
Digestive and Liver Disease 56 (2024) 1270–1280 

Contents lists available at ScienceDirect 

Digestive and Liver Disease 

journal homepage: www.elsevier.com/locate/dld 

Position Paper 

Preventing and managing cardiovascular events in patients with 

inflammatory bowel diseases treated with small-molecule drugs, an 

international Delphi consensus 

Pablo A. Olivera 

a , b , Axel Dignass c , Marla C. Dubinsky 

d , Giovanni Peretto 

e , f , Paulo G. Kotze 

g , 
Iris Dotan 

h , i , Taku Kobayashi j , Subrata Ghosh 

k , Fernando Magro 

l , Jose Rocha Faria-Neto 

m , 
Britta Siegmund 

n , Silvio Danese 

o , Laurent Peyrin-Biroulet p , q , r , s , t , u , ∗

a IBD Unit, Gastroenterology Section, Department of Internal Medicine, Centro de Educación Médica e Investigación Clínica (CEMIC), Buenos Aires, Argentina 
b Zane Cohen Centre for Digestive Diseases, Lunenfeld-Tanenbaum Research Institute, Sinai Health System, Toronto, Ontario, Canada 
c Department of Medicine I, Agaplesion Markus Hospital, Goethe-University, Frankfurt Am Main, Germany 
d The Dr. Henry D. Janowitz Division of Gastroenterology, Icahn School of Medicine at Mount Sinai, New York, New York, USA 
e Myocarditis Disease Unit, Department of Cardiac Electrophysiology and Arrhythmology, IRCCS San Raffaele Scientific Institute, Milan, Italy 
f School of Medicine, Vita-Salute San Raffaele University, Milan, Italy 
g IBD outpatient clinics, Colorectal Surgery Unit, Pontifícia Universidade Católica do Paraná (PUCPR), Curitiba, Brazil 
h Sackler Faculty of Medicine, Tel Aviv University, Israel 
i Division of Gastroenterology, Rabin Medical Center, Petah Tikva, Israel 
j Center for Advanced IBD Research and Treatment, Kitasato University Kitasato Institute Hospital, Tokyo, Japan 
k APC Microbiome Ireland, College of Medicine and Health, University College Cork, Cork, Ireland 
l CINTESIS@RISE, Faculty of Medicine, University of Porto, 4200-450 Porto, Portugal 
m School of Medicine, Pontifícia Universidade Católica do Paraná (PUCPR), Curitiba, Brazil 
n Division of Gastroenterology, Infectiology and Rheumatology, Charité - Universitätsmedizin Berlin, corporate member of Freie Universität Berlin and 

Humboldt-Universität zu Berlin, Berlin, Germany 
o Gastroenterology and Endoscopy, IRCCS Ospedale San Raffaele and University Vita-Salute San Raffaele, Milano, Italy 
p Department of Gastroenterology, Nancy University Hospital, F-54500 Vandœuvre-lès-Nancy, France 
q INSERM, NGERE, University of Lorraine, F-540 0 0 Nancy, France 
r INFINY Institute, Nancy University Hospital, F-54500 Vandœuvre-lès-Nancy, France 
s FHU-CURE, Nancy University Hospital, F-54500 Vandœuvre-lès-Nancy, France 
t Groupe Hospitalier Privé Ambroise Paré - Hartmann, Paris IBD center, 92200 Neuilly sur Seine, France 
u Division of Gastroenterology and Hepatology, McGill University Health Centre, Montreal, Quebec, Canada 

a r t i c l e i n f o 

Article history: 

Received 11 November 2023 

Accepted 17 March 2024 

Available online 6 April 2024 

Keywords: 

Cardiovascular events 

Inflammatory bowel disease 

Prevention 

Small molecule drugs 

a b s t r a c t 

Janus kinase (JAK) inhibitors and sphingosine 1 phosphate (S1P) receptor modulators are small molecule 

drugs (SMDs) approved for IBD treatment. Their use in clinical practice might be limited due to car- 

diovascular concerns. We aimed to provide guidance on risk assessment, monitoring, and management 

strategies, aiming to minimize potential cardiovascular risks of SMDs and to facilitate an adequate shared 

decision-making. 

A systematic literature search was conducted, and proposed statements were prepared. A virtual con- 

sensus meeting was held, in which eleven IBD physicians and two cardiovascular specialists from ten 

countries attended. Proposed statements were voted upon in an anonymous manner. Agreement was de- 

fined as at least 75 % of participants voting as ‘agree’ with each statement. 

Consensus was reached for eighteen statements. Available evidence does not show a higher risk of 

cardiovascular events with JAK inhibitors in the overall IBD population, although it might be increased 

in patients with an unfavorable cardiovascular profile. S1P receptor modulators may be associated with a 
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risk of bradycardia, atrioventric  

done before initiation of SMDs.  

appears to be low overall, cauti

© 2024 The Author(s). Publ  
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. Introduction 

Crohn’s disease (CD) and ulcerative colitis (UC) are the two pri- 

ary forms of inflammatory bowel diseases (IBD), which are char- 

cterized by periods of flare and remission and could lead to bowel 

issue damage and complications [ 1 , 2 ]. 

The current therapeutic armamentarium in IBD includes con- 

entional therapies such as corticosteroids, immunomodulators, 

nd aminosalicylates, as well as advanced therapies like biologic 

gents and targeted small molecule drugs (SMDs) [3] . Biologic 

gents have been the cornerstone of the treatment paradigm of 

oderate-to-severe IBD over the past two decades. However, due 

o certain inherent limitations of biologics (such as moderate ef- 

ectiveness, potential immunogenicity, and the need for parenteral 

dministration), recent drug research and development in IBD have 

ocused on SMDs [4] . Janus kinase (JAK) inhibitors and sphingo- 

ine 1 phosphate (S1P) receptor modulators are classes of SMDs 

hat have been approved by the Food and Drug Administration 

FDA) and/or the European Medicines Agency (EMA) for IBD treat- 

ent [ 5 , 6 ]. Despite their potential benefits, JAK inhibitors and S1P 

odulators may be associated with cardiovascular safety concerns, 

hich may limit their use in clinical practice. 

Evidence from rheumatoid arthritis literature suggests that the 

AK inhibitor tofacitinib may increase the risk of major adverse 

ardiovascular events (MACE), particularly in patients with pre- 

xisting cardiovascular risk factors, as well as venous thromboem- 

olic events (VTE), infections, and malignancy [ 7 , 8 ]. In response, 

he FDA included a boxed warning on tofacitinib and other JAK 

nhibitors, such as upadacitinib and baricitinib, and limited their 

se in cases of history of failure or intolerance to anti-tumor 

ecrosis factor (TNF) inhibitors [ 9 , 10 ]. The EMA has also recently

ssued guidelines to reduce the risk of serious adverse events 

ssociated with the use of JAK inhibitors in immune-mediated 

nflammatory diseases (IMIDs) [11] . Moreover, S1P modulators 

ave been associated with cardiovascular events in clinical trials, 

specially cardiac conduction abnormalities and bradyarrhythmia 

12] . 

As a result, patients and gastroenterologists might be reluc- 

ant to use SMDs in patients with IBD, given cardiovascular safety 

oncerns. In the current landscape of ever-expanding treatment 

ptions, the process of shared decision-making in IBD has be- 

ome more relevant than ever [13] . A fundamental premise of a 

hared decision-making process is to aid physicians in conveying 

vidence-based information in a manner that patients can readily 

omprehend and engage them in treatment decisions, thereby fa- 

ilitating a decision that aligns with their preferences [14] . Hence, 

here is a need to develop strategies to mitigate cardiovascular 

isks and ensure the safe use of SMDs in IBD while allowing 

n adequate physician-patient interaction around the decision to 

se these therapies. To address this issue, an international group 

f experts in IBD and cardiology convened to develop practical 

osition statements for preventing and managing cardiovascular 

vents in patients with IBD treated with SMDs. These consen- 

us statements provide clinicians with guidance, aiming to min- 

mize the potential cardiovascular risks in patients treated with 

MDs. 
1271
ular blocks, and hypertension. Cardiovascular risk stratification should be

 Although the risk of cardiovascular events in patients with IBD on SMDs

on should still be taken in certain scenarios. 

ished by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l.

This is an open access article under the CC BY-NC-ND license

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

. Materials and methods 

A systematic literature search was conducted to identify stud- 

es assessing the risk of cardiovascular events with the use of JAK 

nhibitors and S1P receptor modulators in patients with IBD. Pub- 

ished studies without language restrictions were identified using 

EDLINE, Embase, and Cochrane CENTRAL from inception until 

ecember 20, 2022. Major congresses databases (European Crohn’s 

nd Colitis Organization, Digestive Disease Week, and United Euro- 

ean Gastroenterology Week) in the period 2012–2022 were also 

eviewed manually. Search strategies are provided in Supplemen- 

ary Table 1. Results from the literature search were recently pub- 

ished. Proposed statements were prepared prior to the meeting 

y two authors (PAO and LPB) based on the systematic literature 

earch results (Supplementary Table 2). 

On January 25th, 2023, a virtual consensus meeting was held 

o define the cardiovascular risk in patients with IBD treated with 

MDs and to give recommendations regarding management and 

itigation strategies. 

Eleven physicians with expertise in the field of IBD (PAO, AD, 

CD, PGK, ID, TK, SG, FM, BS, SD, LPB) and two cardiovascular 

pecialists (PG, JRFN) from ten countries worldwide (Argentina, 

razil, France, Germany, Ireland, Israel, Italy, Japan, Portugal, and 

he United States) attended the meeting. 

During the meeting, the literature review results were pre- 

ented, followed by the presentation of the proposed statements. 

ach proposed statement was voted upon anonymously. An agree- 

ent was defined as at least 75 % of participants voting as ‘agree’ 

ith each proposed statement. If a 75 % agreement was not 

chieved, further discussion ensued, which might have included 

mendment of voting statements when required, followed by a 

econd round of voting using the same approach as before if the 

tatement remained controversial. If an agreement could not be 

eached after two rounds of voting, then the statement was ex- 

luded. For each statement, the level of evidence was graded ac- 

ording to the Oxford Centre for Evidence-based Medicine 2011 

 Table 1 ) [15] . 

. Results 

1. JAK inhibitors are associated with mild increases in to- 

tal cholesterol, high-density lipoprotein cholesterol (HDL-C), 

and low-density lipoprotein cholesterol (LDL-C), with the 

LDL-C to HDL-C ratio usually stable. These lipid changes are 

reversible with statin treatment. (Level of Evidence: 1. Agree- 

ment: 100 %) . 

Treatment with tofacitinib has been associated with lipid pro- 

le abnormalities in both IBD and other IMIDs [16–20] , with simi- 

ar effects observed with other JAK inhibitors such as upadacitinib 

 21 , 22 ]. A pooled analysis of the tofacitinib programme in UC eval-

ated lipid profile changes in 1157 patients exposed to tofacitinib 

20] . Following an 8-week induction period, patients receiving a 

wice-daily dose of tofacitinib 10 mg demonstrated significant in- 

reases in total cholesterol, HDL-C, and LDL-C levels, which were 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 

Accepted statements. 

# Statement Level of evidence Agreement 

1 JAK inhibitors are associated with mild increases in total cholesterol, high-density lipoprotein 

cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C), with the LDL-C to HDL-C ratio 

usually stable. These lipid changes are reversible with statin treatment. 

Level of Evidence: 1 100 % 

2 Available evidence from the overall IBD population does not indicate a higher risk of cardiovascular 

events with JAK inhibitors. 

Level of Evidence: 3 100 % 

3 The role of isoform selectivity of JAK inhibitors in the cardiovascular safety profile in IBD is unclear. Level of Evidence: 5 100 % 

4 Cardiovascular risk factors and previous history of atherosclerotic cardiovascular events influence the 

risk of cardiovascular events in patients with IBD exposed to JAK inhibitors. 

Level of Evidence: 3 100 % 

5 The potential risk of cardiovascular events associated with JAK inhibitors should be weighed versus that 

of uncontrolled inflammation. 

Level of Evidence: 5 100 % 

6 S1P receptor modulators may be associated with a dose-dependent, transient risk of bradycardia and 

atrioventricular blocks. 

Level of Evidence: 1 100 % 

7 S1P receptor modulators may be associated with new-onset hypertension. Level of Evidence: 1 92 % 

8 Screening of cardiovascular risk factors and risk stratification should be done in all patients with IBD. Level of Evidence: 5 79 % 

9 Screening of cardiovascular risk factors and risk stratification should be done before initiation of JAK 

inhibitors or S1P receptor modulators. 

Level of Evidence: 5 100 % 

10 Management of cardiovascular risk factors should follow recommendations used in the general 

population in collaboration with cardiologists and primary care physicians. 

Level of Evidence: 5 100 % 

11 Counselling and education regarding cardiovascular risk should be done in patients with IBD. Healthy 

lifestyle modifications should be encouraged. 

Level of Evidence: 5 100 % 

12 In patients with IBD with history of atherosclerotic cardiovascular disease or at a significant risk, 

treatment with JAK inhibitors should be considered if there are no suitable therapeutic alternatives. 

Level of Evidence: 5 100 % 

13 When starting a JAK inhibitor, the lipid profile (including total cholesterol, LDL-C, HDL-C, and 

triglycerides) should be measured at baseline, after induction, and routinely every 6 months. 

Management of dyslipidaemia should follow current guidelines. 

Level of Evidence: 5 82 % 

14 During the maintenance phase, the lowest effective dose to maintain remission with JAK inhibitors 

should be aimed. The higher maintenance dose should be avoided in patients with IBD and known 

cardiovascular risk factors. 

Level of Evidence: 5 92 % 

15 When considering treatment with an S1P receptor modulator, concomitant medications and symptoms 

suggestive of cardiac conduction abnormalities should be reviewed. 

Level of Evidence: 5 90 % 

16 Holter monitoring should be considered in patients with IBD and a history of symptoms suggestive of 

cardiac conduction abnormalities when treatment with an S1P receptor modulator is considered. 

Level of Evidence: 5 83 % 

17 A cardiology consultation should be considered before starting an S1P receptor modulator in patients 

with IBD and risk factors for cardiac conduction abnormalities or uncontrolled hypertension. 

Level of Evidence: 5 77 % 

18 Blood pressure of patients with IBD treated with an S1P receptor modulator should be routinely 

checked. 

Level of Evidence: 5 100 % 
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nversely correlated with C-reactive protein levels. In the mainte- 

ance phase, patients receiving tofacitinib 5 or 10 mg twice daily 

lso showed elevated total cholesterol, HDL-C, and LDL-C levels 

ompared to placebo, with generally higher levels observed in the 

ofacitinib 10 mg group versus the 5 mg group. Throughout the 

aintenance phase, lipid levels remained relatively stable with to- 

acitinib compared to placebo and tended to return to baseline lev- 

ls observed during induction. These findings suggest that changes 

n lipid profiles are dose-dependent and reversible [20] . Also, the 

atios of LDL-C to HDL-C and total cholesterol to HDL-C did not 

xhibit significant changes. 

SMDs have the potential for drug-drug interactions [4] , which 

ould be problematic with the concomitant use of lipid-lowering 

edications, such as statins [23] . Notwithstanding, JAK inhibitors 

ave been shown to have no clinically relevant effect on the phar- 

acokinetics of commonly used statins, such as rosuvastatin and 

torvastatin [ 24 , 25 ]. 

Importantly, a previous randomized controlled trial (RCT) con- 

ucted on patients with rheumatoid arthritis revealed that the 

ipid elevation observed in individuals receiving tofacitinib could 

e effectively attenuated with atorvastatin treatment [26] . 

2. Available evidence from the overall IBD population does not 

indicate a higher risk of cardiovascular events with JAK in- 

hibitors. (Level of Evidence: 3. Agreement: 100 %) . 

In clinical trials of JAK inhibitors in IBD, overall case reports 

f cardiovascular events are limited [27] . The most extensive ev- 

dence comes from studies of tofacitinib, where data are available 

rom long-term extension studies and pooled analyses of trials. The 

ost recent pooled safety analysis from the tofacitinib develop- 
1272
ent programme included 1157 patients with UC who received at 

east one dose of tofacitinib and were followed for up to 7.8 yrs, 

ith a total exposure of 2999.7 patient-years [28] . The majority of 

atients (955/1157; 82.5 %) received a predominant dose of tofac- 

tinib 10 mg twice daily. Multivariable analysis revealed that ad- 

anced age was a risk factor for MACE [28] . The incidence rate (IR)

f MACE across all doses of tofacitinib in the overall population 

as 0.29 (95 % CI 0.13–0.55), a rate comparable to that observed 

ith the use of anti-TNF agents in patients with UC (IR 0.51, 95 % 

I 0.31–0.79) [29] . 

Newer JAK inhibitors, such as upadacitinib and filgotinib, have 

een tested in induction and maintenance trials for IBD with a 

romising safety profile. However, due to the low incidence of car- 

iovascular events in the IBD population and the limited duration 

f these trials, it is important to gather more data from long-term 

xtension studies and real-world registries to gain a full under- 

tanding of the cardiovascular safety profile of these compounds. 

he phase 3 program for upadacitinib in UC included two induc- 

ion 8-week trials and one 52-week maintenance trial [30] . No 

ases of MACE were reported in the induction trials. In the main- 

enance trial, one patient who was receiving placebo experienced 

cute myocardial infarction but none in the upadacitinib arms [30] . 

n the phase 3 programme of upadacitinib in CD, only one car- 

iovascular event was reported during the 12-week induction trial 

n a patient who received placebo. However, there were no cases 

f cardiovascular events in the upadacitinib arm. Furthermore, no 

ases of cardiovascular events were reported during the 52-week 

aintenance trial [31] . 

In the phase 2b/3 development programme of filgotinib in UC, 

here was only one case of a cerebrovascular event in a patient 
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eceiving placebo in one of the two 11-week induction trials. In the 

aintenance study, there was one transient ischemic attack event 

n a patient receiving filgotinib 200 twice daily, and there was one 

eath due to left ventricular heart failure in a patient older than 

5 yrs of age [32] . 

Moreover, previous systematic reviews and meta-analyses of 

linical trials have not identified a significantly increased risk of 

ACE between JAK inhibitors and placebo or active comparators 

n IBD and other IMIDs [ 33 , 34 ]. 

Many observational studies have been conducted to evaluate 

he safety of tofacitinib in real-world settings [35–45] . However, 

ost of these studies have small sample sizes and short follow-up 

eriods, with the majority of these studies reporting no cases of 

ACE [46] . 

3. The role of isoform selectivity of JAK inhibitors in the car- 

diovascular safety profile in IBD is unclear. (Level of Evi- 

dence: 5. Agreement: 100 %). 

Several JAK inhibitors have been developed with different affini- 

ies to the four intracellular isoforms of JAKs: JAK1, JAK2, JAK3, 

nd tyrosine kinase 2 (TYK2) [47–50] . There are theoretical ad- 

antages to selectively targeting specific JAK isoforms: by selec- 

ively inhibiting specific isoforms, JAK inhibitors have the potential 

o modulate more precisely immune responses and inflammatory 

athways, thereby minimizing off-target effects and improving the 

verall risk-benefit ratio [ 51 , 52 ]. For example, selective targeting of 

AK1 may be beneficial in the treatment of IBD as it is primar- 

ly involved in pro-inflammatory cytokine signaling, which plays a 

ritical role in the pathogenesis of the disease. By selectively in- 

ibiting JAK1, it may be possible to dampen the excessive immune 

esponse while minimizing the impact on other isoforms involved 

n key physiological processes [53] . However, while isoform selec- 

ivity is promising, its impact on cardiovascular safety needs to be 

arefully assessed [54] , and to date, there is no evidence that se- 

ective JAK inhibitors are safer for the cardiovascular standpoint 

han non-selective inhibitors in IBD. Further long-term data with 

he use of selective JAK inhibitors, such as upadacitinib and filgo- 

inib, are necessary. 

4. Cardiovascular risk factors and previous history of 

atherosclerotic cardiovascular events influence the risk 

of cardiovascular events in patients with IBD exposed to JAK 

inhibitors. (Level of Evidence: 3. Agreement: 100 %). 

Although the number of cases of MACE in clinical trials of JAK 

nhibitors in IBD was low, they were consistently seen in patients 

ith pre-existing atherosclerotic cardiovascular disease or risk fac- 

ors [ 30 , 32 , 55–61 ]. In the tofacitinib programme in UC, there were

 total of nine cases of MACE, all of which occurred in patients 

ith at least one cardiovascular risk factor, such as older age, 

moking status, dyslipidemia, hypertension, diabetes mellitus, or 

besity [28] . 

A recent post-hoc analysis examined the risk of MACE in pa- 

ients treated with tofacitinib for UC based on their baseline car- 

iovascular risk [62] . The study used the pooled cohort equations 

ASCVD-PCE) for atherosclerotic cardiovascular disease to estimate 

0-year risk of the MACE, considering various factors such as age, 

ex, race, cholesterol levels, blood pressure, history of diabetes, hy- 

ertension treatment, and smoking status [ 63 , 64 ]. Out of 1157 pa-

ients, 4 % had a prior history of ACVD, while the majority (83 %) 

ad a low or borderline 10-year risk of MACE. Patients with a 

revious history of cardiovascular disease (IR 0.95; 95 % CI 0.02–

.27), intermediate (IR 1.54, 95 % CI 0.42–3.95), or high (IR 1.81, 

5 % CI 0.05–10.07) baseline cardiovascular risk as assessed by 

he ASCVD-PCE had significantly higher incidence rates of MACE, 

hereas those with low or borderline risk had almost negligible 

ncidence rates (IR 0 and 0.09, respectively) [62] . 
1273
5. The potential risk of cardiovascular events associated with 

JAK inhibitors should be weighed versus that of uncon- 

trolled inflammation. (Level of Evidence: 5. Agreement: 

100 %). 

Systemic inflammation is a well-recognized risk factor for 

therosclerotic cardiovascular events, even in the general popu- 

ation [65] . Moreover, inflammatory conditions such as rheuma- 

oid arthritis and IBD are associated with systemic inflammation, 

hich itself contributes to cardiovascular risk [ 66 , 67 ]. Indeed, pa- 

ients with IBD have a slightly higher risk of arterial thrombotic 

vents, even though traditional risk factors for ACVD are not over- 

epresented in the IBD population. Several studies have confirmed 

his increased risk [68–72] , and importantly, active disease may 

urther increase the likelihood of cardiovascular events, includ- 

ng myocardial infarction and stroke. A Danish cohort study found 

hat patients with IBD had an increased risk of myocardial infarc- 

ion, stroke, and cardiovascular death, which increased further dur- 

ng periods of disease activity [73] . Similarly, a French population- 

ased study reported a significant increase in the risk of acute ar- 

erial thrombotic events in patients with IBD compared with the 

eneral population. The risk was higher in patients with CD than 

n those with UC, although periods of active disease were indepen- 

ently associated with an increased risk of arterial events in both 

atient groups [74] . Another cohort study involving 31,175 patients 

ith IBD found an increased risk of myocardial infarction in pa- 

ients with acute or chronic disease activity [75] . Also, a nested 

ase-control study from France also found that diabetes and clin- 

cal disease activity were independently associated with acute ar- 

erial thrombotic events in patients with IBD [76] . These findings 

ighlight the importance of recognizing active inflammation as a 

otentially modifiable cardiovascular risk factor faced in patients 

ith IBD. In this context, when evaluating the risk-benefit profile 

f JAK inhibitors, it becomes crucial to weigh the potential cardio- 

ascular risks associated with these medications against the risks 

osed by uncontrolled inflammation and other factors ( Fig. 1 ). 

6. S1P receptor modulators may be associated with a dose- 

dependent, transient risk of bradycardia and atrioventricular 

blocks. (Level of Evidence: 1. Agreement: 100 %). 

Sinus bradycardia, characterized by a slow heart rate ( < 60 

eats per minute), has been reported as an adverse event asso- 

iated with S1P receptor modulators [12] . This effect is more pro- 

ounced shortly after the initiation of treatment, particularly with 

he first dose, and tends to normalize over time [77] . Monitoring 

f heart rate before and after initiation of therapy is essential, es- 

ecially during the titration phase. In addition to bradycardia, S1P 

eceptor modulators have also been associated with atrioventric- 

lar (AV) block [78] . AV block is characterized by impaired con- 

uction between the atria and ventricles, resulting in a delay or 

omplete block of electrical signals [79] . Similar to sinus bradycar- 

ia, AV block is more likely to occur within the first few hours of 

reatment initiation, warranting close monitoring during this pe- 

iod. Most AV blocks associated with S1P receptor modulators are 

f first- and second-degree types, with complete heart blocks be- 

ng rare. 

Ozanimod, a selective S1P1 and S1P5 modulator, demonstrated 

ome cases of cardiac conduction abnormalities in phase 2 and 

hase 3 RCTs for UC [ 80 , 81 ]. In a phase 2 trial, a single pa-

ient in the 0.5 mg group experienced asymptomatic first-degree 

V block and sinus bradycardia. However, no second- or third- 

egree AV blocks were observed [80] . Similarly, in a phase 3 RCT 

f 796 ozanimod-exposed patients, five cases of bradycardia were 

eported during the induction period, but none occurred during 

he maintenance period [81] . The mean decrease in heart rate af- 

er the first dose was marginal and returned to baseline within 



P.A. Olivera, A. Dignass, M.C. Dubinsky et al. Digestive and Liver Disease 56 (2024) 1270–1280

Fig. 1. Balancing potential benefits and cardiovascular risks when considering prescribing small molecule drugs (SMDs) in inflammatory bowel disease. CVD: cardiovascular 

disease. ACVD: atherosclerotic cardiovascular disease. IMIDs: immune-mediated inflammatory diseases. EIMs: extraintestinal manifestations. Created with BioRender.com. 
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ix hours. Pooled data from phase 3 RCTs suggested a low risk of 

radycardia with ozanimod, primarily during the induction period 

82] . Long-term data from the TOUCHSTONE extension study re- 

orted no cases of bradycardia or AV block in patients receiving 

 mg ozanimod daily for 44 weeks [83] . 

Etrasimod, a selective S1P1, S1P4, and S1P5 receptor modulator, 

howed some cardiovascular effects in the phase 2 OASIS study in 

C [84] . Among patients receiving etrasimod, one patient experi- 

nced second-degree AV block, and two patients experienced first- 

egree AV block, all of which were detected prior to exposure to 

trasimod. During the open-label extension study, no patients dis- 

ontinued treatment due to cardiac conduction abnormalities, and 

nly one patient experienced a decrease in heart rate [85] . 

In phase 3 trials (ELEVATE UC 52 and ELEVATE UC 12) involv- 

ng etrasimod in UC, a total of nine bradycardia events were ob- 

erved, all occurring in patients receiving etrasimod [86] . Most of 

hese events were reported on day 1 of treatment, and none were 

eported after day 2. The majority of events were asymptomatic 

nd resolved without intervention. Three events of AV block were 

lso reported, all of which were non-serious, asymptomatic, and 

esolved spontaneously. Baseline characteristics did not appear to 

e associated with the development of bradycardia or AV block 

87] . Long-term follow-up data from the ongoing 5-year open-label 

xtension study will provide further insight into the cardiovascular 

afety profile of etrasimod. 

Of note, cases of delayed AV blocks requiring pacemaker im- 

lantation have been described with the use of fingolimod in mul- 

iple sclerosis [88] , but to the best of our knowledge, none with 

zanimod or etrasimod. 

7. S1P receptor modulators may be associated with new-onset 

hypertension. (Level of Evidence: 1. Agreement: 92 %). 

New-onset hypertension, including cases of hypertensive crisis, 

as been reported as a potential adverse effect associated with S1P 
1274
eceptor modulators in multiple sclerosis and IBD [ 81 , 83 , 86 , 89 ].

he mechanism by which S1P receptor modulators may contribute 

o new-onset hypertension is not fully understood, as some studies 

ave suggested an anti-hypertensive effect of S1P [90] . However, it 

s thought to involve the modulation of S1P receptors in vascu- 

ar smooth muscle cells and T-cell mobilization, leading to vaso- 

onstriction and increased peripheral resistance [91–93] . Also, con- 

umption of foods high in tyramine (i.e., more than 150 mg) should 

e avoided, as ozanimod has been associated with increased sen- 

itivity to tyramine, which may lead to the development of hyper- 

ension [ 94 , 95 ]. 

A systematic review and meta-analysis included 17 RCTs in 

ultiple sclerosis (12 for fingolimod; 3 for ozanimod; 2 for sipon- 

mod) involving 13,295 patients, demonstrated a 2-fold higher risk 

f hypertension with the use of S1P receptor modulators in mul- 

iple sclerosis (RR 2.00, 95 %CI 1.49–2.67). In a subgroup analysis 

f studies with ozanimod, the association remained significant (RR 

.76, 95 %CI 1.10–2.82) [89] . 

In the TRUE NORTH phase 3 trial of ozanimod for UC, 1.6 % 

13 out of 796) of patients in the ozanimod group experienced hy- 

ertension during the induction phase, compared to none in the 

lacebo group. In the maintenance phase, 1.7 % (4 out of 230) 

f the ozanimod group had hypertension, compared to 1.6 % (3 

ut of 227) in the placebo group. One patient in the ozanimod 

roup experienced a hypertensive crisis on the first day of induc- 

ion, while one patient in the ozanimod group and one in the 

lacebo group experienced hypertensive crises during the mainte- 

ance phase [81] . In the open-label extension study of the TOUCH- 

TONE phase 2 trial, 5.9 % (10 out of 170) of patients receiv- 

ng ozanimod reported hypertension, which was the second most 

ommon adverse event after UC worsening [83] . A study con- 

ucted by Cohen et al. evaluated the effects of ozanimod in 30 

atients (27 with UC) in a real-world setting. After 26 weeks of 

reatment, one patient adherent to a low tyramine diet experi- 
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nced a hypertensive crisis, which led to the discontinuation of 

herapy [96] . 

In the ELEVATE UC 12 study, one patient out of 116 in the 

lacebo arm (0.9 %) experienced hypertension compared to three 

atients out of 239 (1.3 %) in the etrasimod arm. In the ELEVATE 

C 52 study, 1 out of 144 patients (0.7 %) who received placebo ex- 

erienced hypertension, compared to 8 out of 289 patients (2.8 %). 

owever, none of these events led to an interruption or discontin- 

ation of the studies [86] . 

8. Screening of cardiovascular risk factors and risk stratifica- 

tion should be done in all patients with IBD. (Level of Evi- 

dence: 5. Agreement: 79 %). 

As the overall IBD population ages, cardiovascular disease has 

ecome a significant comorbidity in individuals with IBD [ 27 , 97–

9 ]. Proactive assessment of cardiovascular risk factors and risk 

tratification in this population has become necessary due to the 

rowing recognition of the association between IBD and cardiovas- 

ular disease [100] . Several studies have linked IBD and cardiovas- 

ular disease, with chronic inflammation being an important driv- 

ng factor (statement 5) [ 68 , 69 , 71 , 73–76 , 101 ]. 

Patients with IBD may have classic cardiovascular risk factors 

uch as smoking, diabetes, dyslipidemia, obesity, and a sedentary 

ifestyle, although these are not often overrepresented compared 

ith the general population [ 70 , 102 , 103 ]. These factors may act

ynergistically to further increase the risk of cardiovascular events, 

ogether with the chronic inflammatory state that characterizes 

BD. Additionally, drugs used to treat IBD may further increase car- 

iovascular risk even higher [ 27 , 100 ]. In particular, corticosteroids 

ave been associated with increased risk due to changes in lipid 

rofiles and glucose metabolism [104–108] . 

Implementing regular screening for cardiovascular risk factors 

t age-appropriate levels is crucial and should be assessed in col- 

aboration with primary care physicians. This includes assessment 

f body mass index, fasting glucose levels, lipid profiles, and blood 

ressure. Evaluation of smoking habits and family history of car- 

iovascular disease is important. By incorporating these screenings 

nto routine clinical care, the risk of cardiovascular events can be 

educed through early detection and prompt referral to a cardio- 

ascular specialist for appropriate intervention. 

A key component of ASCVD prevention is the identification of 

ndividuals who will benefit most from risk factor therapy. In that 

egard, the risk of cardiovascular disease risk in apparently healthy, 

symptomatic individuals can be estimated using various mod- 

ls, including the American College of Cardiology/American Heart 

ssociation (ACC/AHA) Pooled Cohort Equations CV Risk Calcu- 

ator [ 63 , 64 ], the European Society of Cardiology (ESC) Systemic 

oronary Risk Estimation (SCORE2) algorithm [ 109 , 110 ], or the 

ICE (National Institute for Health and Care Excellence) QRISK3 

alculator [ 111 , 112 ]. Also, the World Health Organisation devel- 

ped a validated model for cardiovascular disease risk prediction 

alibrated for various world regions, including low-income and 

iddle-income countries [113] . 

9. Screening of cardiovascular risk factors and risk stratifica- 

tion should be done before initiation of JAK inhibitors or 

S1P receptor modulators. (Level of Evidence: 5. Agreement: 

100 %). 

Given the potential cardiovascular effects of S1P receptor mod- 

lators and JAK inhibitors, screening for cardiovascular risk factors 

nd conducting risk stratification prior to initiating this class of 

edications in IBD patients is of particular importance. Risk strat- 

fication based on individual cardiovascular risk profiles allows for 

 personalized approach [27] . 

High-risk patients may require closer monitoring or an alter- 

ative treatment. Careful screening and risk stratification can help 
1275
hysicians optimize the risk-benefit profile of initiating JAK in- 

ibitors or S1P receptor modulators in IBD [114] . Other IBD-related 

actors to consider include a history of previous treatment failures, 

vailability of alternative treatment options, extraintestinal mani- 

estations, or concomitant IMIDs ( Fig. 1 ). 

0. Management of cardiovascular risk factors should follow 

recommendations used in the general population in collabo- 

ration with cardiologists and primary care physicians. (Level 

of Evidence: 5. Agreement: 100 %). 

In patients with IBD with established cardiovascular disease or 

nown risk factors, it is essential to establish appropriate man- 

gement strategies that include both lifestyle modifications and 

harmacological interventions to effectively reduce cardiovascu- 

ar events. The need for lifestyle modification or pharmacologi- 

al interventions, such as antihypertensive or lipid-lowering agents, 

hould be evaluated on the basis of each individual’s specific pro- 

le based on guidelines for the non-IBD population [115] . Collab- 

rative effort s among primary care physicians, cardiologists, and 

astroenterologists through a multidisciplinary approach are piv- 

tal components for achieving comprehensive management plans. 

1. Counselling and education regarding cardiovascular risk 

should be done in patients with IBD. Healthy lifestyle modi- 

fications should be encouraged. (Level of Evidence: 5. Agree- 

ment: 100 %). 

Promoting healthy lifestyle modifications is a crucial compo- 

ent of patient counseling and education. Patients with IBD can re- 

uce their cardiovascular risk profile by being encouraged to adopt 

nd maintain a healthy lifestyle. Key elements of lifestyle modifica- 

ion include encouraging regular physical activity, smoking cessa- 

ion, and adopting a balanced diet [115] . Healthy lifestyle changes 

ave also been associated with improvements in the overall qual- 

ty of life [116] . To enable patients to make informed choices about 

heir lifestyle choices and actively participate in the management 

f their cardiovascular health, counseling and education, are of 

aramount importance. 

2. In patients with IBD with a history of atherosclerotic cardio- 

vascular disease or at significant risk, treatment with JAK in- 

hibitors should be considered if there are no suitable thera- 

peutic alternatives. (Level of Evidence: 5. Agreement: 100 %). 

According to current labeling and regulatory recommendations, 

AK inhibitors should be avoided in the presence of established AS- 

VD or in patients at significant cardiovascular risk unless there 

re no suitable therapeutic alternatives [9–11] . JAK inhibitors have 

roven to be one of the most effective therapies in patients who 

lready failed other mechanisms of action [117–119] . Therefore, in 

iologic-experienced patients, especially those with a high inflam- 

atory burden, the benefits of JAK inhibitors may outweigh the 

isks even in the presence of cardiovascular risk factors ( Fig. 1 ). 

otwithstanding, the decision to treat patients with a less favor- 

ble cardiovascular profile with JAK inhibitors should be individu- 

lized by effectively communicating the potential risk in a shared 

ecision-making process [114] . 

Patients with established ASCVD are always considered at a 

ery high cardiovascular risk; for the other patients, there are sev- 

ral calculators available to estimate the risk of future cardiovas- 

ular events (statement 8). In most of these risk calculators, age is 

he main factor, meaning that male patients younger than 40 yrs of 

ge and female patients younger than 50 years are almost always 

t low risk, whereas those older than 65 yrs of age (75 yrs for 

omen) are almost invariably at high risk [109] . However, younger 

atients may have modifiable risk factors that significantly increase 

heir lifetime cardiovascular risk, and physicians should assess for 
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hese and the overall cardiovascular risk before prescribing JAK in- 

ibitors (statement 9). 

3. When starting a JAK inhibitor, the lipid profile (including 

total cholesterol, LDL-C, HDL-C, and triglycerides) should be 

measured at baseline, after induction, and routinely every 

6 months. Management of dyslipidemia should follow cur- 

rent guidelines. (Level of Evidence: 5. Agreement: 82 %). 

Tofacitinib and other JAK inhibitors have been associated with 

hanges in the lipid profile (statement 1). A reduction in choles- 

erol ester catabolism has been implicated in the increase in lipid 

evels [ 17 , 19 , 47 ]. The prescribing information for tofacitinib rec-

mmends that lipid concentrations should be monitored for 4–

 weeks after initiation of therapy. A prospective study analyzed 

he lipid profile after induction therapy with systemic therapies 

nd found that relative increases in total cholesterol, HDL-C, and 

DL-C were significant with prednisone ( + 26 %, + 31 %, + 12 %)

nd tofacitinib therapy ( + 20 %, + 25 %, + 26 %), but not with

ther drug classes [120] . These results have been seen in other 

eal-world cohorts and, along with data from clinical trials, sup- 

ort the notion of monitoring lipid abnormalities after induction. 

A pooled analysis of six phase 3 trials and two long-term ex- 

ension studies in rheumatoid arthritis found 52 cases of MACE in 

076 patients over 12,873 patient-years of exposure (incidence rate 

.4 per 100 patient-years). Interestingly, after 24 weeks of therapy, 

ncreased HDL-C, but not increased LDL-C or total cholesterol, ap- 

eared to be associated with a lower risk of future MACE after ad- 

ustment for age, baseline risk factors, and time-varying tofacitinib 

ose [18] . These results suggest that routine monitoring of the lipid 

rofile may be warranted, as variable lipid levels may affect the 

isk of future MACE. 

4. During the maintenance phase, the lowest effective dose to 

maintain remission with JAK inhibitors should be aimed. 

The higher maintenance dose should be avoided in patients 

with IBD and known cardiovascular risk factors. (Level of Ev- 

idence: 5. Agreement: 92 %). 

Given the dose-dependent effect on the safety profile of JAK 

nhibitors, the lowest dose that is effective in maintaining remis- 

ion should be sought [27] . However, clinical trials and real-world 

ata suggest that a higher maintenance dose of JAK inhibitors may 

e required in certain scenarios (e.g., previous failure of multiple 

ines of therapy, high inflammatory burden). In patients with es- 

ablished cardiovascular disease or in those with an unfavorable 

ardiovascular risk profile, the highest maintenance dose of JAK in- 

ibitors (e.g., tofacitinib 10 mg twice daily or upadacitinib 30 mg 

aily) should be avoided if possible [114] . In patients with IBD at 

ncreased cardiovascular risk who are unable to maintain remission 

n the lower dose, the use of the higher dose should be considered 

ith extreme caution in patients without therapeutic alternatives 

nd under close cardiological monitoring. 

5. When considering treatment with an S1P receptor modula- 

tor, concomitant medications and symptoms suggestive of 

cardiac conduction abnormalities should be reviewed. (Level 

of Evidence: 5. Agreement: 90 %). 

When considering treatment with an S1P receptor modulator, it 

s important to review concomitant medications that could poten- 

ially interact with these drugs [27] . An active metabolite of ozani- 

od inhibits monoaminoxidase-B in vitro; hence, there is a poten- 

ial risk of serious adverse reactions, including hypertensive crisis, 

ith concomitant use of ozanimod with drugs that can increase 

orepinephrine or serotonin (e.g., opioid drugs, selective serotonin 

euptake inhibitors, selective norepinephrine reuptake inhibitors, 

ricyclic antidepressants) [121] . 
1276
Antiarrhythmic drugs are commonly prescribed to treat heart 

hythm disorders, and their concomitant use with S1P receptor 

odulators may lead to additive effects on cardiac conduction, 

aradoxically increasing the risk of arrhythmias and conduction 

isturbances [122] . 

Drugs that prolong the QT interval can predispose individuals 

o a specific type of polymorphic ventricular arrhythmia known as 

orsades de pointes [122] . Drugs that are known to prolong the QT 

nterval include antiarrhythmics, some antidepressants, antimicro- 

ials such as macrolide and fluoroquinolone antibiotics, and azole 

ntifungals [123] . When used concurrently with S1P receptor mod- 

lators, there is a possibility of additive QT prolongation, poten- 

ially increasing the risk of arrhythmias. 

Additionally, medications that reduce the heart rate should be 

eviewed. S1P receptor modulators have the potential to cause a 

ransient decrease in heart rate and should, therefore, be carefully 

onitored in combination with drugs with a negative chronotropic 

ffect (e.g., beta-blockers and calcium channel blockers) should be 

arefully monitored to avoid sinus bradycardia or AV blocks [121] . 

If S1P receptor modulators are being considered in patients re- 

uiring antiarrhythmics or medications that may prolong the QT 

nterval or reduce the heart rate, cardiac assessment is required 

efore initiation. 

6. Holter monitoring should be considered in patients with IBD 

and a history of symptoms suggestive of cardiac conduction 

abnormalities when treatment with an S1P receptor modu- 

lator is considered. (Level of Evidence: 5. Agreement: 83 %). 

According to the drug label, baseline electrocardiograms (ECGs) 

hould be performed routinely in patients initiating S1P recep- 

or modulators to identify asymptomatic cardiac conduction abnor- 

alities, such as atrioventricular block [121] . Holter ECG monitor- 

ng with 24-hour or longer recording should be considered in con- 

unction with a thorough cardiovascular assessment by a general 

ractitioner or cardiologist, depending on local practice and avail- 

bility, in patients with symptoms suggestive of cardiac arrhythmia 

r conduction abnormalities (e.g., syncope, dizziness, palpitations) 

nd in patients with known or suspected risk factors for such con- 

itions [ 124 , 125 ]. 

7. A cardiology consultation should be considered before start- 

ing an S1P receptor modulator in patients with IBD and risk 

factors for cardiac conduction abnormalities or uncontrolled 

hypertension. (Level of Evidence: 5. Agreement: 77 %). 

Clinicians should exercise caution when prescribing S1P recep- 

or modulators to patients with known pre-existing cardiac con- 

uction disorders (e.g., AV block, sick sinus syndrome, or sinoatrial 

eart block) or risk factors for these, such as a history of cardiovas- 

ular disease (e.g., ischemic heart disease, cardiomyopathy, cardiac 

rrest, cardiac surgery, surgical/percutaneous treatment of valvular 

isease), increasing age, QT prolongation, or uncontrolled hyper- 

ension [27] . These individuals may be at higher risk of developing 

inus bradycardia or AV block. Close monitoring of cardiac function 

nd careful evaluation of the risk-benefit ratio are essential in such 

ases. 

8. Blood pressure of patients with IBD treated with an S1P re- 

ceptor modulator should be routinely checked. (Level of Ev- 

idence: 5. Agreement: 100 %). 

S1P receptor modulators have been associated with cardio- 

ascular effects, including new-onset hypertension (statement 7). 

egular blood pressure monitoring allows for early detection and 

imely intervention to prevent complications [126] . It helps to 

dentify patients who may be more prone to developing hyper- 

ension or experiencing abnormal blood pressure changes [127] . 

s S1P receptor modulators are often prescribed for the long-term 
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anagement of IBD, routine blood pressure monitoring provides 

aluable information on the ongoing effects of the medication. 

Given the potential effects of ozanimod on tyramine sensitivity 

nd hypertension, a low tyramine diet should be advised during 

zanimod treatment. If hypertension develops, it should be treated 

ccording to current guidelines [121] . 

. Conclusions and future directions 

While JAK inhibitors and S1P receptor modulators have been 

hown to be effective in IBD, some clinicians may be cautious 

bout prescribing them because of the perceived cardiovascular 

isk profiles associated with these drugs. 

Patients, too, may be reluctant about medications carrying 

oxed warnings. However, it is crucial to recognize that individ- 

al patients assess risks and benefits differently, and their treat- 

ent preferences are influenced by a unique set of factors that 

eigh what is more important to them [128] . Physicians tend 

o underestimate the risks patients are willing to accept in or- 

er to achieve better disease control and avoid complications 

129] , especially when a dedicated shared decision-making pro- 

ess is implemented [130] . Therefore, every therapeutic decision 

n every clinical scenario in IBD should take these factors into 

onsideration. 

Evidence of these risks has largely been extrapolated from other 

MIDs, such as the ORAL surveillance study in rheumatoid arthri- 

is or the use of fingolimod in multiple sclerosis [ 7 , 89 ]. Although

he overall risk of MACE and cardiac conduction abnormalities in 

atients with IBD appears to be low overall, caution is warranted 

n certain clinical scenarios. The aim of this consensus is to pro- 

ide practical advice, based on the available evidence, to help clin- 

cians minimize the cardiovascular risk of SMDs while communi- 

ating information to patients in a way that enables adequate in- 

ormed decisions. Specific management of established cardiovascu- 

ar disease and risk factors is outside the scope of this consensus, 

nd gastroenterologists should consult primary care physicians and 

ardiovascular specialists for support in these cases. Although the 

urrent evidence is reassuring, additional long-term extension tri- 

ls of newer compounds, such as selective JAK1 inhibitors and real- 

orld observational studies, are still needed to fully understand 

he safety profile of these drugs. 
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