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INTRODUCTION

Patients with inflammatory bowel disease (IBD) are at increased risk of acute arterial events, [1,2] and disease activity has been reported as an independent risk factor after adjustment for traditional cardiovascular risk factors. [2] This increased risk may be driven by systemic inflammation, known to be involved in the pathogenesis of atherosclerosis and is associated to cardiovascular events. [3] Notably, the increased risk of cardiovascular disease is well established in other chronic inflammatory disorders, such as rheumatoid arthritis (RA), in which systemic inflammation and disease activity have been associated with cardiovascular events. [4,[START_REF] Peters | EULAR evidence-based recommendations for cardiovascular risk management in patients with rheumatoid arthritis and other forms of inflammatory arthritis[END_REF] Anti-tumor necrosis factor agents (anti-TNFs) and thiopurines are effective in the treatment of patients with IBD and may lower the risk of acute arterial events due to their antiinflammatory properties, as suggested by studies on patients with RA treated with anti-TNFs. [START_REF] Symmons | Epidemiology of CVD in rheumatic disease, with a focus on RA and SLE[END_REF] Additionally, anti-TNFs may have a specific effect on atherosclerosis independently of their anti-inflammatory effect, since TNF is directly involved in atherosclerogenesis. [START_REF] Mckellar | Role for TNF in atherosclerosis? Lessons from autoimmune disease[END_REF] However, the impact of anti-TNFs and thiopurines on the risk of acute arterial events in patients with IBD remains largely unexplored, potentially due to a lack of statistical power in most IBD populations, as seen in previous studies. [START_REF] Rungoe | Risk of ischaemic heart disease in patients with inflammatory bowel disease: a nationwide Danish cohort study[END_REF] As long as the potential protective effect of IBD-related treatment is not wellestablished, an efficient prevention strategy cannot be elaborated, whereas recommendations for cardiovascular risk management in patients with RA, ankylosing spondylitis and psoriatic arthritis have been published since 2010. [START_REF] Peters | EULAR evidence-based recommendations for cardiovascular risk management in patients with rheumatoid arthritis and other forms of inflammatory arthritis[END_REF] The aim of this study was to assess the impact of thiopurines and anti-TNFs on the risk of acute arterial events including ischemic heart disease, cerebrovascular disease, and peripheral artery disease in patients with IBD.

Study population

The source population included all patients aged 18 years or older identified with IBD before December 31, 2011. Identification of IBD cases was based on LTDs and/or hospitalization discharges including ICD-10 codes of CD or UC. Patients with a single hospital discharge diagnosis of IBD and no pharmacy claim for any IBD medication (aminosalicylates, enteral budesonide, thiopurines [azathioprine and mercaptopurine],

and anti-TNFs), were considered to have a non-confirmed diagnosis of IBD. We did not include corticosteroids except enteral budesonide in this definition, since they are widely prescribed for a broad spectrum of diseases apart from IBD. In case of multiple hospitalizations with ICD-10 codes related to both CD and UC, the most recent diagnosis at cohort entry was retained. Date of diagnosis was the first date of IBDrelated in-or outpatient care. Patients diagnosed with IBD before April 1, 2010 were referred to as prevalent cases of IBD while patients identified between April 1, 2010 and December 31, 2011 accounted for incident cases of IBD. Patients identified with IBD after December 31, 2011 were not included according to the approval of the French Data Protection Authority. This cohort has been extensively described elsewhere. [START_REF] Kirchgesner | Therapeutic management of inflammatory bowel disease in real-life practice in the current era of anti-TNF agents: analysis of the French administrative health databases 2009-2014[END_REF] Patients with a history of acute arterial event or cardiovascular disease, atrial fibrillation, heart failure, or cardiomyopathy, procedures related to cardiac electronic device, cardiac valve prosthesis, angiography, coronary catheterization, or coronary artery bypass grafting were excluded (based on data from hospitalization discharges, LTDs, and specific procedures, see details in Supplementary Table 1).

Follow-up

Since baseline covariates identified with specific treatment exposure (e.g. antidiabetic agents) were assessed during the first three months of 2010, date of cohort entry was April 1, 2010 for prevalent cases and the date of IBD diagnosis for incident cases.

Patients were followed until December 31, 2014, loss of follow-up, death, or occurrence of acute arterial event, whichever occurred first. In case of loss to follow-up (defined as no more contact until December 31, 2014), end of follow-up was the last known contact date, defined by the last claim in the database.

Drug exposure

In France, infliximab, adalimumab, and golimumab are approved by the regulatory authorities for the treatment of IBD and are prescribed in hospitals or private clinics.

Adalimumab, golimumab, and thiopurines are dispensed by pharmacies for one month. [START_REF] Legifrance | Code de la santé publique -Article R5123-2[END_REF] Patients who received infliximab were considered exposed for two months following an infusion, those who received adalimumab, golimumab or thiopurines were considered exposed for one month following delivery.

Outcomes

Study outcome was the first occurring acute arterial event following cohort entry, defined by a primary discharge diagnosis or procedures specifically related to: (1) ischemic heart disease (including myocardial infarction); (2) cerebrovascular disease (including stroke); (3) peripheral artery disease, excluding acute mesenteric ischemia.

We did not include acute mesenteric ischemia, since local intestinal inflammation rather than systemic inflammation may be associated with acute mesenteric ischemia in patients with IBD. [START_REF] Collins | Platelet aggregation and neutrophil sequestration in the mesenteric circulation in inflammatory bowel disease[END_REF][START_REF] Hatoum | The vasculature and inflammatory bowel disease: contribution to pathogenesis and clinical pathology[END_REF] In case of full reimbursement of care for an acute arterial event introduced before the first hospitalization or procedure related to an acute arterial event, the date of disease onset specified for full reimbursement was defined as the date of occurrence of the acute arterial event. See Supplementary Table 2 for related ICD-10 codes and procedure codes.

Covariates

Two groups of covariates were considered. Time-fixed covariates were measured at cohort entry and included sex, age, disease duration (≥ 10 years, 0-10 years, incident patients), exposure to methotrexate, aminosalicylates, and antiplatelet drugs in the preceding 3 months, IBD-related endoscopy and imaging in the preceding year, history of IBD-related hospitalization or surgery, comorbidities (based on data from hospitalization discharges, LTDs, and specific procedures or treatments, see details in Supplementary Table 1) including: history of respiratory chronic disease, chronic kidney disease, cirrhosis and portal hypertension, rheumatic disease, cancer, serious infections, venous thromboembolism, HIV, and atherosclerosis, and traditional cardiovascular risk factors (hypertension, hyperlipidemia, diabetes mellitus, obesity, tobacco smoking, and alcohol use disorders). Charlson comorbidity score was not considered since it includes conditions defined as exclusion criteria, such as myocardial infarction, congestive heart failure, and cerebrovascular disease. Timevarying covariates, including IBD activity as measured by exposure to corticosteroids and occurrence of IBD-related hospitalization or surgery, were updated every month and six months during follow-up, respectively. Surrogate markers of IBD disease activity were defined similarly as our previous study assessing the impact of thiopurines and anti-TNFs on the risk of serious and opportunistic infections. [START_REF] Kirchgesner | Risk of Serious and Opportunistic Infections Associated With Treatment of Inflammatory Bowel Diseases[END_REF] 

Statistical analysis

We used marginal structural Cox proportional hazard models [START_REF] Robins | Marginal structural models and causal inference in epidemiology[END_REF] adjusted for the timefixed and time-varying covariates listed above to compare the risks of acute arterial events in patients of each exposure group (thiopurines and anti-TNFs) to unexposed patients (either never exposed or past-exposed). Marginal structural models are appropriate to use in the presence of time-dependent covariates (such as exposure to corticosteroids and IBD activity) that might be associated with both exposure and outcomes [2,[START_REF] Lewis | Increased Mortality Rates With Prolonged Corticosteroid Therapy When Compared With Antitumor Necrosis Factor-α-Directed Therapy for Inflammatory Bowel Disease[END_REF] (i.e. time-dependent confounders) and that could be affected by past exposure to thiopurines and anti-TNFs. This approach is based on time-varying inverse probability treatment weights. Weights are updated at various time points to achieve balance between treatment groups not only at baseline but also during follow-up. Thus, marginal structural models allow for the control of time-dependent confounders, notably in patients switching to another treatment regimen during follow-up, e.g. from thiopurines to anti-TNFs. Weights calculation was performed as suggested by Cole and Hernan. [START_REF] Cole | Constructing Inverse Probability Weights for Marginal Structural Models[END_REF] Since anti-TNFs and thiopurines may be used as combination therapy in clinical practice, we introduced an interaction term in our outcome model between anti-TNFs and thiopurines exposure in order to obtain unbiased estimates for each drug classes. [START_REF] Lusivika-Nzinga | Performance of the marginal structural cox model for estimating individual and joined effects of treatments given in combination[END_REF] We additionally assessed the impact of combination therapy on the risk of acute arterial events. Combination therapy was defined as concomitant exposure to anti-TNFs and thiopurines. Details of the applied statistical method is provided in the supplementary appendix.

The main analysis was restricted to patients with a confirmed diagnosis of IBD.

Additional analyses included subgroup analyses stratified on IBD phenotype, sex, and age (18-54 years, 55 years, or older). Several other sensitivity analyses were performed to test the robustness of our results. First, we performed sensitivity analyses restricted to incident cases of IBD, excluding patients only exposed to enteral budesonide and with a single hospital discharge diagnosis of IBD, or including patients with a non-confirmed IBD diagnosis. Second, we excluded all treatment sequences starting before cohort entry, to assess the impact of prevalent users.

The study was approved by the French Data Protection Agency. All data were obtained from anonymized patient records. The statistical analyses were performed with SAS (version 9.4) statistical software (SAS Institute, Cary, NC, USA).

RESULTS

Characteristics of the cohort

Among the 232,722 individuals aged 18 years or older identified with IBD before 2014, 177,827 were included in the main analysis (Figure 1). During follow-up, 120,983 (68.0%) had never been exposed to thiopurines or anti-TNFs, while 43,881 (24.7%) and 26,447 (14.9%) had ever been exposed to thiopurines and anti-TNFs, respectively, accounting for 103,735 and 66,057 person-years (PY) of follow-up. Combination therapy was prescribed in 2405 (4.2%) patients during follow-up, with a median duration of 5.0 months, (IQR: 2.3-11.1).

Overall, the were a slight predominance of female IBD patients (54.0%) with a mean age of 46.2 (SD, 16.3) years at cohort entry. An equal proportion of patients had a diagnosis of CD (50.7%) and UC (49.3%). Incident cases accounted for 16% of the cohort, while 55.6% had an IBD diagnosis for less than 10 years. IBD-related complications occurred, preceding cohort entry, in 16.5% of patients. These characteristics differed according to subsequent treatment exposure during follow-up (Table 1). Patients unexposed to thiopurines and anti-TNFs had a mean age of 49 years and the majority had longstanding uncomplicated UC. Those exposed to thiopurines or anti-TNFs were mostly younger than 40 years and recently diagnosed with CD and had high rates of IBD-related hospitalization or surgery at cohort entry.

Risk of acute arterial events according to treatment exposure

Overall, 4145 acute arterial events occurred, 2155 (52.0%) ischemic heart diseases, 1326 (32.0%) cerebrovascular diseases, and 664 (16.0%) peripheral artery diseases.

Patients with an acute arterial event during follow-up were predominantly males (64.1%) and diagnosed with UC (55.1%), with a mean age of 62.3 years (SD, 14.0) at the first occurrence of an acute arterial event. The prevalence of traditional cardiovascular risk factors was as expected higher among acute arterial event cases compared to patients without an acute arterial event during follow-up (Supplementary Table 3).

Incidence rates per 1000 PY were 5.4 for all acute arterial event, 2.8 for ischemic heart disease, 1.7 for cerebrovascular disease, and 0.9 for peripheral artery disease. Among patients younger than 55 years, incidence rates of all acute arterial events were 2.2 per 1000 PY. Incidence rates increased expectedly with age, with 13.4 acute arterial events per 1000 PY in patients aged 55 years, or older. Incidence rates according to treatment exposure are provided in Table 2.

Exposures to anti-TNFs (hazard ratio [HR], 0.79; 95% CI 0.66-0.95) but not to thiopurines (HR, 0.93; 95% CI 0.82-1.05) was associated with a decreased risk of acute arterial event compared to no thiopurines and anti-TNFs exposure. Among specific arterial disease groups, the hazard ratio was below 0.90 for all subgroups in patients exposed to anti-TNFs, but did not reached statistical significance (Table 3).

Exposure to combination therapy was not associated with a decreased risk of acute arterial events compared to no thiopurines or anti-TNFs exposure (hazard ratio [HR], 0.95; 95% CI 0.55-1.65).

The magnitude in risk reduction was higher in men exposed to anti-TNFs compared to women exposed to anti-TNFs, and higher in patients with CD as compared with patients with UC in all treatment exposure groups (Figure 2). Among patients with CD, exposure to thiopurines was numerically associated with a decreased risk of an acute arterial event, but not reaching statistical significance (HR, 0.84; 95% CI 0.70-1.01).

The highest magnitude in risk reduction was observed in men with CD exposed to anti-TNFs (HR, 0.54; 95% CI 0.40-0.72).

In sensitivity analyses results remained unchanged after exclusion of patients only exposed to enteral budesonide and with a single hospital discharge diagnosis of IBD, inclusion of patients with a non-confirmed IBD diagnosis or exclusion of treatment sequences starting before cohort entry. Corresponding HRs were similar in magnitude when the analysis was restricted to incident patients (Supplementary Table 4).

DISCUSSION

Our nationwide cohort study of 177,827 patients with IBD suggest that exposure to anti-TNFs is associated with a decreased risk of acute arterial events, while exposure to thiopurines was not associated with a decreased risk of acute arterial events. The most pronounced risk reduction was observed in men with CD exposed to anti-TNFs, exceeding 40%.

To our knowledge, this study is the first nationwide population-based cohort study assessing the risk of acute arterial events associated with thiopurines and anti-TNFs exposure in patients with IBD. Indeed, conventional synthetic disease-modifying antirheumatic drugs (DMARDs), as well as biologics, such as anti-TNFs, have been associated with a decreased risk of acute arterial events in patients with RA. A recent meta-analysis reported a 30% decreased risk of ischemic heart disease and cerebrovascular disease in patients with either RA, psoriasis or psoriasis arthritis exposed to the two treatment regimens compared to unexposed patients. [START_REF] Roubille | The effects of tumour necrosis factor inhibitors, methotrexate, non-steroidal anti-inflammatory drugs and corticosteroids on cardiovascular events in rheumatoid arthritis, psoriasis and psoriatic arthritis: a systematic review and meta-analysis[END_REF] The underlying mechanisms of the risk reduction associated with immunosuppressive treatment in RA and IBD may be related to shared pathogenic processes, with chronic inflammation leading to development of atherosclerosis in both diseases. Accordingly, disease activity, characterized by systemic inflammation, [START_REF] Henriksen | C-reactive protein: a predictive factor and marker of inflammation in inflammatory bowel disease. Results from a prospective population-based study[END_REF] is associated with an increased risk of acute arterial events both in patients with RA [START_REF] Arts | The effect of disease duration and disease activity on the risk of cardiovascular disease in rheumatoid arthritis patients[END_REF][START_REF] Myasoedova | The role of rheumatoid arthritis (RA) flare and cumulative burden of RA severity in the risk of cardiovascular disease[END_REF] and IBD, [2] and atherosclerosis is now defined as a chronic inflammatory condition of the vessel wall.

Recent findings suggest that the inflammatory response in atherosclerosis involves elements of both innate and adaptive immunity. [3] Additionally, several studies concluded that C-reactive protein (CRP) levels predict ischemic heart disease, cerebrovascular disease, and cardiovascular death after adjustment for traditional cardiovascular risk factors. [START_REF] Ridker | C-reactive protein and the prediction of cardiovascular events among those at intermediate risk: moving an inflammatory hypothesis toward consensus[END_REF] We observed differences in risk reduction by treatment with, respectively, thiopurines and anti-TNFs, which may be explained by a higher proportion of patients obtaining clinical and mucosal healing with anti-TNFs. [START_REF] Colombel | Infliximab, azathioprine, or combination therapy for Crohn's disease[END_REF] Mucosal healing is known to be associated with lower CRP levels and sustained clinical remission. [START_REF] Neurath | Mucosal healing in inflammatory bowel diseases: a systematic review[END_REF] However, we cannot exclude an effect of thiopurines per se, as risk reductions were at the limits of statistical significance, hence suggesting that the observed protective effect could be related to the reduction of systemic inflammation irrespective of the treatment regimen.

The median duration of combination therapy was below 6 months in our cohort.

Assessing the impact of a relatively short treatment exposure on an outcome such as acute arterial events may be questionable, since atherosclerosis leading to this outcome is a slow progressive condition. Thus, we assessed thiopurine and anti-TNF class effects by taking into account the use in combination. [START_REF] Lusivika-Nzinga | Performance of the marginal structural cox model for estimating individual and joined effects of treatments given in combination[END_REF] Differences in risk across IBD phenotype, sex and age categories may be related to the different distributions of systemic inflammation and traditional cardiovascular risk factors across these groups. We have previously shown that IBD patients, independent of disease activity, are more likely than the general population to have increased inflammation levels, while traditional cardiovascular risk factors are not altered. [START_REF] Aarestrup | Cardiovascular risk profile among patients with inflammatory bowel disease: a population-based study of >100,000 individuals[END_REF] Patients with CD are at increased risk of acute arterial events compared to UC patients, and patients with CD are more prone to a higher degree of systemic inflammation compared to UC patients, amongst others evidenced by higher level CRP production [START_REF] Henriksen | C-reactive protein: a predictive factor and marker of inflammation in inflammatory bowel disease. Results from a prospective population-based study[END_REF][START_REF] Fagan | Serum levels of C-reactive protein in Crohn's disease and ulcerative colitis[END_REF] and serum concentration of interleukin-6. [START_REF] Gross | Evidence for continuous stimulation of interleukin-6 production in Crohn's disease[END_REF] Hyperhomocysteinemia and low vitamin B6 plasma level, [START_REF] Oussalah | Meta-analysis: hyperhomocysteinaemia in inflammatory bowel diseases[END_REF][START_REF] Saibeni | Low Vitamin B6 Plasma Levels, a Risk Factor for Thrombosis, in Inflammatory Bowel Disease: Role of Inflammation and Correlation With Acute Phase Reactants[END_REF] related to malabsorption in CD patients, and polymorphisms in NOD2/CARD15 [START_REF] Galluzzo | Association between NOD2/CARD15 polymorphisms and coronary artery disease: a case-control study[END_REF][START_REF] Hugot | Mapping of a susceptibility locus for Crohn's disease on chromosome 16[END_REF] may also be involved in the pathogenesis of atherosclerosis in patients with CD. Regarding age, exposure to anti-TNFs was associated with a decreased risk of acute arterial events in patients aged between 18-54 years but not in patients aged 55 years or older.

Differences in risk across age categories may be related to the different distributions of traditional cardiovascular risk factors. Indeed, traditional cardiovascular risk factors in older patients may also potentially outweigh the risk related to systemic inflammation owing to IBD. The impact of anti-TNFs was predominantly observed in men. There are very few data on the impact of sex on disease activity in IBD. Several recent studies reported differences of disease activity across sex, with a more severe disease course in male patients. [START_REF] Severs | Sex-Related Differences in Patients With Inflammatory Bowel Disease: Results of 2 Prospective Cohort Studies[END_REF][START_REF] Auzolle | Male gender, active smoking and previous intestinal resection are risk factors of post-operative endoscopic recurrence in Crohn's disease: results from a prospective cohort study[END_REF] These findings suggest that sex may affect the risk of acute arterial events owing to IBD and hence the potential protective effect of anti-TNFs.

Further studies are required to assess the impact of sex on IBD disease course. The highest risk reduction associated with anti-TNFs was observed in the population with the highest absolute risk of acute arterial event, namely men and CD patients, while differences in risk reduction across sex were predominantly observed in patients exposed to anti-TNFs. These findings may highlight the specific impact of anti-TNFs by reversing preexisting atherosclerosis, as suggested in several studies. [START_REF] Tam | Can suppression of inflammation by anti-TNF prevent progression of subclinical atherosclerosis in inflammatory arthritis?[END_REF] This study has several strengths. Using nationwide register-based data on the entire French population provided a large sample size allowing for sufficient power to perform comprehensive and multiple subgroups analyses on the risk of acute arterial events.

Additionally, several studies have found the reliability, validity, and accuracy of medical coding in the French administrative database for various diseases to be good. [START_REF] Couris | Breast cancer incidence using administrative data: correction with sensitivity and specificity[END_REF][START_REF] Chantry | Hospital discharge data can be used for monitoring procedures and intensive care related to severe maternal morbidity[END_REF][START_REF] Uhry | Cancer incidence estimation at a district level without a national registry: a validation study for 24 cancer sites using French health insurance and registry data[END_REF][START_REF] Lorgis | Outcomes After Acute Myocardial Infarction in HIV-Infected Patients Analysis of Data From a French Nationwide Hospital Medical Information Database[END_REF][START_REF] Sahli | Positive predictive values of selected hospital discharge diagnoses to identify infections responsible for hospitalization in the French national hospital database[END_REF] The identification of acute arterial events in the present study was similar as in a previous study, based on the same inpatient database, reporting an increased risk of acute arterial events in patients with IBD compared to the general population. [2] We previously reported that disease activity was one of the strongest significant predictors of acute arterial events, [2] while corticosteroids exposure has also been associated with an increased risk of acute arterial events. [START_REF] Lewis | Increased Mortality Rates With Prolonged Corticosteroid Therapy When Compared With Antitumor Necrosis Factor-α-Directed Therapy for Inflammatory Bowel Disease[END_REF][START_REF] Ng | Glucocorticoid treatment and cardiovascular disease[END_REF] Disease activity and use of steroids may have an impact on treatment modification and occurrence of acute arterial events, whereas these time-varying covariates may also impact the future treatment assignment. Under the assumption of no unmeasured confounders, we used therefore marginal structural Cox proportional hazard models to account for time dependent confounding in treatment assignment.

This study also has some limitations that need to be discussed. Environmental factors are not accurately reported in the French administrative databases. Rates of tobacco smoking may therefore be underestimated. [START_REF] Seksik | Effects of light smoking consumption on the clinical course of Crohn's disease[END_REF] Yet, tobacco smoking is a cardiovascular risk factor and smoking reduces the risk of UC occurrence, while increasing the risk of CD occurrence. [START_REF] Cosnes | Effects of cigarette smoking on the longterm course of Crohn's disease[END_REF][START_REF] Cosnes | Smoking cessation and the course of Crohn's disease: An intervention study[END_REF][START_REF] Beaugerie | Impact of cessation of smoking on the course of ulcerative colitis[END_REF] Furthermore, tobacco smoking increased disease activity in patients with CD, [START_REF] To | Systematic review with meta-analysis: the adverse effects of tobacco smoking on the natural history of Crohn's disease[END_REF] and patients treated with thiopurines and anti-TNFs are more prone to be smokers compared to patients not exposed to these drugs. [START_REF] Seksik | Effects of light smoking consumption on the clinical course of Crohn's disease[END_REF] A potential bias related to an underestimation of tobacco smoking may tend to underestimate the risk reduction of acute arterial event associated with anti-TNFs, suggesting that such a bias, if any, did not alter the association between immunosuppressive treatment and the protective effect observed.

So far, there has been no validation study of the ICD-10 codes related to IBD in the French administrative health databases. However, a descriptive study on the same cohort [START_REF] Kirchgesner | Therapeutic management of inflammatory bowel disease in real-life practice in the current era of anti-TNF agents: analysis of the French administrative health databases 2009-2014[END_REF] reported treatment exposure, hospitalization, and surgery rates similar to current standard of care, as well as incidence rates in the range of those reported in the literature. [START_REF] Molodecky | Increasing Incidence and Prevalence of the Inflammatory Bowel Diseases With Time, Based on Systematic Review[END_REF] Data were only available until December 2014 for this study, according to the approval of the French Data Protection Authority. The most recent biological therapies, such as vedolizumab and ustekinumab, were not considered in the study as their marketing authorizations for IBD were obtained in November 2014 and 2016, respectively.

Finally, the present findings combined with the previous observations on risk of acute arterial events in patients with IBD (as compared to the general population) [2] underscores the fact that the magnitude of risk associated with IBD and the impact of treatment should be stratified according to key parameters, such as age, sex, and IBD subtype, in order to be useful for clinical decision-making.

In conclusion, this nationwide population-based cohort study including more than 170 000 patients diagnosed with IBD reported a decreased risk of acute arterial events associated with exposure to anti-TNFs, while risk reductions associated with thiopurines were at the limits of statistical significance. Notably, this risk reduction was highest in men with CD treated with anti-TNFs. Prevention of acute arterial events should be considered in the benefit-risk balance assessment of thiopurines and anti-TNFs in patients with IBD. 
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Table 1 . Patients characteristics at cohort entry according to subsequent treatment exposure during follow-up a

 1 

	Characteristics	Unexposed to thiopurines or anti-TNFs (n=120 983)	Exposed to thiopurines (n=43 881)	Exposed to anti-TNFs (n=26 447)	Total (n=177 827)
	Age at cohort inclusion, y, mean (SD)	49.0 (16.4)	40.3 (14.6)	38.1 (13.6)	46.2 (16.3)
	Male sex, n (%)	55 612 (46.0) 20 114 (46.4) 11 796 (44.8) 81 716 (46.0)
	Complementary universal health insurance, n (%) b	9783 (8.1)	5071 (11.6)	3521 (13.3) 16 428 (9.2)
	Inflammatory bowel disease subtype, n (%)				
	Crohn's disease	51 876 (42.9) 28 368 (64.6) 19 616 (74.2) 90 205 (50.7)
	Ulcerative colitis	69 107 (57.1) 15 513 (35.4) 6831 (25.8) 87 622 (49.3)
	Age at IBD diagnosis, y, mean (SD)	41.6 (16.3)	34.0 (14.1)	31.9 (13.4)	39.1 (16.1)
	Disease duration at cohort entry, n (%)				
	≥ 10 years	36 851 (30.5)	10209 (23.3) 5889 (22.3) 50 447 (28.4)
	0-10 years	65 465 (54.1) 25 463 (58.0) 15 732 (59.5) 98 840 (55.6)
	Incident patients	18 667 (15.4)	8209 (18.7)	4826 (18.2) 28 540 (16.0)
	Inflammatory bowel disease assessment, n (%) c				
	Gastrointestinal endoscopy	30 755 (25.4) 14 992 (34.2) 9714 (36.7) 50 065 (28.2)
	Imaging studies	9469 (7.8)	6144 (14.0)	4887 (18.5) 17 862 (10.0)
	Inflammatory bowel disease drugs, n (%) c				
	Corticosteroids	2875 (2.4)	1381 (3.1)	917 (3.5)	4684 (2.6)
	Methotrexate	1232 (1.0)	236 (0.5)	1192 (4.5)	2495 (1.4)
	Aminosalicylates	39 637 (32.8) 11 874 (27.1) 5999 (22.7) 54 200 (30.5)
	Complications related to IBD before cohort entry, n (%)				
	Surgery related to IBD	4913 (4.1)	3884 (8.9)	3460 (13.1)	10607 (6.0)
	Hospitalization related to IBD >24h	11 608 (9.6)	10 625 (24.2) 8929 (33.8) 26 896 (15.1)
	Comorbidities, n (%)				
	Chronic pulmonary disease	2099 (1.7)	471 (1.1)	313 (1.2)	2767 (1.6)
	Chronic kidney disease	738 (0.6)	245 (0.6)	165 (0.6)	1098 (0.6)
	Cirrhosis	601 (0.5)	188 (0.4)	188 (0.7)	922 (0.5)
	Rheumatic disease	3371 (2.8)	1268 (2.9)	3065 (11.6)	7087 (4.0)
	HIV	288 (0.2)	46 (0.1)	27 (0.1)	349 (0.2)
	Cancer	7350 (6.1)	1395 (3.2)	1084 (4.1)	9437 (5.3)
	Serious infections	4512 (3.7)	1934 (4.4)	1650 (6.2)	7373 (4.1)
	Venous thromboembolism	1163 (1.0)	433 (1.0)	323 (1.2)	1783 (1.0)
	Atherosclerosis	760 (0.6)	120 (0.3)	68 (0.3)	922 (0.5)
	Cardiovascular risk factors, n (%)				
	Hypertension	22 596 (18.7)	4585 (10.4)	2469 (9.3) 28 667 (16.1)
	Diabetes	6165 (5.1)	1371 (3.1)	729 (2.8)	7957 (4.5)
	Dyslipidemia	13 334 (11.0)	2741 (6.2)	1349 (5.1)	16 837 (9.5)
	Obesity	1535 (1.3)	505 (1.2)	404 (1.5)	2275 (1.3)
	Smoking behavior	3603 (3.0)	1941 (4.4)	1570 (5.9)	6411 (3.6)
	Alcohol use disorder	1185 (1.0)	319 (0.7)	243 (0.9)	1653 (0.9)
	Exposure to Antiplatelet Drugs, n (%) c	3566 (2.9)	593 (1.4)	263 (1.0)	4312 (2.4)

a Patients exposed to more than one exposure group during follow-up were considered in each corresponding group. b Free access to healthcare for people with an annual income <50% of poverty threshold. c As registered within three months before cohort entry (except for corticosteroids [within one month] and inflammatory bowel disease assessment [within one year]). Abbreviation: SD; Standard deviation.

Table 2 . Incidence of acute arterial events according to medication exposure Total 773 405 PY

 2 

	Unexposed to thiopurines or anti-TNFs 613 697 PY	Exposed to thiopurines 103 735 PY	Exposed to anti-TNFs 66 057 PY

Table 3 . Multivariable adjusted hazard ratios for acute arterial event according to medication exposure between exposed and unexposed patients a Exposed to thiopurines versus unexposed to thiopurines or anti-TNFs Exposed to anti-TNFs versus unexposed to thiopurines or

 3 Abbreviation: HR, hazard ratio. a For the predictors the multivariable model adjusted for, see the Covariates subsection of the Methods section.

	anti-TNFs
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SUPPLEMENTAL MATERIAL Supplementary table 1: Codes used to define exclusion criteria and covariates

Serious infections A00-A99 (except A30, A50, A57-A59, A63-A64, A70-74, A97); B00-B99 (except B03-B04, B07, B16, B18-B19, B20-B24, B85-B94, B98) ; G01-G07 (except G03) ;H00-H01, H03.0-H03.1; H06.1; H10.5; H10.8; H13.1; H19.1-H19.2; J01-J06, J10-J18, J20-J22, J36; J39.0-J39.1, J85-J86; K11. 

Supplemental appendix: Methods

Under the assumption of no unmeasured confounders, we used marginal structural models to estimate causal effects of thiopurines and anti-TNFs on the risk of acute arterial events. [1] These models, adjusted for time-dependent covariates with inverse probability treatment weights, are appropriate in the presence of time-dependent covariates (such as exposure to corticosteroids and IBD disease activity) that might be associated with both prescription of thiopurines or anti-TNFs and outcomes (timedependent confounders) and could also be affected by past exposure to thiopurines and anti-TNFs.

The conditional probability of receiving observed treatment was estimated using binomial logistic regression. [2] Covariates included were the baseline and time-dependent covariates (listed in Supplementary Table 1) and past treatment history.

Weights from the exposure selection model were calculated as follows: the numerator was the probability of receiving the treatment actually received after treatment modification conditional on baseline covariates and past treatment history. The denominator was the predicted probability of receiving the treatment actually received after treatment modification conditional on baseline covariates, past treatment history and time-varying covariates.

To adjust for potential selection bias from loss to follow-up, we similarly modeled the propensity to be censored. Binary logistic regression was used for the censoring model. Weights from the censoring model were calculated as follows: the numerator was the probability of being censored conditional on baseline covariates and past treatment history. The denominator was the predicted probability of being censored conditional on baseline covariates, past treatment history and time-varying covariates. The stabilized weights were the product of the weights from the exposure selection and the censoring models, updated at each time interval. After calculation, the weights were truncated at 1st and 99 th percentiles to minimize the impact of extreme weights and improve precision. [3,4] After truncation at the 1 st percentile (0.50) and 99 th percentile (6.61), mean (SD) of the weights were 1.10 (0.75). There was no tendency for the mean to deviate from 1 after a long period of follow-up.

The outcome model was adjusted for baseline covariates. An interaction term between anti-TNFs and thiopurines exposure was introduced in the outcome model. [2] Robust variance estimators were used to estimate conservative 95% confidence intervals.