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Background: Chondroitin sulfate, alone or associated with glucosamine (CS/CS+GLU), is an effective knee osteoarthritis (KOA) 
treatment, with fewer adverse effects (AEs) than non-steroidal anti-inflammatory drugs (NSAIDs) and cyclooxygenase 2 inhibitors 
(COXIBs).
Purpose: To estimate the CS/CS+GLU cost-effectiveness versus NSAIDs/COXIBs, due to the avoidance of mild-moderate or severe 
gastrointestinal AEs (GIAE), ischemic heart disease (IHD), acute kidney insufficiency (AKI), chronic kidney failure (CKF) and 
ischemic stroke (IS) from the Spanish National Health System (NHS) perspective.
Methods: Two analyses were considered: 1) savings to the NHS from current CS/CS+GLU treatment; and 2) maximum savings that 
could be achieved by the NHS if all patients with KOA currently treated with NSAIDs/COXIB would be switched to CS/CS+GLU. 
AEs frequency, associated utilities loss and managing cost were obtained from medical literature and Spanish sources. A probabilistic 
model (second-order Monte Carlo simulation) was carried out for a 3-year time horizon. Treatment duration: 180 days (base case); 90 
and 240 days (sensitivity analysis).
Results: First analysis: 45,087 mild-moderate GIAE, 3,217 severe GIAE, 211 IHD, 1,087 AKI, 746 CKF and 3,359 IS, would be 
avoided with CS/CS+GLU. Discounting drugs cost, the three-year savings would be 57.1 million euros (savings probability: 80.7%). 
The savings per patient treated with CS/CS+GLU would amount to €38.02 (95% CI 14.06; €75.69), with a mean gain of 0.0023 (95% 
CI 0.0018–0.0027) QALY. The probability that CS/CS+GLU treatment was dominant (lower costs and QALY gain) or cost-effective 
(cost per QALY gained less than €25,000) was 80.7% and 98.1%, respectively. In the second analysis, savings for the NHS would 
amount to 387 million euros, with the CS/CS+GLU-only option being dominant and cost-effective in 100% of the analyses.
Conclusion: The improved tolerability of CS/CS+GLU versus NSAIDs/COXIBs is expected to prevent thousands of AEs and 
generate considerable savings for the NHS, making it cost-effective treatment.
Keywords: knee osteoarthritis, chondroitin sulfate, glucosamine, cost-effectiveness, budgetary impact, health impact

Introduction
Knee osteoarthritis (KOA) is the most common type of osteoarthritis (OA) in adults, characterized by a high rate of 
disability and poor quality of life.1–3 Chondroitin sulfate alone (CS) (Condrosan®/Condrosulf®/Condroitin sulfato Kern 
Pharma®) or associated with glucosamine (CS+GLU) (Droglican®) (CS/CS+GLU) is one of the main constituent 
elements of cartilage, being indicated (alone or associated with glucosamine) in the symptomatic treatment of 
osteoarthritis.4,5 Treatment of KOA with CS/CS+GLU has been associated with improvement in pain6,7 and joint 
function.8,9 Its efficacy has been confirmed in systematic reviews and meta-analyses6,7,9–12 as well as in the 
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MOVES,13 MOSAIC14 and CONCEPT15 clinical trials, in which CS/CS+GLU proved to be as effective as celecoxib 
after 6 months, but with a better safety profile.

On the other hand, as demonstrated in a meta-analysis,16 CS/CS+GLU is well tolerated. In fact, CS/CS+GLU and 
glucosamine were not associated with an increased risk of adverse events (AE) compared to placebo.16 This good 
tolerability of CS/CS+GLU contrasts with the toxicity problems described for NSAIDs/COXIBs17 at gastrointestinal,18 

cardiovascular,19,20 cerebrovascular21 and renal22 levels. The detrimental effects of continued NSAID use in osteoar
thritis patients are well described in scientific literature. A 2019 study23 involving more than 7,000 patients with 
osteoarthritis showed they had a 23% increased risk of developing cardiovascular disease compared to controls; and 
that a 41% increase in this risk was directly linked to NSAID use.

CS/CS+GLU is currently recommended for the treatment of KOA by, among others, the guidelines of the Spanish 
Society of Rheumatology (SER),24,25 the European League Against Rheumatism (EULAR)26 and those published by the 
European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases 
(ESCEO).27 Moreover, cardioprotective and cerebroprotective effect, based on reduced risk of acute myocardial infarc
tion and ischemic stroke, revealed by Mazzucchelli et al, adjusts to the safety profile of OA patients, which usually have 
comorbidities that imply cardiovascular risk, similar as metabolic syndrome patients.28

In 2020, an economic analysis was published which concluded that, “due to its better tolerability profile, treatment 
with CS/CS+GLU is expected to prevent thousands of adverse events over the next three years in Spain, some of which 
may be life-threatening, while generating considerable savings for the Spanish National Health System. (NHS)”29. This 
study, however, was limited to the analysis of the costs and consequences of the better tolerability of CS/CS+GLU, but 
did not assess its cost-effectiveness compared to non-steroidal anti-inflammatory drugs (NSAIDs) and cyclooxygenase 2 
inhibitors (COXIBs), ie the cost of quality-adjusted life years gained (QALYs) (calculated from the so-called “utilities”, 
the quality of life perceived by the patient) and did not include the cardioprotective (reduced risk of acute myocardial 
infarction) and cerebroprotective (reduced risk of ischemic stroke) effects revealed in two nested case-control studies, 
published in 2021 and 2022, respectively.20,21

The aim of the present study was to estimate the cost-effectiveness of CS/CS+GLU compared with NSAIDs/COXIBs 
in the treatment of KOA, because of avoiding mild-moderate or severe gastrointestinal adverse events (GIAE), ischemic 
heart disease (IHD), acute kidney injury (AKI), chronic kidney failure (CKF) and ischemic stroke (IS) in Spain.

Methods
Economic Model
Based on the current situation (part of KOA patients treated with CS/CS+GLU and part treated with NSAIDs/COXIB), 
two analyses were performed: (i) To determine the savings to the NHS from current CS/CS+GLU treatments, it was 
hypothesized that all patients treated with CS/CS+GLU would be switched to NSAIDs/COXIBs. The additional costs 
that could result from this change would be the savings currently being generated by CS/CS+GLU treatments, due to 
their improved safety profile. (ii) To determine the maximum savings that could be achieved by the NHS, it was 
hypothesized that all patients with KOA currently treated with NSAIDs/COXIB would be switched to CS/CS+GLU.

In both analyses the following calculations were performed: a) estimation of the number of AE avoided with CS/CS 
+GLU in the Spanish population with KOA; b) estimation of the economic impact derived from the AE avoided with CS/ 
CS+GLU in the Spanish population with KOA and probability of savings for the NHS for this concept; c) savings per 
patient with KOA associated with the utilization of CS/CS+GLU; d) QALYs gained per patient with KOA associated 
with the use of CS/CS+GLU; e) cost of gaining 1 QALY with CS/CS+GLU versus the hypothetical non-utilization of the 
treatment; f) probability that treatment with CS/CS+GLU is cost-effective (cost of gaining 1 QALY below €25,000) and/ 
or dominant (with lower costs and gain in QALYs than without CS/CS+GLU).

A probabilistic model was performed using second-order Monte Carlo simulations,30–32 with a hypothetical cohort of 
1,000 iterations (patients, lato sensu), for a 3-year time horizon. This methodology allows the analysis of the uncertainty 
of the model variables.32 The costs and utilities (continuous variables) were adjusted to gamma distributions; the 
probabilities of AE (dichotomous variables) were adjusted to beta distributions, in both cases according to the minimum 
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and maximum values described in the literature.30,31 The annual variables of the model are summarized in Table 1 
(probabilities) and Table 2 (costs and utilities). The number of adverse events avoided was obtained from the population 
treated with CS/CS+GLU or NSAID/COXIB. The probability of each adverse event with each treatment was calculated, 
using mean values and their 95% confidence intervals, through a second-order Monte Carlo simulation with 1,000 
analyses.

Table 1 Annual Probabilities of Adverse Events with the Treatments Considered (Beta 
Distributions)

Adverse event Items CS/CS+GLU NSAID/COXIB References

Mild gastrointestinal Mean ± SD 0.0064 ± 0.0003 0.1386 ± 0.0071 [18,29,33,34]
Alpha 381 331
Beta 59,258 2055

Severe gastrointestinal Mean ± SD 0.0000* 0.0090 ± 0.0005 [18,29,33,34]
Alpha – 380

Beta – 41,918

Coronary ischemia Mean ± SD 0.00009 ± 0.00001 0.00069 ± 0.00004 [19]
Alpha 96 384
Beta 1,047,242 552,286

Acute renal failure Mean ± SD 0.0000* 0.0031 ± 0.0002 [22]
Alpha – 383

Beta – 123,766

Chronic renal failure Mean ± SD 0.0000* 0.0021 ± 0.0001 [22]
Alpha – 383
Beta – 178,769

Ischemic stroke Mean ± SD −0.0044 ± −0.0003** 0.0055 ± 0.0028 [21]
Alpha 194 3.83

Beta 44,945 698

Notes: *No cases have been described in the available clinical studies. **This negative value does not, obviously, 
indicate a negative probability, but rather a reduction in the probability of ischemic stroke (IS) in patients treated with 
CS/CS+GLU. 
Abbreviations: COXIB, cyclooxygenase 2 inhibitors; CS/CS+GLU, chondroitin sulphate with/without glucosamine; 
NSAID, non-steroidal anti-inflammatory drugs; SD: standard deviation.

Table 2 Costs and Utilities Considered in the Model (Gamma Distributions)

Item Mean ± SD Alpha Beta References

Annual treatment cost (180 days)* [4,5,35–37]
CS (400 mg) (60 capsules) 67.08 € – –
CS+GLU (1200+1500 mg) (90 capsules) 205.32 € – –

NSAIDs/COXIBs 31.44 € – –

Adverse events management unit cost

Mild gastrointestinal 285.29 ± 14.56 € 384.16 0.74 [34,38]

Severe gastrointestinal 3,393.24 ± 1,023.24 € 10.99 308.56 [34,38]
Coronary ischemia 7,158.09 ± 730.42 € 96.04 74.53 [39]

Acute renal failure 7,203.53 ± 6,290.99 € 1.31 5494 [39]
Chronic renal failure 12,337.65 ± 7,848.16 € 2.47 4992 [39]

Ischemic stroke 9,285.45 ± 5,199.92 € 3.19 2912 [39]

(Continued)
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Population
The evolution of a hypothetical cohort of patients with KOA was modelled. The prevalence of KOA in Spain, in patients 
over 40 years of age, was obtained from the EPISER study of the Spanish Society of Rheumatology46 (Table 3). The 
population over 40 years of age in Spain, projected for 2025–2027, was obtained from National Institute of Statistics 

Table 3 Population Estimates for Spain Considered in the Study

Calculation of… Item Mean Value 
(Minimum-Maximum)

References

Prevalence of knee osteoarthritis (age ≥ 40 years) - 13.9% (12.7–15.1%) [46]

Population over 40 (± 1%) 2025 28,760,206 
(28,472,604–29,047,808)

[47]

2026 29,177,182 
(28,885,410–29,468,954)

[47]

2027 29,568,432 
(29,272,747–29,864,116)

[47]

Estimated number of patients with knee osteoarthritis 2025 3,977,537 (3,604,632–4,389,124) Calculation 1

2026 4,035,204 (3,656,893–4,452,759) Calculation 1

2027 4,089,314 (3,705,930–4,512,468) Calculation 1

% of patients with osteoarthritis receiving drug therapy - 93.99% (91.02–94.11%) [48,49]

% of patients with osteoarthritis treated with NSAIDs/COXIBs Acc. to the MPR* 14.40% [48]

% of patients with osteoarthritis treated with CS/CS+GLU Acc. to the MPR* 21.2% [48]

No. of patients with knee osteoarthritis treated with NSAIDs/COXIBs (MPR ≥ 50%) * 2025 538,342 (425,215–654,288) Calculation 2

2026 546,147 (431,380–663,774) Calculation 2

2027 553,471 (437,165–672,675) Calculation 2

No. of CS+GLU units foreseen, based on annual sales up to January 2025 (± 10%) ** 2025 539,144 (485,230–593,058) Reig Jofre data on file, 2025

2026 549,927 (494,934–604,920)

2027 560,925 (504,833–617,018)

No. of units of CS, based on annual sales up to January 2025 (± 10%) ** 2025 2,912,308 (2,621,077–3,203,539) Reig Jofre data on file, 2025

2026 2,970,554 (2,673,499–3,267,610)

2027 3,029,965 (2,726,969–3,332,962)

Estimated number of patients treated with CS 2025 102,902 (92,611–113,192) Calculation 3

2026 104,960 (94,464–115,456) Calculation 3

2027 107,059 (96,353–117,765) Calculation 3

(Continued)

Table 2 (Continued). 

Item Mean ± SD Alpha Beta References

Utility in the patient with knee osteoarthritis 0.5320 ± 0.2870 3.4 0.1548 [40]

Utilities lost associated to adverse events**

Mild gastrointestinal −0.034 7607 0.0001 [41]

Severe gastrointestinal –0.449 3852 0.0001 [41]
Coronary ischemia -0.231 30,015 0.00002 [42]

Acute renal failure –0.214 384 0.0018 [43]

Chronic renal failure -0.334 36 0.0161 [43]
Ischemic stroke –0.359 384 0.0015 [44,45]

Notes: *Public price without VAT; **Alpha and beta values of state utilities, not of state utility losses. 
Abbreviations: COXIB, cyclooxygenase 2 inhibitors; CS, chondroitin sulphate; CS+GLU, CS with glucosamine; NSAIDs, non- 
steroidal anti-inflammatory drugs; SD, standard deviation.
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database47 (Table 3). The percentage of patients with KOA following pharmacological treatment was obtained from the 
EPISER study46 (Table 3). The percentage of patients with symptomatic KOA treated regularly or occasionally with 
NSAIDs/COXIBs was obtained from two Spanish studies48,49 (Table 3). “Regular” use was understood to mean 
a medication possession ratio (MPR) ≥ 50% and “occasional” use with an MPR ≥ 25% and <50%.48

Based on this data and the number of units sold in the year 2024 CS/CS+GLU (IQVIA market data, 2025), the 
number of patients with KOA treated with NSAIDs/COXIBs and CS/CS+GLU in Spain and in the Spanish regions was 
calculated (Table 3). Probabilistic analyses were performed based on the minimum and maximum values shown in 
Table 3. The details of the population calculations are presented in Table 3.

The two analyses were performed at the national level, with a sub-analysis also being conducted at the regional level.

Time Horizon
The simulation covered a period of 3 years (2025 to 2027). Probabilities, costs and utilities were calculated for annual 
cycles.

Perspective of the Analysis
The analysis perspective was that of the Spanish NHS, so only direct health costs were considered.

Costs Analyzed
The following costs were analyzed: (i) the cost of managing AE (mild-moderate or severe GIAE, IHD, AKI, CKF and 
IS); (ii) the drugs acquisition cost (CS/CS+GLU, NSAIDs/COXIBs). The costs are presented in euros (€) updated to 
2024.

Probabilities and Costs of AE
The probabilities of the appearance of the different AEs are presented in Table 1. The unit costs of handling the AEs 
analyzed are shown in Table 2.

Gastrointestinal AE (GIAE)
The annual probabilities of suffering a mild-moderate GIAE (0.64% with CS/CS+GLU; 13.86% with NSAIDs/COXIBs) 
or severe (0% with CS/CS+GLU; 0.35% with NSAIDs/COXIBs) GIAE were obtained from the GI-REASONS study18,33 

(Table 1). These assumptions are more conservative than those adopted in the previously published VECTRA study.34 

The unit costs (updated to 2024) of a mild-moderate GIAE (€285) and a severe GIAE (€3,393) were obtained from the 
economic analysis published in 202029 (Table 2).

Ischemic Heart Disease (IHD)
The risk of suffering a myocardial infarction (MI) was obtained from the study by Mazzucchelli et al20 In this nested 
case-control study, which included 23,585 incident MI cases and 117,405 controls (of which 89 cases and 757 controls 
received CS/CS+GLU), a cardioprotective effect was observed in patients treated with CS/CS+GLU, with an adjusted 

Table 3 (Continued). 

Calculation of… Item Mean Value 
(Minimum-Maximum)

References

Estimated number of patients treated with CS+GLU 2025 9,525 (8,572–10,477) Calculation 4

2026 9,715 (8,744–10,687) Calculation 4

2027 9,910 (8,919–10,901) Calculation 4

Notes: Calculation 1: 28,760,206 ×13.9%=3,977,537 (the rest is the same). Calculation 2: 3,977,537 ×93.99%×14.4%=538,342 (the rest is the same). Calculation 3: For CS: 
(2,912,308 units×60 capsules per unit)/(2 capsules/day of CS [800 mg/day] ×180 days of treatment according to their summary of product characteristics) ×21.2% (MPR)= 
102,902 patients4 . Formula for estimating the patient sample size: Numerator: estimated number of capsules sold annually; Denominator: capsules consumed per patient, 
adjusted using the MPR. Calculation 4: For CS+GLU: (539,144 units×90 capsules per unit)/(6 capsules/day of CS+GLU [1200 mg/day] ×180 days of treatment) ×21.2% 
(MPR).5 *MPR (medication possession ratio) ≥ 50% (regular use of the drug). **An annual increase in sales of 2% is expected. 
Abbreviation: CS/CS+GLU: chondroitin sulfate with or without glucosamine.
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odds ratio (AOR) of MI of 0.57 (95% CI 0.46–0.72). The probabilities of IHD considered in the model are presented in 
Table 1.

The economic impact of IHD was calculated from the public prices of DRG 121, 122, 123 and 140 (coronary 
ischemia, 7,158 €), according to the frequency observed in the study by the Jordi Gol Primary Care Research 
Institute19,50 and health Spanish public prices39 (Table 2).

Acute Kidney Insufficiency (AKI) and Chronic Kidney Failure (CKF)
The frequency of AKI (0.31%) and CKF (0.21%) associated with NSAIDs/COXIBs was obtained from the study by 
Nelson et al,22 a retrospective study that included a large cohort of patients in the USA, treated with NSAIDs/COXIBs 
for at least 7 months of observation (Table 1). The economic impact of AKI and CKF was calculated from public health 
prices39 (Table 2).

Ischemic Stroke (IS)
The risk of developing IS in patients treated with CS/CS+GLU or NSAIDs was obtained from two nested case-control 
studies.21,51 The AOR of IS with CS/CS+GLU was 0.77 (95% CI 0.60–0.99)21 and with NSAIDs it was 1.20 (95% CI 
0.90–1.60).51 Therefore, a possible protective effect of CS/CS+GLU on the risk of developing IS was observed (Table 1). 
The cost of IS (€9,285) was obtained from the public price of DRG 4539 (Table 2).

The definitions of GIAE, IHD, AKI, CKF and IS were those described in the studies that provided the probabilities of 
such adverse events.18,20–22,33,51

Drugs Costs
The average annual cost of treatment with CS/CS+GLU is indicated in Table 2.4,5,35–37 The average cost of CS/CS+GLU 
and NSAIDs/COXIBs was calculated for different durations of treatment over the period of one year: 180 days (6 and 12 
packs for CS and CS+GLU treatment, respectively) in the base case of the analysis and 90 or 240 days (3 or 8 packs and 
6 or 16 packs for CS and CS+GLU treatment, respectively) for the sensitivity analysis. According to its summary of 
product characteristics, CS/CS+GLU treatment should be carried out for at least 3 months, although in patients with 
significant inflammatory symptoms, after a rest period of 2 months, treatment could be started again following the same 
cycle.4 Therefore, over the period of one year, CS/CS+GLU treatment could range from a minimum of 3 months to 
a maximum of 8 months. In the case of CS/CS+GLU with glucosamine, it is advisable to administer it for a period of at 
least 6 months.5 With respect to NSAIDs/COXIBs, the duration of the treatment is highly variable, depending on the 
different studies. In the GI-REASONS study,18,33 a randomized clinical trial aimed at analyzing the GIAEs associated 
with celecoxib and the NSAIDs/COXIBs, treatment duration was 6 months. This study was used to obtain the average 
frequency of GIAEs with NSAIDs/COXIBs used in the economic model. Consequently, an average treatment duration of 
180 days, between a minimum of 30 and a maximum of 240 treatment days per year, was considered in the base case.

The average cost per patient treated with NSAIDs/COXIBs in the base case (180 days of treatment) was estimated at 
€31.44.35–37 It was calculated from the report on the use of NSAIDs in Spain during the period 2013–2016, published by 
the Spanish Agency of Medicines and Medical Devices35 and from prices by homogeneous grouping published by the 
Ministry of Health.36 The daily doses of the various NSAIDs/COXIBs were obtained from the VECTRA study.34

Utilities
The utility value (the quality of life perceived by the patient, ranging from 1 -perfect health- to 0 -death-) of the patient 
with KOA (0.532) was obtained from the study by Martín et al40 The utility loss associated with the different AEs was 
also obtained from the literature: −0.034 in mild GIAE and −0.449 in severe GIAE;41 −0.231 in IHD;42 −0.214 in AKI 
and −0.334 in CKF;43 finally, −0.359 in IS44,45 (Table 2).

Base Case and Sensitivity Analysis
In the two analyses carried out, a base case was considered for a treatment duration of 180 days. Sensitivity analyzes 
were performed for treatment durations of 90 and 240 days.
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Results
National Results
First Analysis (Savings to the NHS from Current CS/CS+GLU Treatment)
In Spain, it is estimated that 538,342, 546,147 and 553,471 patients will be treated with NSAIDs/COXIBs with KOA and 
112,426, 114,675 and 116,059 with CS/CS+GLU in 2025, 2026 and 2027, respectively (Table 3).

Due to better CS/CS+GLU tolerability, 45,087 mild-moderate GIAE, 3,217 severe GIAE, 211 IHD, 1,087 AKI, 746 
CKF and 3,359 IS, would be avoided in 3 years (Table 4A). Therefore, it is estimated that for every 10,000 patients 
treated with CS/CS+GLU, 1,314 mild-moderate GIAE, 94 severe GIAE, 6 IHD, 32 AKI, 22 CKF and 98 IS, would be 
avoided. Discounting the cost of the drugs, the three-year net savings for the NHS would be 57.1 million euros, with 
a probability of savings with CS/CS+GLU of 80.7% (Table 4B). The savings per patient treated with CS/CS+GLU would 
amount to €38.02 (95% CI 14.06; €75.69), with a mean gain of 0.0023 (95% CI 0.0018–0.0027) QALY (Table 5). The 
probability that CS/CS+GLU treatment was dominant (lower costs and QALY gain) or cost-effective (cost per QALY 
gained less than €25,000) was 80.7% and 98.1%, respectively (Table 5). The result of the probabilistic analysis can also 
be seen in Figure 1.

Table 4 First Analysis (Population Level). Current Situation (Part of the Patients with KOA are Treated with CS/CS+GLU and Part are 
Treated with NSAIDs/COXIBs) Compared to a Hypothetical Situation in Which All Patients with KOA Currently Treated with CS/CS 
+GLU Would Be Treated with NSAIDs/COXIBS. A) Estimation of Adverse Effects Avoided and QALYs Gained with CS/CS+GLU 
(Treatment Duration: 180 Days). B) Economic Impact of KOA Treatment with CS/CS+GLU

A)

Year Mild 
Gastrointestinal

Severe 
Gastrointestinal

Coronary 
Ischemia

Acute renal 
failure

Chronic 
Renal 

Failure

Ischemic 
Stroke

QALYs Gained in the Population

2025 15,065 1,041 69 354 243 1,107 1,473

2026 14,351 1,061 70 361 248 1,129 1,496

2027 15,671 1,116 72 372 255 1,158 1,518

Total 45,087 3,217 211 1,087 746 3,359 4,487

B)

Treatment 
Duration (Days)

Year Annual 
Savings from 

Avoiding 
AE*

Annual Additional Cost of 
the CS/CS+GLU 

Treatment*

Annual Net Savings 
from Avoiding AE 

with the CS/CS 
+GLU Treatment*

Probability of Savings with CS/CS 
+GLU

180 [Base case] 2025 €24,438,169 €5,947,489 €18,490,680 80.7%

2026 €25,286,906 €6,066,439 €19,220,467

2027 €25,631,842 €6,187,768 €19,444,074

Total €75,356,917 €18,201,696 €57,155,221

90 2025 €21,770,067 €2,971,242 €18,798,825 78.0%

2026 €22,588,879 €3,030,667 €19,558,212

2027 €23,649,224 €3,091,280 €20,557,944

Total €68,008,170 €9,093,189 €58,914,981

240 2025 €26,757,748 €7,931,687 €18,826,061 83.0%

2026 €27,659,775 €8,090,321 €19,569,454

2027 €27,337,324 €8,252,127 €19,085,197

Total €81,754,846 €24,274,136 €57,480,711

Notes: *The duration of treatment determines the frequency of occurrence of AEs. However, the annual frequency of AEs is low, so the duration of treatment and the 
estimated annual savings are not proportional for treatment periods of less than one year. The savings in the population due to the avoidance of AEs are lower the shorter 
the duration of treatment and vice versa. The longer the duration of treatment, the higher the additional cost of CS/CS+GLU. The net savings are greater the shorter the 
duration of treatment and vice versa. The numbers in bold indicate the total sum for the years 2025, 2026 and 2027. 
Abbreviations: AE, adverse effects; COXIBs, cyclooxygenase 2 inhibitors; CS/CS+GLU, chondroitin sulphate with or without glucosamine (GLU); NSAIDs, non-steroidal 
anti-inflammatory drugs; QALY, quality-adjusted life-years.
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Considering a treatment duration of 90 days, the probability of cost-effectiveness and dominance with CS/CS+GLU 
was 96.8% and 78.0%, respectively. For a duration of 240 days, the values would be 98.0% and 83.0%, respectively. 
Considering the estimated minimum and maximum number of patients treated with CS/CS+GLU and NSAIDs/COXIBs, 
the result remained in the same line as the base case of the analysis.

Second Analysis (Maximum Savings That Could Be Achieved by the NHS if All Patients with KOA Currently 
Treated with NSAIDs/COXIB Were Switched to CS/CS+GLU)
In the purely hypothetical assumption that all KOA patients currently treated with NSAIDs/COXIBs were switched to 
CS/CS+GLU, a total of 306,460 mild-moderate GIAEs, 20,790 severe GIAEs, 1,392 IHD, 7,203 AKI, 4,967 CKF, and 
22,838 IS episodes would be avoided. As a result of the avoided AEs, 30,366 QALYs would be gained in the KOA 
population, with a saving of more than 387 million euros (Table 6).

The savings per patient treated only with CS/CS+GLU would amount to €121.48 (95% CI 37.77; €280.69), with 
a mean gain of 0.0130 (95% CI 0.0140–0.0156) QALY (Table 7). The probability that CS/CS+GLU treatment was 

Table 5 First Analysis (Patient Level). Cost-Effectiveness of Current Situation (Part of the Patients with KOA are Treated with CS/CS 
+GLU and Part are Treated with NSAIDs/COXIBs) Compared to a Hypothetical Situation in Which All Patients with KOA Currently 
Treated with CS/CS+GLU Would Be Treated with NSAIDs/COXIBS. Treatment Duration: 180 Days

Comparators Cost Per Patient 
Mean (95% CI)

QALYs Per Patient 
Mean (95% CI)

Cost Per QALY Gained with 
CS*

CS 
Dominance 
Probability*

CS Cost- 
Effectiveness 
Probability**

Current situation with CS/CS+GLU § 138.16 € (45.62; 318.97 €) 0.5224 (0.5205–0.5243) The option with CS/CS+GLU vs 

without CS/CS+GLU is dominant

80.7% 98.1%

Hypothetical situation without CS/CS+GLU¶ 176.19 € (59.68; 394.66 €) 0.5201 (0.5178–0.5225)

Savings 38.02 € (14.06; 75.69 €) 0.0023 (0.0018–0.0027)

Notes: §Part of patients are treated with CS/CS+GLU part are treated with NSAIDs/COXIBs. ¶Hypothetical situation: all patients currently treated with CS/CS+GLU 
would be treated with NSAIDs/COXIBs. * The option with CS/CS+GLU is dominant: it generates savings and QALY gains compared to the option without CS/CS+GLU. 
**The option with CS/CS+GLU is cost-effective (and dominant) compared to the option without CS/CS+GLU, with a probability of 98.1%, for a willingness to pay of 
€25,000. 
Abbreviations: 95% CI, 95% confidence interval; COXIBs, cyclooxygenase 2 inhibitors; CS, chondroitin sulphate with or without glucosamine (GLU); NSAIDs, non- 
steroidal anti-inflammatory drugs; QALY, quality-adjusted life-years.

Figure 1 Cost-effectiveness of CS Prescription in the Treatment of Knee Osteoarthritis Compared to NSAIDs and COXIBs. Cost-effectiveness plane. Treatment duration: 
180 days. 
Abbreviations: COXIBs, cyclooxygenase 2 inhibitors; CS, chondroitin sulphate with or without glucosamine; NSAIDs, non-steroidal anti-inflammatory drugs; QALY, 
quality-adjusted life-years.
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dominant (lower costs and QALY gain) or cost-effective (cost per QALY gained less than €25,000) was 99.9% and 
100%, respectively (Table 7).

Regional Results
The regional results, in line with the national results, are presented in Tables S1 and S2 for analyses 1 and 2, respectively.

Table 6 Second Analysis (Population Level) (if All Patients with KOA Currently Treated with NSAIDS/COXIBS Were Treated with CS/ 
CS+GLU Only). A) Estimation of Adverse Effects Avoided and QALYs Gained with CS/CS+GLU (Treatment Duration: 180 Days). B) 
Economic Impact of KOA Treatment with CS/CS+GLU

A)

Year Mild 
Gastrointestinal

Severe 
Gastrointestinal

Coronary 
Ischemia

Acute Renal Failure Chronic Renal 
Failure

Ischemic 
Stroke

QALYs Gained in the Population

2025 100,972 6,853 458 2,370 1,634 7,507 9,972

2026 101,497 6,958 465 2,406 1,659 7,622 10,124

2027 103,992 6,980 469 2,427 1,674 7,709 10,270

Total 306,460 20,790 1,392 7,203 4,967 22,838 30,366

B)

Treatment 
Duration (days)

Year Annual savings 
from Avoiding 

AE*

Annual Additional Cost of the CS/ 
CS+GLU*

Annual Net Savings 
from Avoiding AE 

with the CS/CS+GLU*

Probability of Savings with CS/CS 
+GLU

180 [Base case] 2025 € 163,346,411 € 36,322,477 € 127,023,934 100%

2026 € 166,155,744 € 36,878,377 € 129,277,367

2027 € 168,229,782 € 37,408,709 € 130,821,073

Total € 497,731,937 € 110,609,564 € 387,122,373

90 2025 € 164,259,220 € 18,133,252 € 146,125,968 100%

2026 € 167,086,658 € 18,410,773 € 148,675,885

2027 € 170,499,598 € 18,675,530 € 151,824,067

Total € 501,845,476 € 55,219,555 € 446,625,920

240 2025 € 163,534,104 € 48,450,697 € 115,083,407 100%

2026 € 166,354,400 € 49,192,214 € 117,162,186

2027 € 169,630,571 € 49,899,626 € 119,730,945

Total € 499,519,075 € 147,542,537 € 351,976,538

Notes: *The duration of treatment determines the frequency of occurrence of AEs. However, the annual frequency of AEs is low, so the duration of treatment and the 
estimated annual savings are not proportional for treatment periods of less than one year. The savings in the population due to the avoidance of AEs are lower the shorter 
the duration of treatment and vice versa. The longer the duration of treatment, the higher the additional cost of CS/CS+GLU. The net savings are greater the shorter the 
duration of treatment and vice versa. The numbers in bold indicate the total sum for the years 2025, 2026 and 2027. 
Abbreviations: AE, adverse effects; COXIBs, cyclooxygenase 2 inhibitors; CS/CS+GLU, chondroitin sulphate with or without glucosamine (GLU); NSAIDs, non-steroidal 
anti-inflammatory drugs; QALY, quality-adjusted life-years.

Table 7 Second Analysis (Patient Level) (if All Patients with KOA Currently Treated with NSAIDS/COXIBS Were Treated with CS/CS 
+GLU Only). Cost-Effectiveness of CS/CS+GLU in the KOA Treatment. Treatment Duration: 180 Days

Treatments Cost Per Patient 
Mean (95% CI)

QALYs Per Patient 
Mean (95% CI)

Cost Per QALY Gained with CS/ 
CS+GLU*

CS/CS+GLU 
Dominance 
Probability*

CS/CS+GLU Cost- 
Effectiveness 
Probability**

With CS/CS+GLU 51.98 € (20.16–116.29 €) 0.5332 (0.5329–0.5334) The option with CS/CS+GLU vs 

without CS/CS+GLU is dominant

99.9% 100%

Without CS/CS+GLU 173.46 € (57.93–396.99 €) 0.5201 (0.5178–0.5225)

Savings 121.48 € (37.77; 280.69 €) 0.0130 (0.0104–0.0156)

Notes: *The option with CS/CS+GLU is dominant: it generates savings and QALY gains compared to the option without CS/CS+GLU. ** The option with CS/CS+GLU is 
cost-effective (and dominant) compared to the option without CS/CS+GLU, with a probability of 100%, for a willingness to pay of €25,000. 
Abbreviations: 95% CI, 95% confidence interval; COXIBs, cyclooxygenase 2 inhibitors; CS/CS+GLU, chondroitin sulphate with or without glucosamine (GLU); NSAIDs, 
non-steroidal anti-inflammatory drugs; QALY, quality-adjusted life-years.
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Discussion
Drug-induced AEs represent a significant cause of morbidity in developed healthcare systems with a relevant economic 
impact.52,53 Therefore, an important aspect for determining the efficiency of a new therapy in KOA is to evaluate the AEs 
cost related to the symptomatic pharmacological treatment. This aspect has been previously evaluated in other indica
tions, such as oncology and migraine.54,55

According to the present study, due to its improved tolerability profile, treatment with CS/CS+GLU would prevent 
thousands of AEs over the next three years. It is important to highlight the severity of some of these AEs, which can be 
life-threatening. This health impact would be accompanied by considerable savings for the NHS, making it cost-effective 
treatment.

To assess the reliability of these results, we must consider both the strengths and weaknesses of the study. The 
strength of the study is the consistency of the sources used to obtain the main variables for the analysis. Population data 
and AEs frequency data for the economic model were obtained, from epidemiological studies or databases46,47,49 and 
from large-scale clinical trials18,33 or observational studies.20–22 The prevalence of KOA in Spain was obtained from the 
Spanish Society of Rheumatology, specifically from the EPISER study.46 The population over 40 years of age in Spain 
was taken from the database of the National Institute of Statistics.47 The percentage of patients with KOA who follow 
pharmacological treatment and the percentage of patients treated regularly or occasionally with NSAIDs/COXIBs were 
obtained from a study on the use of medicines in KOA in Spain,48 which included 238,536 participants, followed 
between 2006 and 2010. Most of this data was used in a cost-consequences analysis published in 2020.29

While it is important to remember that this is a theoretical model (a simplified simulation of reality), a probabilistic 
model was developed to explore the effect of uncertainty in the model variables and to calculate the 95% confidence 
interval for the average results of the analysis (prevented AEs, total savings from prevented AEs, cost savings per patient, 
QALYs gained per patient, cost per QALY gained, probability of cost-effectiveness, probability of CS/CS+GLU 
dominance). The design of this type of model allows for a better simulation of clinical reality.30–32 The suitability of 
the economic model was evaluated using the CHEERS checklist (Table S3).

The results obtained in this study are consistent with those obtained in three economic analyses previously published 
with data from Spain.29,34,38

Regarding weaknesses, the most notable is the calculation of the estimated number of patients treated with CS/CS 
+GLU or NSAID/COXIB, a calculation based on available epidemiological and population data and subjected to 
a sensitivity analysis. Furthermore, the study did not include patients receiving CS/CS+GLU and NSAIDs concomitantly, 
estimated at 12% of patients treated with CS/CS+GLU according to the VECTRA study34 and 2.17% in the study by 
Wilson et al,48 which should also be considered a limitation of the study. It should be noted that the average cost per 
patient for acquiring NSAID/COXIB was calculated based on data on the use of the different drugs in Spain.35 The 
probability of adverse events was obtained from studies that analyzed NSAID/COXIB as a whole.18,19,21,22,29,33,34 

Another aspect to note regarding the second analysis is that the “maximum savings” scenario assumes that all KOA 
patients taking NSAIDs/COXIBs will switch to CS/CS+GLU. Obviously, it is a purely theoretical scenario. This may not 
be possible because of contraindications, differences in how patients respond, and doctor and patient preferences.

In this economic analysis, prescribing CS/CS+GLU for the treatment of KOA would be more efficient than 
prescribing NSAIDs and COXIBs. CS/CS+GLU is the dominant treatment (since it is more effective at a lower cost) 
compared to not prescribing CS/CS+GLU. However, the gain of 0.0023 QALYs per patient may not be clinically 
relevant.56,57 If this premise were acceptable, up to €41 per patient treated with CS/CS+GLU would be saved compared 
to not receiving CS/CS+GLU treatment. This demonstrates that, in addition to the clinical value derived from using CS/ 
CS+GLU, this alternative will generate resource savings for the NHS of Spain.

A fundamental difference between the present study and the one published in 2020 is due to the cost-effectiveness 
analysis carried out. It is important to note that the probability that the current use of CS/CS+GLU in KOA is “dominant” 
over a hypothetical situation without CS/CS+GLU use, with a probability of 80.7%. This means that in the 1,000 Monte 
Carlo simulations carried out, in 807 cases the treatment with CS/CS+GLU obtained more QALYs than without the 
utilization of CS/CS+GLU, also generating savings for the Spanish NHS. Furthermore, treatment with CS/CS+GLU was 
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“cost-effective” compared to the non-use of CS/CS+GLU, ie. the cost of gaining 1 QALY with CS/CS+GLU vs. without 
CS/CS+GLU was below 25,000 EUR (in Spain the cost-effectiveness threshold has been set between 25,000 and 60,000 
EUR per QALY gained with the most effective drug).58 The probability that CS/CS+GLU use is the cost-effective option 
would be 98.1% (it was cost-effective in 981 simulations out of 1,000 Monte Carlo iterations performed).

Conclusions
Due to its better tolerability profile, in the actual scenario CS/CS+GLU treatment is expected to prevent thousands of 
AEs over the next 3 years while generating considerable savings (57 million euros) for the NHS, being cost-effective 
treatment with a high probability. Considering the characteristics of osteoarthritis, other treatments should be considered 
(as the prescription of other pharmacological groups such as SYSADOAs to minimize the use of NSAIDs,59 

a hypothetical scenario where all the KOA patients actually treated with NSAIDs were treated with CS/CS+GLU is 
assessed: as a result of the avoided AEs, 30,366 QALYs would be gained in the Spanish population, with a potential 
saving for the NHS of more than 387 million euros.
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