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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%CI, 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 I, II, 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 α.

PICO Inclusion Criteria Exclusion Criteria

Population Patients with primary knee OA of K–L I, II,
or III grade

- Secondary OA
- Primary OA with K–L grade IV
- Patients with other joints with OA, such as
hip OA

Intervention Treatment with chondroitin sulfate,
glucosamine sulfate, SKI036X, or SKCPT

- Adjuvant therapy
- Glucosamine hydrochloride

Comparison Control group with placebo or non-placebo
(NSAIDs or SYSADOA) treatment - Adjuvant therapy

Outcomes

Primary outcome: pain for VAS
Secondary outcomes
- Function for WOMAC or Lequesne index
- Safety profile including adverse events

Study design (LOE) I or II III, IV or V
α 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 (CIs) for continuous variables and
risk ratios (RRs) with 95% CIs 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 I2 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).
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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 α.

Study
(Year) Country Tx. Control

Sample
Size ß, n

(Tx./Control)

Mean Age, y
(Tx./Control)

Sex, M:F
(Tx./Control)

Mean BMI,
kg/m2

(Tx./Control)

K–L
Grade

Armagan et al. [38]
(2014) Türkiye GS Placebo 40/30 56.8/55.9 30:10/25:5 30.8/31.1 II,III

Bin et al. [39]
(2024)

Republic
of Korea Joins Non-Placebo

(NSAIDs) 136/142 61.1/61.7 34:102/29:113 NR I,II,III

Clegg et al. [40]
(2006) USA CS

Placebo
Non-Placebo

(NSAIDs)

318/313
318/318

58.2/58.2
58.2/59.4

113:205/131:200
113:205/106:212

32.0/31.9
32.0/31.5 II,III

Elgawish et al. [41]
(2015) Egypt CS Placebo 30/20 62.2/65.8 7:23/5:15 NR II,III

Giordano et al. [42]
(2009) Italy GS Placebo 30/30 57.2/58.1 9:21/9:21 22/23 I,II,III

Ha et al. [26]
(2016)

Republic
of Korea Joins Non-Placebo

(SYSADOA) 61/63 65.4/63.8 7:54/8:55 NR II,III

Herrero-
Beaumont
et al. [43]

(2007)

Spain and
Portugal GS Placebo 106/104 63.4/64.5 10:96/15:89 27.7/27.6 II,III

Jung et al. [29]
(2001)

Republic
of Korea Joins Placebo 23/23 59.1/59.0 1:22/2:21 NR II,III

Jung et al. [44]
(2004)

Republic
of Korea Joins Non-Placebo

(NSAIDs) 125/124 60.1/59.7 9:116/9:115 NR II,III

Kim et al. [31]
(2017)

Republic
of Korea Joins Placebo 33/36 60.2/60.0 2:31/5:31 25.6/25.6 II,III

Madhu et al. [45]
(2013) India GS Placebo 30/30 56.8/56.8 5:25/13:17 27.8/28.0 II,III

Mazieres et al. [46]
(2001) France CS Placebo 67/63 67.3/66.9 18:45/15:52 29.2/28.9 II,III

Mazieres et al. [47]
(2007) France CS Placebo 153/154 66/66 44:109/48:106 28.8/28.8 II,III

Pavelka et al. [48]
(2010)

Czech,
Hungary,
Slovakia,
Romania

CS Placebo 176/181 62.2/62.3 NR 28.7/28.4 I,II,III

Pelletier et al. [49]
(2016) Canada CS Non-Placebo

(NSAIDs) 97/97 61.4/61.3 44:53/36:61 30.1/32.3 II,III

Railhac et al. [50]
(2012) France CS Placebo 22/21 63.6/66.5 6:16/9:12 28.2/28.1 II,III

Reginster et al. [51]
(2017)

Belgium,
Czech, Italy,

Poland,
Switzerland

CS
Placebo

Non-Placebo
(NSAIDs)

199/199 65.5/65.5 43:156/39:160 30.2/29.5 I,II,III

Rondanelli et al. [52]
(2019) Italy CS Placebo 30/30 62.5/62.8 12:18/10:20 27.9/27.6 I,II,III

Tao et al. [53]
(2009) China GS Non-Placebo

(SYSADOA) 45/45 64.0/62.1 20:25/18:27 NR II,III



Medicina 2025, 61, 331 6 of 15

Table 2. Cont.

Study
(Year) Country Tx. Control

Sample
Size ß, n

(Tx./Control)

Mean Age, y
(Tx./Control)

Sex, M:F
(Tx./Control)

Mean BMI,
kg/m2

(Tx./Control)

K–L
Grade

Uebelhart et al. [54]
(2004)

USA
Belgium
France

Switzerland

CS Placebo 54/56 63.2/63.7 11:43/10:46 NR I,II,III

Wildi et al. [55]
(2011) Canada CS Placebo 35/34 59.7/64.9 14:21/14:20 30.4/31.5 II,III

α 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. ß Sample size was reported based on the
intention-to-treat set.

Table 3. Detailed protocol of management for knee osteoarthritis in the included studies α.

Study
(Year) Daily Dose Treatment

Duration
Follow-Up,

Months Rescue Medicine

Armagan et al. [38]
(2014) Tx.: GS, 1500 mg 6 months 6 Not allowed

Bin et al. [39]
(2024)

Tx.: Joins, 600 mg (2 × 300 mg)
Control: Celecoxib, 200 mg (1 × 200 mg) 3 months 1, 2, 3 AAP

(Max. 2 g/day)
Clegg et al. [40]

(2006)
Tx.: CS, 1200 mg (3 × 400 mg)

Control: Celecoxib, 200 mg (1 × 200 mg) 6 months 1, 2, 4, 6 AAP
(Max. 4 g/day)

Elgawish et al. [41]
(2015) Tx.: CS, 1000 mg (1000 mg × 1) 6 months 6

AAP
(Max. 4 g/day)

or NSAIDs
Giordano et al. [42]

(2009) Tx.: GS, 1500 mg (1 × 1500 mg) 3 months 1, 2, 3, 4, 5, 6 AAP (0.5 g/day) or NSAIDs

Ha et al. [26]
(2016)

Tx.: Joins, 600 mg (3 × 200 mg)
Control: Layla (PG201), 600 mg (2 × 300 mg) 3 months 1, 2, 3 AAP

(Max. 3.9 g/day)

Herrero-Beaumont et al. [43]
(2007) Tx.: GS, 1500 mg (1 × 1500 mg) 6 months 1, 3, 6

AAP
(Max. 3 g/day)

or NSAIDs
Jung et al. [29]

(2001) Tx.: Joins, 600 mg (3 × 200 mg) 1 month 0.5, 1 Not allowed

Jung et al. [44]
(2004)

Tx.: Joins, 600 mg (3 × 200 mg)
Control: Diclofenac SR 100 mg (1 × 100 mg) 1 month 1 Not allowed

Kim et al. [31]
(2017) Tx.: Joins, 600 mg (3 × 200 mg) 12 months 3, 6, 12 AAP

(Max. 4 g/day)
Madhu et al. [45]

(2013) Tx.: GS, 1500 mg (2 × 700 mg) 6 weeks 3, 6 weeks AAP
(Max. 4 g/day)

Mazieres et al. [46]
(2001) Tx.: CS, 2000 mg (2 × 1000 mg) 3 months 1, 2, 3, 4, 5, 6 AAP

(Max. 3 g/day)

Mazieres et al. [47]
(2007) Tx.: CS, 1000 mg (2 × 500 mg) 6 months 1, 3, 6, 8

AAP
(Max. 4 g/day)

or NSAIDs
Pavelka et al. [48]

(2010) Tx.: CS, 1200 mg (3 × 400 mg) 6 months 1, 2, 3, 6, 8 Allowed

Pelletier et al. [49]
(2016)

Tx.: CS, 1200 mg (3 × 400 mg)
Control: Celecoxib, 200 mg (1 × 200 mg) 24 months 3, 6, 12, 18,

24
AAP

(Max. 3 g/day)

Railhac et al. [50]
(2012) Tx.: CS, 1000 mg (2 × 500 mg) 12 months 1, 3, 6, 9, 12

AAP
(Max. 4 g/day)

or NSAIDs
Reginster et al. [51]

(2017)
Tx.: CS, 800 mg (1 × 800 mg)

Control: Celecoxib, 200 mg (1 × 200 mg) 6 months 1, 2, 3, 4, 5, 6 AAP
(Max. 3 g/day)

Rondanelli et al. [52]
(2019) Tx.: CS, 600 mg (1 × 600 mg) 3 months 1, 3 Not allowed

Tao et al. [53]
(2009)

Tx.: GS, 1500 mg (3 × 500 mg)
Control: Gubitong Recipe, 400 mL (2 × 200 mL) 2 months 2 NSAIDs

Uebelhart et al. [54]
(2004) Tx.: CS, 800 mg (1 × 800 mg) 0–3 months

6–9 months 3, 6, 9, 12 AAP
(Max. 4 g/day)

Wildi et al. [55]
(2011)

Tx.: CS, 800 mg (2 × 400 mg for first 6 months,
1 × 800 mg for next 6 months) 12 months 6, 12

AAP
(Max. 3 g/day)

or NSAIDs
α 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%CI, 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%CI, 0.03–0.42 p = 0.023) (Figure 2).
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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%CI, 0.12–0.53; p = 0.002) (Figure 4).
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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
the sample size [26,29,31,38–55].
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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 α.

Outcomes or Follow-Up
SYSADOA vs. Non-Placebo

No. of Study
Sample Size, n

SMD (95% CI) I2, % p Value
SYSADOA Non-Placebo

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 to 0.01) 6 0.06

α 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 α.

Subgroup or Safety No. of Study

Sample Size, n
Risk Ratio
(95% CI) I2, % p ValueSYSADOA Non-Placebo

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

reaction 5 30 402 34 406 0.91 (0.45 to 1.82) 0 0.69

Serious adverse
events 9 15 793 16 784 0.98 (0.48 to 1.97) 0 0.94

SYSADOA vs.
Non-Placebo

Adverse events 4 193 445 197 476 1.05 (0.81 to 1.36) 68 0.73
Adverse drug

reaction 6 51 741 77 791 0.74 (0.47 to 1.17) 28 0.20

Serious adverse
events 5 11 777 11 808 1.10 (0.48 to 2.53) 0 0.82

α 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.

Author Contributions: Y.-B.P. and J.-H.K. designed and supervised the study. Y.-B.P. and J.-H.K.
wrote and edited the manuscript. J.-H.K. and Y.-B.P. performed study selection, data extraction, and
statistical analysis. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data analyzed in this study were obtained from previously pub-
lished studies and are, therefore, not available as a single dataset. Individual study data can be
accessed through the cited publications.

Acknowledgments: This study was supported by a grant from SK Chemical Co. (Seongnam,
Republic of Korea). The funding sources were not involved in the study design, collection, analysis
or interpretation of the data, writing of the manuscript, or in the decision to submit the manuscript
for publication.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. GBD 2021 Osteoarthritis Collaborators. Global, regional, and national burden of osteoarthritis, 1990–2020 and projections to 2050:

A systematic analysis for the Global Burden of Disease Study 2021. Lancet Rheumatol. 2023, 5, e508–e522. [CrossRef]
2. Li, X.X.; Cao, F.; Zhao, C.N.; Ge, M.; Wei, H.F.; Tang, J.; Xu, W.L.; Wang, S.; Gao, M.; Wang, P.; et al. Global burden of osteoarthritis:

Prevalence and temporal trends from 1990 to 2019. Int. J. Rheum. Dis. 2024, 27, e15285. [CrossRef] [PubMed]
3. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted

life-years (DALYs), and healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and 811
subnational locations, 1990-2021: A systematic analysis for the Global Burden of Disease Study 2021. Lancet 2024, 403, 2133–2161.
[CrossRef]

4. Yoon, J.-y.; Moon, S.W. Impacts of asymmetric hip rotation angle on gait biomechanics in patients with knee osteoarthritis.
Knee Surg. Relat. Res. 2024, 36, 23. [CrossRef] [PubMed]

5. Hsu, C.-E.; Tsai, M.-H.; Wu, H.-T.; Huang, J.-T.; Huang, K.-C. Phenotype-considered kinematically aligned total knee arthroplasty
for windswept-deformity-associated osteoarthritis: Surgical strategy and clinical outcomes. Knee Surg. Relat. Res. 2024, 36, 16.
[CrossRef] [PubMed]

6. Lee, D.Y. Prevalence and Risk Factors of Osteoarthritis in Korea: A Cross-Sectional Study. Medicina 2024, 60, 665. [CrossRef]
7. Kim, I.; Kim, H.A.; Seo, Y.I.; Song, Y.W.; Jeong, J.Y.; Kim, D.H. The prevalence of knee osteoarthritis in elderly community

residents in Korea. J. Korean Med. Sci. 2010, 25, 293–298. [CrossRef]
8. Choi, B.S.; Won, J.; Han, H.-S. Augmentation with Bone Marrow Aspirate Harvested from the Iliac Crest for Horizontal or Radial

Meniscal Tears Yields Favorable Healing Rates in Magnetic Resonance Imaging and Clinical Outcomes. Clin. Orthop. Surg. 2024,
16, 897–905. [CrossRef]

9. Park, J.-G.; Han, S.-B.; Park, J.-H.; Moon, S.-J.; Jang, W.-Y. A Decline in Overutilization of Transfusion after Total Knee Arthroplasty
Using Pharmacological Agents for Patient Blood Management in South Korea: An Analysis Based on the Korean National Health
Insurance Claims Database from 2008 to 2019. Clin. Orthop. Surg. 2023, 15, 942–952. [CrossRef]

10. Kilic, K.K.; Dogruoz, F.; Egerci, O.F.; Yuncu, M.; Yapar, A.; Kose, O. Relationship between peroneus longus tendon graft thickness
and anthropometric variables: A radiographic study using ultrasonography. Knee Surg. Relat. Res. 2024, 36, 30. [CrossRef]

https://www.mdpi.com/article/10.3390/medicina61020331/s1
https://www.mdpi.com/article/10.3390/medicina61020331/s1
https://doi.org/10.1016/S2665-9913(23)00163-7
https://doi.org/10.1111/1756-185X.15285
https://www.ncbi.nlm.nih.gov/pubmed/39114972
https://doi.org/10.1016/s0140-6736(24)00757-8
https://doi.org/10.1186/s43019-024-00226-5
https://www.ncbi.nlm.nih.gov/pubmed/39004757
https://doi.org/10.1186/s43019-024-00220-x
https://www.ncbi.nlm.nih.gov/pubmed/38566175
https://doi.org/10.3390/medicina60040665
https://doi.org/10.3346/jkms.2010.25.2.293
https://doi.org/10.4055/cios23213
https://doi.org/10.4055/cios22312
https://doi.org/10.1186/s43019-024-00235-4


Medicina 2025, 61, 331 13 of 15

11. Lawrence, K.W.; Sobba, W.; Rajahraman, V.; Schwarzkopf, R.; Rozell, J.C. Does body mass index influence improvement in patient
reported outcomes following total knee arthroplasty? A retrospective analysis of 3918 cases. Knee Surg. Relat. Res. 2023, 35, 21.
[CrossRef] [PubMed]

12. Shin, J.-S.; Lee, H.; Kim, S.H.; Noh, K.-C.; Kim, S.J.; Kim, H.N.; Choi, J.Y.; Song, S.Y. Identification of plasma and urinary
inflammatory markers in severe knee osteoarthritis: Relations with synovial fluid markers. Knee Surg. Relat. Res. 2024, 36, 19.
[CrossRef] [PubMed]

13. Bannuru, R.R.; Osani, M.C.; Vaysbrot, E.E.; Arden, N.K.; Bennell, K.; Bierma-Zeinstra, S.M.A.; Kraus, V.B.; Lohmander, L.S.;
Abbott, J.H.; Bhandari, M.; et al. OARSI guidelines for the non-surgical management of knee, hip, and polyarticular osteoarthritis.
Osteoarthr. Cartil. 2019, 27, 1578–1589. [CrossRef] [PubMed]

14. Kolasinski, S.L.; Neogi, T.; Hochberg, M.C.; Oatis, C.; Guyatt, G.; Block, J.; Callahan, L.; Copenhaver, C.; Dodge, C.; Felson, D.;
et al. 2019 American College of Rheumatology/Arthritis Foundation Guideline for the Management of Osteoarthritis of the
Hand, Hip, and Knee. Arthritis Care Res. 2020, 72, 149–162. [CrossRef] [PubMed]

15. Brophy, R.H.; Fillingham, Y.A. AAOS Clinical Practice Guideline Summary: Management of Osteoarthritis of the Knee (Nonarthro-
plasty), Third Edition. JAAOS—J. Am. Acad. Orthop. Surg. 2022, 30, e721–e729. [CrossRef]

16. Bruyère, O.; Honvo, G.; Veronese, N.; Arden, N.K.; Branco, J.; Curtis, E.M.; Al-Daghri, N.M.; Herrero-Beaumont, G.; Martel-
Pelletier, J.; Pelletier, J.P.; et al. An updated algorithm recommendation for the management of knee osteoarthritis from the
European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO).
Semin. Arthritis Rheum. 2019, 49, 337–350. [CrossRef]

17. Domper Arnal, M.J.; Hijos-Mallada, G.; Lanas, A. Gastrointestinal and cardiovascular adverse events associated with NSAIDs.
Expert. Opin. Drug Saf. 2022, 21, 373–384. [CrossRef]

18. Marsico, F.; Paolillo, S.; Filardi, P.P. NSAIDs and cardiovascular risk. J. Cardiovasc. Med. 2017, 18 (Suppl. 1), e40–e43. [CrossRef]
19. Rabade, A.; Viswanatha, G.L.; Nandakumar, K.; Kishore, A. Evaluation of efficacy and safety of glucosamine sulfate, chondroitin

sulfate, and their combination regimen in the management of knee osteoarthritis: A systematic review and meta-analysis.
Inflammopharmacology 2024, 32, 1759–1775. [CrossRef]

20. Domínguez Vera, P.A.; Carrasco Páez, L. Controversy about the use and financing of SYSADOA for osteoarthritis in Spain:
An analysis of the scientific-social debate in the media. Reum. Clin. Engl. Ed. 2024, 20, 416–422. [CrossRef]

21. Volpi, N. Quality of different chondroitin sulfate preparations in relation to their therapeutic activity. J. Pharm. Pharmacol. 2009,
61, 1271–1280. [CrossRef] [PubMed]

22. Honvo, G.; Reginster, J.Y.; Rabenda, V.; Geerinck, A.; Mkinsi, O.; Charles, A.; Rizzoli, R.; Cooper, C.; Avouac, B.; Bruyère, O. Safety
of Symptomatic Slow-Acting Drugs for Osteoarthritis: Outcomes of a Systematic Review and Meta-Analysis. Drugs Aging 2019,
36, 65–99. [CrossRef] [PubMed]

23. Park, H.R.; Cho, S.K.; Im, S.G.; Jung, S.Y.; Kim, D.; Jang, E.J.; Sung, Y.K. Treatment patterns of knee osteoarthritis patients in Korea.
Korean J. Intern. Med. 2019, 34, 1145–1153. [CrossRef]

24. Wilson, N.; Sanchez-Riera, L.; Morros, R.; Diez-Perez, A.; Javaid, M.K.; Cooper, C.; Arden, N.K.; Prieto-Alhambra, D. Drug
utilization in patients with OA: A population-based study. Rheumatology 2015, 54, 860–867. [CrossRef]

25. Bernetti, A.; Mangone, M.; Villani, C.; Alviti, F.; Valeo, M.; Grassi, M.C.; Migliore, A.; Viora, U.; Adriani, E.; Quirino, N.; et al.
Appropriateness of clinical criteria for the use of SYmptomatic Slow-Acting Drug for OsteoArthritis (SYSADOA). A Delphi
Method Consensus initiative among experts in Italy. Eur. J. Phys. Rehabil. Med. 2019, 55, 658–664. [CrossRef]

26. Ha, C.W.; Park, Y.B.; Min, B.W.; Han, S.B.; Lee, J.H.; Won, Y.Y.; Park, Y.S. Prospective, randomized, double-blinded, double-
dummy and multicenter phase IV clinical study comparing the efficacy and safety of PG201 (Layla) and SKI306X in patients with
osteoarthritis. J. Ethnopharmacol. 2016, 181, 1–7. [CrossRef]

27. Choi, C.H.; Kim, T.H.; Sung, Y.K.; Choi, C.B.; Na, Y.I.; Yoo, H.; Jun, J.B. SKI306X inhibition of glycosaminoglycan degradation
in human cartilage involves down-regulation of cytokine-induced catabolic genes. Korean J. Intern. Med. 2014, 29, 647–655.
[CrossRef]

28. Choi, J.H.; Choi, J.H.; Kim, D.Y.; Yoon, J.H.; Youn, H.Y.; Yi, J.B.; Rhee, H.I.; Ryu, K.H.; Jung, K.; Han, C.K.; et al. Effects of SKI
306X, a new herbal agent, on proteoglycan degradation in cartilage explant culture and collagenase-induced rabbit osteoarthritis
model. Osteoarthr. Cartil. 2002, 10, 471–478. [CrossRef]

29. Jung, Y.B.; Roh, K.J.; Jung, J.A.; Jung, K.; Yoo, H.; Cho, Y.B.; Kwak, W.J.; Kim, D.K.; Kim, K.H.; Han, C.K. Effect of SKI 306X, a new
herbal anti-arthritic agent, in patients with osteoarthritis of the knee: A double-blind placebo controlled study. Am. J. Chin. Med.
2001, 29, 485–491. [CrossRef]

30. Kim, J.H.; Ryu, K.H.; Jung, K.W.; Han, C.K.; Kwak, W.J.; Cho, Y.B. SKI306X suppresses cartilage destruction and inhibits the
production of matrix metalloproteinase in rabbit joint cartilage explant culture. J. Pharmacol. Sci. 2005, 98, 298–306. [CrossRef]

31. Kim, J.I.; Choi, J.Y.; Kim, K.G.; Lee, M.C. Efficacy of JOINS on Cartilage Protection in Knee Osteoarthritis: Prospective Randomized
Controlled Trial. Knee Surg. Relat. Res. 2017, 29, 217–224. [CrossRef] [PubMed]

https://doi.org/10.1186/s43019-023-00195-1
https://www.ncbi.nlm.nih.gov/pubmed/37496075
https://doi.org/10.1186/s43019-024-00223-8
https://www.ncbi.nlm.nih.gov/pubmed/38773579
https://doi.org/10.1016/j.joca.2019.06.011
https://www.ncbi.nlm.nih.gov/pubmed/31278997
https://doi.org/10.1002/acr.24131
https://www.ncbi.nlm.nih.gov/pubmed/31908149
https://doi.org/10.5435/JAAOS-D-21-01233
https://doi.org/10.1016/j.semarthrit.2019.04.008
https://doi.org/10.1080/14740338.2021.1965988
https://doi.org/10.2459/JCM.0000000000000443
https://doi.org/10.1007/s10787-024-01460-9
https://doi.org/10.1016/j.reumae.2024.09.003
https://doi.org/10.1211/jpp.61.10.0002
https://www.ncbi.nlm.nih.gov/pubmed/19814858
https://doi.org/10.1007/s40266-019-00662-z
https://www.ncbi.nlm.nih.gov/pubmed/31073924
https://doi.org/10.3904/kjim.2017.304
https://doi.org/10.1093/rheumatology/keu403
https://doi.org/10.23736/S1973-9087.19.05633-8
https://doi.org/10.1016/j.jep.2016.01.029
https://doi.org/10.3904/kjim.2014.29.5.647
https://doi.org/10.1053/joca.2002.0526
https://doi.org/10.1142/S0192415X01000502
https://doi.org/10.1254/jphs.FPJ04058X
https://doi.org/10.5792/ksrr.17.004
https://www.ncbi.nlm.nih.gov/pubmed/28854768


Medicina 2025, 61, 331 14 of 15

32. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; Group, P.-P. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]
[PubMed]

33. Arden, N.K.; Perry, T.A.; Bannuru, R.R.; Bruyere, O.; Cooper, C.; Haugen, I.K.; Hochberg, M.C.; McAlindon, T.E.; Mobash-
eri, A.; Reginster, J.Y. Non-surgical management of knee osteoarthritis: Comparison of ESCEO and OARSI 2019 guidelines.
Nat. Rev. Rheumatol. 2021, 17, 59–66. [CrossRef]

34. Julian, H.; James, T.; Jacqueline, C.; Miranda, C.; Li, T.; Matthew, P.; Vivian, W.; Ella, F. Cochrane Handbook for Systematic Reviews of
Interventions; Version 5.1.0 [Updated March 2011]; The Cochrane Collaboration: London, UK, 2014.

35. Nguyen, C.; Boutron, I.; Baron, G.; Coudeyre, E.; Berenbaum, F.; Poiraudeau, S.; Rannou, F. Evolution of pain at 3 months by
oral resveratrol in knee osteoarthritis (ARTHROL): Protocol for a multicentre randomised double-blind placebo-controlled trial.
BMJ Open 2017, 7, e017652. [CrossRef]

36. van Middelkoop, M.; Schiphof, D.; Hattle, M.; Simkins, J.; Bennell, K.L.; Hinman, R.S.; Allen, K.D.; Knoop, J.; van Baar, M.E.;
Bossen, D.; et al. People with short symptom duration of knee osteoarthritis benefit more from exercise therapy than people
with longer symptom duration: An individual participant data meta-analysis from the OA trial bank. Osteoarthr. Cartil. 2024, 32,
1620–1627. [CrossRef]

37. Melsen, W.G.; Bootsma, M.C.; Rovers, M.M.; Bonten, M.J. The effects of clinical and statistical heterogeneity on the predictive
values of results from meta-analyses. Clin. Microbiol. Infect. 2014, 20, 123–129. [CrossRef]

38. Armagan, O.; Yilmazer, S.; Calısir, C.; Ozgen, M.; Tascioglu, F.; Oner, S.; Akcar, N. Comparison of the symptomatic and chondropro-
tective effects of glucosamine sulphate and exercise treatments in patients with knee osteoarthritis. J. Back. Musculoskelet. Rehabil.
2015, 28, 287–293. [CrossRef]

39. Bin, S.I.; Lee, M.C.; Kang, S.B.; Moon, Y.W.; Yoon, K.H.; Han, S.B.; In, Y.; Chang, C.B.; Bae, K.C.; Sim, J.A.; et al. Efficacy and safety
of SKCPT in patients with knee osteoarthritis: A multicenter, randomized, double-blinded, active-controlled phase III clinical
trial. J. Ethnopharmacol. 2024, 337, 118843. [CrossRef]

40. Clegg, D.O.; Reda, D.J.; Harris, C.L.; Klein, M.A.; O’Dell, J.R.; Hooper, M.M.; Bradley, J.D.; Bingham Iii, C.O.; Weisman, M.H.;
Jackson, C.G.; et al. Glucosamine, chondroitin sulfate, and the two in combination for painful knee osteoarthritis. N. Engl. J. Med.
2006, 354, 795–808. [CrossRef]

41. Elgawish, M.H.; Zakaria, M.A.; Fahmy, H.S.; Shalaby, A.A. Effect of chondroitin sulfate on cartilage volume loss and subchondral
bone marrow lesions in osteoarthritis knee. Egypt. Rheumatol. Rehabil. 2015, 42, 153–158. [CrossRef]

42. Giordano, N.; Fioravanti, A.; Papakostas, P.; Montella, A.; Giorgi, G.; Nuti, R. The efficacy and tolerability of glucosamine sulfate
in the treatment of knee osteoarthritis: A randomized, double-blind, placebo-controlled trial. Curr. Ther. Res.-Clin. Exp. 2009, 70,
185–196. [CrossRef] [PubMed]

43. Herrero-Beaumont, G.; Ivorra, J.A.; Del Carmen Trabado, M.; Blanco, F.J.; Benito, P.; Martín-Mola, E.; Paulino, J.; Marenco, J.L.;
Porto, A.; Laffon, A.; et al. Glucosamine sulfate in the treatment of knee osteoarthritis symptoms: A randomized, double-blind,
placebo-controlled study using acetaminophen as a side comparator. Arthritis Rheum. 2007, 56, 555–567. [CrossRef] [PubMed]

44. Jung, Y.B.; Seong, S.C.; Lee, M.C.; Shin, Y.U.; Kim, D.H.; Kim, J.M.; Jung, Y.K.; Ahn, J.H.; Seo, J.G.; Park, Y.S.; et al. A four-
week, randomized, double-blind trial of the efficacy and safety of SKI306X: A herbal anti-arthritic agent versus diclofenac in
osteoarthritis of the knee. Am. J. Chin. Med. 2004, 32, 291–301. [CrossRef] [PubMed]

45. Madhu, K.; Chanda, K.; Saji, M.J. Safety and efficacy of Curcuma longa extract in the treatment of painful knee osteoarthritis:
A randomized placebo-controlled trial. Inflammopharmacology 2013, 21, 129–136. [CrossRef] [PubMed]

46. Mazieres, B.; Combe, B.; Phan Van, A.; Tondut, J.; Grynfeltt, M. Chondroitin sulfate in osteoarthritis of the knee: A prospective,
double blind, placebo controlled multicenter clinical study. J. Rheumatol. 2001, 28, 173–181.

47. Mazières, B.; Hucher, M.; Zaïm, M.; Garnero, P. Effect of chondroitin sulphate in symptomatic knee osteoarthritis: A multicentre,
randomised, double-blind, placebo-controlled study. Ann. Rheum. Dis. 2007, 66, 639–645. [CrossRef]

48. Pavelka, K.; Coste, P.; Géher, P.; Krejci, G. Efficacy and safety of piascledine 300 versus chondroitin sulfate in a 6 months treatment
plus 2 months observation in patients with osteoarthritis of the knee. Clin. Rheumatol. 2010, 29, 659–670. [CrossRef]

49. Pelletier, J.P.; Raynauld, J.P.; Beaulieu, A.D.; Bessette, L.; Morin, F.; de Brum-Fernandes, A.J.; Delorme, P.; Dorais, M.; Paiement, P.;
Abram, F.; et al. Chondroitin sulfate efficacy versus celecoxib on knee osteoarthritis structural changes using magnetic resonance
imaging: A 2-year multicentre exploratory study. Arthritis Res. Ther. 2016, 18, 256. [CrossRef]

50. Railhac, J.J.; Zaim, M.; Saurel, A.S.; Vial, J.; Fournie, B. Effect of 12 months treatment with chondroitin sulfate on cartilage volume
in knee osteoarthritis patients: A randomized, double-blind, placebo-controlled pilot study using MRI. Clin. Rheumatol. 2012, 31,
1347–1357. [CrossRef]

51. Reginster, J.Y.; Dudler, J.; Blicharski, T.; Pavelka, K. Pharmaceutical-grade Chondroitin sulfate is as effective as celecoxib and
superior to placebo in symptomatic knee osteoarthritis: The ChONdroitin versus CElecoxib versus Placebo Trial (CONCEPT).
Ann. Rheum. Dis. 2017, 76, 1537–1543. [CrossRef]

https://doi.org/10.1186/2046-4053-4-1
https://www.ncbi.nlm.nih.gov/pubmed/25554246
https://doi.org/10.1038/s41584-020-00523-9
https://doi.org/10.1136/bmjopen-2017-017652
https://doi.org/10.1016/j.joca.2024.07.007
https://doi.org/10.1111/1469-0691.12494
https://doi.org/10.3233/BMR-140516
https://doi.org/10.1016/j.jep.2024.118843
https://doi.org/10.1056/NEJMoa052771
https://doi.org/10.4103/1110-161X.163948
https://doi.org/10.1016/j.curtheres.2009.05.004
https://www.ncbi.nlm.nih.gov/pubmed/24683229
https://doi.org/10.1002/art.22371
https://www.ncbi.nlm.nih.gov/pubmed/17265490
https://doi.org/10.1142/S0192415X04001941
https://www.ncbi.nlm.nih.gov/pubmed/15315266
https://doi.org/10.1007/s10787-012-0163-3
https://www.ncbi.nlm.nih.gov/pubmed/23242572
https://doi.org/10.1136/ard.2006.059899
https://doi.org/10.1007/s10067-010-1384-8
https://doi.org/10.1186/s13075-016-1149-0
https://doi.org/10.1007/s10067-012-2022-4
https://doi.org/10.1136/annrheumdis-2016-210860


Medicina 2025, 61, 331 15 of 15

52. Rondanelli, M.; Braschi, V.; Gasparri, C.; Nichetti, M.; Faliva, M.A.; Peroni, G.; Naso, M.; Iannello, G.; Spadaccini, D.; Miraglia, N.;
et al. Effectiveness of Non-Animal Chondroitin Sulfate Supplementation in the Treatment of Moderate Knee Osteoarthritis in a
Group of Overweight Subjects: A Randomized, Double-Blind, Placebo-Controlled Pilot Study. Nutrients 2019, 11, 2027. [CrossRef]

53. Tao, Q.W.; Xu, Y.; Jin, D.E.; Yan, X.P. Clinical efficacy and safety of Gubitong Recipe () in treating osteoarthritis of knee joint.
Chin. J. Integr. Med. 2009, 15, 458–461. [CrossRef]

54. Uebelhart, D.; Malaise, M.; Marcolongo, R.; de Vathaire, F.; Piperno, M.; Mailleux, E.; Fioravanti, A.; Matoso, L.; Vignon, E.
Intermittent treatment of knee osteoarthritis with oral chondroitin sulfate: A one-year, randomized, double-blind, multicenter
study versus placebo. Osteoarthr. Cartil. 2004, 12, 269–276. [CrossRef] [PubMed]

55. Wildi, L.M.; Raynauld, J.P.; Martel-Pelletier, J.; Beaulieu, A.; Bessette, L.; Morin, F.; Abram, F.; Dorais, M.; Pelletier, J.P. Chondroitin
sulphate reduces both cartilage volume loss and bone marrow lesions in knee osteoarthritis patients starting as early as 6 months
after initiation of therapy: A randomised, double-blind, placebo-controlled pilot study using MRI. Ann. Rheum. Dis. 2011, 70,
982–989. [CrossRef] [PubMed]

56. Simental-Mendía, M.; Sánchez-García, A.; Vilchez-Cavazos, F.; Acosta-Olivo, C.A.; Peña-Martínez, V.M.; Simental-Mendía, L.E.
Effect of glucosamine and chondroitin sulfate in symptomatic knee osteoarthritis: A systematic review and meta-analysis of
randomized placebo-controlled trials. Rheumatol. Int. 2018, 38, 1413–1428. [CrossRef] [PubMed]

57. Beaudart, C.; Lengelé, L.; Leclercq, V.; Geerinck, A.; Sanchez-Rodriguez, D.; Bruyère, O.; Reginster, J.Y. Symptomatic Efficacy of
Pharmacological Treatments for Knee Osteoarthritis: A Systematic Review and a Network Meta-Analysis with a 6-Month Time
Horizon. Drugs 2020, 80, 1947–1959. [CrossRef] [PubMed]

58. Meng, Z.; Liu, J.; Zhou, N. Efficacy and safety of the combination of glucosamine and chondroitin for knee osteoarthritis:
A systematic review and meta-analysis. Arch. Orthop. Trauma. Surg. 2023, 143, 409–421. [CrossRef]

59. Hartog, A.; Hougee, S.; Faber, J.; Sanders, A.; Zuurman, C.; Smit, H.F.; van der Kraan, P.M.; Hoijer, M.A.; Garssen, J. The
multicomponent phytopharmaceutical SKI306X inhibits in vitro cartilage degradation and the production of inflammatory
mediators. Phytomedicine 2008, 15, 313–320. [CrossRef]

60. Wang, C.; Gao, Y.; Zhang, Z.; Chen, C.; Chi, Q.; Xu, K.; Yang, L. Ursolic acid protects chondrocytes, exhibits anti-inflammatory
properties via regulation of the NF-κB/NLRP3 inflammasome pathway and ameliorates osteoarthritis. Biomed. Pharmacother.
2020, 130, 110568. [CrossRef]

61. Woo, Y.; Hyun, M.K. Evaluation of cardiovascular risk associated with SKI306X use in patients with osteoarthritis and rheumatoid
arthritis. J. Ethnopharmacol. 2017, 207, 42–46. [CrossRef]

62. Bhala, N.; Emberson, J.; Merhi, A.; Abramson, S.; Arber, N.; Baron, J.A.; Bombardier, C.; Cannon, C.; Farkouh, M.E.; FitzGerald,
G.A.; et al. Vascular and upper gastrointestinal effects of non-steroidal anti-inflammatory drugs: Meta-analyses of individual
participant data from randomised trials. Lancet 2013, 382, 769–779. [CrossRef] [PubMed]

63. Sostres, C.; Gargallo, C.J.; Lanas, A. Nonsteroidal anti-inflammatory drugs and upper and lower gastrointestinal mucosal damage.
Arthritis Res. Ther. 2013, 15 (Suppl. 3), S3. [CrossRef] [PubMed]

64. Varga, Z.; Sabzwari, S.R.A.; Vargova, V. Cardiovascular Risk of Nonsteroidal Anti-Inflammatory Drugs: An Under-Recognized
Public Health Issue. Cureus 2017, 9, e1144. [CrossRef] [PubMed]

65. Kongtharvonskul, J.; Anothaisintawee, T.; McEvoy, M.; Attia, J.; Woratanarat, P.; Thakkinstian, A. Efficacy and safety of
glucosamine, diacerein, and NSAIDs in osteoarthritis knee: A systematic review and network meta-analysis. Eur. J. Med. Res.
2015, 20, 24. [CrossRef]

66. Rovati, L.C.; Girolami, F.; D’Amato, M.; Giacovelli, G. Effects of glucosamine sulfate on the use of rescue non-steroidal anti-
inflammatory drugs in knee osteoarthritis: Results from the Pharmaco-Epidemiology of GonArthroSis (PEGASus) study.
Semin. Arthritis Rheum. 2016, 45, S34–S41. [CrossRef]

67. Cho, S.-K.; Kim, H.; Park, H.-R.; Choi, W.; Choi, S.; Jung, S.-Y.; Jang, E.J.; Sung, Y.-K. Nonsteroidal anti-inflammatory drugs-
sparing effect of symptomatic slow-acting drugs for osteoarthritis in knee osteoarthritis patients. J. Rheum. Dis. 2019, 26, 179–185.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/nu11092027
https://doi.org/10.1007/s11655-009-0458-4
https://doi.org/10.1016/j.joca.2004.01.004
https://www.ncbi.nlm.nih.gov/pubmed/15023378
https://doi.org/10.1136/ard.2010.140848
https://www.ncbi.nlm.nih.gov/pubmed/21367761
https://doi.org/10.1007/s00296-018-4077-2
https://www.ncbi.nlm.nih.gov/pubmed/29947998
https://doi.org/10.1007/s40265-020-01423-8
https://www.ncbi.nlm.nih.gov/pubmed/33074440
https://doi.org/10.1007/s00402-021-04326-9
https://doi.org/10.1016/j.phymed.2007.09.005
https://doi.org/10.1016/j.biopha.2020.110568
https://doi.org/10.1016/j.jep.2017.06.003
https://doi.org/10.1016/s0140-6736(13)60900-9
https://www.ncbi.nlm.nih.gov/pubmed/23726390
https://doi.org/10.1186/ar4175
https://www.ncbi.nlm.nih.gov/pubmed/24267289
https://doi.org/10.7759/cureus.1144
https://www.ncbi.nlm.nih.gov/pubmed/28491485
https://doi.org/10.1186/s40001-015-0115-7
https://doi.org/10.1016/j.semarthrit.2015.10.009
https://doi.org/10.4078/jrd.2019.26.3.179

	Introduction 
	Materials and Methods 
	Literature Search 
	Study Selection 
	Assessment of Methodological Quality 
	Data Extraction 
	Statistical Analysis 

	Results 
	Study Identification 
	Study Characteristics and Methodological Assessment 

	Effectiveness 
	SYSADOAs vs. Placebo 
	SYSADOAs vs. Non-Placebo 

	Safety 
	Discussion 
	Conclusions 
	References

