.2 (6.7 to 7.8)
7.2 (6.6 to 7.8)
7.4 (7.0 to 7.7)

5.8 (5.3 to 6.4)
6.7 (6.1 to 7.2)
6.8 (6.2 to 7.3)
7.1 (6.7 to 7.4)
6.6 (6.3 to 7.0)

NA
0.1 (−0.7 to 0.9)
0.4 (−0.3 to 1.3)
−0.1 (−1.3 to 0.3)
0.7 (0.2 to 1.2)

NA
.84
.26
.25
.14

NA
22 (18.6)
26 (21.5)
39 (33.1)
34 (30.9)

NA
27 (22.0)
26 (22.2)
42 (36.2)
32 (29.4)

NA
NA
NA
NA
NA

NA
.52
.89
.61
.30

Abbreviations: CI, confidence interval; EQ-5D, Euroqol-5 Dimensions; GPART, global perceived effect of treatment; LBP,
low back pain; NA, not applicable; NRS, Numerical Rating Scale; RMDQ, Roland Morris Disability Questionnaire; VAS,
visual analog scale.
a Mean SD based on raw data unless stated otherwise; 95% CI estimated/calculated from linear mixed models for continuous variables and Pearson 2 for categorical outcomes.
b Treatment effect for RMDQ, NRS LBP at rest and when active, NRS leg pain at rest and when active favors glucosamine
when values are negative and favors placebo when values are positive. Treatment effect for EQ-5D Index and EQ-5D
VAS favors glucosamine when values are positive and placebo when values are negative.
c P values were estimated/calculated from linear mixed models for continuous variables and Pearson 2 for categorical
outcomes.
d Values are the proportion of patients who had a global perceived effect to the intervention, which was defined as a score
of 1 (completely improved) or 2 (much improved) on the Global Perceived Effect of Treatment (range, 1 to 7) with lower
scores indicating more improvement compared with baseline.
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Figure 2. Percentage of Participants With Minimal Clinically Important Change for Main
Primary and Secondary Outcomes at 6 Months and 1 Year
6-mo Outcomes
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RMDQ

RMDQ
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Scale ranges and minimal clinical important change (MCIC [the smallest difference in score that patients perceive as beneficial]): Roland Morris Disability Questionnaire25 (RMDQ [range, 0-24; MCIC, 3]); Numerical Rating Scale26 (NRS [range, 0-10; MCIC, 2]); EuroQol-5 Dimensions Index27 (EQ-5D [range, −0.59 to 1.0; MCIC,
0.9]); and EuroQol visual analog scale27 (EQ-VAS [range, 1-100; MCIC, 10.0]). NRS1 indicates low back pain
at rest; NRS2, leg pain at rest; NRS3, low back pain when active; and NRS4, leg pain when active.

related quality of life, global perceived
effect of treatment, or use of concomitant medications or therapy.
Approximately 30.0% of the patients reported mild adverse events.
Only 10 of these patients withdrew from
treatment or study during the intervention period, all due to well-known
adverse events. Withdrawals and reported adverse events were similar in
both groups. A MEDLINE search via
PubMed in December 2009 indicated
that 3 previous studies have evaluated
the efficacy of glucosamine for chronic
LBP.15-17 Our results did not replicate
the findings of 2 of the trials, and the
authors of the third study16 made no
conclusion due to the small sample size.
There may be several explanations for
the lack of efficacy of glucosamine in
the present trial.
The inclusion criteria for the
present trial may have selected patients with LBP who were not receptive to glucosamine, but we believe one
of the strengths of this study is a large
sample size with patients broadly
representative of patients with chronic
LBP with lumbar OA and degenera50
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tion. The etiology of LBP is incompletely understood,3 therefore LBP studies are faced with a diagnostic challenge
and several possible classification methods. Alternative inclusion criteria might
have provided a more glucosaminereceptive population. The 2 previous
trials reporting an effect with glucosamine did not select patients on the
basis of pain-related disability, while the
present study and the study with no
conclusion of effect did select on this
basis.15-17 However, the potential discrepancy in the patients’ disability alone
may not fully explain the difference in
results because the 3 previous studies
were pilot studies in design and methodology. Regardless of a possible alternative LBP population, the participants included in this trial are likely to
be a representative sample of the LBP
population presenting in general clinical practice.
Glucosamine may be more effective
in other body articulations than in the
lumbar spine. Several studies indicate
effect of glucosamine sulfate in treatment for knee OA.33 The results from
the Glucosamine/chondroitin Arthri-

tis Intervention Trial (GAIT) also implies that glucosamine might be more
effective for moderate to severe knee
pain than for minimal to moderate knee
pain.1 In addition, OA of the knee contains more of the proinflammatory target for glucosamine than OA of the
hip.34 Because the OA disease process
and the potential mechanism of glucosamine action are not yet completely understood,2,12 the location and
severity of OA disease may be important for the efficacy of glucosamine.
Our findings, other knee, hip, or knee
and hip OA studies, and 1 metaanalysis suggest that glucosamine has
no effect on OA.35,36 However, the only
similarity between our study and these
other trials is the results; patient groups
are not comparable.
In contrast, 5 meta-analyses and several studies, including 2 Cochrane
reviews and the Glucosamine Unum in
Die Efficacy (GUIDE) study, have indicated that glucosamine has some efficacy for hip and knee OA4-8,10,11 despite
certain weaknesses.5,7 Methodological
weaknesses, such as lack of allocation
concealment, double-blinding, intention-to-treat principle, adequate power,
masking of study agent, different study
preparations, and consistency between
scales may explain this inconsistency.1,7,36 Meta-analyses can also have
methodological inadequacies from overestimation of the effects due to publication bias or bias within the published studies.37 Latent sponsorship bias
has also been suggested as influencing
outcomes,36 but an evidence-based,
expert consensus guideline found that
the scientific evidence for this notion
is limited.38
Other strengths of this study are the
double-blind design, high adherence
rate, lack of industry involvement,
6-month and 1-year follow-up, intention-to treat analysis, and independent data monitoring. Glucosamine is
considered a prescription drug in Norway and issues with potential contamination of over-the-counter products is
reduced. Successful randomization was
indicated by well-balanced groups at
baseline with the exception of 1 vari-
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able. Empirical evidence suggests that
5% of baseline data will differ significantly by chance.39 Nonsignificant difference (P = .06) between the groups,
when testing for success of blinding,
and group similarity for attrition and
adverse events indicate successful blinding. The 6.8% attrition rate was better
than the predicted 20.0%.
Trial limitations require attention.
First, free participation, including study
treatment and visits, and the focus on
glucosamine may attract a certain type
of patients with specific personality
traits toward trial settings and glucosamine that could affect the outcome. Second, adjunctive management was permitted, which may have
influenced outcome. Third, adherence was assessed by capsule counts.
This may have caused bias owing to increased study awareness and the number of capsules might have been altered by capsule dumping. Fourth,
although the capsule counts indicated
that more than 80% of the capsules were
consumed, the dose-response for glucosamine might require higher adherence to demonstrate efficacy.40 The
number of returned capsules may also
not accurately indicate consumption,
but was the preferred option in this trial
because of its feasibility, cost, and convenience. Finally, our study was not intended to clarify the pharmacokinetics for glucosamine, but merely to
indicate a potentially effective path for
clinical practice.
CONCLUSION
No significant differences were found
between glucosamine and placebo
during the intervention period or at
1-year follow-up. Both interventions
improved functional status by the end
of treatment by a similar amount. No
serious adverse events were associated
with either of the study agents. Based
on our results, it seems unwise to recommend glucosamine to all patients
with chronic LBP and degenerative
lumbar OA. Further research is
needed to clarify whether glucosamine
is advantageous in an alternative LBP
population.

Table 3. Distribution of Concomitant Management and Adverse Events During the Trial
Period
No. (%)
Variables

Placebo

OR (95% CI)

P
Value

Medication Use
None
6 wk

85 (68.0)

89 (71.2)

1.14 (0.65-2.00)

.64

3 mo

97 (77.6)

85 (68.0)

0.62 (0.34-1.13)

.31

6 mo

91 (72.8)

82 (65.6)

0.68 (0.38-1.21)

.39

1y

88 (70.4)

85 (68.0)

0.81 (0.41-1.56)

.50

Over-the-counter preparation
6 wk

12 (9.6)

16 (12.8)

0.72 (0.33-1.60)

.47

3 mo

10 (8.0)

12 (9.6)

0.80 (0.33-1.94)

.51

6 mo

10 (8.0)

15 (12.0)

0.64 (0.27-1.48)

.44

1y

12 (9.6)

10 (8.0)

1.22 (0.51-2.94)

.66

Prescription
6 wk

28 (22.4)

27 (21.0)

1.10 (0.60-2.00)

.76

3 mo

18 (14.4)

22 (17.6)

0.74 (0.38-1.45)

.38

6 mo

19 (15.2)

27 (21.6)

0.65 (0.34-1.24)

.19

1y

19 (15.2)

19 (15.2)

1.00 (0.50-2.00)

.52

20 (16.0)

26 (20.8)

0.73 (0.38-1.40)

.40

Any type of glucosamine 6 mo-1 y a

Concomitant Therapy
No therapy
6 wk

69 (55.2)

70 (56.0)

1.01 (0.61-1.69)

.96

3 mo

78 (62.4)

75 (60.0)

0.94 (0.56-1.59)

.82

6 mo

71 (56.8)

76 (60.8)

1.20 (0.71-2.03)

.50

1y

65 (52.0)

56 (44.8)

0.71 (0.41-1.20)

.20

Chiropractic
6 wk

25 (20.0)

33 (26.4)

0.70 (0.39-1.27)

.38

3 mo

22 (17.6)

25 (20.0)

0.84 (0.44-1.58)

.50

6 mo

28 (22.4)

25 (20.0)

0.84 (0.44-1.58)

.51

1y

24 (19.2)

33 (26.4)

0.66 (0.36-1.21)

.42

Physiotherapy
6 wk

23 (18.4)

13 (10.4)

1.97 (0.95-4.10)

.07

3 mo

20 (16.0)

16 (12.8)

1.28 (0.63-2.60)

.50

6 mo

20 (16.0)

16 (12.8)

1.28 (0.62-2.60)

.50

1y

15 (12.0)

20 (16.0)

0.71 (0.35,1.47)

.50

Massage
6 wk

18 (14.4)

27 (21.6)

0.62 (0.32-1.19)

.31

3 mo

20 (16.0)

16 (12.8)

1.28 (0.63-2.60)

.50

6 mo

20 (16.0)

16 (12.8)

1.28 (0.63-2.60)

.50

1y

10 (8.0)

16 (12.8)

0.60 (0.26-1.39)

.44
.52

Adverse events b
Resulting in study agent termination

4 (3.2)

6 (4.8)

0.66 (0.48-1.36)

Any type

40 (32.0)

46 (36.8)

0.83 (0.49-1.40)

.48

Skin problems

12 (32.0)

15 (12.0)

0.79 (0.35-1.76)

.56

Neurological effects

.26

13 (10.4)

19 (15.2)

0.65 (0.31-1.38)

Heartburn

1 (0.8)

1 (0.8)

0.99 (0.06-15.9)

.99

Flatulence

7 (5.6)

12 (9.6)

0.55 (0.21-1.44)

.22

Abdominal pain

4 (3.2)

3 (2.4)

1.32 (0.29-6.04)

.72

Nausea/vomiting

7 (5.6)

4 (3.2)

1.77 (0.50-6.21)

.37

Constipation

4 (3.2)

1 (0.8)

4.03 (0.44-36.69)

.18

Diarrhea

4 (3.2)

7 (5.6)

0.55 (0.16-1.92)

.34

Headache/vertigo

5 (4.0)

5 (4.0)

0.98 (0.28-3.49)

.98

Musculoskeletal concerns

5 (4.0)

11 (8.8)

0.42 (0.14-1.25)

.11

Abbreviations: CI, confidence interval; OR, odds ratio.
a Refers to intake of any type of glucosamine postintervention.
b Events may not sum because some patients experienced more than 1.
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