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SUMMARY - Osteoarthritis (OA) can be treated using either a pharmacological or non-phar-
macological approach, or a combination of both. The purpose of the present study was to investigate
the efficacy of crystalline glucosamine sulfate (CGS) in patients with knee OA. This open-label pro-
spective study (with a 12-month follow-up) included 111 patients of both genders suffering from
knee OA, who attended the Special Hospital for Rheumatic Diseases in Novi Sad, Serbia during
the 2011-2013 period. Patients were divided into the experimental (n=52) and the control (n=59)
group. While the former was prescribed CGS 1500 mg/day, the latter was treated with nonsteroidal
anti-inflammatory drugs (NSAIDs) according to the standard protocol. The efficacy of both treat-
ment modes was assessed using the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) and Lequesne index, along with the radiological findings which involved knee joint space
width (JSW) measurements. One year following the initial assessment, all patients reported pain
intensity reduction; however, those in the CGS group experienced significantly lower pain intensity
when compared with controls. At the end of the study, no reduction in the progression of joint struc-
ture damage (p>0.5) was noted in either group. Thus, while CGS demonstrated symptomatic efficacy,

it failed to delay the progression of knee OA.
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Introduction

Osteoarthritis (OA) is a painful degenerative
condition manifesting as swollen and stiff joints. It
presents a major burden for modern society due to
decreased mobility, increased pain, and thus increased
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disability rates among adults and the elderly’¥*. OA
treatment based on nonsteroidal anti-inflammatory
drugs (NSAID:s) alleviates the disease symptoms in
most cases. However, such therapy cannot delay the
disease progression or prevent its final stage, which
necessitates surgery?*. Cartilage plays an important
role as soft tissue, providing a cushion between
the bones that meet at a joint, allowing them to
smoothly move without rubbing against each other. In
individuals suffering from OA, the protective cartilage
begins to break down and the bones start grinding
together. Chondroitin and glucosamine are the key
structural components of cartilage. Both are produced
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naturally in the body, but can also be administered
as dietary supplements. Researchers have studied the
effects of various dietary supplements on OA, both in
combination or individually.

A new generation of drugs, the so-called disease
modifying drugs (DMDs) or chondroprotectives?,
are increasingly being administered as a part of
modern pharmacological therapy. However, the
action mechanisms of their constituent substances
are presently unclear. Nonetheless, empirical evidence
indicates that N-acetyl glucosamine and proteoglycan-
containing supplements are effective in relieving knee
pain and swelling in patients with OA, while improving
knee function in terms of walking or climbing stairs,
bending, and stretching?. Moreover, Sterzi** recently
reported that combining CartifJoint Forte supplement
intake with physical therapy may alleviate knee pain and
help improve the functional score in patients with OA.

According to the latest European Guidelines™,
crystalline glucosamine sulfate (CGS) is a drug with
the highest level of evidence for structure-modifying
effects in knee OA’. Glucosamine acts as a preferred
substrate for the biosynthesis of glycosaminoglycan
chains, and thus for the production of aggrecan and
other cartilage-specific proteoglycans”. Several extant
short-term studies have shown symptomatic efficacy
of this drug®'® when compared with placebo and
drugs in the NSAID group”. Previous findings
indicate that daily oral intake of 1500 mg glucosamine
sulfate is more effective than placebo in treating
knee OA symptoms'. Nonetheless, all traditional
pharmacological treatments are aimed solely at the
management of OA symptoms.

However, as a part of several recent randomized
controlled studies, plain radiography was performed
to monitor joint space narrowing over time and to
evaluate the structure-modifying effect of chondroitin
sulfate and glucosamine sulfate. The results yielded by
these investigations indicate that glucosamine sulfate
(but not glucosamine hydrochloride) and chondroitin
sulfate have small-to-moderate symptomatic efficacy
in OA. Although the reliability of this data is still
unclear, from the structure-modifying point of
view, there is compelling evidence that glucosamine
sulfate and chondroitin sulfate may interfere with
OA progression®’. For several years, great efforts
have been dedicated to the study of CGS, resulting
it its approval for clinical use, owing to the evidence
provided by previous studies, demonstrating its
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structure-modifying effect, i.e., its ability to delay the
disease progression®®. The Long-term Evaluation of
Glucosamine Sulfate (LEGS) study findings further
indicate that glucosamine sulfate, chondroitin sulfate,
or their combination, are effective in alleviating chronic
knee pain in patients with OA*. Still, it is worth noting
that evidence has emerged indicating that none of the
aforementioned treatment modes reduce joint pain or
hinder joint space narrowing®. In sum, the available
evidence is inconsistent, possibly due to inadequate
allocation concealment, use of different glucosamine
preparations, etc’!.

Thus, the aim of the present study was to establish
if there are any long-term benefits of CGS treatment
in patients with knee OA.

Methods

Participants

The study sample comprised 111 participants
of both genders (92 women and 19 men, aged
60.24+5 8years; body mass index [BMI] 27.7 + 2.1kg/
m?) who signed informed consent to voluntarily
participate in the study, which was approved by the
local Institutional Review Board at the University of
Novi Sad and was conducted in accordance with the
Declaration of Helsinki. Patients fulfilling the inclusion
criteria were randomly assigned to Group 1 (n=52; age
59.0426.71 years; BMI 27.8622.11 kg/m?) or Group
2 (n=59; age 61.44+5.07 years; BMI 27.70+2.11 kg/
m?). The inclusion criteria were: diagnosis of knee
OA, age 40-65 years, knee pain lasting for at least a
month, radiological results of the knee corresponding
to Level 2 or 3 according to the Kellgren-Lawrence
(KL) score', and the Laquesne index" in the 5-13
range. The exclusion criteria were: presence of blood
test indicators of inflammatory processes, obesity
(BMI 229.9 kg/m?), history of previous knee trauma,
presence of an inflammatory rheumatic disease,
presence of comorbidities (malignity, hematologic
disease, liver, or kidney disease), and recent history
of local or systemic corticosteroid therapy (within
the last three months). In order to assess the patients
according to the aforementioned criteria and diagnose
knee OA, a review of medical history was conducted,
along with a physical examination of the joint (knee
circumference measurement, measurement of knee
movement range and measurement of m. quadriceps
strength — m.QPS, according to the manual muscle
test), anthropometric measurements (body weight
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and body height), radiological examination of the
knee (anteroposterior direction), and routine blood
and urine tests. All patients gave permission for the
inclusion of their medical data in this study.

Experimental intervention

All 111 patients that took part in the study
attended the five scheduled follow-up appointments
at 1, 3, 6, 9, and 12 months. Those in Group 1, i.e.,
the experimental group (7=52), were prescribed 1500
mg/day crystalline glucosamine sulfate (CGS) to be
taken once a day as a powder for oral solution, based
on the following protocol: daily intake for the first 6
and last 3 months, with a 3-month pause (months 7
to 9). Every patient could further reduce knee pain
by taking acetaminophen (500 mg tablets) up to the
maximum daily dose of 3 g. During each check-up,
the patients reported drug intake (the number of
tablets taken) since the last appointment. Intake of
acetaminophen or any other analgesic during the
week preceding the appointment was prohibited. The
patients assigned to Group 2, i.e., the control group
(n=59), were prescribed ibuprofen 400 mg tablets,
to be taken three or four times a day, or diclofenac
sodium, one 75 mg capsule a day. Their intake regime
commenced with continuous use of the drug for
the first 15 days, after which medication was only
allowed when pain occurred, and the intake period
was limited to 5 days. At each follow-up, patients
were required to report on the number of NSAID
doses taken. Patients in whom risk for stomach ulcer
was noted could take the proton pump inhibitor
(omeprazole 20 mg/day).

Fig. 1 depicts the number of patients that started
(111) and completed (80) the study. Initially, 52
patients were assigned to the CGS group, two of
whom did not attend the 3-month check-up for
undisclosed reasons. Between the 2nd and 3rd check-
up (i.e.,in the 3-6-month study period), three patients
(6% of the CGS group) experienced side-effects
and were excluded from the study (hypertension
was noted in one individual, while two reported
gastrointestinal [GIT] problems). Exclusion of the
two patients due to adverse GIT events was based
on the assessment of the medical practitioner leading
the study. Thus, patients reporting abdominal pain
+ nausea + dyspepsia, as well as those experiencing
cardiovascular irregularities (hypertension), were

excluded from the study. The last (12-month) check-
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up was not attended by a further three participants
(5.77% of the CGS group) due to their inability to
afford the medication. As a result, 44 CGS group
participants completed the study. However, the
WOMAC questionnaire responses provided by one
individual at the last check-up were incomplete or
illegible, and were thus excluded from analyses.

The NSAID group initially comprised 59 patients,
one of whom withdrew from the study the next
day for personal reasons. By the second (3-month)
check-up, six participants were excluded: one due to
adverse GIT events, one as a result of comorbidities,
and four owing to protocol non-adherence (NSAID
medication was taken for longer than prescribed). The
third (6-month) check-up was not attended by one
individual for undisclosed reasons, and five patients
were excluded due to side-effects (four due to adverse
GIT events and one due to hypertension). In the last
three months of the study, a further four participants
were excluded owing to adverse GIT events. Six
patients failed to attend the last (12-month) check-
up, three of whom stated different reasons, while three
cited dissatisfaction with the treatment. As a result, 36

NSAID group participants completed the study.

Study design

The study was conducted at the Special Hospital
for Rheumatic Diseases in Novi Sad, Serbia, as an
open-label prospective clinical study with a 12-month
follow-up period. The investigation had prior approval
from the Ethics Committee of the Special Hospital for
Rheumatic Diseases and from the Ethics Committee of
the Faculty of Medicine at the University of Novi Sad,
Serbia under number 01-2019-VII/2. The study was
a part of a doctoral dissertation titled “Glucosamine
sulfate in the treatment of osteoarthritis of the knee”
conducted by one of the authors, Karmela Filipovic.
As a part of the investigation, structural efficacy of
medications was monitored using radiological findings
of the knee, by measuring the joint space width (JSW)
at the medial compartment of the tibiofemoral joint in
the affected knee. In both groups, structural changes
were measured at the start of the study and after one
year. Two validated questionnaires were used In order
to assess the clinical symptom intensity and monitor
the clinical efficacy of the prescribed medications,
the Lequesne index™ and the Western Ontario
and McMaster Universities Osteoarthritis Index
(WOMACQC)®™.
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a) Lequesne index

The first part of the questionnaire, comprising five
questions, examined perceived pain and discomfort
levels related to night-time pain; pain upon waking;
pain after prolonged standing; pain when shifting
positions; and morning joint stiffness. Patients were
required to rate perceived pain on a 0-2 scale, with
0 signifying absence of pain and 2 indicating intense
pain.

The second part of the questionnaire comprised
two questions pertaining to maximum walking
distance. The first question examined joint pain in
relation to distance covered (rated on a 0-6 scale, with
0 indicating no limitations and 6 an ability to walk
<100 m). The second question related to the use of
walking aids (rated on a 0-2 scale, with 0 denoting no
need for aids and 2 indicating need for two walking
sticks/crutches).

The second part of the questionnaire contained
four questions related to functional joint limitations,
focusing on the ability to climb up/down the stairs,
walk on uneven surfaces, and squat. Each question was
rated on a 0-2 scale, with 0 signifying no limitations
and 2 indicating inability to perform the stated activity.

As the lowest Lequesne index score is 24; patients
with an overall score of <4 and >13 were excluded
from the study. When completing the questionnaire,
the patient selected the most appropriate response
after receiving an explanation from the lead medical
investigator. Each patient completed the questionnaire
at the start of the study as well as at the five follow-up
appointments at 1, 3, 6,9, and 12 months.

b) Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC)

The first part of the questionnaire consisted of five
questions pertaining to the severity of knee joint pain
while walking on even surfaces, while climbing up/
down stairs, at night-time, when shifting positions
(while sitting or lying down), and while standing
upright.

The second part of the questionnaire included two
questions examining joint stiffness immediately upon
waking and later during the day.

The second part of the questionnaire, comprising
17 questions, assessed the patient’s functional status,
i.e., difficulties in performing activities of daily living
(ADL). The respondents were required to indicate
difficulties in climbing up/down stairs; raising from
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seated position; when getting into bed; while standing,
bending, resting; performing lighter or heavier
housework; getting in/out of a car or bus; getting in/
out of a bathtub; during shopping; putting on/taking
off socks, etc.

The WOMAC questionnaire was filled by selecting
one of the five available options that best matched the
patient’s condition during the preceding 48 hours,
corresponding to None (0), Mild (1), Moderate (2),
Severe (3), and Extreme (4). For each part of the
questionnaire, scores were added up before calculating
the average for that section. The questionnaire was
completed at the start of the study, as well as at the 1-,
3-, 6-,9-, and 12-month check-ups.

Statistical analyses

Wilcoxon test was performed to compare the mean
values between the groups, with p<0.05 indicating
statistical significance. A nonparametric test for the
comparison of ordinary variables (scales), i.e., the
Mann-Whitney U test (p<0.05), was adopted for
comparison of the observed results pertaining to the
two groups. Differences in the structural changes were
assessed by independent-samples t test at the p<0.05
level of significance.

Results

Both groups comprised predominantly female
patients (about 2/3), and were matched in terms of age,
BMI and functional status, as well as Kellgren-Lawrence
(KL) score. According to the radiographic findings, most
participants were at the KL Level 2 (Table 1).

As previously noted, patients in the experimental
(i.e., CGS) group were allowed to use acetaminophen.
The majority (55.8%) of these patients took
acetaminophen in the first three months of the
study and during the period in which CGS was not
administered (i.e., months 7-9). While 18 (34.60%)
patients took acetaminophen during the first month
only, only three (5.8%) individuals relied on this
analgesic for the entire 3-month period at the start
of the study. On the other hand, acetaminophen was
taken by 24 (52.17%) patients during the break from
CGS (months 7-9). While none of the patients took
analgesics in the 7th month, 14 (30.4%) relied on
acetaminophen during the 9th month. A comparison
of these two periods when the largest number of
acetaminophen tablets was taken (the first three months
of the study and the period when the patients did not
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take the CGS) failed to reveal statistically significant  index'*". The findings indicated that, at all check-
differences in acetaminophen intake (/=0.84, p>0.05). ups (p<0.01), the experimental group reported pain
As previously noted, the symptomatic effects of CGS  reduction when completing the WOMAC (results
were monitored using the WOMAC and Lequesne  shown in Fig. 1).

Table 1 Demographic characteristics of both groups of patients before the beginning of the study

Demographic characteristics CGS group (n=52)9 NSAID group (n=59)**
Female 88.50% 78.0%
Average age” (years) 59.04+6.71 61.44+5.07
Localization of sites
Left 14 (26.92%) 16 (27.19%)
Right 19 (36.63%1) 27 (45.76%)
Both 19 (36.93%) 16 (27.19%)
Knee girth 39.22+3.62 40.12+4.20
Movement volume (flexion, extension) 70-120-0 60-130-0
Strength in Qps (by MMT3)+ 39 (54.20%) 39 (52.0%)
(by MMT4)t 32 (44.4%) 36 (48.0%)
BMI* 27.86+2.11 27.70£2.11
Kellgren Lawrence score§
Level 2 40 (70.92%) 42 (71.18%)
Level 3 12 (23.07%) 17 (28.81%)
WOMAC OA Index|]
Total* 45.05+18.41 36.93+13.96
Pain* 10.63+4.34 9.21+3.82
Stiffness 3.0£2.09 2.41+1.84

*Values shown as mean values with SD; TMMT=Manual muscle test; $BMI=Body mass index (kg/m?); §Kellgren Lawrence score-
classification of radiological changes in knee joint; |[WOMAC OA Index - Western Ontario and McMaster Universities Osteoarthritis
Index; CGS - crystalline glucosamine sulfate; *NSAID - nonsteroidal anti-inflammatory drug

e WOMAC pain
e WOMAC function
s total WOMAC
e WOMAC stiffness

before the I Ji m v
treatment check-up chech-up check-up chech-up

Fig 1. WOMAC pain, WOMAC stiffness, WOMAC function, and total WOMAC.
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Fig 4. Lequesne index before treatment and at check-ups.
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At the first check-up, no reduction in stiffness
according to WOMAC was noted (p>0.5), but
statistically significant improvements were reported
at all subsequent appointments (p<0.01). As shown
in Fig. 1 using WOMAQG, a statistically significant
improvement in knee function was recorded at all
follow-up appointments (p<0.01). Lequesne index
scores also indicated that all patients reported marked
improvements (p<0.01) (Fig. 2).

Symptomatic effects of the NSAID drugs. In patients
assigned to the control (i.e., NSAID) group, WOMAC
scores at all check-ups indicated reduction in pain,
stiffness, function, and overall OA score (p<0.01), as
shown in Fig. 3, and these findings corresponded to
those obtained using the the Lequesne index (Fig. 4).

Comparison between groups. At the first (1-month)
check-up, the patients in the NSAID group had
lower WOMAC OA index, indicating significant
reduction in pain and stiffness, as well as joint function
improvement, compared with the CGS group (p<0.05,
values not tabulated). At the 3-month check-up, lower
values of the WOMAC index and similar average
reduction in the scores (p>0.05) were registered for

both groups, as indicated in Table 2.

At the 6-month check-up, the CGS group had
a significant reduction in the WOMAC pain score
(#<0.01), while improvement in stiffness was not
statistically significant. Compared with the control
group, the CGS group reported a more significant
improvement in knee function (based on both
WOMAC and Lequesne index), as indicated in Table 3.

At the final (12-month) check-up, a statistically
significant reduction in OA intensity (p<0.01) as well
as in the Lequesne index (p<0.05) was registered in the
CGS group, as reported in Table 4.

As noted previously, , the experimental group did
not take CGS during the 7-9-month study period.
'Thus, it was not surprising that, at the 9-month check-
up, more intense pain was reported compared with
the levels noted at the preceding appointments. In
the control group, NSAID intake led to a slight pain
reduction, but the improvement was not statistically
significant relative to the levels reported at the previous
check-up. Moreover, no statistically
differences between the two groups were noted in
any of the observed parameters (p>0.05). In the CGS
group, an exacerbation of joint stiffness was registered
at the 9-month check-up compared to the previous

significant

Table 2. Reduction of WOMAC index in the first 3 months in both groups

WOMAC OA T index in first 3 N change X- bar with min-
months max
CGS+# 50 3.73 (-3.0-16.0)
WOMAC pain NSAIDS§ 52 2.88 (-3.0-11.0) U=1160.0 p>0.05*
total 102 3.3 (-3.0-16.0)
CGS 50 1.22 (-2.0-7.0)
WOMAC stiffness NSAID 52 1.17 (-4.0-5.0) U=1233.0 p>0.05*
total 102 1.2 (-2.0-7.0)
CGS 50 9.62 (-19.0-38.0)
WOMAC function NSAID 52 7.71 (-7.0-36.0) U=1100.0 p>0.05*
total 102 8,65 (-19.0-38.0)
CGS 50 14.57 (-22.0-42.0)
total WOMAC score NSAID 52 11.77 (-5.0-47.0) U=1107.0 p>0.05*
total 102 13.14 (-22.0-42.0)
_ o CGS 50 2.35 (-6.5-10.5)
o eheun® | NSAID |52 2.09 (:20-75) U-1190.0 p>0.05*
total 102 2.2 (-6.5-10.0)

“U=Mann Whitney test; TWOMAC OA Index — Western Ontario and McMaster Universities Osteoarthritis Index; $CGS — crystalline

glucosamine sulfate; §NSAID — nonsteroidal anti-inflammatory drug
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Table 3. Reduction of WOMAC pain, WOMAC stiffness, WOMAC function, WOMAC score, and Lequesne index in

patients after the 6" month

WOMAC OA T after the 6™ month N change x and MIN-MAX
CGS# 47 5.29 (-5.0-16.0)
WOMAC pain NSAID§ 46 2.78 (-5.0-11.0)
total 93 4.05 (-5.0-16.0) U=722,* p<0.01
CGS 46 2.13 (-4.0-7.0)
WOMAC stiffness NSAID 45 1.56 (-3.0-6.0)
total 91 1.85 (-4.0-7.0) U=877,* p>0.05
CGS 47 15.62 (-7.0-41.0)
WOMAC function NSAID 46 8.72 (-8.0-34)
total 93 12.2 (-8.0-41.0) U=749,* p<0.01
CGS 46 23.23 (-2.0-58.0)
total WOMAC score NSAID 45 13.29 (-6.0-41.0)
total 91 18.31 (-6.0-58.0) U=699, * p<0.01
CGS 46 5.16 (0.5-10.5)
Lequesne after the 6th month NSAID 46 2.41 (-6.0-9.5)
Total 92 3.78 (-6.0-9.5) U=541, * p<0.01

*U=Mann Whitney test; TWOMAC OA Index — Western Ontario and McMaster Universities Osteoarthritis Index; $CGS — crystalline

glucosamine sulfate; §NSAID — nonsteroidal anti-inflammatory drug

Table 4. Reduction of WOMAC OA index and Lequesne index over a period of one year

WOMA(; OA 1 index for the N change £ and MIN-MAX
period of one year
CGS# 43 5.29 (-5.0-16.0) ]
WOMAC pain NSAIDS | 36 2.78 (-5.0-11.0) U;:‘ggf
Total 79 4.05 (-5.0-16.0)
CGS 43 1.84 (-2.0-6.0)
WOMAC stiffness U=652.0°
NSAID 36 1.39 (-2.0-5.0) p>0.05
Total 79 1.63 (-2.0-6.0)
CGS 43 19.98 (0-47.0)
WOMAC function NSAID 36 6.19 (10.0-25.0) U=267.5" p<0.01
Total 79 13.7 (0-47.0)
CGS 43 28.06 (14.0-67.0)
total WOMAC score NSAID 36 10.17 (14.0-39.0) U=301.0* p<0.01
Total 79 19.91 (14.0-67.0)
Lequesne index before CGS 44 3.75 (-2.0-10.0)
treatment after the 12® month NSAID 36 2.9 (-2.5-9.5) U=652.5* p<0.05
(end of treatment) Total 80 3.37 (-2.0-10.0)

*U=Mann Whitney test; fWOMAC OA Index — Western Ontario and McMaster Universities Osteoarthritis Index; $CGS — crystalline

glucosamine sulfate; §NSAID — nonsteroidal anti-inflammatory drug
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Table 5. Measure of JSW* of the tibiofemoral joint of medial compartment of right and left knee at the beginning of the

research in all patients

Groups } min-max
Right 4.31+0.91 2.36-6.55
CGSt

Left 4.45+0.95 2.23-6.33

Right 4.26+0.973 2.3-6.1

JWS NSAID+
Left 4.33+1.2 2.1-7.8
4.28+0.94 2.3-6.65
TOTAL (mm)
4.39+1.088 2.1-7.8

*JSW — joint space width; TCGS — crystalline glucosamine sulfate; ¥NSAID — nonsteroidal anti-inflammatory drug

Table 6. Values of JSW before the beginning of the treatment and at the end of the study

Groups n X

Before treatment 25 4.08+0.91

JWS right
After one year 25 3.79 +0.90

CGS

Before treatment 19 3.98 +0.87

JWS left
After one year 19 3.68+0.84
Before treatment 22 416 +1.02

JWS right
After one year 22 3.93£1.04

NSAID

Before treatment 20 3.57+0.84

JWS left
After one year 20 3.33+0.82

“JSW — joint space width; TCGS — crystalline glucosamine sulfate; NSAID — nonsteroidal anti-inflammatory drug

Table 7. Change of JSW values in both groups of patients compared with the initial values

Group n — _
After one year X reduction X
CGS 43 3.74 +0.87 0.29 £ 0.26 (0.26-1.13)
NSAID 41 3.63 +0.93 0.24 + 0.22 (0.10-1.10)

“JSW — joint space width; TCGS — crystalline glucosamine sulfate; NSAID — nonsteroidal anti-inflammatory drug

check-up, while the patients in the NSAID group had
similar values. Nonetheless, the difference between the
groups was not statistically significant (>0.05). The
CGS group WOMAC function score also worsened
compared with the previous check-up, while that of
the NSAID group slightly improved, but the difference
between the groups was not statistically significant
(p>0.05). At the 9-month check-up, the NSAID group
also exhibited a slight improvement in the Lequesne
index compared with the previous appointment, but
the change was not statistically significant and no
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statistically significant differences were noted between
the two groups (p>0.05). Structure-modifying effects
of drugs were also monitored by examining any
changes in the tibiofemoral (TF) joint space width
(JSW)Y (Table 5).

In patients who had pain in both knees, the [SW
change was monitored at the knee in which pain was
more severe. In some cases, where the JSW difference
was <0.15 mm, the values related to both knees were
considered in the analyses. At the start of the study,
similar knee JSW was obtained for the two groups
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(right #=0.29, p>0.05; left #=0.55, p>0.05) and a
reduction in knee JSW was noted in all patients at the
end of the study (p<0.01), as reported in Table 6.

At 12-month follow-up, similar reductions in
JSW were registered for the two groups (p>0.05), as
indicated in Table 7.

The experimental group initially included 52
patients, 44 of whom completed the investigation.
In the control group, 36 of the original 59 patients
finished the treatment. In both groups, attrition was
due to dissatisfaction with the treatment, adverse
gastrointestinal tract events (dyspepsia, nausea),
hypertension, non-compliance with the study protocol,
personal reasons, and/or medication unaffordability.

Discussion

One year following the initial assessment, all
patients reported pain intensity reduction; however,
those in the CGS group experienced significantly
lower pain intensity when compared with controls. At
the end of the study, no reduction in the progression
of joint structure damage (p>0.5) was noted in either
group. Thus, while CGS demonstrated symptomatic
efficacy, it failed to delay the progression of knee OA.

After the 1st follow-up, significant improvements
in the disease symptoms (pain, stiffness, and functional
statuss WOMAC scores, as well as total WOMAC
score and Lequesne index) were noted in the NSAID
compared with the CGS group. These findings differ
from the results obtained in previous short-term
studies”" where CGS and NSAID had equal efficacy.
This discrepancy can be ascribed to the differences in
the study design and the choice of parameters adopted
for monitoring the disease progression. At the 3-month
follow-up, similar average reductions in the observed
parameters were registered in both groups. Lequesne
index reduction was reported in a previous 12-month
placebo-controlled study involving 319 patients where
the control group used NSAID (piroxicam 20 mg/
day)’. In the present study, lower average reductions
in the Lequesne index were noted in the CGS group.
In line with the previous data, we demonstrated good
CGS safety, as indicated by the lower frequency of
side-effects (gastric problems in particular) in the
experimental group. We posit that fewer patients
suffered from gastritis because they were permitted to
take ibuprofen and diclofenac sodium, both of which
have low ulcerogenic potential, while piroxicam has
high ulcerogenic potential”. In addition, patients at
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risk of developing these issues were advised to take a
gastroprotective drug (omeprazole). At the 6-month
follow-up, daily CGS intake resulted in a reduction
in pain and stiffness WOMAC scores, as well as the
total WOMAC score, along with improvements in the
functional status and the Lequesne index. Although the
same trend was observed in the NSAID group, greater
benefits were noted in the CGS group. Unfortunately,
these results cannot be compared with the findings
reported by other authors, since no studies based on the
same protocol have been conducted. In the long-term
studies in which the control group received placebo,
CGS efficacy was monitored for 1-3 years>*!%. In the
only study for which six-month data is available, i.e., the
GUIDE study™, the analgetic effect of a CGS 1.5 g daily
dose was compared with the acetaminophen (3 g/day)
and the placebo group. In this study, the patients were
allowed to use ibuprofen for pain reduction, and their
status was assessed via the Lequesne and the WOMAC
OA index. While the Lequesne index values declined
in both the treatment and the control groups, the
reduction was statistically significant for the CGS group
only, but not for the acetaminophen group. In contrast,
our results show statistically significant reduction in the
Lequesne index value in the CGS group compared with
the NSAID group. In addition, in the GUIDE study,
the total WOMAC score reduction was statistically
significantly lower compared with that of the placebo
group. On the other hand, no improvements in the total
WOMALC score were registered in the acetaminophen
group. This is in line with current study findings, where
the CGS group experienced improvements in the total
WOMAC score, even though a more positive trend in
the WOMAC pain scale was reported in the GUIDE
study. At the 6-month follow-up, a significant reduction
in pain was reported by the CGS group. Even though
different comparators were utilized in the present
and the GUIDE study, the results are similar and the
CGS analgetic effects can be compared for a 6-month
period. In another study, daily ibuprofen intake
(1200-1600 mg/day) was shown to produce primarily
analgetic effects'. Similarly, previous study found that
diclofenac sodium (75 mg/day) achieved the desired
analgetic effect, even though it took longer to attain the
maximum concentration in plasma, but with a better
compliance and better tolerance by the gastrointestinal
tract when taken for a longer period®. In the present
study, , reduction in pain and joint stiffness and the

total WOMAC scores, as well as functional status
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improvement, at 12-month follow-up compared with
the initial values were noted in both groups. However,
greater reductions in all aforementioned measures
as well as in the Lequesne index were recorded for
the CGS group compared with the NSAID group.
These results show that CGS intake can bring about
significant reduction in the disease symptoms one year
later, whereas NSAID administration can only maintain
the initial treatment benefits. GAIT is the only long-
term study comparing the efficacy of glucosamine in the
form of chloride salts (GhCI) with NSAID (celecoxib,
200 mg/day) over a 24-month period®’. For this purpose,
participants were divided into five groups (I - placebo;
IT - GhCLIII - HS; IV - GhCl+HS; and V - celecoxib)
and their WOMAC pain index was monitored, with a
reduction of at least 20 mm compared with the initial
value signifying drug efficacy. In this study, 60% of
patients assigned to the placebo group reported pain
reduction meeting the aforementioned criterion. On
the other hand, GhCL and HS, administered as a mono
or combined therapy, did not result in a significant pain
reduction. These results might be attributed to the fact
that the participants were given glucosamine in the form
of chloride salt, which is a dietary product rather than
a drug. In addition, GhCL was administered in single
doses??*, even though the total dose corresponded to
the currently recommended dose for both products. On
the other hand, in the studies conducted by Pavelka®
and Reginster’, the chondroprotective CGS effect was
monitored, rather than drug efficacy. Pavelka reported
pain reduction and joint function improvement (as
indicated by lower Lequesne and WOMAC index) in
all patients who completed the treatment, even though
reductions were greater in the CGS compared with the
placebo group (from 20% to 25%)>. This is in line with
the findings obtained by our study, as the improvements
in the WOMAC and Lequesne index were more
pronounced in the CGS compared with the NSAID
group. Reginster reported similar results® in their study,
in which 40-60% of the patients in both groups took
analgesics or NSAID drugs for pain relief.

In our study, CGS eflicacy was also assessed by
radiographic findings, focusing on changes in the TF
JSW in the affected knee. Changes in the JSW served
as an indirect indicator of the disease improvement.
Available evidence indicates that JSW or osteophyte
measurements taken before and at least one year after
the treatment are the most reliable means of evaluating
the structural effects of some drugs®. Even though only
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80 of the 111 patients completed the study, 84 knees
were included in the JSW analysis, as the [SW values
in four patients had been taken for both knees (as the
difference between the knees was <0.15 mm). One of
the study inclusion criteria was a KL score Level 2 or
3, as this is necessary for a clear radiological diagnosis
of OA and thus for monitoring drug efficacy.’ At the
end of the study, no statistically significant differences
in the JSW were noted between the groups. It should
be noted that the knee which had a lower initial [SW
value was chosen for monitoring purposes. At the
fourth follow-up at end of the 7-9 month period,
when the experimental group did not take CGS
and could only use acetaminophen when knee pain
occurred, no statistically significant differences in the
WOMAC OA or Lequesne index values between
the two groups were noted. In addition, the CGS
group reported minimal exacerbation of the disease
symptoms compared with the previous (6-month)
follow-up. Moreover, the NSAID group had better
Lequesne index values compared with the CGS group,
suggesting that CGS has not demonstrated prolonged
symptomatic efficacy over a 3-month period. As a
result, 52.1% of patients took acetaminophen for pain
management. It is important to emphasize that none
of the patients took pain medication in the 7th month,
indicating that a certain CGS therapeutic response
was initially maintained, as previously reported®”.
When interpreting these findings, it is important
to consider the study limitations, one of which was
small sample size. Moreover, as JSW was measured
via conventional radiography, which predominantly
visualizes bones, it would be advantageous to use
MRI in future research, owing to its ability to directly
visualize all the joint structures, including soft tissue
and cartilage and subchondral bone marrow lesions.

Conclusion

Crystalline glucosamine sulfate administration
resulted in pain reduction and joint function
improvement, but the drug did not demonstrate
structural efficacy, as it failed to delay knee OA
progression.
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Sazetak

EFEKTI GLUKOZAMIN SULFATA U LIJECENJU OSTEOARTROZE KOLJENA: LONGITUDINALNO
ISTRAZIVANJE

K. Filipovic, J. Zvekic-Svorcan, C. Demesi Drijan, M. Cvetkovic, D. Marinkovic'i M. Erceg

Osteoartritis (OA) moze se lijeciti farmakoloskim ili ne-farmakoloskim pristupom, ili kombinacijom oba pristupa. Cilj
ove studio bio je istraziti djelotvornost kristaliziranog glukozamin sulfata (CGS) u pacijenata sa OA koljena. Ova open-label
prospektivna studija (s 12 mjeseci pracenja) ukljucivala je 111 pacijenata oba spola koji su patili od OA koljena te koji su
lijeceni u Specijalnoj bolnici za reumatoloske bolesti u Novome Sadi u Srbiji u razdoblju od 2011. do 2013. godine. Pacijenti
su podijeljeni u eksperimentalnu (n=52) i kontrolnu (n=59) skupinu. Eksperimentalnoj je skupini propisano 1500 mg/dnevno
CGS-a, dok je kontrolna skupina lije¢ena nesteroidnim protuupalni, lijekovima (engl. non-steroidal anti-inflammatory drugs;
NSAID) prema standardnom protokolu. Djelotvornost oba modaliteta lije¢enja analizirana je pomoéu Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) i Lequesne indexa, uz radioloske rezultate koji su ukljucivali
mjerenje §irine zajednickog prostora (JSW) koljena. Godinu dana nakon prvog pregleda, svi pacijenti su prijavili smanjenje
intenziteta boli; no pacijenti u CGS skupini iskusili su zna¢ajno nizi intenzitet boli u usporedbi s kontrolnom skupinom. Na
kraju studije nije zamijecena progresija oStecenja strukture zgloba (p>0.5) ni u jednoj skupini. Stoga, iako je CGS pokazao
djelotvornost u smanjivanju simptoma, nije sprijecio progresiju OA koljena.

Key words: arthritis; kondroiting lijekovi koji modificiraju tijek bolestis rehabilitacija
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