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Background: Nonalcoholic fatty liver disease (NAFLD) is strongly associated with cardiovascular disease in the general population. Both
conditions seem more frequent in patients with inflammatory bowel disease (IBD). We aimed to assess the effect of NAFLD and liver fibrosis
on intermediate—high cardiovascular risk in IBD.

Methods: \We prospectively included IBD patients undergoing a routine screening program for NAFLD by transient elastography (TE) with
associated controlled attenuation parameter (CAP). NAFLD and significant liver fibrosis were defined as CAP >275 dB m~' and liver stiffness
measurement by TE >8 kPa, respectively. Cardiovascular risk was assessed with the atherosclerotic cardiovascular disease (ASCVD) risk esti-
mator and categorized as low if <6%, borderline if 5%-74%, intermediate if 75%-19.9%, and high if >20% or if previous cardiovascular event.
Predictors of intermediate—high cardiovascular risk were investigated by multivariable logistic regression analysis.

Results: Of 405 patients with IBD included, 278 (68.6%), 23 (5.7%), 47 (11.6%), and 57 (14.1%) were categorized as at low, borderline, inter
mediate, and high ASCVD risk, respectively. NAFLD and significant liver fibrosis were found in 129 (31.9%) and 35 (8.6 %) patients, respectively.
After adjusting for disease activity, significant liver fibrosis and body mass index, predictors of intermediate—high ASCVD risk were NAFLD
(adjusted odds ratio [aOR] 2.97, 95% Cl, 1.56-5.68), IBD duration (aOR 1.55 per 10 years, 95% Cl, 1.22-1.97), and ulcerative colitis (aOR 2.32,
95% Cl, 1.35-3.98).

Conclusions: Assessment of cardiovascular risk should be targeted in IBD patients with NAFLD, particularly if they have longer IBD duration
and ulcerative colitis.

Lay Summary

Nonalcoholic fatty liver disease (NAFLD) is strongly correlated with cardiovascular disease and both conditions are more frequent in inflamma-
tory bowel disease (IBD) patients. This study found an association of NAFLD with cardiovascular risk, particularly if patients have longer IBD
duration and ulcerative colitis.
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Introduction methotrexate use, prior surgery, and longer duration of IBD.3
This increased prevalence may be due to a more complex
pathogenesis linking IBD with NAFLD, including chronic in-
flammation, gut dysbiosis, and long-term use of medications.*

NAFLD and its comorbid conditions extend beyond the
liver. It is a multisystem clinical disease based on a chronic
inflammatory milieu resulting in a wide range of extrahepatic
manifestations, notably cardiovascular disease (CVD) which
is the leading cause of mortality in this patient population.**
Classical CVD risk factors, such as hypertension, dyslipidemia,
insulin resistance, and central obesity, are encapsulated by
the metabolic syndrome but there is growing evidence that
NAFLD may confer an additional risk of CVD. NAFLD is
associated with higher risk of cardiovascular events and mor-
tality independent of features of metabolic syndrome.” The

Nonalcoholic fatty liver disease (NAFLD) encompasses a
spectrum of liver pathologies ranging from benign hepatic
steatosis to nonalcoholic steatohepatitis (NASH).! NAFLD
is the most prevalent liver disease in North America and
predicted to become the leading cause for liver transplanta-
tion in coming years.? This increasing burden is driven by
the upward trajectories of obesity and type 2 diabetes at a
global level. Indeed, classical risk factors for NAFLD include
the metabolic conditions encompassed into the definition
of metabolic syndrome, such as insulin resistance, obesity,
and dyslipidemia.' NAFLD seems more frequent in patients
with inflammatory bowel diseases (IBD). A recent meta-
analysis found an overall pooled prevalence at 27.5%, with
associated predictors being older age, metabolic risk factors,
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Key Messages

¢ Patients with IBD may have increased prevalence of
both NAFLD and cardiovascular disease.

e In 405 IBD patients, we investigated the association
between NAFLD, diagnosed with controlled attenu-
ation parameter by transient elastography, and the
cardiovascular risk assessed with the atherosclerotic
cardiovascular disease (ASCVD) risk estimator.

e IBD patients with NAFLD had higher proportion of
intermediate-high ASCVD risk (41.9%) compared
with those without NAFLD (18.1%).

® Despite their young age, IBD patients with NAFLD
have increased cardiovascular risk, particularly in
case of longer IBD duration and of ulcerative colitis.

correlation between NAFLD and CVD may be even more
peculiar in people with IBD because of IBD-specific factors
interfering in this complex interplay. Several studies showed
increased risk of cardiovascular complications, especially
during IBD relapses.® However, individuals with IBD present
with lower prevalence of classic CVD risk factors, like high
body mass index (BMI) or lipid disturbances, compared
to the general population. This paradox, also observed in
other chronic inflammatory diseases, is linked with the neg-
ative impact of global inflammation on endothelium and
thrombophilia. Endothelium plays a role in physiologic reg-
ulation of vascular tone, cell adhesion, migration, and resist-
ance to thrombosis and its dysfunction is associated with
increased risk of atherosclerosis development.®

We conducted a prospective cross-sectional study to eval-
uate the association between NAFLD with intermediate-high
cardiovascular risk in patients with IBD by employing tran-
sient elastography (TE) with controlled attenuation param-
eter (CAP) and serum biomarkers.

Patients and Methods

Study Design and Population

We performed a cohort study at the McGill University Health
Centre (MUHC) IBD Centre, which follows about 5000 ac-
tive adult patients. Consecutive adult patients with IBD
were approached and invited to participate in the study by
undergoing TE with CAP as part of a screening program for
liver disease, between October 2015 and December 2020.
Exclusion criteria were the following: (1) positivity for hepa-
titis C virus (HCV) antibody or hepatitis B virus (HBV) surface
antigen; (2) history of preexisting liver disease or new diag-
nosis at the baseline screening testing (auto-immune hepatitis,
primary biliary cholangitis, primary sclerosing cholangitis,
hemochromatosis, Wilson’s disease, and alpha-1 anti-trypsin);
(3) history of hepatocellular carcinoma, liver transplantation,
or decompensated liver disease (ascites, hepatorenal syn-
drome, spontaneous bacterial peritonitis, hepatic encephalop-
athy, and variceal hemorrhage); (4) hazardous alcohol intake,
as estimated by an Alcohol Use Disorders Identification Test
(AUDIT-C) score >7% (5) pregnancy at time of recruitment;
(6) failure or unreliable measurement of TE. The manuscript
was prepared according to the STROBE Statement checklist
of items. All patients provided written informed consent for

participation into the study. The Research Ethic Board of the
Research Institute of the MUHC approved the study (study
code 14-026-GEN 2015-1134), which was conducted ac-
cording to the Declaration of Helsinki.

Outcome Measures

The primary study outcome was to determine predictors of
cardiovascular risk, assessed using the atherosclerotic car-
diovascular disease (ASCVD) risk score estimator proposed
by the 2018 American College of Cardiology (ACC) and the
American Heart Association (AHA) guidelines.!® This tool
includes age, sex, race, lipid pattern, blood pressure, hyper-
tension, and diabetes treatment and smoking as risk factors.
According to ACC/AHA guidelines, the 10-year risk for CVD
was computed in patients aged between 40 and 75 years and
categorized as low (<5%), borderline (5%-7.4%), interme-
diate (7.5%-19.9%), and high (220%). Patients with pre-
vious clinical cardiovascular events were considered at high
risk. Clinical cardiovascular events were defined as prior my-
ocardial infarction, angina, stroke, or CVD equivalent, such
as peripheral arterial disease.

Noninvasive Diagnostic Tests for NAFLD and Liver
Fibrosis

Liver stiffness measurement (LSM) by TE examination was
performed on a 3-hour fasting patient by 1 experienced op-
erator (>500 examinations prior to this study). The standard
M probe was used initially in all patients. The XL probe was
performed in case of failure with M probe and if BMI was
230 kg m=. At least 10 validated measures and an interquar-
tile range (IQR) <30% of the median were required for the
examination to be considered valid.'»'> Any grade NAFLD
(>5% of hepatocytes) was defined as CAP >275 decibels
per meter (dB m™'), as per recent guidelines of the European
Association for the Study of the Liver.!® Significant liver fi-
brosis (stage 2F2 out of 4) was defined as LSM >8 kPa. We
also calculated a noninvasive marker of NASH, the Fibroscan-
aspartate aminotransferase (AST) score (FAST). As previously
described, an FAST >0.35 has 90% sensitivity and 50% speci-
ficity to diagnose NASH with elevated NAFLD Activity Score
(>4) and significant liver fibrosis (=F2).'* Finally, the simple
biomarkers fibrosis-4 score (FIB-4) and hepatic steatosis
index (HSI) were also computed, as previously described.'s-!

Clinical, Endoscopic, Radiologic, and Biological
Parameters

A complete evaluation of anthropometric, clinical, and bi-
ochemical data was performed at enrollment. Biological
parameters, collected at time of recruitment and within 3
months from TE examination, included: C-reactive pro-
tein (CRP), fecal calprotectin, platelets, bilirubin, AST, ala-
nine aminotransferase (ALT), gamma-glutamyl transferase
(GGT), alkaline phosphatase (ALP), albumin, total choles-
terol, low-density lipoprotein cholesterol (LDL), high-density
lipoprotein cholesterol (HDL), triglycerides, and glycosylated
hemoglobin (HbA1c). In addition, all patients were screened
for preexisting liver disease with a panel including: HBV and
HCV serologies, anti-nuclear antibody, anti-mitochondrial an-
tibody, anti-smooth muscle antibody, ferritin, ceruloplasmin,
and alpha-1 anti-trypsin. The partial Mayo score for ulcera-
tive colitis and the Harvey—Bradshaw Index for Crohn’s dis-
ease were used to stratify patients according to their disease
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activity. Active IBD was defined as partial Mayo score >2 for
ulcerative colitis and Harvey—Bradshaw Index >4 for Crohn’s
disease. Disease phenotype at diagnosis was classified ac-
cording to the Montreal classification system.'® The diag-
nosis of diabetes was based on treatment with antidiabetic
drugs or the International Diabetes Federation definition."”
The standard questionnaire AUDIT-C was employed to de-
fine any alcohol intake (AUDIT-C score >5) in each patient.
Abdominal ultrasound was performed by 3 experienced
radiologists at the Department of Radiology of the MUHC.
Hepatic steatosis was diagnosed by the radiologist on the
basis of characteristic imaging findings, namely, bright liver
pattern, liver—kidney contrast, vascular blurring, and deep he-
patic attenuation.?’

Statistical Analysis

We based our sample size calculation on the prevalence of in-
termediate~high ASCVD category in previous IBD studies.?'
We assumed the prevalence of intermediate-high ASCVD cat-
egory would be 18% and 31% in patients with and without
NAFLD, respectively (odds ratio 2.1). Given a desired preci-
sion of 5%, we calculated 370 patients would be required,
with 95% CI. We increased our target sample by 10% in order
to account for contingencies, such as failure of TE examina-
tion. Analyses were conducted comparing groups at lower
(low and borderline ASCVD risk categories) and higher (in-
termediate and high ASCVD risk categories) cardiovascular
risk. Univariate analysis was performed using Student’s #-test
for continuous variables and the chi-squared test for catego-
rical variables. A sensitivity analysis was used to investigate
the association between NAFLD and ASCVD also in younger
IBD patients, based on an age cutoff of 55 years. Predictors

of intermediate-high ASCVD were determined using adjusted
logistic regression analysis. Covariates were selected and in-
cluded a priori based on clinical relevance. Covariates used
to calculate the ASCVD risk score were excluded. Given the
biologic interrelation between NAFLD and liver fibrosis,
an interaction term was included in the logistic regression
models to consider the investigated relation with the out-
come no longer multiplicative. To establish which of the
models had the best goodness-of-fit measure, the corrected
Akaike information criteria (AIC) and the Bayesian informa-
tion criteria (BIC) were calculated and compared. A lower
AIC and/or BIC indicated a better fit. We reported results as
adjusted odds ratios (aORs) with 95% CI. A complete case
analysis was used for the multivariable models and the per-
centage of missing data was less than 10%, unless specified.
Kappa statistics was used to measure agreement between CAP
and abdominal ultrasound, available in 125 (31%) of the
study population. All tests were 2-tailed, with a significance
level of a = 0.05. Statistical analyses were performed using
STATA 17.0 (STATA Corp. LP)

Results

After applying exclusion criteria, 405 patients were included
into the study (Figure 1). The failure rate of TE examination
(9%) was in line with previous studies.?> The main reason for
failure of TE leading to exclusion was unreliable TE examina-
tion, including less than 10 validated measures obtained and/
or IQR >30%. The XL probe was used in 63 (15.6%) cases,
while the standard M probe was applied in the remaining
patients. Overall, 219 (54.1%) were female, mean age was
45.1 + 15.3 years, mean BMI was 25.8 + 5.0 kg m=2. Diabetes

587 patients with IBD

|

N )

Declined to participate
(n=115)

472 patients with IBD

R g

Pre-existing liver disease (n = 4) or
significant alcohol intake (n = 23)

445 patients with IBD

L=

Failure to perform TE examination
(n = 4) or unreliable
measurements (n = 36)

405 patients with IBD without
significant alcohol intake included

Figure 1. Flow chart displaying the selection of participants in the study cohort.
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and hypertension affected 29 (7.2%) and 55 (13.6 %) patients,
respectively. Distribution of IBD type was as follows: 278
(68.6%) had Crohn’s disease and 127 (31.4%) had ulcerative
colitis. 115 (28.4%) patients had active IBD and 95 (23.5%)
had history of IBD-related surgery. The most common treat-
ment regimens for IBD included anti-tumor necrosis factor
therapy (36.0%) and 5-aminosalicylic acid (30.0%). NAFLD
and significant liver fibrosis diagnosed by TE with CAP af-
fected 129 (31.9%) and 35 (8.6%) patients, respectively.
NASH with liver fibrosis diagnosed by FAST score was found
in 11 (2.7%) patients. The agreement between CAP and ultra-
sound in the subgroup of patients with available abdominal
imaging was 0.24 by kappa, corresponding to a fair agree-
ment (proportion of agreement: 64%).

ASCVD Risk Categories

Overall, 278 (68.6%), 23 (5.7%), 47 (11.6%), and 57
(14.1%) patients were categorized as at low, borderline, in-
termediate, and high ASCVD risk, respectively. Patients with
intermediate-high ASCVD risk category were older, more
likely to be male and smokers. They also had higher BMI,
were older at IBD diagnosis and had longer IBD duration.
Patients with intermediate—high ASCVD risk category were
more likely to be diabetic, hypertensive and to have Crohn’s
disease. They were also more likely to be on S-aminosalicylic
acid, methotrexate, and lipid-lowering drugs and less likely
to be on azathioprine/6-mercaptopurine. They had lower
platelets and HDL cholesterol and higher GGT, ALP, HbAlc,
and triglycerides. Finally, patients with intermediate-high
ASCVD risk category had higher noninvasive steatosis tests,
including CAP and HSI, and higher liver fibrosis tests, in-
cluding LSM and FIB-4 (Table 1). Patients with NAFLD and
with significant liver fibrosis diagnosed by TE with CAP had
higher proportion of intermediate~high ASCVD risk category
(Figure 2). ASCVD was increased also in IBD patients <55
years old with NAFLD (Figure 3). There was no significant
difference in disease phenotype by the Montreal classification
system according to the ASCVD category (Supplementary
Figure S1). Patients in the intermediate~high ASCVD risk cat-
egory had higher proportions of IBD diagnoses over the age
of 40, but this was due to the fact that the ASCVD risk score
estimator includes age in its formula.

Predictors of Intermediate-High ASCVD Risk
Category

Table 2 shows the results of multivariable analysis for
predictors of intermediate—high ASCVD risk category. After
adjusting for BMI, active IBD and significant liver fibrosis,
NAFLD (aOR 2.97, 95% CI, 1.56-5.68), longer IBD du-
ration (aOR 1.55 per 10 years, 95% CI, 1.22-1.97), and
ulcerative colitis (aOR 2.32, 95% CI, 1.35-3.98) were in-
dependently associated with intermediate~high ASCVD risk
category. Supplementary Table S1 reports the metabolic
and other cardiovascular-sensitive characteristics in patients
with ulcerative colitis compared with those with Crohn’s
disease. Overall, patients with ulcerative colitis had more
cardiovascular-sensitive conditions, including older age and
higher total and LDL cholesterol. They were also older at
IBD diagnosis and had longer IBD duration and higher fecal
calprotectin. Finally, patients with ulcerative colitis were less
likely to be smokers and had higher FIB-4 compared with
patients with Crohn’s disease.

Discussion

This prospective cross-sectional study of consecutive patients
with IBD undergoing a routine screening program for liver
disease showed that NAFLD diagnosed using TE with CAP
predicts increased cardiovascular risk, even after adjusting
for IBD-related factors and BMI. A potential deliverable of
our finding is the targeted cardiovascular assessment in IBD
patients with NAFLD. North America, and especially Canada
has among the highest prevalence of IBD worldwide, rend-
ering our findings particularly relevant.?

NAFLD affects one quarter of the general population
globally.! Patients with IBD are potentially at higher risk of
NAFLD due to intestinal disease-related conditions which
share physiopathologic features with NAFLD, such as
chronic relapsing inflammation and immune activation, po-
tentially hepatotoxic drugs, surgery, and parenteral nutri-
tion.*?* Alteration in gut microbiota has been associated with
disease severity in both IBD and NAFLD, thus acting as a po-
tential pathogenic link between the two diseases.**’ Estimates
of NAFLD prevalence among patients with IBD range widely,
between 6.2% and 40%.%1%2¢ Heterogeneity in study popu-
lation and design, and in diagnostic tools employed to de-
fine NAFLD may account for this discrepancy. In the present
prospective study employing a validated diagnostic tool for
NAFLD and associated liver fibrosis, that is TE with CAP, we
reported a prevalence of NAFLD and significant liver fibrosis
at 31.9% and 8.6%, respectively.

NAFLD is a multisystem disease causing several associated
conditions. Although liver-related complications are a signifi-
cant cause of mortality in NAFLD, CVD is the first cause of
mortality in these patients, accounting for at least 40% of
total deaths. NAFLD is a risk factor for CVD independent
of traditional risk factors, such as age, sex, obesity, hyperten-
sion, dyslipidemia, diabetes, and tobacco use.?” Because of the
strength of this association, guidelines from the American and
European Associations for the Study of the Liver recommend
cardiovascular risk stratification and prompt use of statins in
all patients with NAFLD.?»? The precise causal mechanisms
underlying the association between NAFLD and CVD are
incompletely understood, although it is postulated that the
drivers of NAFLD progression, including systemic inflam-
mation, dyslipidemia, and endothelial dysfunction, may also
underlie accelerated atherogenesis.?” Several studies employed
the ASCVD risk score to estimate the cardiovascular risk in
NAFLD. A large Korean cohort study found that NAFLD was
an independent factor for 27.5% estimated cardiovascular risk
and that the ASCVD risk score estimator may be appropriate
when assessing 10-year CVD risk among individuals with
NAFLD.* Golabi et al demonstrated that, among patients
with NAFLD, an ASCVD score >7.5% was associated with a
higher risk of overall and cardiac-specific mortality.’! To our
knowledge, there has been no study investigating the associa-
tion between cardiovascular risk (as assessed by ASCVD risk
score) and NAFLD in patients with IBD. Several studies sug-
gest that IBD may be at increased risk of CVD compared with
the general population. A recent study of 66 610 participants
(951 with IBD) from the US National Health Interview Survey
found an age-adjusted prevalence of ASCVD of 12% in patients
with IBD compared with 6.9% on those without IBD.?! A large
Canadian study of 35 985 IBD patients from our team found
that prevalence of myocardial infarction was higher in IBD
patients (3.98%) compared with the Canadian rates (2.0%).%?
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Table 1. Demographic, clinical, biochemical, histologic, and pharmacotherapeutic characteristics of the study population and univariable analysis by low—
borderline vs intermediate-high ASCVD risk score category (n = 405).

ASCVD risk categories

Intermediate-high (7 = 104) Low-borderline (1 = 301) P

Age (years) 64.1 (9.8) 39.8 (12.1) <.001
Male sex (%) 63 (60.6) 123 (40.9) .001
Ethnicity (%)

White/Caucasian 88 (84.6) 249 (82.7) 451

Black non-Hispanic 6(5.8) 15 (5.0)

Other 10 (9.6) 37 (12.3)
Any alcohol intake (%) 8(7.7) 23 (7.6) 220
Smoking ever (%) 75 (72.1) 104 (34.6) <001
Diabetes (%) 27 (26.0) 2(0.7) <.001
Hypertension (%) 41 (39.4) 14 (4.7) <.001
BMI (kg m2) 26.7 (4.9) 25.5 (5.0) .05
Ulcerative colitis (%) 42 (40.4) 85 (28.2) .021
Age at IBD diagnosis (years) 43.0 (15.2) 26.1 (11.4) <.001
IBD duration (years) 17.6 (11.5) 13.3 (10.0) .001
IBD duration (%)

<5 years 15 (17.9) 69 (82.1) .038

5-10 years 20 (21.1) 75 (79.0)

>10 years 69 (30.5) 157 (69.5)
Active IBD (%) 25 (24.0) 91 (30.2) 228
Prior surgery (%) 36 (34.6) 5 (31.6) 566
History of parenteral nutrition (%) 10 (9.6) 3(11.0) .700
History of coronary artery disease (%) 5(4.8) 0 <.001
Medications (%)

S-Aminosalicylic acid 40 (38 5) 2(27.2) .032

Steroids 9 (8. 6(12.0) 355

Azathioprine/6 MP 10 (9. ) 57 (18.9) .027

Anti-tumor necrosis factor 30 (28.8) 116 (38.5) 076

Methotrexate 10 (9.6) 3(1.0) <.001

Lipid-lowering regimen 9(27.9) 12 (4.0) <.001
Fecal calprotectin (pg g™') 402.0 (324.4) 363.0 (361.1) .700
Platelet count (10°/L) 243.1 (74 4) 271.3 (72.9) 002
AST (IU L) 19.3 (4. 19.7 (7.9) 729
ALT (IU L) 21.3 (10 2) 23.1(20.1) 417
GGT (IU L) 25.1 (12.1) 20.6 (15.7) 033
ALP (IULY) 70.9 (22.2) 62.9 (20.2) .003
Albumin (mg L") 4.14 (0. 38) 4.22 (0.39) 149
HbAlc (%) 3 (2. 1.0 (0.9) .042
Total cholesterol (mmol L) 4.61 (1. 17) 6.61 (1.09) 976
LDL cholesterol (mmol L") 2.38 (0.99) 2.48 (0.95) 464
HDL cholesterol (mmol L) 1.32 (0.37) 1.45 (0.39) .014
Triglycerides (mmol L) 2.03 (1.52) 1.57 (1.23) .008
CRP (mg L) 0 (4.8) 5.3 (11.4) 822
LSM (kPa) 7 (6.6) 4.9 (2.1) <.001
CAP (dB m") 673.3 (68.2) 225.8 (71.4) <001
FAST score 0.09 (0.08) 0.07 (0.06) 142
FIB-4 1.20 (0.47) 0.67 (0.32) <.001
HSI 36.6 (6.7) 34.7 (6.9) .04

Continuous variables are expressed as mean = SD and categorical variables as numbers (%). Any alcohol intake was defined as AUDIT-C >5. Active IBD
was defined as partial Mayo score >2 for ulcerative colitis and Harvey-Bradshaw Index >4 for Crohn’s disease. Normal values for CRP were <5 mg L-';
normal values for fecal calprotectin were <50 pg g'. The P values refer to t-test or > test between patients with the outcome (intermediate-high ASCVD)
and those without the outcome (low—borderline ASCVD). Fecal calprotectin was available in 177 cases. Abbreviations: 6 MP, 6-mercaptopurine; ALP,
alkaline phosphatase; ALT, alanine aminotransferase; ASCVD, atherosclerotic cardiovascular disease; AST, aspartate aminotransferase; BMI, body mass
index; CAP, controlled association parameter; CRP, C-reactive protein; FAST, Fibroscan-aspartate aminotransferase; FIB-4, fibrosis-4 score; GGT, gamma-
glutamyl transpeptidase; HDL, high-density lipoprotein; HSI, hepatic steatosis index; IBD, inflammatory bowel disease; IU, international unit; LDL, low-
density lipoprotein; LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease.
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Figure 2. Distribution of ASCVD risk categories in the whole study population by (A) NAFLD and (B) significant liver fibrosis status. Abbreviations:
ASCVD, atherosclerotic cardiovascular disease; NAFLD, nonalcoholic fatty liver disease.

A meta-analysis of 10 cohort studies found a moderately
increased risk of ischemic heart disease in IBD patients (relative
risk 1.24, 95% CI, 1.14-1.36).33 Another meta-analysis of 33
observational studies with 72 205 patients with IBD and 891
840 controls revealed an increased risk of thromboembolic
events in IBD compared with controls (relative risk 1.96).3%3
The pathogenesis underlying the link between IBD and CVD

is not understood. In the general population, the prevalence
of traditional ASCVD risk factors such as smoking, diabetes,
hypertension, and dyslipidemia correlates with a higher risk of
cardiovascular events, but IBD patients may be at higher CVD
risk despite lower rates of some of these risk factors.*® Current
concepts point at interplay among genetic susceptibility, ab-
normal mucosal immune response, defective epithelium, and
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Figure 3. Distribution of ASCVD risk categories in the whole study population by NAFLD status according to age category. Abbreviations: ASCVD,
atherosclerotic cardiovascular disease; NAFLD, nonalcoholic fatty liver disease.
Table 2. Multivariable analysis of predictors of intermediate—high cardiovascular risk in patients with I1BD.
Variable Unadjusted OR (95% CI) Adjusted OR (95% CI) P
NAFLD (yes vs no) 3.25 (2.04-5.18) 2.97 (1.56-5.68) .001
Liver fibrosis (yes vs no) 2.37 (1.16-4.82) 1.06 (0.25-4.595) 936
BMI (per kg m2) 1.04 (0.99-1.09) 1.00 (0.93-1.06) 875
Ulcerative colitis (yes vs no) 1.72 (1.08-2.74) 2.32 (1.35-3.98) .002
IBD duration (per 10 years) 1.45 (1.18-1.79) 1.55(1.22-1.97) <.001
Active IBD (yes vs no) 0.72 (0.42-1.23) 0.64 (0.35-1.17) 145
NAFLD x Fibrosis — 1.68 (0.27-10.32) 576

Odds ratios (OR) and 95% Cls are shown for each variable analyzed in univariable and multivariable logistic regression analysis. Abbreviations: BMI, body
mass index; IBD, inflammatory bowel disease; NAFLD, nonalcoholic fatty liver disease.

gut microbiome alterations.® Medications used to treat IBD
and target inflammation, such as steroids, may also accelerate
CVD by exacerbating ASCVD risk factors.’® These are the
same putative mechanisms linking IBD with NAFLD. In IBD,
low-grade systemic inflammation linking NAFLD with CVD
may be enhanced by the complex interrelationship among
diet, uncontrolled intestinal inflammatory process, genetics,
dysfunctional visceral adipose tissue, and pro-inflammatory
cytokines (interleukin 6, interleukin 1b, and tumor necrosis
factor alpha).” Moreover, the vascular endothelium dysfunc-
tion which characterizes both IBD and NAFLD also plays a
pivotal role in CVD.}

In our IBD study population, patients with NAFLD had
higher prevalence of intermediate—high ASCVD risk score
compared with those without NAFLD (41.9% vs 18.1%).
This finding was confirmed especially in patients <55 years
of age. Similarly, we found that patients with significant
liver fibrosis had higher prevalence of intermediate-high
ASCVD risk score compared with those without fibrosis
(42.9% vs 24.0%). This finding was corroborated by the

fact that also serum steatosis and fibrosis biomarkers (HSI
and FIB-4) were higher in patients with intermediate-high
ASCVD risk score. Conversely, we did not find an increase
in FAST score, a NASH biomarker, in patients with interme-
diate~high ASCVD risk score. This could be due to the fact
that the FAST score incorporates AST, which did not seem
to be linked to increased ASCVD. On multivariable analysis,
NAFLD diagnosed by CAP remained an independent pre-
dictor of intermediate-high ASCVD risk score. Significant
liver fibrosis, on the contrary, was not independently asso-
ciated with intermediate-high ASCVD score, likely because
the IBD population is a young one, so with less liver fibrosis
than other NAFLD populations. Duration of IBD was an-
other independent predictor of intermediate~high ASCVD,
likely due to the longer exposure to multiple factors un-
derlying an increased cardiovascular risk in these patients,
such as chronic systemic inflammation, abnormal mucosal
immune response, and gut dysbiosis. We also found that ul-
cerative colitis disease was a predictor of intermediate-high
ASCVD risk score. Patients with ulcerative colitis had more
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cardiovascular-sensitive conditions, including older age and
higher total and LDL cholesterol, which may explain our
findings. Indeed, previous reports described an increased
cardiovascular risk in both ulcerative colitis and Crohn’s
disease, without specific differentiation between these IBD
subtypes.3® These findings suggest that, with advancing age,
the traditional risk factors become predictors of CVD even
in IBD patients. Along the same lines, a higher proportion
of patients in intermediate~high ASCVD risk category were
already on statins/lipid lower drugs in our study population.

Our study has several strengths, namely its prospective de-
sign with a well-characterized population. Moreover, we em-
ployed a validated and accurate diagnostic tool, namely TE
with CAP in consecutive IBD patients and paired our findings
with serum biomarkers. We wish to acknowledge some limi-
tations of our study. First, the 10-year ASCVD risk score has
not been investigated in IBD patient as a predictor of CVD
risk. Moreover, this score does not recognize or incorporate
the chronic inflammatory process (disease activity or severity)
typical of IBD. The Reynolds risk score instead incorporates
CRP and it has been previously used in the IBD population,
however it has been mostly validated in women and not all
required variables were available in our cohort.’”*® Hence, we
recognize that ASCVD risk score may not provide a complete
assessment of CVD in IBD patients. Second, the cross-sec-
tional study design did not allow us to speculate on the
causal association between IBD and CVD. Third, we based
the association between NAFLD and CVD on a cardiovas-
cular risk prediction rather than clinical outcomes (cardio-
vascular events). Fourth, due to the relatively small number
of patients exposed, we were not able to tease out the po-
tential contribution of IBD medications to our findings. We
found an increased ASCVD score in patients on methotrexate
on univariable analysis, while no association with steroids,
potentially known to increase ASCVD risk. This may be
explained by the fact that steroids were used only short term
in our population. Moreover, due to nature of the study de-
sign, the recollect data on prior use of steroid was limited,
which would have been helpful to assess disease severity in
more detail. Fifth, histological diagnosis of NAFLD and fi-
brosis was not available, as liver biopsy was not feasible even
though it remains the gold standard. Sixth, we acknowledged
that we did not have a non-IBD control arm for comparison.
Finally, our study was conducted at a tertiary care center, po-
tentially limiting generalizability.

In conclusion, in a cohort of IBD patients we showed that
NAFLD diagnosed by TE with CAP has a potential value for
predicting cardiovascular risk in patients with IBD. Despite
their relatively young age, individuals with IBD and NAFLD
should be screened for cardiovascular risk with an estimator
like ASCVD, especially if the patient has been living with IBD
for a longer duration and therefore been exposed to multiple
cardio-toxic risk factors. Noninvasive screening strategies
could help early diagnosis and initiation of interventions,
including cardiovascular risk stratification and initiation of
statin. Longitudinal studies aimed at evaluating the impact of
early stratification and interventions on cardiovascular mor-
bidity and mortality are warranted.
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