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A B S T R A C T

Objective: Our aim was to investigate: 1) the average cost per patient with osteoarthritis treated with 
chondroitin sulfate compared with NSAIDs for 6 months and 2) the possible impact that the reduction NSAID 
use due to monotherapy with or combined administration of chondroitin sulfate treatment may have on the 
budget of the Spanish National Health System.
Methods: A cost-minimization model compared both treatments (efficacy equivalence assumption), used 
at the recommended doses and regimens during a 6-month period. Data used in the model was obtained 
from the VECTRA study, a retrospective study of 530 patients with osteoarthritis treated with chondroitin 
sulfate or NSAIDs that was conducted to determine the consumption of health care resources. The efficacy 
and incidence of adverse events was estimated from meta-analysis based on randomized clinical trials. 
Univariate sensitivity analysis was performed for the base case scenario.
Results: The overall 6-month cost per patient given chondroitin sulfate was 141 € compared with 182 € 
when treated with NSAIDs. If during the forthcoming 3 years, 5%, 10%, and 15% of patients currently treated 
with NSAIDs would gradually be replaced by treatment with chondroitin sulfate, the expected savings for 
the Spanish National Health System during these 3 years would be over 38,700,000 €. In addition, 2,666 
cases of gastrointestinal adverse events (including 90 serious adverse events) will have been avoided for 
every 10,000 patients treated with chondroitin sulfate instead of NSAID. Sensitivity analysis confirmed the 
strength of base-case in all scenarios.
Conclusions: On the basis of these findings, chondroitin sulfate is a treatment for osteoarthritis with a lesser 
cost and better gastrointestinal tolerability compared with NSAIDs.

© 2009 Elsevier España, S.L. All rights reserved.

Evaluación económica del uso de condroitín sulfato y antiinflamatorios no 
esteroideos en el tratamiento de la artrosis. Datos del estudio VECTRA

R E S U M E N

Objetivo: El presente estudio a) estima el coste medio de un paciente con artrosis tratado durante 6 meses 
con condroitín sulfato (CS) o antiinflamatorios no esteroideos (AINE), y b) evalúa el impacto presupuestario 
para el Sistema Nacional de Salud que causaría la disminución del consumo de AINE con la administración 
en monoterapia o conjunta de CS.
Material y método: Modelo de minimización de costes que comparó ambos tratamientos (asumiendo 
igualdad de eficacia), a las dosis y las pautas recomendadas, durante un período de seis meses. Los datos 
utilizados en el modelo se obtuvieron del estudio VECTRA, un estudio retrospectivo en el que se recogió el 
consumo de recursos sanitarios de 530 pacientes con artrosis tratados con CS o AINE. La eficacia y la inciden-
cia de efectos adversos se estimaron a partir del metaanálisis de ensayos clínicos aleatorizados. Se hicieron 
análisis de sensibilidad simples univariantes del caso básico.
Resultados: El coste semestral por paciente tratado con CS fue de 141 €, y de 182 € en el caso de los AINE. 
Esto significa que, si durante los 3 próximos años el 5, el 10 y el 15% de los pacientes con artrosis tratados 
actualmente con AINE fueran tratados con CS, se generarían ahorros para el Sistema Nacional de Salud de 

VECTRA is the acronym for the “Economic and Health Evaluation of Chondroitin Sulphate for the Treatment of Osteoarthritis”. 
◆The list of the VECTRA study researchers is shown in Annex I. 
  E-mail address: crubioterres@healthvalue.org 
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Introduction

Osteoarthritis is one of the most common rheumatic 
diseases, presenting with pain, physical disability, and difficulty 
performing daily activities and, consequently, deteriorating the 
quality of life of patients. The economic and social impact of the 
disease is substantial, especially due to the decreased quality of 
life of patients, loss of productivity and increased costs arising 
from the use of health resources.1-3. Taking into account current 
demographic increase trends and the progressive aging of the 
population and the fact that osteoarthritis predominantly occurs 
in the elderly population, it is expected that the prevalence of 
osteoarthritis will increase and therefore has implications not 
only at the level of society in general but also on the future of 
the health system. Therefore, the analysis of the costs generated 
by osteoarthritis is increasingly a matter of major importance, 
primarily because the disease is a major cause of disability, both 
temporary and permanent, and also because of its high prevalence 
in Spain, where it is estimated at 10.2% of the general population 
(confidence interval 95%: 7.9 to 12.5)4 and this data coincide with 
those in other industrialized countries.5-8

The goals of osteoarthritis treatment are to relieve pain, improve 
physical disability and, if possible, delay the progression of structural 
damage of the affected joints. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) are the basic treatment of osteoarthritis, particularly in the 
early stages of the disease, but usually NSAIDs are associated with 
clinically relevant adverse effects (AE). In a survey in the UK, general 
practitioners and patients who were asked their view of osteoarthritis,9 
revealed that a quarter of respondents were dissatisfied with their 
treatment and another quarter felt that their pain was inadequately 
controlled. A quarter of patients, along with treatment prescribed 
by their doctor, were taking unneeded prescription drugs, mainly 
paracetamol or ibuprofen. Most doctors interviewed in the study 
(92%) said that the gastrointestinal safety of NSAIDs was a concern 
when prescribing these drugs, 24% reported prescribing low doses 
of NSAIDs in the hope of controlling pain without the occurrence 
of gastrointestinal AE (GIAE). Moreover, only 20% of osteoarthritic 
patients who were prescribed an NSAID had continued taking it 
after a year, with the onset of AE the main reason for stopping 
treatment.10 Because the use of NSAIDs is not recommended for long 
periods of time, as in the case of osteoarthritis, and because the 
risk of gastrointestinal toxicity in long-term treatment increases,11 
therapeutic alternative strategies have been developed to NSAIDs, 
such as chondroitin sulfate (CS).

CS is a major structural component of cartilage and is classified as 
a slow-acting drug for the symptomatic treatment of osteoarthritis 

(SYSADOA), and is approved as a medicine in several European 
countries, and as a nutraceutical in the United States and other 
countries. Numerous studies have shown the clinical benefits of 
CS in reducing pain and improving functional ability, reducing 
the use of NSAIDs or paracetamol when taken together and their 
good tolerability, in addition to its carryover effect following the 
withdrawal of treatment.12 The recommendations for the treatment of 

osteoarthritis based on clinical evidence, published by the European 

League Against Rheumatism13 and the Osteoarthritis Research Society 

International,14 also certify the efficacy and good tolerability of CS for 
the treatment of knee osteoarthritis.

The growing cost of drug therapies and AE has led to an increasing 
demand for economic studies, especially those that compare the cost 
of treatments with similar results (cost minimization). In this respect, 
to conduct an economic evaluation comparing CS with NSAIDs is 
relevant and it seems important to increase awareness and maximize 
the benefit of available medical resources in the process of decision 
making in the management of osteoarthritis. In a medico-economical 
study conducted in France,15 the amount of NSAID prescription was 
reduced by 67% in patients treated with CS. The cost incurred by CS 
was compensated with a reduction in physiotherapy and less co-
prescriptions of gastroprotective agents. In another observational 
study in pharmacy, use of NSAIDs and paracetamol decreased 
significantly in patients taking concomitant CS for long periods of 
time.16 Another study showed that the CS used by patients with 
osteoarthritis for more than six months, induced less coprescription 
of NSAIDs compared with those using CS for periods of less than 
six months.17 In a pharmacoeconomic analysis conducted in Spain 
with different drug therapies for the treatment of osteoarthritis, CS 
proved to be a treatment with lower costs and better gastrointestinal 
tolerance than ibuprofen, diclofenac sodium, celecoxib or rofecoxib.18 
On the contrary, this economic analysis is designed to evaluate the use 
of NSAIDs and CS in the treatment of osteoarthritis, using data from 
actual use of health resources obtained from a retrospective called 
VECTRA (Economic and Health Assessment of Chondroitin Sulfate for 
the Treatment of Osteoarthritis.) We had the following objectives: 1) 
compare the estimated average cost of a patient with osteoarthritis 
treated for 6 months with CS and NSAIDs, respectively, and 2) 
determine the budgetary impact due to NSAID co-administration CS 
in the National Health System (NHS).

Methods

Study design

From a retrospective study that compared the efficiency of the 
treatment of osteoarthritis with CS or NSAIDs (excluding selective 
inhibitors of COX-2) or the combination of both treatments, a 
deterministic pharmacoeconomic cost minimization model (for 
both, based on an assumption of similar efficacy), using a decision 
tree (Figure 1), at recommended doses and for a period of six 
months (time horizon) was employed. This model simulates the 
onset of AE, including severe gastrointestinal AE and complications 
of the treatments compared. The pharmacological characteristics 
of the model have been described in previously published 
studies.16,18,19 The CS branch included the percentage of patients 
who, after prior treatment with NSAIDs, came to be treated with 
CS or the combination CS plus NSAIDs. The decision tree program 
was designed by TreeAge Pro 2006 Software Healthcare Inc 
(Williamstown, Massachusetts).

más de 38,7 millones de euros durante este período. Además, por cada 10.000 pacientes tratados con CS en 
lugar de AINE se evitarían 2.666 efectos adversos gastrointestinales, de los que 90 serían graves. Los análisis 
de sensibilidad confirmaron la estabilidad del caso básico en todos los supuestos considerados.
Conclusiones: Comparado con los AINE, el CS es un tratamiento con menores costes y con mejor tolerancia 
gastrointestinal en el manejo de la artrosis.

© 2009 Elsevier España, S.L. Todos los derechos reservados.
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Perspective and study frame

The study was done from the perspective of the NHS, considering 
only direct health costs. The horizon was six months.

Efficacy and adverse effects

A cost-minimization analysis was performed considering that 
CS and NSAIDs have comparable clinical efficacy. This assumption 

Figure 1. Treatment of osteoarthritis decision tree and its effects with chondroitin sulphate (CS) compared to non-steroidal anti-inflammatory drugs (NSAID). 24.0 and 25.4% of 
patients switched to CS or CS-NSAID combination, respectively, due to NSAID lack of effect. AE indicates adverse event; GI, gastrointestinal; GIAE, gastrointestinal adverse 
event.
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is based on a randomized clinical trial, the only one available, that 
compared the efficacy of CS and diclofenac sodium.20 The odds 
of clinical effectiveness, AE and fatalities due to toxicity during 
treatment with CS and NSAIDs, simulated in the decision tree (Table 
1) were obtained from double-blind clinical trials, systematic reviews 
and meta-analysis published in the medical literature20-28 by the 
Food and Drug Administration,29 the Canadian Coordinating Office for 

Health Technology Assessment19 and the National Institute for Clinical 

Excellence.30 The annual mortality rate by sex and age was obtained 
from the National Epidemiology Center.31

Cost minimization analysis

The estimated cost of treating osteoarthritis with CS or NSAIDs 
was done through the identification and quantification of the health 
resources involved and then allocating a certain unit cost to those 
resources. Thus, we estimated the average costs for a typical patient 
with osteoarthritis treated with CS or NSAIDs.

The “use of medical resources” is determined by 1) the likelihood 
of onset of AE, obtained from a systematic review of the literature, and 
2) the likelihood of change in CS or NSAID treatment, or a combination 

Table 1

Decision tree probabilities for treatment of osteoarthritis and its effects with chondroitin sulphate compared to non steoroidal anti-inflammatory drugs

Itema Treatment/ Mean Minimal Maximum References 
 age probability probability probability 

Percentage of patients with AE CSb 0.0941 0.0705 0.1176 21
  NSAIDc 0.5396 0.5200 0.5594 30
Percentage of patients with GIAE CSc 0.0685 0.0514 0.0856 21
  NSAIDc 0.5060 0.5058 0.5210 29
Efficacy rate CS 0.78 0.60 0.95 22
  NSAID 0.83 0.80 0.87 27
Percentage of patients with severe GIAE CSd 0 0 0 21
  NSAIDc 0.0329 0.0246 0.0411 19
Percentage of complications in aptients with severe GIAE CSd 0 0 0 21
 NSAIDc 0.0099 0.0074 0.0123 19
Mortality after first episode of GI bleeding All 0.0430 0.0190 0.1100 19, 28
Annual mortality (both genders)e 50 years 0.0064 0.0018 0.0046 31
 60 years 0.0073 0.0039 0.0106 31

AE indicates adverse events; NSAID, non steroidal anti-inflammatory drugs; CS, chondroitin sulphate; GI: gastrointestinal; GIAE, gastrointestinal adverse events.
 aProbability of adverse events are those seen or estimated after 6 months of treatment.
 bMaximum and minimum values are ±25% of mean value. In other cases, maximum and minimum values correspond to a 95% confidence interval.
 cCombined results of all non-steroidal anti-inflammatory drugs were estimated, in the case of gastrointestinal adverse event, severe gastrointestinal adverse event and its 
complications using an average of those seen with naproxen, diclofenac and ibuprophen.19

 dAccording to the Leeb metaanalysis21 with chondroitin sulphate in monotherapy, mild gastrointestinal events were described (27 of 394 patients [6,85%], of which 18 Were 
epigastric pain, 7 diarrheas and 2 constipation). No severe gastrointestinal adverse events or myocardial infarctions have been described with chondroitin sulphate.
 eAnnual mortality rate (for both genders) at 44-54 and 55-64 years of age intervals, respectively, observed in the year 2000; the lower limit corresponds to the mortality rate 
in women and the upper one to men. We considered that mortality at 6 months represents one-half of the year. 

Table 2

Results of the VECTRA study. Clinical characteristics and resources employed in 530 patients with osteoarthritis treated with chondroitin sulphate, non steroidal anti-inflamma-
tory drugs and both

Data CS NSAID CS+NSAID

No. (current treatment) n=233 n=234 n=63
Female, % 73.39 76.07 80.95
Age, years, mean (SD) 59.29 (11.90) 63.12 (11.30) 62.03 (12.74)
Weight, kg, mean (SD) 72.40 (10.78) 73.38 (11.29) 74.04 (14.24)
Time since diagnosis, years, mean (SD) 3.92 (3.87) 4.56 (4.28) 4.56 (4.28)
Affected localizations, mean (SD)* 1.70 (0.89) 1.91 (1.01) 2.35 (1.19)
Pain intensity, % of patients

Mild 19.82 6.11 1.75
Moderate 61.26 68.56 68.42
Severe 18.92 25.33 29.82
Prior NSAID treatment, % of patients 51.50 – 42.86

Reasons for switching NSAID to CS or CS+NSAID, % of patients

 AE (all) 28.33 – 23,80
 GIAE 24.03 – 20.63
 Other AE 6.44 – 3.17
 Lack of efficacy 24.03 – 25.40
 Gastroprotective agents, % of patients 17.2 73.9 63.5

Use of resources due to mild-moderate AE related with prior NSAID use, % of patients

 Pharmacologic treatment 18.88 – 15.87
 Additional visits 16.74 – 14.29
 Hospital admission 0.00 – 1.60

AE indicates adverse events; CS, chondroitin sulphate; GIAE, gastrointestinal adverse events; NSAID, non steroidal anti-inflammatory drugs; SD, standard deviation.
*Localization: knee, hip, shoulder, hand, others.
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of both, because of AE or lack of effectiveness, and resource use due 
to mild-moderate AE and consumption of gastroprotective drugs, 
and were obtained from the VECTRA study, whose results have not 
been previously published.

The VECTRA study is a retrospective study designed to estimate 
the percentage of patients with osteoarthritis taking NSAIDs and CS 
together with the consumption of resources associated with the the 
concomitant use of CS. The VECTRA study included patients of both 
genders, aged 18 years with radiographically diagnosed osteoarthritis 
in any joint and who were being treated with CS or NSAIDs. To avoid 
bias, the selection of patients was undertaken in a systematic way as 
follows: for example, suppose that a center has 30 patients available 
with osteoarthritis treated with NSAIDs, who should be sorted by 
the number of history lowest to highest, from 1 to 30. To choose the 
first case, a constant calculated random sampling (eg, k=n/5), where 
n indicated the 30 patients. Therefore, the first patient would be 
number 6 (30/5=6). To this obtained number we successively add 
the sampling value constant (k) to complete the sample size set. For 
example, the second case with NSAIDs would be 12 (6+6), the third 
would be 18 (12+6), the fourth would be the 24 (18+6) and the fifth 
would be 30 (24+6).

A total of 53 physicians, both hospitalists and primary care 
physicians in Spain, with experience in the treatment of osteoarthritis 
in the study agreed to participate. We asked each participant in the 
study to review medical records of 10 patients, five treated with 
CS and 5 with NSAIDs. For each patient, the physician completed a 
questionnaire with the following: demographic and clinical data, 
previous and current drug treatments, reasons for changing to 
CS therapy, resource consumption due to mild-moderate AE and 
coprescription of gastroprotective agents.

The “unit cost” means the cost of treatment of AE due to therapy 
andis determined according to the classification system of diagnosis 
related groups (Table 3). The costs of these treatments for mild-
moderate gastrointestinal AE, including nausea, vomiting, dyspepsia, 
heartburn, epigastric and abdominal pain, diarrhea, constipation 
and uncomplicated peptic ulcer were obtained from the study by 
Tarricone et al.32 With respect to gastrointestinal AE and to obtain a 
conservative estimated cost, we only considered the use of resources 
in the treatment of acute urticaria in primary care.33 In addition, 
we calculated the half-yearly cost due to lack of efficacy of both 
treatments used alone. This would imply an extra medical visits 

to family physician/specialist. For this purpose, we asked a panel 
of nine clinicians what percentage of patients they believed could 
receive a combination of both treatments when monotherapy was 
not effective. In their opinion, between 27%-58% of patients would 
take CS and NSAIDs in combination. The dose and the maximum and 
minimum for 6 months treatment were obtained from the VECTRA 
survey data.

The acquisition costs of the treatments were obtained from the 
drug database.34 Other unit costs were estimated from a database of 
Spanish health costs.35 We only considered the direct medical costs. 
The unit costs and semi-annual costs estimated with CS and NSAIDs 
are summarized in Table 3. All costs are in 2007 euros.

With this data, we estimated the budgetary impact of reducing 
the use of NSAIDs with CS for the NHS.

Baseline case

For the “baseline case” of the study we established a 50 year 
old patient, a treatment duration of 6 months, 50.6% of AE with 
NSAIDs were gastrointestinal29 and applied the average values of the 
probabilities and costs, considering only the direct healthcare costs.

Sensitivity analysis

To check the stability of the results of the baseline case and 
the consistency of the estimates, a simple univariate “sensitivity 
analysis” was made which considered the following scenarios: 1) 
the calculations were made with the minimum or maximum values, 
both of probabilities and costs; 2) we considered that 80.2% of the AE 
of NSAIDs are gastrointestinal, as observed in the VECTRA study; 3) 
60 year-old patients were considered and 4) we considered that in 
the case of ineffectiveness of monotherapy with CS or an NSAID, a 
minimum of 27% and a maximum of 58% of patients would be treated 
with the combination of CS and NSAIDs.

Results

VECTRA study

The study VECTRA included 530 patients with osteoarthritis in 
Spain. Most patients (65.3%) had moderate pain and in 23% of the 

Table 3

Unit costs and estimated process costs (euros, 2007) after 6 months of osteoarthritis treatment

Resource Unit cost, € Considered values Semestral cost, € Reference

Drug, dose (format)
CS×400 mg (60) 19.37 – 116.22 34
NSAIDa – – 56.64 34
Rheumatology visit (1) 43.11 – –
Rheumatology hospitalization (1 day) 382.15 – – 35
Severe GIAE with complicationsb – Minimum 1,598 35
  Mean 2,916 35
  Maximum 5,227 35
    35
Severe GIAE without complicationsb – Minimum 944 35
  Mean 1,917 35
  Maximum 3,082 35
Mild-moderate GIAEc – – 203 32
Other non-gastrointestinal AEd – – 105 33

AE indicates adverse events; CS, chondroitin sulphate; GIAE, gastrointestinal adverse events; NSAID, non steroidal anti-inflammatory drugs.
 aCost calculated from non steroidal anti-inflammatory drug use in 129 patients from the retrospective study (ibuprophen, diclofenac, aceclofenac, meloxicam, naproxen, 
piroxicam, indomethacine, dexketoprophen, dexibuprophen, ketorolac and lornoxicam).
 bWith complications, a mean cost of the groups related to diagnosis (GRD) was considered 174 (gastrointestinal hemorrhage with complications), 176 (peptic ulcer with 
complications) and 180 (gastrointestinal obstruction with complications). Without complications we considered the mean cost of the GRD to be 175 (gastrointestinal hemorrhage 
without complications) and 181 (gastrointestinal obstruction without complications).
 cUse of resources estimated from Spanish data from the study by Tarricone et al.32

 dEstimated cost from the use of resources in the treatment of urticaria by primary care.33
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patients pain was severe in intensity. A total of 233 patients received 
CS, 234 received NSAIDs and the remaining 63 patients took CS plus 
NSAIDs together for the treatment of osteoarthritis.

Twenty-eight point three and 23.8% of patients switched treatment 
to CS or a combination of CS and NSAIDs respectively, due to the onset 
of AE caused by NSAIDs (24.0% and 20.6% had GIAE, respectively). 
Twenty-for percent and 25.4% of patients changed their treatment 
to the combination of CS or CS plus NSAIDs, respectively, for lack of 
efficacy of NSAIDs. 17.2%, 63.5% and 73.9% of CS patients taking the 
combination of CS plus NSAIDs and NSAIDs alone, respectively, were 
concurrently taking gastroprotective agent (Table 2).

Cost minimization analysis

According to the “baseline case” model, in a hypothetical cohort 
of 10,000 patients with osteoarthritis treated with CS instead of 
NSAIDs, a total 2666 GIAE (of which 90 would be severe) could be 
prevented (Table 4).

The semi-annual cost of a patient treated with CS was € 141 
compared to € 182 in the case of a patient treated with NSAIDs (Table 
5). The sensitivity analysis confirmed the stability of the baseline case 
in all the cases considered (Table 5). Assuming a theoretical decrease 
in the consumption of NSAIDs as a result of combined treatment with 
CS, of 5%, 10%, and 15% over the next three years, respectively, savings 
of over 38,7 million euros were generated after three years for the 
Spanish NHS (Table 6, Figure 2).

Discussion

According to the VECTRA survey results, and based on an 
assumption of similar efficacy of the treatments compared, with 
results taken from the only available comparative clinical trial,20 CS 
seems to be a treatment with lower costs and better gastrointestinal 
tolerability than NSAID for osteoarthritis. In this regard, it is important 
to highlight the consequences of failure due to lack of efficacy or 
NSAIDs toxicity. In fact, 56.7% of patients treated with CS replacement 

therapy began treatment with NSAIDs, in 54.4% of cases, replacement 
of NSAIDs was due to AE (mostly gastrointestinal problems); 69.5% 
of patients with AE associated with NSAID use needed additional 
medical consultations, with an average of 2.2 extra consultations 
per patient and, finally, treatment with NSAIDs was associated with 
greater concomitant use of gastroprotective agents (74%) compared 
with patients treated with CS (17%).

The results of this study corroborate those obtained previously 
in a Spanish pharmacoeconomic analysis published in 2004 with a 
similar model.18 However, the use of health resources was obtained 
from a retrospective study of 530 Spanish patients with osteoarthritis, 
enhancing the reliability of the results.

In assessing the results of this study, we must take into account 
its possible limitations. First, it must be remembered that a basic 
assumption for the planning and design of the model was made: 
the relative equality of compared treatment efficacy. In our view, 
this assumption is the most plausible given the results of the only 
comparative study between CS and diclofenac sodium.20 To try to 
minimize the variability of estimates, each mean value (probability 
of toxicity or cost) is assigned its corresponding minimum and 
maximum values (95% confidence interval or ±25% of mean value) 
to assess the potential impact of outliers on the baseline-case 
assumptions. Moreover, it should be noted that the limited duration 
of clinical trials allowed only short term reliable simulation results 
(six months), so it was not possible to detect significant effects of 
treatments on long-term survival.

The VECTRA study was not designed to detect AE, so this data 
was obtained from systematic reviews and meta-analysis published 
in the medical literature,20-28 as well as those incurred by the Food 

and Drug Administration,29 the Canadian Coordinating Office for 

Health Technology Assessment,19 and the National Institute for Clinical 

Excellence.30 It was assumed that the VECTRA study population would 
be similar to the general population analyzed in the meta-analysis, 
taking into account the selection of patients and the wide distribution 
of researchers in the country.

Finally, a weakness of the study lies in the fact that the assumption 
of similar efficacy for CS and NSAIDs, based on a single randomized 
clinical trial comparing its effectiveness with that of diclofenac 
sodium.20

According to the results of this model, CS appears to be an 
osteoarthritis treatment with lower costs and better gastrointestinal 
tolerability than NSAIDs. The decrease in consumption of NSAIDs 
with CS co-treatment could generate savings for the NHS of more 
than 38.7 million euros after three years and, more importantly, for 
every 10,000 patients treated with NSAIDs rather than CS, 2666 GIAE, 
of which 90 would be severe, could be avoided.

Table 5

Cost of treatment a patient with osteoarthritis for 6 months with chondroitin sulfate or non-steroidal anti-inflammatory agents (euros, 2007)

Scenarios CS NSAID Cost differencea

Mean costb 141 € 182 € –41 €
Minimum costb 141 € 173 € –32 €
Maximum costb 141 € 193 € –52 €
Minimum probabilityc 154 € 176 € –22 €
Maximum probabilityc 130 € 189 € –59 €
80.2% of NSAID adverse events are gastrointestinald 141 € 207 € –66 €
Age of 60 yearse 141 € 182 € –41 €
Minimum rescue with CS+NSAID (27%) 140 € 182 € –42 €
Maximum rescue with CS+NSAID (58%) 143 € 183 € –40 €

CS indicates chondroitin sulphate; NSAID, non steroidal anti-inflammatory drugs.
 aNegative results indicate savings with chondroitin sulphate, positive results indicate savings with non steroidal anti inflammatory drugs.
 bValues obtained that use the mean probability values and unit costs constitute the basic case for analysis; minimum and maximum values, sensitivity analysis.
 cValues from table 2.
 dResults of the retrospective VECTRA study.
 eAge of 50 years in the basic case for analysis.

Table 4

Estimate of adverse events avoided in a cohort of 10,000 patients with osteoarthritis 
after 6 months of treatment with chondroitin sulphate compared to non-steroidal 
anti-inflammatory drugs. Basic case

AE CS NSAID Cases avoided

Gastrointestinal 64 2,730 2,666
Severe gastrointestinal  0 90 90

AE indicates adverse events; CS, chondroitin sulphate; NSAID, non steroidal anti-
inflammatory drugs.
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Other studies have shown that the use of CS for symptomatic 
treatment of osteoarthritis reduces the use of NSAIDs, thereby 
reducing the AE potential associated with these.15-17 Of particular 
interest is the study of Lagnaoui et,16 which showed that the reduction 
in the use of NSAID is related to the duration of treatment with CS, 
being higher in patients using CS for long periods of time. This result 
was confirmed in the study of Taieb et al17 in which it was found that 
prolonged treatment with CS reduces not only the coprescription of 
NSAIDs and analgesics, but also the duration of these treatments. 
VECTRA highlights the consequences, both health and economicwise, 

of failures due to lack of efficacy or toxicity of NSAIDs, as well as of 
reducing the incidence of AE and the savings that would be associated 
with the use of CS to replace NSAIDs.

The results of this study should be confirmed in a pragmatic, 
randomized clinical trial directly comparing the efficacy, tolerance 
and use of health resources with the different alternatives for the 
treatment of osteoarthritis.36 Meanwhile, according to the results 
obtained, we can conclude that CS is an osteoarthritis treatment with 
lower costs and better gastrointestinal tolerability than NSAIDs.

Appendix I. List of the VECTRA study researchers

Álvarez de Cienfuegos Rodríguez, A. Rheumatologist. Hospital 
Vega Baja. Orihuela. Alicante.

Amigo Díaz, ME. Rheumatologist. Hospital Xeral-Calde. Lugo.
Bernad Pineda, M. Rheumatologist. Hospital Universitario de la 

Paz. Madrid.
Cansino Muñoz-Repiso, D. Traumatologist. Hospital NISA Sevilla-

Aljarafe. Sevilla.
Caracuel Ruiz, MA. Rheumatologist. Hospital Reina Sofía. 

Córdoba.
Centelles Portella, M. Rheumatologist. Hospital de Mataró. 

Barcelona.
Cifuentes Albeza, A. Rehabilitador. Hospital General de Elda. 

Alicante.
Conesa Mateos, A. Rheumatologist. Hospital Universitario Sagrat 

Cor. Barcelona.

Table 6

Budgetary impact analysis of the prescription of chondroitin sulphate instead of non steroidal anti-inflammatory drugs for the treatment of osteoarthritis for the National Health 
System of Spain

Item Valor Reference

Analysis premise
No. of NSAID units prescribed in Spain (2006) 41,179,000 33
Estimated percentage of prescriptions in osteoarthritis (2006) 46.5 33
No. of estimated units of NSAID prescribed for osteoarthritis (2006) 19,148,235 Calculated
No. of estimated doses per unit of prescribed drug 20 (30; 40) 33
No. on average of doses prescribed by the NHS (2006) 574.447.050 Calculated
No. of estimated NSAID dose per patient and day 1-2 VECTRA Study
No. of estimated NSAID dose per patient and year 365-730 Calculated
No. of estimated patients treated with NSAID due to osteoarthritis (NHS) 786,914-1,573,828 Calculated

Estimated percentage of NSAID substitution for CS in osteoarthritis

Year 1 5 Estimated
Year 2 10 Estimated
Year 3 15 Estimated

No. of estimated patients to be treated with CS instead of NSAID

1-2 doses of NSAID/day 39,346-78,691 Calculated
Year 1 78,691-157,383 Calculated
Year 2 118,037-236,074 Calculated
Year 3

Results of the analysis

Annual mean cost of treatment of one patient with osteoarthritis, €
NSAID 364 Calculated
CS 282 Calculated

Actual estimated cost per treatment of osteoarthritis with NSAID (NHS), € 572,873,222 Calculated

Projected cost substituting NSAID for CS (NHS), €

Year 1 566,420,530 Calculated
Year 2 559,967,837 Calculated
Year 3 553,515,144 Calculated

Net cost (savings for NHS) to 3rd year, € 38,716,157 Calculated

CS, chondroitin sulphate; NHS, National Health System; NSAID, non steroidal anti-inflammatory drugs.
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Figure 2. Results of the budgetary impact analysis for the National Health System of 
prescribing Chondroitin Sulphate instead of non-steroidal anti-inflammatory drugs 
for osteoarthritis.
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Corts Giner, JR. Rheumatologist. Hospital Clínico Universitario de 
Valencia. Valencia.

Cowalinsky Millan, JM. Rheumatologist. Instituto de Reumatología 
Dr. Cowalinsky. Barcelona.

De Prada Espinel, JJ. Rehabilitation. Hospital Universitario del Río 
Hortega. Valladolid.

De Toro Santos, FJ. Rheumatologist. Complexo Hospitalario Juan 
Canalejo. A Coruña.

Del Castillo Montalvo, MR. Rheumatologist. Hospital de 
Guadalajara. Guadalajara, Madrid.

Gálvez Muñoz, J. Rheumatologist. Hospital General Universitario 
José María Morales Meseguer. Murcia.

Giménez Basallote, S. Family Physician. Centro de Salud del 
Limonar. Málaga.

Girona Quesada, E. Rheumatologist. Hospital Universitario Insular 
de Gran Canaria. Las Palmas de Gran Canaria.

González Gómez, ML. Rheumatologist. Hospital del Escorial. El 
Escorial, Madrid.

González Puig, L. Rheumatologist. Hospital Universitario la Fe. 
Valencia.

Haro Martínez, JP. Rehabilitation. Hospital San Agustín. Linares. 
Jaén.

Hernández del Río, A. Rheumatologist. Hospital Arquitecto 
Marcide/Novoa Santos. Ferrol. A Coruña.

Hidalgo Santiago, JC. Family Physician. Centro de Salud San Telmo. 
Jerez de la Frontera. Cádiz.

Juan Mas, A. Rheumatologist. Hospital Son Llàtzer. Palma de 
Mallorca.

Juanes de la Peña, A. Family Physician. Centro de Salud Santa 
Marta de Tormes. Salamanca.

Medrano San Ildefonso, M. Rheumatologist. Clínica Quirón. 
Zaragoza.

Mengíbar Torres, FJ. Rheumatologist. Grup Policlínic. Barcelona.
Molés Gimeno, JD. Sports Medicine. Consorcio Hospitalario 

Provincial de Castellón. Castellón.
Möller Parera, I. Rheumatologist. Instituto Poal de Reumatología/

Hospital Platón. Barcelona.
Monfort Faure, J. Rheumatologist. Hospital del Mar. Barcelona.
Nacher Miguel, F. Rehabilitation. Vallès Rehabilitació. Sabadell, 

Barcelona
Núñez Iglesias, LA. Family Physician. Centro de Salud Esteiro, 

Esteiro. A Coruña.
Oñate García, D. Rehabilitation. Centro de Salud Leioa. Vizcaya.
Pallarés Oros, B. Traumatologist. Clínica Girona. Girona.
Paredes González Albo, S. Rheumatologist. Hospital Sant Joan de 

Reus, Tarragona.
Reneses Cesteros, S. Rheumatologist. Hospital Universitario Virgen 

del Rocío. Sevilla.
Riestra Noriega, JL. Rheumatologist. Hospital Universitario Central 

de Asturias. Oviedo.
Rodríguez Heredia, JM. Rheumatologist. Hospital Universitario de 

Getafe. Getafe, Madrid.
Roig Vilaseca, D. Rheumatologist. SAP Baix Llobregat Centre. 

Cornellà de Llobregat, Barcelona.
Román Ivorra, JA. Rheumatologist. Hospital Universitario Dr. Peset. 

Valencia.
Rosas Romero, A. Rheumatologist. Hospital Universitario Insular 

de Gran Canaria. Las Palmas de Gran Canaria.
Salom Terradez, JR. Rehabilitation. Hospital Universitario Dr. 

Peset. Valencia.
Sánchez Castaño, JM. Rehabilitation. Hospital Universitario Virgen 

de las Nieves. Granada.
Sánchez Nieva, G. Rheumatologist. Complejo Hospitalario 

Universitario de Albacete.
Soler Gutierrez, T. Traumatologist. Hospital Universitario de 

Getafe. Getafe, Madrid.

Sufrate Simón, D. Traumatologist. Hospital San Millán. Logroño.
Torre Alonso, JC. Rheumatologist. Hospital Monte Naranco. 

Oviedo.
Trabado Vila, MC. Family Physician. Centre d’Especialitats 

Numància. Barcelona.
Trigueros Carrero, JA. Family Physician. Consultorio de Cuerva. 

Toledo.
Vivanco Panadero, JC. Traumatologist. Hospital La Princesa. 

Madrid.

References

1. Rabenda V, Manette C, Lemmens R, Mariani AM, Struvay N, Reginster JY. Direct and 
indirect costs attributable to osteoarthritis in active subjects. J Rheumatol. 
2006;33:1152-8.

2. Salaffi F, Carotti M, Stancati A, Grassi W. Health-related quality of life in older 
adults with symptomatic hip and knee osteoarthritis: a comparison with matched 
healthy controls. Aging Clin Exp Res. 2005;17:255-63.

3. Leardini G, Salaffi F, Caporali R, Canesi B, Rovati L, Montanelli R; Italian Group for 
Study of the Costs of Arthritis. Direct and indirect costs of osteoarthritis of the 
knee. Clin Exp Rheumatol. 2004;22:699-706.

4. Fernández-López JC, Laffon A, Blanco FJ, Carmona L; Behalf of the EPISER Study 
Group. Prevalence, risk factors, and impact of knee pain suggesting osteoarthritis 
in Spain. Clin Exp Rheumatol. 2008;26:324-32.

5. Badley EM, Crotty M. An international comparison of the estimated effect of the 
aging of the population on the major cause of disablement, musculoskeletal 
disorders. J Rheumatol. 1995;22:1934-40.

6. Andrianakos AA, Kontelis LK, Karamitsos DG, Aslanidis SI, Georgountzos AI, 
Kaziolas GO, et al; ESORDIG Study Group. Prevalence of symptomatic knee, hand, 
and hip osteoarthritis in Greece. The ESORDIG study. J Rheumatol. 2006;33: 
2507-13.

7. Grotle M, Hagen KB, Natvig B, Dahl FA, Kvien TK. Prevalence and burden of 
osteoarthritis: results from a population survey in Norway. J Rheumatol. 
2008;35:677-84.

8. Roux CH, Saraux A, Mazieres B, Pouchot J, Morvan J, Fautrel B, et al; KHOALA 
Osteoarthritis Group. Screening for hip and knee osteoarthritis in the general 
population: predictive value of a questionnaire and prevalence estimates. Ann 
Rheum Dis. 2008;67:1406-11.

9. Crichton B, Green M. GP and patient perspectives on treatment with non-steroidal 
anti-inflammatory drugs for the treatment of pain in osteoarthritis. Curr Med Res 
Opin. 2002;18:92-6.

10. Scholes D, Stergachis A, Penna PM, Normand EH, Hansten PD. Nonsteroidal 
antiinflammatory drug discontinuation in patients with osteoarthritis. J 
Rheumatol. 1995;22:708-12.

11. Bjordal JM, Ljunggren AE, Klovning A, Slørdal L. Non-steroidal anti-inflammatory 
drugs, including cyclo-oxygenase-2 inhibitors, in osteoarthritic knee pain: meta-
analysis of randomised placebo controlled trials. BMJ. 2004;329:1317.

12. Monfort J, Martel-Pelletier J, Pelletier JP. Chondroitin sulphate for symptomatic 
osteoarthritis: critical appraisal of meta-analyses. Curr Med Res Opin. 
2008;24:1303-8.

13. Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW, Dieppe P, et al; 
Standing Committee for International Clinical Studies Including Therapeutic Trials 
ESCISIT. EULAR recommendations 2003: an evidence based approach to the 
management of knee osteoarthritis: report of a Task Force of the Standing 
Committee for International Clinical Studies Including Therapeutic Trials (ESCISIT). 
Ann Rheum Dis. 2003;62:1145-55.

14. Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al. OARSI 
recommendations for the management of hip and knee osteoarthritis, part I: 
critical appraisal of existing treatment guidelines and systematic review of current 
research evidence. Osteoarthritis Cartilage. 2007;15:981-1000.

15. Conrozier T. Chondroitin sulfates (CS 4&6): practical applications and economic 
impact. Presse Med. 1998;27:1866-8.

16. Lagnaoui R, Baumevielle M, Bégaud B, Pouyanne P, Maurice G, Depont F, et al. Less 
use of NSAIDs in long-term than in recent chondroitin sulphate users in 
osteoarthritis: a pharmacy-based observational study in France. Thérapie. 
2006;61:341-6.

17. Taieb C, Huichard C, Didier L, Roche R, Labed D, Myon E. Osteoarthritis: chondroitin 
sulfate long term utilization reduces consumption of coxibs, NSAIDs and analgesics. 
Ann Rheum Dis. 2005;64:483.

18. Rubio-Terrés C, Möller Parera I, Tomás Campeny E, Vergés Milano J. Análisis 
farmacoeconómico del tratamiento de la artrosis con condroitín sulfato en 
comparación con AINE. Atenc Farm. 2004;6:15-27.

19. Maetzel A, Krahn M, Naglie G. The cost-effectiveness of celecoxib and rofecoxib in 
patients with osteoarthritis or rheumatoid arthritis. Ottawa: Canadian Coordinating 
Office for Health Technology Assessment; 2002. Technology report no. 23.

20. Morreale P, Manopulo R, Galati M, Boccanera L, Saponati G, Bocchi L. Comparison 
of the antiinflammatory efficacy of chondroitin sulfate and diclofenac sodium in 
patients with knee osteoarthritis. J Rheumatol. 1996;23:1385-91.

21. Eugenio-Sarmiento RM, Manapat BHD, Salido EO. The efficacy of chondroitin 
sulfate in the treatment of knee osteoarthritis: a meta-analysis. Osteoarthritis 
Cartilage. 1999;7:S35.



 C. Rubio-Terrés / Reumatol Clin. 2010;6(4):187–195 195

22. Leeb BF, Schweitzer H, Montag K, Smolen JS. A metaanalysis of chondroitin sulfate 
in the treatment of osteoarthritis. J Rheumatol. 2000;27:205-11.

23. McAlindon TE, La Valley MP, Gulin JP, Felson DT. Glucosamine and chondroitin for 
treatment of osteoarthritis: a systematic quality assessment and meta-analysis. 
JAMA. 2000;283:1469-75.

24. Reichenbach S, Sterchi R, Scherer M, Trelle S, Bürgi E, Bürgi U, et al. Meta-analysis: 
chondroitin for osteoarthritis of the knee or hip. Ann Intern Med. 2007;146: 
580-90.

25. Richy F, Bruyere O, Ethgen O, Cucherat M, Henrotin Y, Reginster JY. Structural and 
symptomatic efficacy of glucosamine and chondroitin in knee osteoarthritis: a 
comprehensive meta-analysis. Arch Intern Med. 2003;164:1514-22.

26. Uebelhart D, Malaise M, Marcolongo R, De Vathaire F, Piperno M, Mailleux E, et al. 
Intermittent treatment of knee osteoarthritis with oral chondroitin sulfate: a one-
year, randomized, double-blind, multicenter study versus placebo. Osteoarthritis 
Cartilage. 2004;12:269-76.

27. Kamath CC, Kremers HM, Vanness DJ, O’Fallon WM, Cabanela RL, Gabriel SE. The 
cost-effectiveness of acetaminophen, NSAIDs, and selective COX-2 inhibitors in 
the treatment of symptomatic knee osteoarthritis. Value Health. 2003;6: 
144-57.

28. Moreno A, Vargas E, Soto J, Rejas J. Cost-effectiveness analysis of the use of 
celecoxib for the treatment of osteoarthritis. Gac Sanit. 2003;17:27-36.

29. US Food and Drug Administration. VIOxx gastrointestinal safety [accessed 
31/7/2008]. Available from: http://www.fda.gov/medwatch/SAFETY/2002/vioxx_
deardoc.pdf

30. National Institute for Health and Clinical Excellence (NICE). TA27 Osteoarthritis 
and rheumatoid arthritis-COX II inhibitors: guidance [accessed 31/7/2008]. 
Available from: http://www.nice.org.uk/nicemedia/pdf/coxiifullguidance.pdf

31. Centro Nacional de Epidemiología. Mortalidad por causa, sexo y grupo de edad 
(1996-2005) [accessed 31/7/2008]. Available from: http://www.isciii.es/htdocs/
centros/epidemiologia/anexos/ww9201_ed_cau_tasa.htm

32. Tarricone R, Martelli E, Parazzini F, Darbà J, Le Pen C, Rovira J. Economic evaluation 
of nimesulide versus diclofenac in the treatment of osteoarthritis in France, Italy 
and Spain. Clin Drug Investig. 2001;21:453-7.

33. Aso K. Lesiones eritematosas y escamosas de la piel. In: Guía de actuación en 
atención primaria. Barcelona: Sociedad Española de Medicina Familiar y 
Comunitaria; 2002. p. 562-70.

34. Dirección General de Farmacia y Productos Sanitarios. Base de datos del 
medicamento [accessed 31/7/2008]. Available from: www.portalfarmacom

35. Gisbert R, Brosa M. Base de datos de costes sanitarios. Versión 2.2. Barcelona: 
SOIKOS; 2005.

36. Rubio Terrés C. Pharmacoeconomic analysis in new drug development: a pragmatic 
approach to efficiency studies. Clin Res & REg Affairs. 1998;15:209-23.


