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Abstract: Background and Objective: According to international guidelines, glucosamine
and chondroitin, regarded as slow-acting drugs for osteoarthritis (SYSADOAs), have
been first-line treatments for knee osteoarthritis (OA); however, their efficacies remain
controversial. Additionally, the efficacies of plant extract cocktails, SKI306X, and its newer
formulation, SKCPT, have not been well investigated. To evaluate the effectiveness and
safety of symptomatic slow-acting drugs for osteoarthritis (SYSADOAs) in patients with
knee OA. Materials and Methods: Electronic databases were systematically searched to
identify randomized controlled trials (RCTs) assessing the effectiveness and safety of
SYSADOAs, including chondroitin sulfate, glucosamine sulfate, and SKCPT/SKI306X. The
outcomes included pain relief, functional improvements, and safety profiles. The outcome
measurements were compared between the treatment and control groups, including placebo
and non-placebo groups, within and after 3 months of follow-up. Results: Analysis of 21
RCTs showed significantly greater improvement in pain relief in the treatment group
compared with the placebo group both within (standard mean difference [SMD], 0.38;
95% confidence interval [CI], 0.18-0.57; p < 0.001) and after 3 months of follow-up (SMD,
0.22; 95%Cl, 0.03-0.42 p = 0.023). The treatment group also showed significantly greater
functional improvements regardless of follow-up. Pain and functional improvement did
not differ significantly between the treatment and non-placebo groups. Regarding the
safety profile, the risk ratios did not differ significantly between the treatment and control
groups, including the placebo and non-placebo subgroups. Conclusions: Glucosamine,
chondroitin, and SKCPT/SKI306X improved the pain and function and were non-inferior
to pharmacologic drugs for up to 12 months. These findings support the clinical use of
these SYSADOAs to treat knee OA. Level of Evidence: Therapeutic Level II.

Keywords: symptomatic slow-acting drugs for osteoarthritis; chondroitin sulfate;
glucosamine sulfate; SKCPT; SKI306X; knee osteoarthritis

1. Introduction

Osteoarthritis (OA) is a common chronic degenerative joint disease, leading to joint
pain, tenderness, limited movement, and a reduced quality of life, thereby imposing social
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and economic burdens. With the aging population and the global increase in obesity, the
burden of OA is likely to become a major challenge for health systems worldwide [1-5].
OA ranks seventh among causes of disability worldwide after 70 years of age. Globally,
595 million individuals (7.6% of the global population in 2020) have OA [1]. In Korea, knee
OA is common, with a prevalence of 33.3-37.3% among those aged >50 years [6-12].

Drug therapy, the most used treatment option, focuses on pain relief and improving
the joint function and includes non-steroidal anti-inflammatory drugs (NSAIDs), analgesics
(acetaminophen or opioids), and symptomatic slow-acting drugs for OA (SYSADOA). Sev-
eral international guidelines recommend NSAIDs for the management of knee OA [13-16];
however, the dose- and duration-related risks include adverse gastrointestinal and cardio-
vascular events [17,18].

Drug agents classified as SYSADOAs include glucosamine sulfate (GS), chondroitin
sulfate (CS), diacerein, avocado—soybean unsaponifiables, and herbal medicines, which
contribute to the controversy surrounding the clinical efficacy of SYSADOAs [19-21]. De-
spite this controversy, SYSADOAs are widely used worldwide to treat knee OA. A recent
meta-analysis indicated that GS and CS can be considered safe treatment options for OA;
however, their efficacy and the effectiveness of SYSADOAs from Eastern regions were not
assessed [22]. In the US and European countries, compounds such as GS and CS are com-
monly used, whereas in Korea, new herbal medications are frequently prescribed [23,24].
The use of pharmaceutical-grade GS and CS is recommended for knee OA [16,25]. SKI306X
or SKCPT (JOINS®), currently the most widely used herb-derived medicine in Korea, is
formulated from the ethanol extracts of three medicinal plants: Clematis mandshurica, Tri-
chosanthes kirilowii, and Prunella vulgaris [26]. Preclinical studies and clinical trials have
demonstrated the efficacy and safety of this herbal medicine [27-31].

Therefore, this study aimed to provide clinical evidence on the efficacy and safety of
GS, CS, and SKI306X or SKCPT in patients with knee OA to help inform clinical practice
in the use of SYSADOAs for knee OA. We hypothesized that GS, CS, and SKI306X or
SKCPT would be more effective than placebo treatments and comparable to non-placebo
treatments in providing pain relief and improving function in patients with knee OA.

2. Materials and Methods
2.1. Literature Search

This systematic review and meta-analysis adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [32] and were regis-
tered in the International Prospective Register of Systematic Reviews (registration no.
CRD42024573081). Two independent reviewers (J-H.K. and Y-B.P.) comprehensively
searched using PubMed (MEDLINE), EMBASE, and the Cochrane Library electronic
databases for studies indexed from 1 January 2000 to 1 October 2024, using a predefined
search strategy. The year 2000 was selected to be comprehensive while limiting reports
to those reflective of contemporary practice as much as possible. The search utilized the
following keywords: (“chondroitin sulfate” OR “chondroitin” OR “glucosamine” OR “glu-
cosamine sulfate” OR “SKCPT” OR “SKI306X"”) AND (“knee”) AND (“osteoarthritis”).
The bibliographies of the identified studies were manually reviewed to identify additional
relevant articles, with no language restrictions.

2.2. Study Selection

Two reviewers (J-H.K. and Y-B.P.) screened the titles and abstracts. If the abstracts did
not provide sufficient data, the full-text articles were reviewed. Discrepancies were resolved
by consensus. Studies were included or excluded based on the Patients, Intervention,
Comparison, Outcome, and Study Design (PICOS) criteria (Table 1). This systematic review
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included RCTs evaluating the treatment of patients with knee OA of Kellgren-Lawrence
(K-L) grade L, 1I, or III with established SYSADOAs [33] (CS, GS, and SKCPT or SKI306X)
versus placebo or non-placebo treatments, such as NSAIDs or other SYSADOAs. Studies
investigating glucosamine hydrochloride were excluded as its use is not recommended as a
pharmaceutical-grade drug for knee OA by the European Society for Clinical and Economic
Aspects of Osteoporosis and Osteoarthritis (ESCEO) guidelines [16].

Table 1. Inclusion and exclusion criteria based on PICO ¢.

PICO Inclusion Criteria Exclusion Criteria
- Secondary OA
Population Patients with primary knee OA of K-L I, II, - Primary OA with K-L grade IV
or Il grade - Patients with other joints with OA, such as
hip OA
Intervention Treatment with chondroitin sulfate, - Adjuvant therapy
glucosamine sulfate, SKI036X, or SKCPT - Glucosamine hydrochloride
. Control group with placebo or non-placebo .
Comparison (NSAIDsg or SI;SAD(I;A) treatment P - Adjuvant therapy
Primary outcome: pain for VAS
Outcomes Secondary outcomes
- Function for WOMAC or Lequesne index
- Safety profile including adverse events
Study design (LOE) Torll 1L IV or V

* PICO, population intervention comparison outcome; LOE, level of evidence; OA, osteoarthritis; K-L, Kellgren—
Lawrence; NSAIDs, nonsteroidal anti-inflammatory drug; SYSADOA, symptomatic slow-acting drugs for os-
teoarthritis; VAS, visual analog scale; WOMAC, Western Ontario McMaster University Arthritis Index.

2.3. Assessment of Methodological Quality

Two independent reviewers (J-H.K. and Y-B.P.) assessed the risk of bias in the included
RCTs using the Cochrane Handbook for Systematic Reviews of Interventions [34]. This
tool evaluates bias across several domains: selection, performance, detection, and attrition.
Reviewer disagreements were resolved through discussion. Publication bias was also eval-
uated using funnel plots and Egger’s test unless the comparison included <10 studies [34].

2.4. Data Extraction

The same reviewers independently extracted data from the included studies. Disagree-
ments were resolved through discussion. The collected data included study characteristics
(author, year of publication, country, and sample size), patient characteristics (mean age,
sex proportion, mean body mass index, follow-up duration, and OA grading), and manage-
ment details (types of treatment or control group, daily dose, treatment duration, follow-up,
and rescue medicine). The outcome measures, including pain (100-mm visual analog scale
[VAS] score), function (Western Ontario McMaster University Arthritis Index [WOMAC]
and Lequesne index), safety (adverse events [AEs], adverse drug reactions [ADRs], and
serious adverse events [SAEs]), were recorded using a predefined data form. The ADR was
considered to have a causal relationship with drugs. For missing data, we first attempted
to contact the authors. In the case of failure to contact, we estimated missed values using
methods outlined in the Cochrane Handbook for Systematic Reviews of Interventions [34].

2.5. Statistical Analysis

The primary objectives of this systematic review were to compare the effectiveness
(pain relief and functional improvement) and safety of SYSADOAs (CS, GS, and SKCPT
or SKI306X) and the control group (placebo or non-placebo). The follow-up periods were
categorized as short-term (<3 months) and long-term (>3 months) based on previous stud-
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ies [35,36]. The clinical outcomes were assessed by comparing post-medication values with
pre-medication values using the Cochrane Handbook for Systematic Reviews of Interven-
tions formulas [34]. Feasible meta-analyses were conducted to calculate the standardized
mean differences (SMDs) with 95% confidence intervals (Cs) for continuous variables and
risk ratios (RRs) with 95% Cls for dichotomous variables. A qualitative description of the
outcomes was provided if the meta-analysis could not be performed due to insufficient
data. Heterogeneity was assessed using I statistics to estimate the proportion of variation
due to differences between studies [37]. A random effects meta-analysis was used to pool
outcomes across studies. Forest plots, constructed using RevMan version 5.4 (Copenhagen,
The Cochrane Collaboration), were used to display outcomes, pooled effect estimates, and
overall summary effects. Statistical significance was set at p < 0.05.

3. Results
3.1. Study Identification

The initial electronic search identified 728 studies, with an additional two from the
manual search. After removing 188 duplicates, 540 studies remained, of which 393 were
excluded based on the title or abstract. An additional 128 studies were excluded after
full-text review. Ultimately, 21 RCTs [26,29,31,38-55] were included in this systematic
review (Figure 1).

g Records identified through database searching
- (n=728)
(0]
K
=
- MEDLINE 144 COCHRANE 228
c Duplicate articles
L (n=188)
3 EMBASE 356
Records after duplicates removed Additional records
(n=540) identified through manual
searching
0 (n=2)
£
5 Records screened
=542
g (n ) Records excluded after
wv) Screening of title/abstract
(n=393)
Full-text articles assessed
For eligibility Full-text articles excluded
(n=149) (n=128)

Reasons for exclusion:
Adjuvant therapy (n=12)
Combination therapy
(n=17)

Insufficient data (n=25)
Glucosamine
hydrochloride (n=7)

No clinical outcomes
(n=15)

Pilot study (n=3)

. *  Wrong patient
Lo} population (n=17)
(] .
T
=
(8}
£

Potentially relevant studies
identified and screened
(n=21)

Wrong Kellgren-

Lawrence of

osteoarthritis grade (n=9)

Final studies identified Including other joints
foranalysis (n=21) (n=5)

Not RCTs (n=18)

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow
diagram for the identification and selection of studies.
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3.2. Study Characteristics and Methodological Assessment

A total of 3923 knees with primary OA were included. All RCTs included patients
with knee OA without K-L grade 4 [26,29,31,38-55]. Among the treatment groups in the
included 21 RCTs, 11 evaluated CS [40,41,46-52,54,55], five evaluated GS [38,42,43,45,53],
and five evaluated SKCPT or SKI306X [26,29,31,39,44] for the treatment group (Table 2).
Fourteen RCTs compared to a placebo [29,31,38,41-43,45-48,50,52,54,55], five compared
to a non-placebo such as NSAIDs [39,44,49] or SYSADOA [26,53], and two [40,51] com-
pared CS with a placebo or non-placebo as the control group (Table 3). The risk of bias
was low across most studies, with six studies [29,41,43,45,46,48] showing high-risk areas
(Supplementary Figure S1). The funnel plots were symmetrical, indicating a lack of pub-
lication bias (Supplementary Figure S2). The results of Egger’s test also confirmed these
trends (100-mm VAS; <3 months, p = 0.165; >3 months, p = 0.625).

Table 2. General characteristics of the included studies *.

Sample . Mean BMI,
rowid Countty  Tx  Control sizef,n Y el ™ G
(Tx./Control) - . (Tx./Control)
Arm 'a%ggﬁ)al' B3 rirkiye  Gs Placebo 40/30 56.8/55.9 30:10/25:5 30.8/31.1 111
Bin et al. [39] Republic . Non-Placebo . .
(024 RePURIC Joins (NSAIDY 136/142 61.1/61.7 34:102/29:113 NR LILTIT
Placebo
Clegg et al. [40] 318/313 582/582  113:205/131:200  32.0/31.9
USA CS Non-Placebo ; ; 1,11

(2006) (NSAIDY 318/318 582/594  113205/106:212  32.0/315
Elgawggf;)‘al e I cs Placebo 30/20 62.2/65.8 7:23/5:15 NR L1
G“’rdézggoe;)al' (421 Ttaly Gs Placebo 30/30 57.2/58.1 9:21/9:21 22/23 LILII

Haetal. [26] Republic . Non-Placebo . .
(o16) of Kores Jons (Y D0n) 61/63 65.4/63.8 7:54/8:55 NR LTI
Herrero-
Beaumont Spainand g Placebo 106/104 63.4/64.5 10:96/15:89 27.7/27.6 ILII
et al. [43] Portugal
(2007)
Jung et al. [29] Republic . . .

5000, REPUBIC Joins Placebo 23/23 59.1/59.0 1:22/2:21 NR ILITT
Jung et al. [44] Republic . Non-Placebo . .

5004, REPUBIC Joins (NSAIDY 125/124 60.1/59.7 9:116/9:115 NR ILITT
Kim et al. [31] Republic . . .

5017 REPUIC Joins Placebo 33/36 60.2/60.0 2:31/5:31 25.6/25.6 ILITT
Madlgoeltgl' [45] India Gs Placebo 30/30 56.8/56.8 5:25/13:17 27.8/28.0 L1t
Maz‘e(rgggi)al' B prance cs Placebo 67/63 67.3/66.9 18:45/15:52 29.2/28.9 ILITT
Maz‘e(rggggf‘l' W1 Prance cs Placebo 153/154 66/66 44:109/48:106 28.8/28.8 LTI

Czech,
Pavelkaetal [48] = Hungary, g Placebo 176/181 622/62.3 NR 287/284 LI

(2010) Slovakia,

Romania
Pelletier et al. [49] Non-Placebo . .
016, Canada cs (NSAIDY 97,97 61.4/61.3 44:53/36:61 30.1/32.3 ILITT
Ra]ﬂ‘a(zcoelt;)l' (501 France cs Placebo 2/21 63.6/66.5 6:16/9:12 282/28.1 ILITT
Belgium,
. ’ Placebo
Reginster etal. [51]  Czech, ltaly, g Non-Placebo 199/199 65.5/65.5 43:156/39:160 30.2/29.5 LIL I
(2017) Poland,
‘ (NSAIDs)
Switzerland
R"“dar(‘;]flgt) a2 gy cs Placebo 30/30 62.5/62.8 12:18/10:20 279/276  LILUI
Tao etal. [53] . Non-Placebo . .
(2000) China GS SVEADOA) 45/45 64.0/62.1 20:25/18:27 NR LTI
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Table 2. Cont.
Sample . Mean BMI,
pow Country ~ Tx.  Control sizef,n gt meContod ™ Grade
(Tx./Control) - i (Tx./Control)
USA
Uebelhart et al. [54] Belgium . .
(2004) France CS Placebo 54/56 63.2/63.7 11:43/10:46 NR LILIIIT
Switzerland
Wﬂd(lzeotlall)' 53] Canada s Placebo 35/34 59.7/64.9 14:21/14:20 30.4/315 LTI
% Tx., treatment; M, male; F, female; BMI, body mass index; K-L, Kellgren-Lawrence; GS, glucosamine sulfate; CS,
chondroitin sulfate; Joins, SK, SKI036X, or SKCPT; NR, not reported; NSAIDs, nonsteroidal anti-inflammatory
drug; SYSADOA, symptomatic slow-acting drugs for osteoarthritis. ® Sample size was reported based on the
intention-to-treat set.
Table 3. Detailed protocol of management for knee osteoarthritis in the included studies *.
Study . Treatment Follow-Up, ..
(Year) Daily Dose Duration Months Rescue Medicine
Armagéglei)al. [36] Tx.: GS, 1500 mg 6 months 6 Not allowed
Bin et al. [39] Tx.: Joins, 600 mg (2 x 300 mg) AAP
(2024) Control: Celecoxib, 200 mg (1 x 200 mg) 3 months 1,23 (Max. 2 g/day)
Clegg et al. [40] Tx.: CS, 1200 mg (3 x 400 mg) AAP
(2006) Control: Celecoxib, 200 mg (1 x 200 mg) 6 months 1,2,4,6 (Max. 4 g/day)
. AAP
Elgawg{;g)al- [41] Tx.: CS, 1000 mg (1000 mg x 1) 6 months 6 (Max. 4 g/day)
or NSAIDs
Giordano et al. [42] )
(2009) Tx.: GS, 1500 mg (1 x 1500 mg) 3 months 1,2,3,4,5,6 AAP (0.5 g/day) or NSAIDs
Ha et al. [26] Tx.: Joins, 600 mg (3 x 200 mg) AAP
(2016) Control: Layla (PG201), 600 mg (2 x 300mg) > months 12,3 (Max. 3.9 g/day)
AAP
He“e”Ba‘;g;‘)’“t etal. [43] Tx.: GS, 1500 mg (1 x 1500 mg) 6 months 1,3,6 (Max. 3 g/day)
or NSAIDs
Jung et al. [29] .
(2001) Tx.: Joins, 600 mg (3 x 200 mg) 1 month 05,1 Not allowed
Jung et al. [44] Tx.: Joins, 600 mg (3 x 200 mg)
(2004) Control: Diclofenac SR 100 mg (1 x 100 mg) 1 month 1 Not allowed

Kim et al. [31] AAP

Tx.: Joins, 600 mg (3 x 200 mg) 12 months 3,6,12

(2017) (Max. 4 g/day)
Madhu et al. [45] . AAP
(2013) Tx.: GS, 1500 mg (2 x 700 mg) 6 weeks 3, 6 weeks (Max. 4 g/day)
Mazieres et al. [46] . AAP
(2001) Tx.: CS, 2000 mg (2 x 1000 mg) 3 months 1,2,3,4,56 (Max. 3 g/day)
Mazieres et al. [47] AAP
z1e (‘3387) : Tx.: CS, 1000 mg (2 x 500 mg) 6 months 1,3,6,8 (Max. 4 g/day)
or NSAIDs
Pa"eugoefo‘;l' [46] Tx.: CS, 1200 mg (3 x 400 mg) 6 months 1,2,3,6,8 Allowed
Pelletier et al. [49] Tx.: CS, 1200 mg (3 x 400 mg) 24 months 3,6,12,18, AAP
(2016) Control: Celecoxib, 200 mg (1 x 200 mg) 24 (Max. 3 g/day)
. AAP
Raﬂh?goelt;;l‘ (501 Tx.: CS, 1000 mg (2 x 500 mg) 12months  1,3,6,9,12 (Max. 4 g/day)
or NSAIDs
Reginster et al. [51] Tx.: CS, 800 mg (1 x 800 mg) AAP
(2017) Control: Celecoxib, 200 mg (1 x 200 mg) 6 months 1,2,3,4,56 (Max. 3 g/day)
Rondarzléllg; al. [52] Tx.: CS, 600 mg (1 x 600 mg) 3 months 1,3 Not allowed
Tao et al. [53] Tx.: GS, 1500 mg (3 x 500 mg)
(2009) Control: Gubitong Recipe, 400 mL (2 x 200mL) 2 ™months 2 NSAIDs
Uebelhart et al. [54] . 0-3 months AAP
(2004) Tx.: CS, 800 mg (1 x 800 mg) 6-9 months 3,6,9,12 (Max. 4 g/day)
. _ , . AAP
Wildi et al. [55] Tx.: CS, 800 mg (2 x 400 mg for first 6 months, 12 months 6,12 (Max. 3 g/day)
(2011) 1 x 800 mg for next 6 months) or NSAIDs

* Tx., treatment; GS, glucosamine sulfate; CS, chondroitin sulfate; Joins, SK, SKI036X, or SKCPT; NR, not reported;
NSAIDs, nonsteroidal anti-inflammatory drug; SYSADOA, symptomatic slow-acting drugs for osteoarthritis;
AAP, acetaminophen; Max., maximum; SR, sustained release.
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4. Effectiveness
4.1. SYSADOAs vs. Placebo

Compared with the placebo, the overall SYSADOAs showed significantly better effec-
tiveness in the 100-mm VAS for pain relief (SMD, 0.38; 95%Cl, 0.18-0.57; p < 0.001). The
results of the subgroup analysis showed that CS, GS, and SKCPT or SKI306X all showed
better effectiveness than the placebo within 3 months of follow-up. Furthermore, the
treatment group showed significantly better pain relief compared with the placebo after
3 months of follow-up (SMD, 0.22; 95%Cl, 0.03-0.42 p = 0.023) (Figure 2).

A. <3 months

SYSADOA Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 CS vs Placebo
Mazieres et al. (2001) 242 251 63 181 25 67 10.4% 0.24 -0.10, 0.59] T
Maziéres et al. (2007) 21 1671 1563 19 1508 154 12.7% 013 [-0.10,0.35) T
Pavelka et al. (2010) 249 1682 121 231 16.89 142 124% 011 [-0.14,0.35) =
Railhac et al. (2012) 215 1278 22 238 1514 21 6.3% -0.16 [-0.76, 0.44] ]

Reginster etal. (2017) 318 16887 199 29 16146 205 13.3% 0.17 [-0.03, 0.36]

Rondanelli etal. (2019) 96 16.39 30 -1.04 3069 30 7.5% 0.43-0.09,0.94] T
Uebelhart et al. (2004) 159 16.58 54 12 17.59 56  9.8% 0.23-0.15, 0.60] T
Subtotal (95% CI) 642 675 T72.4% 0.16 [0.05, 0.27]

Heterogeneity. Tau®= 0.00; Chi*= 2.77, df= 6 (P = 0.84); F= 0%

Test for overall effect Z= 2.88 (P = 0.004)

ST

1.8.2 GS vs Placebo

Giordanoetal. (2009) 1072 1429 30 176 1513 30 7.4% 0.60[0.08,1.12)
Madhu etal. (2013) 3168 1489 29 1547 1491 24 66% 1.07 [0.49, 1.65]
Subtotal (95% CI) 59 54 14.0% 0.82[0.36, 1.28] g

Heterogeneity: Tau®= 0.03; Chi*=1.41, df= 1 (P=0.24), F= 29%
Test for overall effect Z= 3.48 (P = 0.0005)

1.8.3 Joins vs Placebo

Jung et al. (2001) 208 174 23 75 155 23 58% 1.33[0.69,1.97) —_—
Kim etal. (2017) 1278 776 33 6 834 36 7.8% 0.83[0.34,1.33) —_—
Subtotal (95% Cl) 56 59 13.6% 1.04 [0.56, 1.52] .

Heterogeneity: Tau*= 0.04; Chi*=1.45,df=1 (P=0.23), F=31%
Test for overall effect Z= 4.23 (P < 0.0001)

Total (95% ClI) 757 788 100.0% 0.38 [0.18, 0.57) >
Heterogeneity: Tau®= 0.07; Chi*= 31.04, df= 10 (P = 0.0006); F= 68% ) 3 3 1
Test for overall effect: Z= 3.76 (P = 0.0002)

Test for subaroun differences: Chi* = 18.74. df= 2 (P < 0.0001). F = 83.3% Favours [Control) Favours [SYSADOA
B. >3 months

SYSADOA Placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV. Random, 95% ClI

1.9.1 CS vs Placebo

Clegg et al. (2006) 154 255 318 166 28 313 156% -0.04 [-0.20,0.11] -

Elgawish etal. (2015) 276 106 30 263 1141 20 7.0% 0.12[-0.45,0.68] = 1

Maziéres et al. (2007) 262 249 133 199 235 140 138% 0.26 [0.02, 0.50) —

Railhac etal. (2012) 35 106 22 309 117 21 6.5% 0.36 [-0.24,0.96] ]

Reginster et al. (2017) 426 213 199 334 209 205 147% 0.44 [0.24,0.63) —
Uebelhart et al. (2004) 245 159 54 153 157 56 10.4% 0.58 [0.20, 0.96) S
Wildi et al. (2011) 21 271 31 247 25 23 7.4% -0.14 -0.68, 0.40) —

Subtotal (95% CI) 793 778  75.3% 0.23 [0.01, 0.45] -
Heterogeneity: Tau®= 0.05; Chi*= 20.72, df= 6 (P= 0.002), F=71%

Test for overall effect: Z= 2.09 (P = 0.04)

1.9.2GS vs Placebo

Armagan et al. (2015) 75 13.06 40 9 97 30 85% -0.13[-0.60,0.35] —

Giordano etal. (2009)  -012 1539 30 027 1466 30 7.9% -0.03[-0.53,0.48] I

Subtotal (95% CI) 70 60 16.5% -0.08 [-0.43,0.27] i
Heterogeneity: Tau®= 0.00; Chi*= 0.08, df=1 (P=0.78), F= 0%

Test for overall effect: Z=0.45 (P = 0.65)

1.9.3 Joins vs Placebo

Kim etal. (2017) 26 1225 33 1247 2154 36 82% 0.75(0.27,1.24) _—
Subtotal (95% CI) 33 36 82% 0.75 [0.27,1.24) e u—
Heterogeneity: Not applicable

Test for overall effect: Z=3.02 (P = 0.003)

Total (95% CI) 896 874 100.0% 0.22 [0.03, 0.42] -
Heterogeneity: Tau®= 0.06; Chi*= 28.24, df = 3 (P = 0.0009); F = 68% Y s : o 3

Test for overall effect: Z=2.26 (P=0.02)

F 0 F YSADOA
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Figure 2. Forest plots of improvement in 100-mm VAS < 3 months (A) and >3 months (B) comparing
the treatment group (CS, GS, and JOINS) and the control group (placebo). Squares represent the
standard mean difference in outcomes, with the size of the square being proportional to the sample
size. IV, inverse variance; GS, glucosamine sulfate; CS, chondroitin sulfate; Joins, SK, SKI036X, or
SKCPT; SD, standard deviation; SYSADOA, symptomatic slow-acting drugs for osteoarthritis; VAS,
visual analog scale. Squares and lines represent the mean change and 95% CI in outcomes, with the
size of the square being proportional to the sample size [26,29,31,38-55].
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Regarding functional improvement, the total WOMAC score was significantly higher in
the treatment group than that in the placebo within 3 months (SMD, 0.86; 95%CI, 0.22-1.50;
p = 0.009) and after 3 months of follow-up (SMD, 0.27; 95%CI, 0.01-0.54; p = 0.041) (Figure 3).
Additionally, the Lequesne index was also significantly better in the treatment group than
that in the placebo within 3 months (0.18; 95% CI, 0.00 to 0.35; p = 0.042) and after 3 months

of follow-up (SMD, 0.32; 95%Cl, 0.12-0.53; p = 0.002) (Figure 4).

A. < 3 months

SYSADOA Placebo

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight

2.6.1 CS vs Placebo

Pavelka et al. (2010) 16.92 9.1 121 15.09 9.5
Rondanelli et al. (2019) 87 714 30 -3.54 806
Subtotal (95% Cl) 151

142

30

172

Heterogeneity: Tau? = 0.92; Chi? = 18.51, df = 1 (P < 0.0001); I> = 95%

Test for overall effect: Z = 1.24 (P = 0.21)

2.6.2 GS vs Placebo

Madhu et al. (2013) 29.01 14.79 29 11.2 15,686
Subtotal (95% Cl) 2

Heterogeneity: Not applicable

Test for overall effect: Z = 3.85 (P = 0.0001)

2.6.3 Joins vs Placebo

Kim et al. (2017) 812 596 33 356 7.75
Subtotal (95% Cl) 33

Heterogeneity: Not applicable

Test for overall effect: Z = 2.62 (P = 0.009)

Total (95% Cl) 213

24

36
36

Heterogeneity: Tau? = 0.37; Chi? = 24.35, df = 3 (P < 0.0001); I* = 88%

Test for overall effect: Z = 2.63 (P = 0.009)

Test for subaroup differences: Chi? = 1.69. df =2 (P = 0.43). I? = 0%

B. > 3 months
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1V, Random, 95% CI

Std. Mea

n Difference
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23.5%
23.5%

25.0%
25.0%
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0.20 [-0.05, 0.44)
1.59 [1.00, 2.17]
0.86 [-0.50, 2.23]

1.15[0.57, 1.74]
1.15[0.57, 1.74]

0.65[0.16, 1.13]

0.65 [0.16, 1.13]

0.86 [0.22, 1.50]

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random,95% Cl

2.7.2 CS vs Placebo

Clegg et al. (2006) 149 189 318 154 208
Pavelka et al. (2010) 245 124 121 198 103
Subtotal (95% CI) 439

Heterogeneity: Tau? = 0.09; Chi? = 8.78, df = 1 (P = 0.003); I> = 89%
Test for overall effect: Z = 0.84 (P = 0.40)
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Armagan et al. (2015) 11 45 40 1 3.8
Herrero-Beaumont et al. (2007) 173 124 106 11.7 1441
Subtotal (95% Cl) 146

Heterogeneity: Tau* = 0.05; Chi* = 2.27, df = 1 (P = 0.13); I* = 56%
Test for overall effect: Z = 1.25 (P =0.21)

2.7.4 Joins vs Placebo

Kim et al. (2017) 1542 7.73 33 8.15 13.71
Subtotal (95% Cl) 33
Heterogeneity: Not applicable

Test for overall effect: Z = 2.58 (P =0.010)

Total (95% Cl) 618

Heterogeneity: Tau* = 0.07; Chi* = 17.10, df =4 (P = 0.002); I? = 77%
Test for overall effect: Z =2.01 (P =0.04)
Test for subaroup differences: Chiz =2.13. df = 2 (P = 0.35). I’ = 5.9%

Figure 3. Forest plots of improvement in total WOMAC score < 3 months (A) and >3 months
(B) comparing the treatment group (CS, GS, and JOINS) and the control group (placebo). Squares
represent the standard mean difference in outcomes, with the size of the square being proportional
to the sample size. IV, inverse variance; GS, glucosamine sulfate; CS, chondroitin sulfate; Joins,
SK, SKI036X, or SKCPT; SD, standard deviation; SYSADOA, symptomatic slow-acting drugs for
osteoarthritis; WOMAC, Western Ontario McMaster University Arthritis Index. Squares and lines
represent the mean change and 95% CI in outcomes, with the size of the square being proportional to
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A. <3 months

SYSADOA Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random.95% Cl IV. Random, 95% CI
3.3.1 CS vs Placebo
Mazieres et al. (2001) 24 31 63 16 31 67 13.7% 0.26 [-0.09, 0.60] n
Maziéres et al. (2007) 1.7 27 153 15 23 154 202% 0.08 [-0.14,0.30] T
Pavelka et al. (2010) 26 2 121 248 2 142 191% 0.06 [-0.18, 0.30] I
Railhac et al. (2012) 14 31 22 25 28 2 6.4% -0.37 0.97,0.24) -1
Reginster et al. (2017) 37 29 199 3 3 205 220% 0.24 [0.04, 0.43) ——
Uebelhart et al. (2004) 22 26 54 1.7 31 56 125% 0.17 [-0.20, 0.55] T
Subtotal (95% CI) 612 645 93.8% 0.14[0.03, 0.25]) <&
Heterogeneity: Tau*= 0.00; Chi*= 4.80, df= 5 (P = 0.44), F= 0%
Test for overall effect: Z= 2.43 (P=0.02)
3.3.2GS vs Placebo
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
3.3.3 Joins vs Placebo
Jung etal. (2001) 43 34 23 13 23 23 62% 1.02[0.40,1.63) —
Subtotal (95% CI) 23 23 6.2% 1.02 [0.40, 1.63] e —
Heterogeneity: Not applicable
Test for overall effect: Z=3.22 (P = 0.001)
Total (95% ClI) 635 668 100.0% 0.18 [0.00, 0.35] o
Heterogeneity: Tau®= 0.02; Chi*= 12.33, df= 6 (P = 0.05); F=51% s 5 o5 3

Test for overall effect: Z= 2.00 (P = 0.04)

F: trol] F. Y. Al
Testfor subaroun differences: Chi*= 7.54. df= 1 (P = 0.006). = 86.7% avours [Comeol]. Favours [SYSADON

B. >3 months

SYSADOA Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD _Total Weight IV, Random, 95% Cl IV, Random, 95% CI
3.6.1 CS vs Placebo
Elgawish et al. (2015) 404 23 30 096 304 20 83% 1.16[0.54,1.77]
Maziéres et al. (2007) 24 34 153 1.7 33 154 229% 0.21 [-0.02,0.43] ™
Railhac et al. (2012) 2.7 3.095 22 36 2966 2 8.6% -0.29-0.89, 0.31] —_— =
Reginster etal. (2017) 47 2714 199 38 2812 205 245% 0.32(0.13,052] -
Uebelhart et al. (2004) 3.2 2586 54 21 2825 56 15.3% 0.40(0.03,0.78] =
Subtotal (95% CI) 458 456  79.7% 0.33[0.07, 0.60] &>
Heterogeneity: Tau*= 0.06; Chi*= 1222, df= 4 (P = 0.02); F=67%
Test for overall effect Z= 2.45 (P=0.01)
3.6.2 GS vs Placebo
Herrero-Beaumont et al. (2007) 31 393 106 19 364 104 203% 0.32(0.04,0.59] =
Subtotal (95% CI) 106 104 20.3% 0.32[0.04, 0.59] >
Heterogeneity: Not applicable
Test for overall effect Z= 2.27 (P=0.02)
3.6.3 Joins vs Placebo
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity. Not applicable
Test for overall effect: Not applicable
Total (95% CI) 564 560 100.0% 0.32[0.12,0.53] <
Heterogeneity: Tau®= 0.04; Chi*=12.22, df= § (P = 0.03); F= 59% T p 3

Test for overall effect: Z= 3.09 (P = 0.002)

Testfor subaroun differences: Chi*= 0.01. df=1 (P = 0.93). F= 0% Eiinvoucs [Comol), (Eavours S1SADON

Figure 4. Forest plots of improvement in Lequesne index < 3 months (A) and >3 months (B) com-
paring the treatment group (CS, GS, and JOINS) and the control group (placebo). Squares represent
the standard mean difference in outcomes, with the size of the square being proportional to the
sample size. IV, inverse variance; GS, glucosamine sulfate; CS, chondroitin sulfate; Joins, SK, SKI036X,
or SKCPT; SD, standard deviation; SYSADOA, symptomatic slow-acting drugs for osteoarthritis.
Squares and lines represent the mean change and 95% CI in outcomes, with the size of the square
being proportional to the sample size [26,29,31,38-55].

4.2. SYSADOAs vs. Non-Placebo

Pain relief and functional improvement did not differ significantly between the treat-
ment and the non-placebo control groups before and after 3 months of follow-up (Table 4).

Table 4. The weighted standard mean difference of clinical outcomes comparing the intervention
group and the non-placebo control group *.

Outcomes or Follow-Up

Sample Size, n

SYSADOA vs. Non-Placebo No. of Study SYSADOA Non-Placebo SMD (95% CD) L, % p Value
100-mm VAS
<3 months 6 599 612 —0.11 (—0.22 to 0.01) 0 0.06
>3 months 3 601 596 —0.16 (—0.52 to 0.19) 88 0.37
Total WOMAC score
<3 months 2 250 263 —0.83 (—2.41 to 0.76) 98 0.31
>3 months 2 402 401 —0.14 (—0.29 t0 0.01) 6 0.06

% SMD, standard mean difference; CI, confidential interval; SYSADOA, symptomatic slow-acting drugs for
osteoarthritis; VAS, visual analog scale; WOMAC, Western Ontario McMaster University Arthritis Index.
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5. Safety

No significant differences were reported in any of the safety profiles, including AEs,
ADRs, and SAEs, between the treatment and control groups, including the placebo and
non-placebo subgroups (Table 5).

Table 5. The risk ratio of safety comparing the intervention group and the control group *.

Sample Size, n

Subgroup or Safety  No. of Study SYSADOA Non-Placebo R(igs;i/R(a:tIi)o 2, % p Value
Event Total Event Total
SYSADOA vs.
Placebo
Adverse events 12 305 613 274 608 1.05 (0.97 to 1.15) 0 0.24
Adverse drug 5 30 402 34 406 0.91 (0.45 to 1.82) 0 0.69
reaction
Serious adverse 9 15 793 16 784 0.98 (0.48 to 1.97) 0 0.94
events
SYSADOA vs.
Non-Placebo
Adverse events 4 193 445 197 476 1.05 (0.81 to 1.36) 68 0.73
Adverse drug 51 741 77 791 0.74 (0.47 to 1.17) 28 0.20
reaction
Serious adverse 5 11 777 11 808 1.10 (0.48 to 2.53) 0 0.82

events

* SYSADOA, symptomatic slow-acting drugs for osteoarthritis; CI, confidence interval.

6. Discussion

The principal findings of this systematic review and meta-analysis indicated that
SYSADOAs, including GS, CS, and SKCPT or SKI306X, effectively improved the pain and
function in knee OA. To clarify the individual effects of GS and CS, any studies involving
other supplements, molecules, or combinations of GS and CS were excluded. Although the
2019 Osteoarthritis Research Society International (OARSI) guidelines did not recommend
GS or CS for knee OA treatment, this study aligns with the ESCEO guidelines, which
endorse GS and CS as first-line treatments for knee OA. Therefore, GS, CS, and SKCPT or
SKI306X are reasonable pharmacological options for managing knee OA in clinical practice.

The results of the current meta-analysis demonstrated that the use of SYSADOAs
including GS, CS, and SKI306X resulted in clinical improvement in pain for knee OA. In
the short-term follow-up (<3 months), GS, CS, and SKI306X were each associated with
significant reductions in pain, as measured by the 100-mm VAS score, compared with the
placebo. However, at the mid-term follow-up (>3 months), GS did not show a significant
improvement compared to the placebo, while CS and SKI306X continued to show significant
benefits. No significant differences were observed between SYSADOAs and non-placebo
treatments in the short- or mid-term follow-up. Consistent with the overall findings of this
meta-analysis, previous studies have also reported that CS and GS significantly reduce
pain in knee OA [19,56-58]. These results suggest that SYSADOAs, including GS, CS, and
SKI306X, are effective treatment options for pain management in patients with knee OA.

The results of the current meta-analysis demonstrated that SYSADOAs including
GS, CS, and SKCPT or SKI306X led to functional improvement for knee OA. However,
controversy persists regarding the use of GS or CS to improve function in knee OA. One
meta-analysis found that while GS, CS, or their combination positively affected pain reduc-
tion, they did not significantly improve function [56]. In contrast, another meta-analysis
reported that CS was effective for both pain and function, while GS was effective in nar-
rowing the joint space. However, the combination of GS and CS showed no additional
benefit [19]. Another meta-analysis concluded that the combination of GS and CS was
effective and, to some extent, superior to other treatments for knee OA [58]. These heteroge-
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neous findings may result from factors such as the concomitant use of other supplements,
the administration of additional nutraceuticals, variations in GS and CS preparations, GS
and CS use alone or in combination, the different stages of OA, and the varying durations
of follow-up. To minimize such biases, this review excluded studies that involved other
supplements or molecules, combinations of GS and CS, or patients with K-L grade 4 OA
or studies without specified K-L grades. In summary, based on this meta-analysis, GS,
CS, and SKCPT or SKI306X are viable options for functional improvement in patients with
knee OA.

Herbal SYSADOAs are widely used in Korea, with a nationwide claims database
reporting that 43.4% of patients have used one or more to treat OA [23]. SKCPT or SKI306X
(JOINS®) is a herbal SYSADOA product formulated from a 30% ethanol dry extract of
Clematis mandshurica, Trichosanthes kirilowii, and Prunella vulgaris, which have been widely
used to treat inflammatory diseases in East Asia [39]. Preclinical studies reported positive
biological effects, including anti-inflammatory actions through the suppression of pro-
inflammatory cytokine expression and cartilage-protective effects via the regulation of
tissue inhibitors of metalloproteinases and matrix metalloproteinase production [27,59,60].
Based on these promising findings regarding OA, clinical trials have been conducted, which
have demonstrated similar pain relief and functional improvement compared with NSAIDs,
but with fewer adverse events [31,39,61]. In this review, SKCPT or SKI306X demonstrated
improvements in pain and function for knee OA. Therefore, this study provides robust
clinical evidence supporting the prescription of SKCPT or SKI306X for the treatment of
knee OA.

Adverse events did not differ significantly between the groups. In this study, adverse
events did not differ significantly between GS, CS, and SKCPT and the placebo. Similarly,
adverse events did not differ significantly according to the use of non-placebo treatments,
including NSAIDs. This lack of difference may be attributed to the sample size in the
present study, which may not have been large enough to detect subtle variations. The
significant association of NSAIDs with gastrointestinal and cardiovascular complications
is well established [17,62]. Discontinuing NSAIDs can reduce the risk of these adverse
effects [63,64]. A recent meta-analysis reported that GS is associated with half of the adverse
events compared with NSAIDs [65]. Furthermore, real-world studies have demonstrated
the pharmaco-economic benefits of long-term GS, which showed a 36-50% reduction in
the need for concomitant NSAID use [66]. Additionally, a previous study reported that
SYSADOAs, including SKCPT or SKI306X, contributed to the discontinuation in patients
with knee OA [67]. Altogether, these findings suggest that the prescription of GS, CS, and
SKCPT or SKI306X is effective and safe for treating knee OA.

This study has several limitations. First, the number of studies and sample sizes were
relatively small, as studies involving other supplements or molecules, combinations of
GS and CS, patients with K-L grade 4 OA, and those lacking the specified K-L grades
were excluded to ensure a clear assessment of effectiveness. Second, variations in the
formulations, dosages of supplements, and treatment durations are potential sources of
inter-study heterogeneity, which may have influenced the results. Third, not all types of
SYSADOAs were included in this study. Due to the ongoing controversy regarding their
efficacy, we limited our analysis to GS and CS, as recommended by the ESCEO guidelines,
while excluding other agents such as diacerein and avocado-soybean unsaponifiables. This
selection may limit the generalizability of our findings to other SYSADOAs. Finally, the
treatment duration in most of the included studies was <6 months, thus limiting the ability
to assess the long-term effects of these interventions.
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7. Conclusions

The results of this study confirmed that GS, CS, and SKCPT or SKI306X improve
pain and function in knee OA and are non-inferior to pharmacologic drugs for knee OA
treatment over a 12-month period. These findings support their use as viable treatment
options for knee OA in clinical practice.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/medicina61020331/s1, Figure S1: The risk of bias assessment of
the included studies involves a risk of bias graph (A) and summary (B); Figure S2: Funnel plots show
relatively symmetric data on the 100-mm VAS within 3 months (A) and after 3 months (B) between
the treatment and the placebo groups. VAS, visual analog scale.
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