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ABSTRACT 36 

Purpose: Recent controversies on the safety profile of opioids and paracetamol have 37 

led to changes in clinical guidance for osteoarthritis (OA) management. We studied the 38 

existing association between the use of different OA drug therapies and the risk of 39 

acute coronary events (ACE). 40 

Methods: A cohort of patients with clinically diagnosed OA (according to ICD10 codes) 41 

was identified in the SIDIAP database. Within the cohort, cases with incident ACE (AIM 42 

or unstable angina) between 2008 and 2012 were identified using ICD10 codes and 43 

data from hospital admission. Controls were 3 ACE-free subjects matched by sex, age 44 

(±5 years), area, and year of OA diagnosis (±2 years). Linked pharmacy dispensation 45 

data was used to assess exposure to drug therapies. Multivariable conditional logistic 46 

regression models were fitted to estimate adjusted odds ratio (OR) for ACE.  47 

Findings: 5663 cases and 16989 controls were studied. Previous morbidity and 48 

cardiovascular risk was higher in cases than controls, with no differences in type or 49 

number of joints with OA. Multivariable adjusted analyses showed increased risks 50 

(OR(95%CI)) related to the use of diclofenac (1.16 (1.06 - 1.27)), naproxen (1.25 (1.04 51 

- 1.48)) and opioid analgesics (1.13 (1.03 - 1.24).  No significant associations were 52 

observed for COX-2 selective NSAIDs, topical NSAIDs, glucosamine, chondroitin 53 

sulphate, paracetamol or metamizole.  54 

Implications: In patients with clinically diagnosed OA, the use of non-selective 55 

NSAIDs or opioid analgesics is associated with an increased risk of acute coronary 56 

events. These risks should be considered when selecting treatments for OA in patients 57 

with high cardiovascular risk.  58 

59 
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 60 

INTRODUCTION 61 

Osteoarthritis (OA) is the most prevalent rheumatic disease in the elderlyand is 62 

associated to higher mortality than that of the general population [1-6]: in a 63 

recent British study conducted in primary care, a 70% increased risk 64 

(standardized mortality ratio (95% CI) 1.71 (1.49 to 1.98)) was reported, with 65 

walking disability identified as major risk factor, together with history of diabetes, 66 

cancer and cardiovascular disease [7].  67 

Following the description of an increased cardiovascular risk for use of selective 68 

non-steroidal antiinflammatory drugs (NSAIDs) COX-2 inhibitors in clinical trials 69 

[8,9], an excess cardiovascular risk amongst users of non-selective NSAIDs has 70 

also been reported [10]. A recent meta-analysis of 31 clinical trials concluded 71 

that various NSAIDs, both COX-2 selective and not, were associated with over 72 

30% increased cardiovascular risk [11]. Alternative therapies such as 73 

paracetamol and opioids have also been recently related to cardiovascular, 74 

gastrointestinal and/or skeletal adverse events, leading to modifications in 75 

existing guidelines [12].  76 

The prevalence of use of NSAIDs in the general population in Spain is over 77 

40% [13, 14], and this figure increases further to >60% in the population with 78 

OA [15, 16]. According to the Spanish Society of Rheumatology, 10% of the 79 

Spanish population has knee pain suggestive of osteoarthritis, and 6% report 80 

hand OA. [17]. The baseline cardiovascular risk in the Mediterranean population 81 

is known to be different from that of Northern countries, but similarly modified by 82 

the use of analgesic drugs [14].  83 
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A number of risk management recommendations and interventions aimed to 84 

reduce the risks associated to NSAIDs prescription have been implemented in 85 

our region in the last decade [18]. Also, the publication of several regulatory 86 

alerts on NSAIDs safety may have varied clinical practice with regards not only 87 

to drug selection, but also to dosing and duration of treatments [13]. This may 88 

have modified the risk at the population level, since the uptake of information 89 

and interventions might have impacted risk.  90 

To assess the risk of acute coronary events (ACE) related to the use of various 91 

drugs commonly used for the treatment of OA in our setting, we conducted a 92 

nested case-control study within a cohort of patients with clinically diagnosed 93 

OA in Catalonia. .  94 

95 
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METHODS 96 

Data source 97 

We obtained data from primary care electronic medical records from the 98 

Information System for the Development of Research in Primary Care (Sistema 99 

de Información para el Desarrollo de la Investigación en Atención Primaria or 100 

SIDIAP) [19] which has been previously shown to be suitable for the study of 101 

cardiovascular diseases [20]. This database contains longitudinal data since 102 

2006 on demographics, ICD-10 coded health problems, clinical visits to primary 103 

care centers and results of blood / other tests, amongst others, obtained from 104 

the computerized medical records of 274 primary care centers in Catalonia 105 

covering a population of >5,800,000 patients (>80% of the Catalan population). 106 

The billing records for pharmacy dispensation of the Catalan health system 107 

(CATSALUT) were linked to medical records, including information on product 108 

code according to the Anatomical Therapeutic Chemical classification (ATC), 109 

number of daily defined doses (DDDs) dispensed, dosage regimens, and 110 

strength of the pharmaceutical form. This pharmacy dispensing database only 111 

includes data on reimbursed drugs dispensed under prescriptions, so over-the-112 

counter drugs could not be captured. Information on hospital admissions was 113 

obtained from the official regional database of the CATSALUT (“Conjunt Mínim 114 

Bàsic de Dades a l’Alta Hospitalària”, CMBDAH), using a trusted third party 115 

deterministic linkage system to maintain data confidentiality and protection. This 116 

third party has no access to clinical information, only to codes and IDs [21]. 117 

Data from SIDIAP are always anonymized so it is not possible to re-identify 118 

individuals. 119 
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Ethical considerations 120 

The study protocol was approved by the Independent Ethics Committee of the 121 

Institut d'Investigació Primària Jordi Gol before any data extraction. 122 

Study population 123 

The OA cohort included all patients registered in SIDIAP who visited any 124 

primary care professional at least twice in the previous year, who had been 125 

diagnosed with OA according to a previously validated list of ICD-10 codes [ 22, 126 

23] (polyarticular: M15.0, 15.3 and 15.9, knee: M17.0-17.5, M17.9, hip M16.0-127 

16.7, M16.9, hands: M15.1, M15.2, M18.0-18.5, M18.9, column: M47.8, M47.9, 128 

or not specified: M19.0-19.2, M19.8-19.9). Patients with a recorded history of 129 

any inflammatory arthritis were excluded. 130 

A case-control study was nested in the OA cohort.  Cases were defined as 131 

patients with a first ACE between January 2008 and December 2012, identified 132 

through a first diagnosis of acute myocardial infarction (AMI) or of unstable 133 

angina according to ICD10 codes in primary care records, and confirmed by 134 

hospital admission records. All patients with ACE previous to the OA diagnosis 135 

or January 2008 were excluded. 136 

Controls were selected at random from the remaining ACE-free participants in 137 

the OA cohort, matched 3:1 by age (± 5 years), sex, geographical area, and 138 

year (± 2 years) since first OA diagnosis to cases. The index date for cases was 139 

the earliest of first hospital or primary care recorded diagnosis of ACE after 31st 140 

December 2007. Controls were assigned the same index date as their matched 141 

case.  142 

Variables 143 
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Age, sex, coronary risk, toxic habits (smoking, alcohol), body mass index, 144 

hypertension (date of diagnosis, drug treatment, and the earliest blood pressure 145 

recorded value to index date), diabetes mellitus [type, date of diagnosis, organic 146 

manifestations (retinopathy, nephropathy), drug treatment and mean HbA1C in 147 

last year], dyslipidemia (date of diagnosis, drug treatment, and mean laboratory 148 

test values in last year), kidney function (MDRD in the last year estimated from 149 

laboratory test data and clinical records of the patient), co-morbidities (stroke or 150 

transient vascular accident, atrial fibrillation or flutter, mitral or aortic valve 151 

disease or rheumatic heart disease, asthma or chronic obstructive pulmonary 152 

disease, carotid or peripheral revascularization or bypass procedures, lower 153 

limb amputation, or peripheral artery disease), Charlson index, number of 154 

outpatient visits in the previous year, a combined variable of cardiovascular risk 155 

built from individual risk factors and a coronary Regicor index [24], were 156 

retrieved before the index date(Table 2). Exposure to drugs suggesting or 157 

associated to cardiovascular disease at index date were also retrieved (ACE 158 

inhibitors, ARBs, beta-blockers, calcium channel blockers, thiazides, other 159 

diuretics, other antihypertensives, antiarrhythmics, anticoagulants, 160 

antiaggregants, nitrates, digoxin, statins, other hypolipidemic drugs, insulin, oral 161 

hypoglycemiants).  162 

The number of different medications used and detailed information for the 163 

following ATC groups: M01AA, M01AB, M01AC, M01AE and M01AG (non-164 

selective NSAIDs), M01AH (COX-2 selective NSAIDs), M01AX05 165 

(glucosamine), M01AX25 (chondroitin sulphate), M02AA (NSAIDs for topical 166 

use), N02A (opioid analgesics) and N02B (other non-opioid analgesics) were 167 

also retrieved. In the main analysis, patients were considered as "exposed" 168 
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(drug users) if they had at least 3 dispensings for the same active principle. For 169 

a given exposure, 'Current users’ were subjects with dispensations within 90 170 

days prior to the index date; ‘recent users’ those for whom the last dispensation 171 

was between 91 and 180 days before the index date, and ‘remote users’ those 172 

for whom the last dispensation was before 365 days before the index date.  173 

Defined Daily Doses (DDD)/day according to the ATC/DDD catalogue [25] were 174 

calculated for active principles using the number of packages dispensed and 175 

the time periods between dispensations. Treatment duration was derived from 176 

the time between first and last dispensation. The number of dispensations and 177 

the number of daily defined doses (DDD) dispensed per period were used to 178 

derive medication possession ratio below 80%, within 80% and 120% or above 179 

120% of reference DDD.  180 

Sample size 181 

Previous data have described that the SIDIAP database included around 182 

240,000 patients with diagnosed OA at the end of 2010 [15], with 2.1% and 183 

2.3% having a history of AMI and angina respectively. According to published 184 

data 26, 27], the expected incidence of ACE in the Catalan population aged 185 

between 65 to 75 years is 211 women and 709 men per 100000 inhabitants, 186 

respectively. Assuming that women represent 57% of the OA population and 187 

have a similar CV risk in the OA population than in the general population, 188 

about 1000 new cases of ACE per year were expected. Based on the expected 189 

prevalence of exposure for the less frequently used OA treatments, the 190 

selection of 3 controls per case would allow, to detect increases of risk of ACE 191 
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of 1.5 or higher for exposures with prevalence of 1%, and 1.35 or higher for 192 

prevalence of 2%, with type I and II errors of 5% and 20%, respectively [28].  193 

Statistical analysis 194 

Baseline characteristics were contrasted for differences among cases and 195 

controls by Fisher exact test for categorical and by non-parametric test (Mann-196 

Whitney test) for numerical data. Incidence rates of ACE in the OA cohort and 197 

95% confidence intervals (95%CI) were estimated assuming a negative 198 

binomial distribution. Conditional logistic regression models and computed drug-199 

specific odds ratios (ORs) and 95%CI as compared with drug-specific non-use 200 

were calculated. Two models were built for each exposure: a "crude" model 201 

matched by age, sex, and years since first OA diagnosis, and an "adjusted" 202 

multivariable model, adjusted additionally by body mass index, smoking and 203 

alcohol intake, diagnosis of high blood pressure, diabetes mellitus, dyslipidemia, 204 

heart valve disease, heart failure or ischaemic heart disease, peripheral 205 

arteriopathy or limb amputation, stroke or transient ischaemic event, asthma, 206 

chronic lung disease, degree of impairment of renal function, Charlson index, 207 

frequency of healthcare consultation, location of OA, polyarthicular OA, number 208 

of locations of OA, use of ACEi, ARA-II, antiarrhytmic drugs, anticoagulants, 209 

beta-adrenergic blocking agents, calcium channel blockers, diuretics, other 210 

antihypertensive drugs, vasodilating agents, antiplatelet agents, statins, other 211 

hypolipemiant drugs, antidiabetic drugs, and concurrent use of other drugs for 212 

OA.  213 

The association of risks with increases or decreases of exposure was explored. 214 

The analyses were carried for all analgesics by the exposure (yes/no), including 215 
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all effects with or without significant association. No data imputation was done; for 216 

multivariable models, missing data was managed as a separate category. Non 217 

multiple comparison correction of the sample size have been done. Sensitivity 218 

analyses was made for monotherapy use (unique analgesic exposure during 219 

the study period), in order to exclude any possible interaction among the other 220 

analgesics drugs. SPSS v15 and R version 3.2.0. were used for analyses. 221 

222 
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RESULTS 223 

Baseline characteristics of study population 224 

Patient disposition is shown in Figure 1.  225 

The incidence (95%CI) of ACE (events per 10,000 patient-years) for women 226 

and men younger than 74 were 10.62 (9.89 – 11.41) and 34.97 (33.04 – 37.03), 227 

and for those 75 or older 37.19 (95%CI: 35.62 – 38.84) and 63.78 (60.51 – 228 

67.23), respectively; incidence rate ratios by sex and age groups are shown in 229 

Figure 2. No significant effect of calendar year was observed. A significant 230 

gender by age interaction was observed for ages 85 and older, so that 231 

incidence was reduced for male subjects, but not for females.  232 

Within the study cohort, 5,663 cases were matched to 16,989 controls. The 233 

number or location of OA involved joints did not differ between cases and 234 

controls, but polyarticular and hip location were more frequent and knee and 235 

hand OA less frequent in the cases (Table 1). 236 

Known risk factors for cardiovascular disease were more frequent amongst 237 

cases than controls (Table 2), as was the use of cardiovascular drugs (Table 3).  238 

Non-opioid analgesics were the most common exposures (75.4% controls and 239 

81.3% cases), followed by non-selective NSAIDs (61.1% of controls and 64.2%  240 

cases), topical NSAIDs (36.1% controls and 39.6% cases), opioid analgesics 241 

(23.6% controls and 28.9% cases) and SYSADOAs (20.5% controls and 18.1% 242 

cases). Less than 5% of subjects were exposed to COX -2 selective NSAIDs. 243 

Combinations were frequent, including mainly NSAIDS (59% cases and 55.2% 244 
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controls), paracetamol or metamizole (36,6% cases and 35,4% controls) and 245 

opioids (28.8% cases and 23.4% controls). 246 

Risk estimation of acute coronary events 247 

Crude risks of ACE showed significant associations for all exposures except for 248 

aceclofenac, celecoxib and etoricoxib, and selective cox-2 inhibitors as a group; 249 

crude OR were of protective sign for glucosamine, chondroitin sulphate and 250 

SYSADOAS as a group. Adjusted models showed borderline signification for 251 

non-selective NSAIDs (p = 0.052) (Table 4), with significant dose response for 252 

cumulative, median dose, and duration of exposure (Figure 3.A.); significance 253 

was observed when the analysis was restricted to active exposures at the index 254 

date, and when restricted to NSAIDs monotherapy (Table 5).  Significantly 255 

increased risks were observed for diclofenac and naproxen (Table 4).   256 

Exposures to opioid analgesics were significantly associated to increased risk of 257 

ACE (Table 4), with dose-response trend for both cumulative and median dose, 258 

but not for duration of exposure (Table 5) (Figure 3.D.); significance was 259 

observed when restricted to exposures active at the index date (Table 5). 260 

Individual active principles within the opioid group did not show significant risks 261 

in the adjusted model (Table 4).  Adjusted models did not show significant 262 

associations for COX-2 selective NSAIDs, topical NSAIDs, glucosamine, 263 

chondroitine sulphate, paracetamol nor metamizole (Table 4). 264 

265 
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DISCUSSION 266 

In our data, OA patients had risk scores suggestive of a high cardiovascular 267 

risk, and high incidences of ACE. In this population, the use of some non-268 

selective NSAIDs was associated with increased adjusted risk of ACE ranging 269 

from 16% (diclofenac) to 25% (naproxen); similarly, opioids were associated 270 

with a 13% increased risk of ACE. For NSAIDs as a group and opioids as a 271 

group, associations followed a dose-response gradient, and the estimated 272 

excess risks were greater for current use when compared to previous use. 273 

The incidence of ACE per 100,000 person-years observed in our study (222.1 274 

for men and 462.4 for women aged 25-74 years, respectively) was greater than 275 

the comparable projected estimates in the Spanish population (77 and 263 new 276 

cases of acute myocardial infarction per 100,000 person-years in men and 277 

women, respectively) [29]; rates between 29-61 and 135-210 new cases per 278 

100,000 person-years for female and male, respectively [30]). This fact is in line 279 

with previous reports of increased risk of ACE in the population with OA, thus 280 

identifying OA patients as a population potentially at high cardiovascular risk.   281 

A trend for increased adjusted risk was observed for NSAIDs, supported by a 282 

significant dose-response gradient and significant risks for exposures active at 283 

the index date. This association has an accepted biological plausibility and has 284 

been previously characterized [10, 30], also in our setting [14]. Thus we 285 

consider that an increase ACE risk associated to exposure to NSAIDs as a 286 

group is plausible. Unexpectedly, the bigger risk increase was observed with 287 

naproxen, which has been often referred to be relatively safe regarding 288 

cardiovascular risk as compared to other NSAIDs [10, 14, 30].  A possible 289 
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explanation may be that widespread perception of naproxen's safety may have 290 

led to decision to prescribe naproxen to patients requiring NSAIDs who had 291 

bigger cardiovascular risk or subclinical disease, thus leading to confounding by 292 

indication or protopathic bias. Despite our adjusted model accounted for many 293 

potential confounders, we cannot discard some degree of residual confusion; 294 

more research is needed to confirm this finding.  295 

Opioid analgesics were unexpectedly associated to an increased ACE risk that 296 

was consistent, with significant dose response and persistence of risk in current 297 

users. However, the risk could not be attributed to a single product, and both 298 

very short and very long exposures had similarly increased risks. While two 299 

previous publications have proposed a causal role of opioids in cardiovascular 300 

disease [31-33], it is possible that patients exposed to opioids as a result of 301 

sequential therapeutic decisions may constitute a different (more diseased and 302 

frail) population, as compared to patients treated with drugs used in earlier 303 

steps of the analgesic ladder, and thus may have different baseline risks for 304 

ACE. Although the multivariable model included adjustments by Charlson Index 305 

and several comorbidities, some residual degree of confounding by indication 306 

cannot be discarded, and thus a cautious interpretation of these results seems 307 

advisable.  308 

The absence of significant associations for non-narcotic analgesics, NSAIDs for 309 

topical use and SYSADOAs were all expected, biological plausible and 310 

consistent with other studies in our setting [14]. In turn, the absence of risks for 311 

COX-2 selective inhibitors is contrary to previous publications describing an 312 

increased risk of ACE for these drugs [10, 30]. Reasons for this finding may 313 

include the success of risk-minimization strategies deployed in our setting: 314 
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health professionals are aware that they should restrict prescription of COX-2 315 

inhibitors to low-risk patients, for short periods and only in the absence of 316 

feasible alternatives [18]; we cannot discard that the results, despite our 317 

extensive adjustment for potential confounders, might be due to residual 318 

confounding by indication due to selective prescription to low-risk subjects. 319 

Limitations of the present study include the observational design, which 320 

precludes confirming causality of the detected associations. Also, data that is 321 

collected as a part of routine clinical care has not been individually validated for 322 

inclusion criteria (ie: OA diagnosis) not for the collection of outcomes (ACE): 323 

thus, we cannot guarantee the exhaustivity of the sample nor that all the 324 

occurring events have been identified; however, identification of both OA and 325 

cardiovascular events has been previously validated in SIDIAP through specific 326 

studies [20-23], and in that sense the results may be considered of value. 327 

Another limitation of our data source is the lack of linkage between diagnoses 328 

and prescriptions, thus we were not able to know if NSAIDs and opioids were 329 

prescribed for OA or other indication. Many factors related to differential 330 

exposure and/ or risks for ACE were included in our adjusted model, in order to 331 

control confounding, but there may be additional relevant risk factors (i ex: OA 332 

severity, metabolic syndrome and other comorbidities) not available in our 333 

dataset that may result in residual confounding. Also, our adjusted model 334 

included some independent risk factors for ACEs which are also known adverse 335 

effects of NSAIDs (i ex: hypertension and renal or heart failure), and some 336 

medications used to treat these conditions (antihypertensive drugs, diuretics) 337 

might represent intermediate variables on a causal path between exposure and 338 

outcome. In both cases, adjusting by these intermediate factors may have led to 339 
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some degree of overadjustment bias. Finally, our data source provided 340 

information on drugs dispensed through the public health system, but did not 341 

include information on dispensation through other prescription systems, nor on 342 

acquisition of analgesic drugs over the counter. Whether dispensed drugs were 343 

actually used by the subjects, and to what extent, cannot be ascertained.  344 

The relevance of our findings should be considered from the perspective of 345 

absolute attributable risk. Unfortunately, we did not obtain prevalence of use of 346 

drugs from the full OA cohort, and prevalence of use of drugs in the case-347 

control database could not be representative of the overall OA population. A 348 

prevalence of use for oral NSAIDs in the OA population of 0.774 was recently 349 

reported using the SIDIAP database [34]. Considering our OR adjusted 350 

estimate for NSAIDs (1.09), the resulting Absolute Attributable Risk (AAR = 351 

100*(Prevalence of use *(OR-1))/(1+(Prevalence of use*(OR-1))) would be 352 

6.5%. Putting this result in perspective by comparing to published data [35], the 353 

obtained AAR for NSAIDs in our exercise is smaller than the Population 354 

Attributable Risk (PAR) reported for main risk determinants, such as smoking 355 

(PAR 39%) or hypercholesterolaemia (PAR 18%), but within the same range of 356 

magnitude than that reported for diabetes (PAR 3%), a recognised and relevant 357 

clinical risk factor for cardiovascular events. As regards to other drug exposures 358 

(opioids as a whole, diclofenac or naproxen), we have not been able to obtain 359 

data from our setting for prevalences of use in OA patients. 360 

In summary, our study has observed that, in our setting, patients with 361 

osteoarthritis represent a high-risk population for the development of acute 362 

coronary events, and the background risk of this population may be further 363 

increased by chronic exposure to non-selective NSAIDs, especially diclofenac 364 
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or naproxen. Under current conditions of use, the use of other systemic or 365 

topical NSAIDs, selective COX-2 inhibitors, non-narcotic analgesics or 366 

SYSADOAs do not represent an independent increase of ACE risk for real life 367 

(probably selected) users of these medications. A relatively novel observation of 368 

a risk increase associated with the use of opioid analgesics requires 369 

confirmation in future studies. 370 
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FIGURE LEGENDS 521 

 522 

Figure 1. Patient disposition. 523 

Figure 2. ACE incidence rate ratio by gender and age group. 524 

Footnote: Negative binomial regression.  525 

Figure 3. Risk of ACE associated to use of drugs to treat OA and dose 526 

response analysis. 527 
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ABSTRACT 36 

Purpose: Recent controversies on the safety profile of opioids and paracetamol have 37 

led to changes in clinical guidance for osteoarthritis (OA) management. We studied the 38 

existing association between the use of different OA drug therapies and the risk of 39 

acute coronary events (ACE). 40 

Methods: A cohort of patients with clinically diagnosed OA (according to ICD10 codes) 41 

was identified in the SIDIAP database. Within the cohort, cases with incident ACE (AIM 42 

or unstable angina) between 2008 and 2012 were identified using ICD10 codes and 43 

data from hospital admission. Controls were 3 ACE-free subjects matched by sex, age 44 

(±5 years), area, and year of OA diagnosis (±2 years). Linked pharmacy dispensation 45 

data was used to assess exposure to drug therapies. Multivariable conditional logistic 46 

regression models were fitted to estimate adjusted odds ratio (OR) for ACE.  47 

Findings:Results: 5663 cases and 16989 controls were studied. Previous morbidity 48 

and cardiovascular risk was higher in cases than controls, with no differences in type or 49 

number of joints with OA. Multivariable adjusted analyses showed increased risks 50 

(OR(95%CI)) related to the use of diclofenac (1.16 (1.06 - 1.27)), naproxen (1.25 (1.04 51 

- 1.48)) and opioid analgesics (1.13 (1.03 - 1.24).  No significant associations were 52 

observed for COX-2 selective NSAIDs, topical NSAIDs, glucosamine, chondroitin 53 

sulphate, paracetamol or metamizole.  54 

Implications:Conclusions: In patients with clinically diagnosed OA, the use of non-55 

selective NSAIDs or opioid analgesics is associated with an increased risk of acute 56 

coronary events. These risks should be considered when selecting treatments for OA 57 

in patients with high cardiovascular risk.  58 

59 
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 60 

INTRODUCTION 61 

Osteoarthritis (OA) is the most prevalent rheumatic disease in the elderlyand is 62 

associated to higher mortality than that of the general population [1-6]: in a 63 

recent British study conducted in primary care, a 70% increased risk 64 

(standardized mortality ratio (95% CI) 1.71 (1.49 to 1.98)) was reported, with 65 

walking disability identified as major risk factor, together with history of diabetes, 66 

cancer and cardiovascular disease [7].  67 

Following the description of an increased cardiovascular risk for use of selective 68 

non-steroidal antiinflammatory drugs (NSAIDs) COX-2 inhibitors in clinical trials 69 

[8,9], an excess cardiovascular risk amongst users of non-selective NSAIDs has 70 

also been reported [10]. A recent meta-analysis of 31 clinical trials concluded 71 

that various NSAIDs, both COX-2 selective and not, were associated with over 72 

30% increased cardiovascular risk [11]. Alternative therapies such as 73 

paracetamol and opioids have also been recently related to cardiovascular, 74 

gastrointestinal and/or skeletal adverse events, leading to modifications in 75 

existing guidelines [12].  76 

The prevalence of use of NSAIDs in the general population in Spain is over 77 

40% [13, 14], and this figure increases further to >60% in the population with 78 

OA [15, 16]. According to the Spanish Society of Rheumatology, 10% of the 79 

Spanish population has knee pain suggestive of osteoarthritis, and 6% report 80 

hand OA. [17]. The baseline cardiovascular risk in the Mediterranean population 81 

is known to be different from that of Northern countries, but similarly modified by 82 

the use of analgesic drugs [14].  83 
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A number of risk management recommendations and interventions aimed to 84 

reduce the risks associated to NSAIDs prescription have been implemented in 85 

our region in the last decade [18]. Also, the publication of several regulatory 86 

alerts on NSAIDs safety may have varied clinical practice with regards not only 87 

to drug selection, but also to dosing and duration of treatments [13]. This may 88 

have modified the risk at the population level, since the uptake of information 89 

and interventions might have impacted risk.  90 

To assess the risk of acute coronary events (ACE) related to the use of various 91 

drugs commonly used for the treatment of OA in our setting, we conducted a 92 

nested case-control study within a cohort of patients with clinically diagnosed 93 

OA in Catalonia. .  94 

95 
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METHODS 96 

Data source 97 

We obtained data from primary care electronic medical records from the 98 

Information System for the Development of Research in Primary Care (Sistema 99 

de Información para el Desarrollo de la Investigación en Atención Primaria or 100 

SIDIAP) [19] which has been previously shown to be suitable for the study of 101 

cardiovascular diseases [20]. This database contains longitudinal data since 102 

2006 on demographics, ICD-10 coded health problems, clinical visits to primary 103 

care centers and results of blood / other tests, amongst others, obtained from 104 

the computerized medical records of 274 primary care centers in Catalonia 105 

covering a population of >5,800,000 patients (>80% of the Catalan population). 106 

The billing records for pharmacy dispensation of the Catalan health system 107 

(CATSALUT) were linked to medical records, including information on product 108 

code according to the Anatomical Therapeutic Chemical classification (ATC), 109 

number of daily defined doses (DDDs) dispensed, dosage regimens, and 110 

strength of the pharmaceutical form. This pharmacy dispensing database only 111 

includes data on reimbursed drugs dispensed under prescriptions, so over-the-112 

counter drugs could not be captured. Information on hospital admissions was 113 

obtained from the official regional database of the CATSALUT (“Conjunt Mínim 114 

Bàsic de Dades a l’Alta Hospitalària”, CMBDAH), using a trusted third party 115 

deterministic linkage system to maintain data confidentiality and protection. This 116 

third party has no access to clinical information, only to codes and IDs [21]. 117 

Data from SIDIAP are always anonymized so it is not possible to re-identify 118 

individuals. 119 
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Ethical considerations 120 

The study protocol was approved by the Independent Ethic'sEthics Committee 121 

of the Institut d'Investigació Primària Jordi Gol before any data extraction. 122 

Study population 123 

The OA cohort included all patients registered in SIDIAP who visited any 124 

primary care professional at least twice in the previous year, who had been 125 

diagnosed with OA according to a previously validated list of ICD-10 codes [21, 126 

22, 23] (polyarticular: M15.0, 15.3 and 15.9, knee: M17.0-17.5, M17.9, hip 127 

M16.0-16.7, M16.9, hands: M15.1, M15.2, M18.0-18.5, M18.9, column: M47.8, 128 

M47.9, or not specified: M19.0-19.2, M19.8-19.9). Patients with a recorded 129 

history of any inflammatory arthritis were excluded. 130 

A case-control study was nested in the OA cohort.  Cases were defined as 131 

patients with a first ACE between January 2008 and December 2012, identified 132 

through a first diagnosis of acute myocardial infarction (AMI) or of unstable 133 

angina according to ICD10 codes in primary care records, and confirmed by 134 

hospital admission records. All patients with ACE previous to the OA diagnosis 135 

or January 2008 were excluded. 136 

Controls were selected at random from the remaining ACE-free participants in 137 

the OA cohort, matched 3:1 by age (± 5 years), sex, geographical area, and 138 

year (± 2 years) since first OA diagnosis to cases. The index date for cases was 139 

the earliest of first hospital or primary care recorded diagnosis of ACE after 31st 140 

December 2007. Controls were assigned the same index date as their matched 141 

case.  142 

Variables 143 
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Age, sex, coronary risk, toxic habits (smoking, alcohol), body mass index, 144 

hypertension (date of diagnosis, drug treatment, and the earliest blood pressure 145 

recorded value to index date), diabetes mellitus [type, date of diagnosis, organic 146 

manifestations (retinopathy, nephropathy), drug treatment and mean HbA1C in 147 

last year], dyslipidemia (date of diagnosis, drug treatment, and mean laboratory 148 

test values in last year), kidney function (MDRD in the last year estimated from 149 

laboratory test data and clinical records of the patient), co-morbidities (stroke or 150 

transient vascular accident, atrial fibrillation or flutter, mitral or aortic valve 151 

disease or rheumatic heart disease, asthma or chronic obstructive pulmonary 152 

disease, carotid or peripheral revascularization or bypass procedures, lower 153 

limb amputation, or peripheral artery disease), Charlson index, number of 154 

outpatient visits in the previous year, a combined variable of cardiovascular risk 155 

built from individual risk factors and a coronary Regicor index [24], were 156 

retrieved before the index date(Table 2). Exposure to drugs suggesting or 157 

associated to cardiovascular disease at index date were also retrieved (ACE 158 

inhibitors, ARBs, beta-blockers, calcium channel blockers, thiazides, other 159 

diuretics, other antihypertensives, antiarrhythmics, anticoagulants, 160 

antiaggregants, nitrates, digoxin, statins, other hypolipidemic drugs, insulin, oral 161 

hypoglycemiants). Data on general patient characteristics (age, sex, Body Mass 162 

Index), measures of comorbidity (Charlson index, number of medical visits in 163 

the period and number of active medications) and cardiovascular risk factors 164 

(current smoker or ex-smoker, high risk alcohol intake, hypertension; Ddiabetes 165 

Mmellitus, nephropathy or chronic kindney disease (CKD), dyslipidemia, 166 

previous cardiovascular diseases or use of antiplatelet medications, a 167 
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composite indexes (Regicor index [234], and a combined variable of 168 

cardiovascular risk built from individual risk factors (Table 2)) were retrieved.   169 

The number of different medications used and detailed information for the 170 

following ATC groups: M01AA, M01AB, M01AC, M01AE and M01AG (non-171 

selective NSAIDs), M01AH (COX-2 selective NSAIDs), M01AX05 172 

(glucosamine), M01AX25 (condroitinchondroitin Ssulphate), M02AA (NSAIDs 173 

for topical use), N02A (opioid analgesics) and N02B (other non-opioid 174 

analgesics) were also retrieved. In the main analysis, patients were considered 175 

as "exposed" (drug users) if they had at least 3 billing recordsdispensings for 176 

the same active principle. For a given exposure, 'Current users’ were subjects 177 

with dispensations within 90 days prior to the index date; ‘recent users’ those for 178 

whom the last dispensation was between 91 and 180 days before the index 179 

date, and ‘remote users’ those for whom the last dispensation was before 365 180 

days before the index date.  181 

of Defined Daily Doses (DDD)/day according to the ATC/DDD catalogue [245] 182 

were calculated for active principles using the number of packages dispensed 183 

and the time periods between dispensations. Treatment duration was derived 184 

from the time between first and last dispensation. The number of dispensations 185 

and the number of daily defined doses (DDD) dispensed per period were used 186 

to derive medication possession ratio below 80%, within 80% and 120% or 187 

above 120% of reference DDD.  188 

Sample size 189 

Previous data have described that the SIDIAP database included around 190 

240,000 patients with diagnosed OA at the end of 2010 [15], with 2.1% and 191 
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2.3% having a history of AMI and angina respectively. According to published 192 

data [25, 26, 27], the expected incidence of ACE in the Catalan population aged 193 

between 65 to 75 years is 211 women and 709 men per 100000 inhabitants, 194 

respectively. Assuming that women represent 57% of the OA population and 195 

have a similar CV risk in the OA population than in the general population, 196 

about 1000 new cases of ACE per year were expected. Based on the expected 197 

prevalence of exposure for the less frequently used OA treatments, the 198 

selection of 3 controls per case would allow, to detect increases of risk of ACE 199 

of 1.5 or higher for exposures with prevalence of 1%, and 1.35 or higher for 200 

prevalence of 2%, with type I and II errors of 5% and 20%, respectively [287].  201 

Statistical analysis 202 

Baseline characteristics were contrasted for differences among cases and 203 

controls by Fisher exact test for categorical and by non-parametric test (Mann-204 

Whitney test) for numerical data. Incidence rates of ACE in the OA cohort and 205 

95% confidence intervals (95%CI) were estimated assuming a negative 206 

binomial distribution. Conditional logistic regression models and computed drug-207 

specific odds ratios (ORs) and 95%CI as compared with drug-specific non-use 208 

were calculated. Two models were built for each exposure: a "crude" model 209 

matched by age, sex, and years since first OA diagnosis, and an "adjusted" 210 

multivariable model, adjusted additionally by body mass index, smoking and 211 

alcohol intake, diagnosis of high blood pressure, diabetes mellitus, dyslipidemia, 212 

heart valve disease, heart failure or ischaemic heart disease, peripheral 213 

arteriopathy or limb amputation, stroke or transient ischaemic event, asthma, 214 

chronic lung disease, degree of impairment of renal function, Charlson index, 215 

frequency of healthcare consultation, location of OA, polyarthicular OA, number 216 
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of locations of OA, use of ACEi, ARA-II, antiarrhytmic drugs, anticoagulants, 217 

beta-adrenergic blocking agents, calcium channel blockers, diuretics, other 218 

antihypertensive drugs, vasodilating agents, antiplatelet agents, statins, other 219 

hypolipemiant drugs, antidiabetic drugs, and concurrent use of other drugs for 220 

OA.  221 

The association of risks with increases or decreases of exposure was explored. 222 

The analyses were carried for all analgesics by the exposure (yes/no), including 223 

all effects with or without significant association. The association of risks with 224 

increases or decreases of exposure was explored. No data imputation was 225 

done; for multivariable models, missing data was managed as a separate 226 

category. Non multiple comparison correction of the sample size have been 227 

done. Sensitivity analyses was made for monotherapy use (unique analgesic 228 

exposure during the study period), in order to exclude any possible interaction 229 

among the other analgesics drugs. Sensitivity analyses included analysis 230 

restricted to current exposure and also to monotherapy use. SPSS v15 and R 231 

version 3.2.0. were used for analyses. 232 

233 
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RESULTS 234 

Baseline characteristics of study population 235 

Patient disposition is shown in Figure 1.  236 

The incidence (95%CI) of ACE (events per 10,000 patient-years) for women 237 

and men younger than 74 were 10.62 (9.89 – 11.41) and 34.97 (33.04 – 37.03), 238 

and for those 75 or older 37.19 (95%CI: 35.62 – 38.84) and 63.78 (60.51 – 239 

67.23), respectively; incidence rate ratios by sex and age groups are shown in 240 

Figure 2. No significant effect of calendar year was observed. A significant 241 

gender by age interaction was observed for ages 85 and older, so that 242 

incidence was reduced for male subjects, but not for females.  243 

Within the study cohort, 5,663 cases were matched to 16,989 controls. The 244 

number or location of OA involved joints did not differ between cases and 245 

controls, but polyarticular and hip location were more frequent and knee and 246 

hand OA less frequent in the cases (Table 1). 247 

Known risk factors for cardiovascular disease were more frequent amongst 248 

cases than controls (Table 2), as was the use of cardiovascular drugs (Table 3).  249 

Non-opioid analgesics were the most common exposures (75.4% controls and 250 

81.3% cases), followed by non-selective NSAIDs (61.1% of controls and 64.2%  251 

cases), topical NSAIDs (36.1% controls and 39.6% cases), opioid analgesics 252 

(23.6% controls and 28.9% cases) and SYSADOAs (20.5% controls and 18.1% 253 

cases). Less than 5% of subjects were exposed to COX -2 selective NSAIDs. 254 

Combinations were frequent, including mainly NSAIDS (59% cases and 55.2% 255 
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controls), paracetamol or metamizole (36,6% cases and 35,4% controls) and 256 

opioids (28.8% cases and 23.4% controls). 257 

Risk estimation of acute coronary events 258 

Crude risks of ACE showed significant associations for all exposures except for 259 

aceclofenac, celecoxib and etoricoxib, and selective cox-2 inhibitors as a group; 260 

crude OR were of protective sign for  glucosamine, chondroitin sulphate and 261 

SYSADOAS as a group. Adjusted models showed borderline signification for 262 

non-selective NSAIDs (p = 0.052) (Table 4), with significant dose response for 263 

cumulative, median dose, and duration of exposure (Figure 3.A.); significance 264 

was observed when the analysis was restricted to active exposures at the index 265 

date, and when restricted to NSAIDs monotherapy (Table 5).  Significantly 266 

increased risks were observed for diclofenac and naproxen (Table 4).   267 

Exposures to opioid analgesics were significantly associated to increased risk of 268 

ACE (Table 4), with dose-response trend for both cumulative and median dose, 269 

but not for duration of exposure (Table 5) (Figure 3.D.); significance was 270 

observed when restricted to exposures active at the index date (Table 5). 271 

Individual active principles within the opioid group did not show significant risks 272 

in the adjusted model (Table 4).  Adjusted models did not show significant 273 

associations for COX-2 selective NSAIDs, topical NSAIDs, glucosamine, 274 

chondroitine sulphate, paracetamol nor metamizole (Table 4). 275 

276 
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DISCUSSION 277 

In our data, OA patients had risk scores suggestive of a high cardiovascular 278 

risk, and high incidences of ACE. In this population, the use of some non-279 

selective NSAIDs was associated with increased adjusted risk of ACE ranging 280 

from 16% (diclofenac) to 25% (naproxen); similarly, opioids were associated 281 

with a 13% increased risk of ACE. For NSAIDs as a group and opioids as a 282 

group, associations followed a dose-response gradient, and the estimated 283 

excess risks were greater for current use when compared to previous use. 284 

The incidence of ACE per 100,000 person-years observed in our study (222.1 285 

for men and 462.4 for women aged 25-74 years, respectively) was greater than 286 

the comparable projected estimates in the Spanish population (77 and 263 new 287 

cases of acute myocardial infarction per 100,000 person-years in men and 288 

women, respectively) [2829]; rates between  29-61 and 135-210 new cases per 289 

100,000 person-years for female and male, respectively [2930]). This fact is in 290 

line with previous reports of increased risk of ACE in the population with OA, 291 

thus identifying OA patients as a population potentially at high cardiovascular 292 

risk.   293 

A trend for increased adjusted risk was observed for NSAIDs, supported by a 294 

significant dose-response gradient and significant risks for exposures active at 295 

the index date. This association has an accepted biological plausibility and has 296 

been previously characterized [10, 2930], also in our setting [14]. Thus we 297 

consider that an increase ACE risk associated to exposure to NSAIDs as a 298 

group is plausible. Unexpectedly, the bigger risk increase was observed with 299 

naproxen, which has been often referred to be relatively safe regarding 300 
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cardiovascular risk as compared to other NSAIDs [10, 14, 2930].  A possible 301 

explanation may be that widespread perception of naproxen's safety may have 302 

led to decision to prescribe naproxen to patients requiring NSAIDs who had 303 

bigger cardiovascular risk or subclinical disease, thus leading to confounding by 304 

indication or protopathic bias. Despite our adjusted model accounted for many 305 

potential confounders, we cannot discard some degree of residual confusion; 306 

more research is needed to confirm this finding.  307 

Opioid analgesics were unexpectedly associated to an increased ACE risk that 308 

was consistent, with significant dose response and persistence of risk in current 309 

users. However, the risk could not be attributed to a single product, and both 310 

very short and very long exposures had similarly increased risks. While two 311 

previous publications have proposed a causal role of opioids in cardiovascular 312 

disease [301- 323], it is possible that patients exposed to opioids as a result of 313 

sequential therapeutic decisions may constitute a different (more diseased and 314 

frail) population, as compared to patients treated with drugs used in earlier 315 

steps of the analgesic ladder, and thus may have different baseline risks for 316 

ACE. Although the multivariable model included adjustments by Charlson Index 317 

and several comorbidities, some residual degree of confounding by indication 318 

cannot be discarded, and thus a cautious interpretation of these results seems 319 

advisable.  320 

The absence of significant associations for non-narcotic analgesics, NSAIDs for 321 

topical use and SYSADOAs were all expected, biological plausible and 322 

consistent with other studies in our setting [14]. In turn, the absence of risks for 323 

COX-2 selective inhibitors is contrary to previous publications describing an 324 

increased risk of ACE for these drugs [10, 2930]. Reasons for this finding may 325 



Page 16 of 25 

include the success of risk-minimization strategies deployed in our setting: 326 

health professionals are aware that they should restrict prescription of COX-2 327 

inhibitors to low-risk patients, for short periods and only in the absence of 328 

feasible alternatives [18]; we cannot discard that the results, despite our 329 

extensive adjustment for potential confounders, might be due to residual 330 

confounding by indication due to selective prescription to low-risk subjects. 331 

Limitations of the present study include the observational design, which 332 

precludes confirming causality of the detected associations. Also, data that is 333 

collected as a part of routine clinical care has not been individually validated for 334 

inclusion criteria (ie: OA diagnosis) not for the collection of outcomes (ACE): 335 

thus, we cannot guarantee the exhaustivity of the sample nor that all the 336 

occurring events have been identified; however, identification of both OA and 337 

cardiovascular events has been previously validated in SIDIAP through specific 338 

studies [20-223], and in that sense the results may be considered of value. 339 

Another limitation of our data source is the lack of linkage between diagnoses 340 

and prescriptions, thus we were not able to know if NSAIDs and opioids were 341 

prescribed for OA or other indication. Many factors related to differential 342 

exposure and/ or risks for ACE were included in our adjusted model, in order to 343 

control confounding, but there may be additional relevant risk factors (i ex: OA 344 

severity, metabolic syndrome and other comorbidities) not available in our 345 

dataset that may result in residual confounding. Also, our adjusted model 346 

included some independent risk factors for ACEs which are also known adverse 347 

effects of NSAIDs (i ex: hypertension and renal or heart failure), and some 348 

medications used to treat these conditions (antihypertensive drugs, diuretics) 349 

might represent intermediate variables on a causal path between exposure and 350 
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outcome. In both cases, adjusting by these intermediate factors may have led to 351 

some degree of overadjustment bias. Finally, our data source provided 352 

information on drugs dispensed through the public health system, but did not 353 

include information on dispensation through other prescription systems, nor on 354 

acquisition of analgesic drugs over the counter. Whether dispensed drugs were 355 

actually used by the subjects, and to what extent, cannot be ascertained.  356 

The relevance of our findings should be considered from the perspective of 357 

absolute attributable risk. Unfortunately, we did not obtain prevalence of use of 358 

drugs from the full OA cohort, and prevalence of use of drugs in the case-359 

control database could not be representative of the overall OA population. A 360 

prevalence of use for oral NSAIDs in the OA population of 0.774 was recently 361 

reported using the SIDIAP database [343]. Considering our OR adjusted 362 

estimate for NSAIDs (1.09), the resulting Absolute Attributable Risk (AAR = 363 

100*(Prevalence of use *(OR-1))/(1+(Prevalence of use*(OR-1))) would be 364 

6.5%. Putting this result in perspective by comparing to published data [345], 365 

the obtained AAR for NSAIDs in our exercise is smaller than the Population 366 

Attributable Risk (PAR) reported for main risk determinants, such as smoking 367 

(PAR 39%) or hypercholesterolaemia (PAR 18%), but within the same range of 368 

magnitude than that reported for diabetes (PAR 3%), a recognised and relevant 369 

clinical risk factor for cardiovascular events. As regards to other drug exposures 370 

(opioids as a whole, diclofenac or naproxen), we have not been able to obtain 371 

data from our setting for prevalences of use in OA patients. 372 

In summary, our study has observed that, in our setting, patients with 373 

osteoarthritis represent a high-risk population for the development of acute 374 

coronary events, and the background risk of this population may be further 375 
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increased by chronic exposure to non-selective NSAIDs, especially diclofenac 376 

or naproxen. Under current conditions of use, the use of other systemic or 377 

topical NSAIDs, selective COX-2 inhibitors, non-narcotic analgesics or 378 

SYSADOAs do not represent an independent increase of ACE risk for real life 379 

(probably selected) users of these medications. A relatively novel observation of 380 

a risk increase associated with the use of opioid analgesics requires 381 

confirmation in future studies. 382 

ACKNOWLEDGMENTS  383 

Members of the external scientific committee: Francisco de Abajo (Universidad 384 

de Alcalá, Hospital Universitario Príncipe de Asturias. Alcalá de Henares 385 

(Spain)); Juan Ramon Castillo (Hospital Universitario Virgen del Rocío. Sevilla 386 

(Spain)), José Ríos (Plataforma de Bioestadística i Gestió de Dades IDIBAPS - 387 

Hospital Clínic de Barcelona. Universitat Autònoma de Barcelona. Barcelona 388 

(Spain)); Xavier Carné ( Servei de Farmacologia Clínica - Hospital Clínic de 389 

Barcelona. Barcelona (Spain)); Patrick du Souich (Département de 390 

Pharmacologie, Faculté de Médecine - Université de Montréal, Montréal 391 

(Canada)). Representatives of the funding source at the external scientific 392 

committee: Josep Vergés and Marta Herrero (Bioibérica S.A., Barcelona 393 

(Spain)). 394 

 395 

AUTHOR CONTRIBUTIONS 396 

CParidad Pontes and RMosa Morros designed the study protocol and reviewed 397 

the statistical analysis plan, interpreted results, wrote final report and drafted the 398 

manuscript. JRMosep Ramon Marsal contributed to the design of the protocol, 399 



Page 19 of 25 

wrote the statistical plan, and did the study analysis. JMEosep Maria Elorza 400 

contributed to the design of the protocol and statistical plan and did the data 401 

extraction. MAaria Aragon reviewed the study protocol and analysis plan and 402 

contributed to data management and final report review. DPaniel Prieto-403 

Alhambra and Bonaventura Bolibar contributed to the study design, 404 

interpretation of results and did a critical revision of the article for important 405 

intellectual content. All authors authorised the final version to be submitted. 406 

 407 

Role of the funding source 408 

The study was funded by a grant of Bioibérica S.A.  409 

The funding source was not directly involved in study design; data extraction, 410 

data analysis, interpretation of data, writing of the report nor in the decision to 411 

submit the paper for publication. Bioibérica S.A. funded an external scientific 412 

committee which was providing external advice and peer-review to the 413 

investigative team; 2 representatives of the funding source attended the 414 

external scientific committee meetings.  415 

 416 

Conflict of interest 417 

The authors declare that they do not have any contractual employee or financial 418 

relationship with Bioibérica S.A. representing a conflict of interest with the 419 

present report.  420 

421 



Page 20 of 25 

REFERENCES 422 

1. Cerhan JR, Wallace RB, el-Khoury GY, et al. Decreased survival with increasing 423 

prevalence of full-body, radiographically defined osteoarthritis in women. Am J 424 

Epidemiol 1995;141:225-34. 425 

2. Haara MM, Manninen P, Kröger H, et al. Osteoarthritis of finger joints in Finns aged 426 

30 or over: prevalence, determinants, and association with mortality. Ann Rheum Dis 427 

2003;62:151-8. 428 

3. Watson DJ, Rhodes T, Guess HA. All-cause mortality and vascular events among 429 

patients with rheumatoid arthritis, osteoarthritis, or no arthritis in the UK General 430 

Practice Research Database. J Rheumatol 2003;30:1196-202. 431 

4. Haara MM, Heliövaara M, Kröger H, et al. Osteoarthritis in the carpometacarpal joint 432 

of the thumb: prevalence and associations with disability and mortality. J Bone Joint 433 

Surg Am 2004;86:1452-7. 434 

5. Robertsson O, Stefansdottir A, Lidgren L, et al. Increased long term mortality in 435 

patients less than 55 years old who have undergone knee replacement for 436 

osteoarthritis: results from the Swedish Knee Arthroplasty Register. J Bone Joint Surg 437 

Br 2007;89:599-603. 438 

6. Kumar N, Marshall NJ, Hammal DM, et al. Causes of death in patients with 439 

rheumatoid arthritis: comparison with siblings and matched osteoarthritis controls. J 440 

Rheumatol 2007;34:1695-8.  441 

7. Nüesch E, Dieppe P, Reichenbach S, et al. All cause and disease specific mortality 442 

in patients with knee or hip osteoarthritis: population based cohort study. BMJ 443 

2011;342:d1165.  444 



Page 21 of 25 

8. Bresalier RS, Sandler RS, Quan H, et al. Cardiovascular events associated with 445 

rofecoxib in a colorectal adenoma chemoprevention trial. N Engl J Med 2005;352:1092-446 

102. 447 

9. Jüni P, Nartey L, Reichenbach S, et al. Risk of cardiovascular events and rofecoxib: 448 

cumulative meta-analysis. Lancet 2004;364:2021-9. 449 

10. McGettigan P, Henry D. Cardiovascular risk and inhibition of cyclooxygenase: a 450 

systematic review of the observational studies of selective and nonselective inhibitors 451 

of cyclooxygenase 2. JAMA 2006;296:1633-44.  452 

11. Trelle S, Reichenbach S, Wandel S, et al. Cardiovascular safety of non-steroidal 453 

antiinflammatory drugs: network meta-analysis. BMJ 2011;342:c7086.  454 

12. National Institute for Health Care and Excellence. Osteoarthritis care and 455 

management in adults. National Institute for Health and Care Excellence (United 456 

Kingdom), 2014. https://www.nice.org.uk/guidance/cg177  (accessed 2nd November 457 

2016). 458 

13. Agencia Española de Medicamentos y Productos Sanitarios. Utilización de 459 

medicamentos antiinflamatorios no esteroides  (AINE) en España durante el periodo 460 

2000-2012. Informe de utilización de medicamentos U/AIN/V1/15012014. 461 

http://www.aemps.gob.es/medicamentosUsoHumano/observatorio/docs/AINE.pdf 462 

(accessed 2nd November 2016). 463 

14. de Abajo FJ, Gil MJ, García Poza P, et al. Risk of nonfatal acute myocardial 464 

infarction associated with non-steroidal antiinflammatory drugs, non-narcotic 465 

analgesics and other drugs used in osteoarthritis: a nested case-control study. 466 

Pharmacoepidemiol Drug Saf 2014;23(11):1128-38.  467 

15. Wilson N, Sanchez-Riera L, Morros R, et al. Drug utilization in patients with OA: a 468 

population-based study. Rheumatology (Oxford) 2015;54(5):860-7. 469 

https://www.nice.org.uk/guidance/cg177
http://www.aemps.gob.es/medicamentosUsoHumano/observatorio/docs/AINE.pdf


Page 22 of 25 

16. Arboleya LR, de la Figuera E, García MS, et al. Tratamiento sintomático de la 470 

artrosis: patrón de utilización de antiinflamatorios no esteroides en los centros de salud 471 

españoles. Rev Esp Reumatol 2002;29(6):300-7. 472 

17. L Carmona, FJ Ballina, R Gabriel, A Laffon, EPISER Study Group. The burden of 473 

musculoeskeletal diseases in the general population of Spain : results from a nation-474 

wide study. Ann Rheum Dis 2001;60(11):1040-5.  475 

18. Agencia Española de Medicamentos y Productos Sanitarios. Comunicación sobre 476 

riesgos de los medicamentos para profesionales sanitarios 2006/10. Actualización 477 

sobre los riesgos de tipo aterotrombótico de los coxibs y aine tradicionales. 478 

http://www.aemps.gob.es/informa/notasInformativas/medicamentosUsoHumano/seguri479 

dad/2006/docs/NI_2006-10_coxibs_AINE.pdf (accessed 2nd November 2016).  480 

19. Bolíbar B, Fina F, Morros R et al. SIDIAP database: electronic clinical records in 481 

Primary Care as a source of information for epidemiologic research. Med Clin (Barc) 482 

2012;138(14):617-21. 483 

20. Ramos R, Balló E, Marrugat J et al. Validity for use in research on vascular 484 

diseases of the SIDIAP (Information System for the Development of Research in 485 

Primary Care): the EMMA study. Rev Esp Cardiol 2012;65(1):29-37. 486 

21. Garcia-Gil M, Elorza JM, Banque M et al. Linking of Primary Care Records to 487 

Census Data to Study the Association between Socioeconomic Status and Cancer 488 

Incidence in Southern Europe: A Nation-Wide Ecological Study. Plos One 489 

2014;9(10):e109706.  doi.org/10.1371/journal.pone.0109706 490 

22. Prieto-Alhambra D, Judge A, Javaid MK, Cooper C, Diez-Perez A, Arden NK. 491 

Incidence and risk factors for clinically diagnosed knee, hip and hand osteoarthritis: 492 

influences of age, gender and osteoarthritis affecting other joints. Ann Rheum Dis 493 

2014;73(9):1659-64. 494 

http://www.aemps.gob.es/informa/notasInformativas/medicamentosUsoHumano/seguridad/2006/docs/NI_2006-10_coxibs_AINE.pdf
http://www.aemps.gob.es/informa/notasInformativas/medicamentosUsoHumano/seguridad/2006/docs/NI_2006-10_coxibs_AINE.pdf


Page 23 of 25 

223. Prieto-Alhambra D, Nogues X, Javaid MK, et al. An increased rate of falling leads 495 

to a rise in fracture risk in postmenopausal women with self-reported osteoarthritis: a 496 

prospective multinational cohort study (GLOW). Ann Rheum Dis 2013;72(6):911-7. 497 

243. Marrugat J, D'Agostino R, Sullivan L, Elosua R, Wilson P, Ordovás J, et al. An 498 

adaptation of the Framingham risk function to southern Europe Mediterranean areas. J 499 

Epidemiol Community Health 2003;57:634-8 500 

245. WHO Collaborating Centre for Drug Statistics Methodology. Anatomical 501 

Therapeutic Chemical (ATC) classification system. 502 

http://www.whocc.no/atc_ddd_index/  (accessed 2nd November 2016). 503 

256. Gil M, Martí H, Elosua R, et al. Analysis of Trends in Myocardial Infarction Case-504 

Fatality, Incidence, and Mortality Rates in Girona, Spain, 1990-1999. Rev Esp Cardiol 505 

2007; 60(4): 349-56.  506 

276. Dégano IR, Elosua R, Marrugat J. Epidemiología del síndrome coronario agudo 507 

en España: estimación del número de casos y la tendencia de 2005 a 2049. Rev Esp 508 

Cardiol 2013; 66(6): 472–481. 509 

278. Kelsey JL, Whittemore AS, Evans AS (eds). Methods in Observational 510 

Epidemiology 2nd Edition. Oxford University Press: New York (NY), 1996.  511 

289. Medrano MJ, Boix R, Cerrato E et al. Incidencia y prevalencia de cardiopatía 512 

isquémica y enfermedad cerebrovascular en España: revisión sistemática de la 513 

literatura. Rev Esp Salud Pública 2006; 80: 5-15. 514 

2930. Coxib and traditional NSAID Trialists' (CNT) Collaboration, Bhala N, Emberson J, 515 

Merhi A, Abramson S, Arber N, et al. Vascular and upper gastrointestinal effects of 516 

non-steroidal anti-inflammatory drugs: meta-analyses of individual participant data from 517 

randomised trials. Lancet 2013; 382: 769-79. 518 

http://www.whocc.no/atc_ddd_index/


Page 24 of 25 

310. Carman WJ, Su S, Cook SF et al. Coronary heart disease outcomes among 519 

chronic opioid and cyclooxygenase-2 users compared with a general population cohort. 520 

Pharmacoepidemiol Drug Saf 2011; 20: 754–762. 521 

321. Li L, Stoguchi S, Cabral H, et al. Opioid use for noncancer pain and risk of 522 

myocardial infarction amongst adults. J Intern Med 2013; 273(5): 511-26.  523 

332. Ray WA, Chung CP, Murray KT, Hall K, Stein CM. Prescription of Long-Acting 524 

Opioids and Mortality in Patients With Chronic Noncancer Pain. JAMA 2016; 315 (22): 525 

2415.  526 

334. Wilson N, Sanchez-Riera L, Morros R, Diez-Perez A, Javaid MK, Cooper C, et al. 527 

Drug utilization in patients with OA: a population-based study. Rheumatology (Oxford) 528 

2015 May;54(5):860-7. 529 

354. Nilsson PM, Nilsson JA, Berglund G. Population-attributable risk of coronary heart 530 

disease risk factors during long-term follow-up: the Malmö Preventive Project. J Intern 531 

Med 2006 Aug;260(2):134-41. 532 

533 



Page 25 of 25 

FIGURE LEGENDS 534 

 535 

Figure 1. Patient disposition. 536 

Figure 2. ACE incidence rate ratio by gender and age group. 537 

Footnote: Negative binomial regression.  538 

Figure 3. Risk of ACE associated to use of drugs to treat OA and dose 539 

response analysis. 540 

 541 

EACH INDIVIDUAL TABLE 

Submitted as 5 separated files 

 

Each individual Figure 

(submitted as 3 separate files) 



Table 1. Characteristics of OA 

 Cases  

(n=5663) 

Controls  

(n=16989) 

 

p-
value 

Years since first OA diagnosis 
(Mean(SD)) 

5.13 (5.1) 5.02 (5.08) 0.118 

Number of locations of OA 
(Mean(SD)) 

1.26 (0.52) 1.27 (0.54) 
0.094 

 Polyarticular 1478 
(26.1%) 

4035 
(23.8%) 

<0.001 

 Hand 827 
(14.6%) 

2694 
(15.9%) 

0.024 

 Hip 1008 
(17.8%) 

2803 
(16.5%) 

0.023 

 Knee 2457 
(43.4%) 

7854 
(46.2%) 

<0.001 

 Unspecified 692 
(12.2%) 

2144 
(12.6%) 

0.431 

 Column 661 
(11.7%) 

2091 
(12.3%) 

0.205 

Single location – poliarticular 1001 
(17.7%) 

2642 
(15.6%) 

 

Single location not polyarticular 3410 
(60.2%) 

10418 
(61.3%) 

 

More than one location  1252 
(22.1%) 

3929 
(23.1%) 
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Table 2. Baseline characteristics of study cases and controls. 

 Cases  
(n=5663) 

Controls  
(n=16989) 

 
p-value 

Age; Mean (SD) 75.8 (9.96)  75.3 (9.68)  0.001 

Sex (women); N (%) 2931 (51.76%) 8793 (51.76%) 1.000 

Body Mass Index; Mean (SD) 
          missing value [N (%)] 

30 (4.87)  
[796 (14.1%)] 

29.6 (4.68)  
[2889 (17.0%)] 

<0.001 

BMI > 30 kg/m2; N (%) 
          missing value [N (%)] 

2245 (46.13%)  
[796 (14.1%)] 

6061 (42.99%) 
[2889 (17.0%)] 

<0.001 

Charlson index; Mean (SD) 
                            Median (IQR) 

1.58 (1.55)  
1 (0-2) 

1.02 (1.28) 
1 (0-2) 

<0.001 

Exposure to drugs 5472 (96.63%)  15458 (90.99%)  <0.001 

Number of different drugs; Mean 
(SD) 

10.6 (5.25) 7.4 (4.35)  <0.001 

Number of visits in the period; Mean 
(SD) 

21.1 (18.55)  15.8 (14.05)  <0.001 

Current smoker or ex-smoker; N 
(%) 
          missing value [N (%)] 

1172 (42.43%) 
[2901 (51,23%)] 

2878 (35.25%)  
[8825 (51,95%)] 

<0.001 

High risk alcohol intake; N (%) 
          missing value [N (%)] 

91 (2.18%)   
[1492 (26,35%)] 

298 (2.46%) 
[4854 (28,57%)] 

0.317 

Hypertension 4105 (72.49%) 10669 (62.8%) <0.001 

Years since diagnosis; Mean 
(SD) 

8.2 (6.45) 7.8 (6.03) 0.001 

SBP last year; Mean (SD) 
      missing value [N (%)] 

138.3 (15.24) 
[1193 (21,06%)] 

136 (13.79) 
[4687 (27,6%)] 

<0.001 

DBP last year; Mean (SD) 
      missing value [N (%)] 

74.3 (8.74) 
[1233 (21,77%)] 

74.8 (8.18) 
[4744 (27,9%)] 

<0.001 

Diabetes mellitus 2042 (36.06%)  3548 (20.88%)  <0.001 

Years since diagnosis; Mean 
(SD)       

8.4 (6.78) 7.2 (5.8)  <0.001 

HbA1c last year; Mean (SD) 
      missing value [N (%)] 

7.5 (1.4)  
[558 (27,32%)] 

7.1 (1.2) 
[906 (25,53%)] 

<0.001 

Diabetic retinopathy  213 (10.43%)  209 (5.89%)  <0.001 

Nephropaty or CKD  300 (14.69%)  369 (10.4%)  <0.001 

Dyslipidemia 2793 (49.32%)  7414 (43.64%) <0.001 
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Years since diagnosis; Mean 
(SD) 

7.3 (5.37) 7.2 (5.18) 0.151 

Total Cholesterol last year; 
Mean (SD)  
      missing value [N (%)] 

190.2 (38.7) 
[1416 (50,69%)] 

187.8 (35.3) 
[4963 (66,94%)] 

0.152 

LDL Cholesterol last year; 
Mean (SD) 
      missing value [N (%)] 

113.2 (34.02)  
[1416 (50,69%)] 

109.7 (30.8)  
[4963 (66,94%)] 

0.009 

Atrial fibrillation or flutter 593 (10.47%) 1384 (8.15%) <0.001 

Valvular disease 453 (8%) 862 (5.07%) <0.001 

Cerebrovascular disease 200 (3.53%) 452 (2.66%) 0.001 

Peripheral arteriopathy   352 (6.22%) 417 (2.45%) <0.001 

Low limb amputation 41 (0.72%) 29 (0.17%) <0.001 

Previous revascularization 
procedure 

11 (0.19%) 18 (0.11%) 0.108 

Ischaemic heart disease@ 1340 (23.66%) 1082(6.37%) <0.001 

Asthma 284 (5.02%) 765 (4.5%) 0.112 

Chronic Obstructive Pulmonary 
Disease  

694 (12.25%) 1664 (9.79%) <0.001 

REGICOR score*; Mean (SD) 
          missing value [N (%)] 

7.3 (4.99)  
[3718 (65,65%)] 

5.8 (4.13)  
[11565 (68,07%)] 

<0.001 

High cardiovascular risk~  2836 (50.08%) 2376 (13.99%) <0.001 

Moderate cardiovascular risk~ 1897 (33.5%) 7498 (44.13%) 

Low cardiovascular risk~ 930 (16.42%) 7115 (41.88%) 

 

SBP: systolic blood pressure; DBP: Diastolic blood pressure; @other than AMI or 

unstable angina; *Value closer to the index date; ~ High CV risk:  presence of at least 

one of: diabetes mellitus with retinopathy and/or nephropathy/chronic renal failure; 

chronic use of nitrates and antiplatelet drugs and/or previous ischemic heart disease 

and/or coronary revascularization; previous stroke or transient vascular cerebral event; 

previous peripheral arteriopathy or low limb amputation. Moderate CV risk: absence of 

high risk criteria and presence of at least one of: diabetes mellitus; active smoker; high 



blood pressure and dyslipidemia. Low CV risk: Absence of criteria for moderate or high 

risk. 

 



Table 3.  Use of cardiovascular drugs.   

 Cases 

(n=5663) 

Controls 

(n=16989) 

 

p-
value 

Drugs active on renin-
angiotensin 

3598 
(63.54%) 

7912 
(46.57%) 

<0.001 

Antiarhitmics 194 (3.43%) 291 (1.71%) <0.001 

Cardiotonic glycosides 255 (4.5%) 520 (3.06%) <0.001 

Anticoagulants 595 
(10.51%) 

1317 
(7.75%) 

<0.001 

Beta-adrenergic blockers 2244 
(39.63%) 

2005 
(11.8%) 

<0.001 

Calcium-channel bloquers 1522 
(26.88%) 

2656 
(15.63%) 

<0.001 

Loop diuretics 1354 
(23.91%) 

2029 
(11.94%) 

<0.001 

Other diuretics than loop 
diuretics 

965 
(17.04%) 

2435 
(14.33%) 

<0.001 

Other antihypertensives 325 (5.74%) 624 (3.67%) <0.001 

Nitrates 2072 
(36.59%) 

705 (4.15%) <0.001 

Aspirin 3013 
(53.21%) 

3364 
(19.8%) 

<0.001 

Other antiplatelet drugs than 
aspirin 

1502 
(26.52%) 

870 (5.12%) <0.001 

HGMCoA reductase inhibitors  3128 
(55.24%) 

5464 
(32.16%) 

<0.001 

Other hipolipemiant drugs 296 (5.23%) 506 (2.98%) <0.001 

Insulin and analogues 699 
(12.34%) 

604 (3.56%) <0.001 

Antidiabetics other than insulin 1504 
(26.56%) 

2575 
(15.16%) 

<0.001 
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Table 4. Risk of ACE associated to use of drugs to treat osteoarthritis 

   Crude model Adjusted model 

 Case
s  

(n=56
63) 

Control
s  

(n=1698
9) 

OR 95%CI P 
value 

OR 95%CI P 
value 

Non-selective 
NSAIDs 

3606 10232 1.1
7 

1.10-
1.25 

<0.00
1 

1.0
9 

1.00-
1.19 

0.052 

Ibuprofen 3091 8820 1.1
0 

1.04-
1.18 

0.002 1.0
1 

0.93-
1.09 

0.857 

Dexketoprofen 1162 3102 1.1
3 

1.02-
1.26 

0.022 0.9
8 

0.85-
1.13 

0.796 

Diclofenac 2355 6376 1.2
0 

1.11-
1.28 

<0.00
1 

1.1
6 

1.06-
1.27 

0.001 

Aceclofenac 850 2373 1.1
1 

0.99-
1.25 

0.071 1.0
7 

0.93-
1.23 

0.366 

Naproxen 716 1889 1.2
7 

1.11-
1.46 

<0.00
1 

1.2
5 

1.04-
1.48 

0.014 

COX-2 selective 
NSAIDs 

259 800 0.9
7 

0.84-
1.13 

0.731 0.9
7 

0.80-
1.16 

0.720 

Celecoxib 185 562 1.0
1 

0.85-
1.21 

0.909 0.9
7 

0.77-
1.21 

0.771 

Etoricoxib 113 366 0.9
3 

0.74-
1.18 

0.568 1.1
5 

0.87-
1.52 

0.340 

SYSADOAs 1045 3537 0.8
6 

0.79-
0.93 

<0.00
1 

0.9
6 

0.86-
1.06 

0.402 

Glucosamine 516 1773 0.8
5 

0.77-
0.95 

0.003 1.0
1 

0.80-
1.28 

0.904 

Chondroitin 
suplhate 

476 1716 0.8
3 

0.74-
0.92 

0.001 0.8
9 

0.71-
1.12 

0.313 

Topical NSAIDs 2242 6134 1.1
5 

1.08-
1.23 

<0.00
1 

0.9
7 

0.89-
1.06 

0.539 

Opioid analgesics 1639 4004 1.3
3 

1.24-
1.43 

<0.00
1 

1.1
3 

1.03-
1.24 

0.013 

Tramadol 1327 3172 1.3
3 

1.23-
1.43 

<0.00
1 

1.1
0 

0.93-
1.29 

0.263 

Codeine   1.2
1 

1.08-
1.35 

0.001 1.0
3 

0.88-
1.20 

0.745 

Buprenorphin 210 419 1.4
7 

1.18-
1.83 

0.001 1.1
6 

0.87-
1.54 

0.317 

Fentanyl 281 533 1.6 1.38- <0.00 1.0 0.82- 0.815 
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3 1.93 1 3 1.29 

Non-narcotic 
analgesics 

4604 12808 1.4
6 

1.35-
1.59 

<0.00
1 

0.9
9 

0.89-
1.11 

0.872 

Paracetamol 4584 12753 0.9
4 

0.93-
0.96 

<0.00
1 

0.9
8 

0.96-
1.00 

0.058 

Metamizole 2274 5576 1.3
9 

1.29-
1.51 

<0.00
1 

1.0
1 

0.91-
1.12 

0.871 

 

 



Table 5. Risk of ACE associated to current use of NSAIDs and narcotic analgesics, with dose response analysis. 

NSAIDs 
Cases Controls Crude Adjusted 

n n OR Lower Upper p OR Lower Upper p 

No Exposure  2057 6757 1 
(Ref.) 

   1 
(Ref.) 

   

Exposed  3606 10232         

    Exposure to 
combinations  

3339 9372 1.19 1.11 1.27 <0.001 1.05 0.96 1.15 0.317 

     Monotherapy 
exposure  

267 860 1.04 0.90 1.21 0.563 1.31 1.08 1.59 0.006 

Current exposure 
analysis 

          

No current exposure   1 
(Ref.) 

   1 
(Ref.) 

   

Current exposure 1679 4584 1.16 1.08 1.24 <0.001 1.19 1.09 1.30 <0.005 

Chronic pattern of use 636 1633 1.23 1.11 1.36 <0.001 1.27 1.12 1.45 <0.001 

Cumulated Dose~  1.95 
(4.70) 

1.54 
(3.80) 

1.03 1.02 1.03 <0.001 1.03 1.02 1.04 <0.001 

Mean monthly dose   1.01 1.00 1.01 <0.001 1.01 1.00 1.01 <0.001 

     < 80% MDD 791 2295 1.09 1.00 1.19 0.062 1.12 1.00 1.26 0.053 

     80 - 120% MDD 628 1683 1.17 1.06 1.30 0.002 1.22 1.07 1.38 0.002 

     ≥ 120% MDD 260 606 1.36 1.17 1.58 <0.001 1.41 1.16 1.71 <0.001 

Duration of exposure   1.00 1.00 1.00 <0.001 1.00 1.00 1.00 <0.001 

     ≤ 3 months 6 18 1.02 0.40 2.58 0.966 0.80 0.25 2.53 0.7028 

     4 - 12 months 35 105 1.07 0.73 1.57 0.734 0.90 0.55 1.46 0.669 
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     13 - 36 months 208 618 1.06 0.90 1.25 0.485 1.00 0.81 1.23 0.990 

     > 36 months 1430 3843 1.17 1.09 1.26 <0.001 1.24 1.13 1.36 <0.001 

Opioid Analgesics 
Cases Controls Crude Adjusted 

n n OR Lower Upper P OR Lower Upper p 

No Exposure  4024 12985 1 
(Ref.) 

   1 
(Ref.) 

   

Exposed            

     Exposure to 
combinations 

1629 3982 1.33 1.24 1.43 <0.001 1.12 1.02 1.23 0.017 

     Monotherapy 
exposure  

10 22 1.38 0.65 2.93 0.398 1.75 0.70 4.41 0.234 

Current exposure 
analysis 

          

No current exposure 829 2273 1 
(Ref.) 

   1 
(Ref.) 

   

Current exposure 810 1731 1.47 1.35 1.62 <0.001 1.20 1.07 1.35 0.003 

Chronic pattern of use 421 882 1.49 1.32 1.68 <0.001 1.20 1.03 1.41 0.021 

Cumulated Dose~  0.67 
(2.94) 

0.41 
(1.94) 

1.04 1.03 1.06 <0.001 1.04 1.02 1.05 <0.001 

Mean monthly dose   1.02 1.02 1.03 <0.001 1.01 1.01 1.02 <0.001 

     < 80% MDD 689 2273 1.43 1.30 1.58 <0.001 1.14 1.01 1.30 0.034 

     80 - 120% MDD 83 1520 1.74 1.32 2.29 <0.001 1.48 1.04 2.09 0.028 

     ≥ 120% MDD 38 61 1.97 1.31 2.97 0.001 2.12 1.25 3.59 0.005 

Duration of exposure   1.01 1.01 1.01 <0.001 1.00 1.00 1.01 0.004 

     ≤ 3 months 45 65 2.19 1.49 3.22 <0.001 1.66 1.03 2.67 0.037 

     4 - 12 months 68 191 1.12 0.84 1.48 0.440 1.18 0.84 1.64 0.342 



     13 - 36 months 168 403 1.32 1.10 1.58 0.003 1.00 0.79 1.27 0.997 

     > 36 months 529 1072 1.56 1.39 1.74 <0.001 1.25 1.08 1.44 0.003 
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