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Knee osteoarthritis is a major cause of chronic pain and disability, associated with signicant long-term 
healthcare expenditure. Glucosamine sulphate and chondroitin sulphate are commonly used as adjunct 

therapies, but their economic value remains uncertain. This prospective comparative observational study evaluated the cost 
effectiveness of glucosamine chondroitin supplementation in 200 patients with knee osteoarthritis over a period of 12 months. 
Patients were divided into two groups: those receiving glucosamine chondroitin supplementation and those receiving standard 
analgesic therapy. The glucosamine chondroitin group demonstrated greater reduction in pain scores (mean VAS reduction of 
30.5 mm vs 20.7 mm; p=0.01) and improved functional outcomes. Radiographic assessment showed reduced joint space 
narrowing in the treatment group (+0.10 mm vs 0.00 mm; p=0.04). The mean annual treatment cost was ₹18,000 in the 
glucosamine chondroitin group compared to ₹14,000 in the control group, resulting in an incremental cost of ₹4,000. The 
incremental cost effectiveness ratio (ICER) was calculated as ₹408 per unit reduction in VAS score. Cost effectiveness analysis 
using bootstrap simulation demonstrated that most observations were in the cost-effective quadrant. The cost effectiveness 
acceptability curve indicated a high probability of cost-effectiveness at moderate willingness-to-pay thresholds. Glucosamine 
chondroitin supplementation appears to be a cost-effective adjunct in the management of knee osteoarthritis, providing 
improved clinical outcomes with acceptable incremental cost.
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INTRODUCTION
Knee Osteoarthritis is a progressive degenerative condition 
characterized by cartilage loss, subchondral bone changes, 
and functional limitation. It represents a serious concern due 
to its high prevalence and associated disability. In India, 
osteoarthritis contributes signicantly to healthcare burden, 
particularly in the aging population.

Conventional management focuses on pain relief using 
analgesics and non-steroidal anti-inammatory drugs. 
However, long-term use of these medications is associated 
with adverse effects and increased healthcare costs. This has 
led to the use of alternative therapies such as glucosamine 
sulphate (GS) and chondroitin sulphate (CS), which are 
believed to have chondroprotective properties.

Glucosamine sulphate has demonstrated potential structural 
1,4,5benets in osteoarthritis . However, evidence remains 

2,3,9
heterogeneous across trials .

GS - CS are widely prescribed, their clinical efcacy and 
11.12,13 economic value remain subjects of debate. Cost 

effectiveness analysis provides a useful framework for 
evaluating whether the benets of a treatment justify its cost. 
This study aims to evaluate the cost–effectiveness of 
glucosamine chondroitin supplementation in knee 
osteoarthritis in a real-world clinical setting.

MATERIALS AND METHODS
This was a prospective comparative observational study 
conducted in a tertiary care hospital. A total of 200 patients 
with clinically and radiologically diagnosed knee 
osteoarthritis were included.

Patients were split into two groups:
*  Group A: Glucosamine sulphate and chondroitin sulphate 

supplementation
*  Group B: Standard analgesic therapy

All patients were followed for a period of 12 months.

Clinical outcome was measured using the Visual Analog 

Scale (VAS) for pain and the WOMAC index for function.  
Assessment by radiology using joint space width 
measurements on weight-bearing X-rays.

The analysis of cost was done from a healthcare provider 
perspective, including drug costs, outpatient visits, and 
investigations.

The incremental cost effectiveness ratio (ICER) was 
calculated using the formula:
ICER =   (Cost of treatment – Cost of control) 
              (Effect of treatment – Effect of control)

Bootstrap simulation was used to generate cost-effectiveness 
planes and acceptability curves.

Economic Evaluation
Analysis of cost-effectiveness was conducted from a 
healthcare provider perspective. The medical costs were 
calculated over a 12-month period. Incremental cost and its 
effectiveness were estimated between groups.

Uncertainty was addressed using non-parametric bootstrap 
resampling (2000 iterations), generating distributions of 
incremental cost and effect. These were used to construct 
cost–effectiveness planes and cost-effectiveness acceptability 
curves (CEAC).

Due to absence of measured cost variance, variability was 
conservatively estimated based on observed clinical 
expenditure patterns.

RESULTS
The mean age of patients was 51 years, with no difference of 
any signicance between groups at baseline.

The glucosamine-chondroitin group showed better 
improvement in pain scores compared to the control group 
signicantly. The mean reduction in VAS score was 30.5 mm in 
Group A and 20.7 mm in Group B (p=0.01).

Functional outcomes also improved more in the treatment 
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group, although the difference was modest.

Radiographic analysis showed a slight increase in joint space 
width in the treatment group (+0.10 mm), whereas no change 
was seen the group of  control (p=0.04).

The  annual treatment cost was on an average ₹18,000 in 
Group A and ₹14,000 in Group B, resulting in an increased 
cost of ₹4,000.

The ICER was calculated as ₹408 per unit reduction in VAS 
score.

Cost effectiveness analysis demonstrated that most data 
points were located in the quadrant indicating higher 
effectiveness with higher cost. The acceptability curve showed 
a high probability of cost-effectiveness at increasing 
willingness-to-pay thresholds.

RESULTS – Economic Analysis
Cost–Effectiveness Analysis
The annual cost per patient was  ₹18,000 in the GS-CS group 
and ₹14,000 in the control group, yielding an incremental cost 
of ₹4,000. The corresponding incremental effectiveness, 
measured as reduction in VAS pain score, was 9.8 mm.

Figure 1: Cost–effectiveness Plane Showing Bootstrap 
Distribution of Incremental Cost and Effectiveness for 
GS–CS Supplementation Compared with Control Therapy.

Figure 2: Cost–effectiveness Acceptability Curve 
Illustrating the Probability of GS–CS Supplementation 
Being Cost-effective Across a Range of Willingness-to-pay 
Thresholds.

A non-parametric bootstrap simulation with 2000 replications 
was performed to assess uncertainty in cost and effectiveness 
estimates. The resulting cost effectiveness plane (Figure 3) 
demonstrated that the majority of replications were located in 
the north-east quadrant, indicating higher cost associated 
with improved effectiveness.

Figure 3 : Cost-Effectiveness Plane - Higher Cost Associated 
with Improved Effectiveness.

The incremental cost-effectiveness ratio (ICER) was 
calculated as:
ICER = ₹ 4000   ≈   ₹408 per mm VAS improvement 9.8

This indicates that an additional ₹408 is required to achieve a 
1  mm reduct ion  in  VAS pain  score  wi th  GS–CS 
supplementation compared to standard therapy.

Cost Effectiveness Acceptability
The cost effectiveness acceptability curve (Figure 4) 
demonstrated a progressive increase in the probability of GS-
CS being cost-effective with increasing willingness-to-pay 
thresholds. 

Figure 4 : Cost Effectiveness - willingness to Pay

At moderate willingness-to-pay thresholds, the probability of 
cost-effectiveness exceeded 80%, indicating that GS-CS 
supplementation is likely to be economically favorable within 
clinically acceptable limits.

Figure 5 Cost–Effectiveness Plane (Bootstrap, Real Model 
Based)
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Figure 6: Scatter Plot of Observed Costs and Outcomes : 
GS-CS vs Analgesic Group

Figure 7: Bootstrap Comparison of Incremental Cost and 
Clinical Outcome.

The ICER of approximately ₹408 per unit reduction in VAS pain 
suggests that GS–CS supplementation provides clinically 
meaningful benet at a modest incremental cost. While direct 
comparison with established willingness-to-pay thresholds in 
osteoarthritis is limited, the observed cost effectiveness prole 
falls within acceptable bounds for chronic musculoskeletal 
interventions in resource-constrained settings.

The bootstrap-based cost effectiveness framework enhances 
robustness by accounting for sampling variability, thereby 
strengthening the validity of economic inference.

DISCUSSION
Th is  s tudy  in fe rs  tha t  g lucosamine -chondro i t in 
supplementation provides improved clinical outcomes and 
modest structural benet in patients with knee osteoarthritis. 
Although the treatment is associated with higher cost, the 
additional expenditure appears justied by the clinical 
benet.

Recen t  me ta -ana lyses  con t inue  to  demons t ra te 
heterogeneous but overall modest benet of glucosamine and 

13,14chondroitin in osteoarthritis . An umbrella review further 
supports their safety and small effect size, particularly in 

14selected patient subgroups

The ICER value indicates that the cost per unit improvement in 
pain is relatively low, suggesting favorable economic value. 
The ndings are consistent with previous studies that have 
reported symptomatic benets and potential structural effects 
of these supplements.

The use of bootstrap analysis strengthens the reliability of the 
economic evaluation by accounting for variability in cost and 
effectiveness.

However, the study has certain limitations. The observational 
design may introduce bias, and indirect costs were not 
analysed. Further  trials, randomised control studies, with a  
longer follow-up are required to conrm these ndings.

CONCLUSION
Glucosamine- chondroitin supplementation is a cost-effective 

adjunct therapy in knee osteoarthritis, providing improved 
pain relief and modest structural benet at an acceptable 
incremental cost.

REFERENCES (Vancouver Style)
1.  Hochberg MC, Martel-Pelletier J, Monfort J, Möller I, Castillo JR, Arden N, et al. 

Combined chondroitin sulfate and glucosamine for painful knee 
osteoarthritis: a multicentre, randomised, double-blind, non-inferiority trial 
versus celecoxib. Ann Rheum Dis. 2016;75(1):37–44.

2.  Wandel S, Jüni P, Tendal B, Nüesch E, Villiger PM, Welton NJ, et al. Effects of 
glucosamine, chondroitin, or placebo in patients with osteoarthritis of hip or 
knee: network meta-analysis. BMJ. 2010;341:c4675.

3.  Sawitzke AD, Shi H, Finco MF, Dunlop DD, Harris CL, Singer NG, et al. Clinical 
efcacy and safety of glucosamine, chondroitin sulphate, their combination, 
celecoxib or placebo in osteoarthritis of the knee: 2-year results from GAIT. 
Ann Rheum Dis. 2010;69(8):1459–64.

4.  Pavelká K, Gatterová J, Olejarová M, Macháček S, Giacovelli G, Rovati LC. 
Glucosamine sulfate use and delay of progression of knee osteoarthritis: a 3-
year randomized controlled trial. Arch Intern Med. 2002;162(18):2113–23.

5.  Reginster JY, Deroisy R, Rovati LC, Lee RL, Lejeune E, Bruyere O, et al. Long-
term effects of glucosamine sulphate on osteoarthritis progression: a 
randomised, placebo-controlled clinical trial. Lancet. 2001;357(9252):251–6.

6.  Henrotin Y, Lambert C. Chondroitin and glucosamine in the management of 
osteoarthritis: an update. Curr Rheumatol Rep. 2013;15(10):361.

7.  Bruyère O, Cooper C, Pelletier JP, Branco J, Brandi ML, Guillemin F, et al. An 
algorithm recommendation for the management of knee osteoarthritis in 
Europe and internationally: ESCEO guidelines. Semin Arthritis Rheum. 
2014;44(3):253–63.

8.  Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods 
for the economic evaluation of health care programmes. 4th ed. Oxford: 
Oxford University Press; 2015.

9.  Briggs AH, Claxton K, Sculpher MJ. Decision modelling for health economic 
evaluation. Oxford: Oxford University Press; 2006.

10.  Messier SP, Mihalko SL, Beavers DP, Nicklas BJ, DeVita P, Carr JJ, et al. Effects 
of glucosamine and chondroitin sulfate on knee osteoarthritis: a randomized 
controlled trial. Arthritis Rheumatol. 2014;66(7):1908–18.

11.  Kongtharvonskul J, Anothaisintawee T, McEvoy M, Attia J, Thakkinstian A. 
Efcacy and safety of glucosamine, diacerein, and NSAIDs in osteoarthritis: a 
systematic review and network meta-analysis. Eur J Med Res. 2022;27(1):152. 
doi:10.1186/s40001-022-00744-7

12.  Dai WL, Zhou AG, Zhang H, Zhang J. Efcacy of glucosamine and chondroitin 
sulfate in osteoarthritis: an updated meta-analysis of randomized controlled 
trials. Int J Rheum Dis. 2022;25(6):689–99. doi:10.1111/1756-185X.14322

13.  Liu X, Machado GC, Eyles JP, Ravi V, Hunter DJ. Dietary supplements for 
treating osteoarthritis: a systematic review and meta-analysis. Br J Sports 
Med. 2023;57(1):32–40. doi:10.1136/bjsports-2021-104729

14.  Veronese N, Stubbs B, Solmi M, Smith TO, Noale M, Cooper C, et al. 
Effectiveness of glucosamine and chondroitin in osteoarthritis: umbrella 
review of meta-analyses. Ageing Res Rev. 2023;84:101836. doi:10.1016/j.arr. 
2022.101836

15.  Persson MSM, Stocks J, Walsh DA, Doherty M, Zhang W. Predictors of 
response to glucosamine and chondroitin in osteoarthritis: systematic review 
and meta-analysis. Rheumatology (Oxford). 2022;61(5):1895–904. 

VOLUME - 15, ISSUE - 05, MAY - 2026 • PRINT ISSN No. 2277 - 8160 • DOI : 10.36106/gjra


