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Inflammatory bowel disease (IBD) is a spectrum of diseases characterized by the interplay of the aberrant immune system, ge-
netic factors, environmental factors, and intestinal microbiota, resulting in relapsing inflammation of the gastrointestinal tract.
Underlying pro-inflammatory state and immune dysregulation act as a catalyst for increasing the likelihood of developing extra-
intestinal manifestations, including cardiovascular diseases (CVD) like atherosclerosis, pericarditis, myocarditis, venous and
arterial thromboembolism, arrhythmias, despite a lower prevalence of classic CVD risk factors, like high body mass index or
dyslipidemia compared to the general population. Chronic inflammation damages endothelium resulting in the recruitment
of inflammatory cells, which induce cytotoxicity, lipoprotein oxidation, and matrix degradation, which increases the risk of ath-
erosclerosis. Additionally, intestinal dysbiosis disrupts the intestinal mucosal barrier, releasing endotoxins and lipopolysaccha-
rides into circulation, further exaggerating the atherosclerotic process. Abnormal collagen metabolism and alteration of nitric
oxide-mediated vasodilation lead to blood pressure dysregulation in patients with IBD. Therefore, it is essential to make lifestyle
modifications like smoking cessation, dietary changes, and increasing physical activity with adherence to medication to miti-
gate the risk of developing CVD in patients with IBD. This article reviews the potential links between IBD and the increased risk
of CVD in such individuals. (Intest Res, Published online)
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INTRODUCTION employment, poverty, or living in suburban areas are at a high-
er risk for IBD.” Certain medical treatments and procedures,

Inflammatory bowel disease (IBD) is a chronic systemic in- such as immunomodulators, colectomies, and fecal microbio-

flammatory disorder that affects over 6.8 million people world-
wide and has been found to impact more than 1 million Ameri-
cans and 2.5 million Europeans, with more prevalence among
women in Western populations and men in Eastern popula-
tions." Studies have shown that African American, Hispanic,
and Asian patients are more susceptible to IBD than Cauca-
sians.” Additionally, people with lower levels of education, un-
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ta transplantation, may also potentially lead to the development
or worsening of IBD," classified as ulcerative colitis (UC) and
Crohn’s disease (CD), mainly presents with recurring abdomi-
nal pain, diarrhea, nausea, and vomiting over time. The CD is
distinguished by its transmural inflammation and segmental
intestinal involvement, typically affecting the terminal ileum,
with epithelioid granulomas on histology. In contrast, UC ex-
hibits a widespread pattern of mucosal inflammation and pri-
marily impacts the rectum, with varying progression toward
the terminal ileum.” UC and CD result from a combination of
factors, including an aberrant immune system, genetic factors,
environmental factors, and intestinal microbiota® leading to
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increased synthesis of cytokines.” Thus, underlying pro-inflam-
matory state and immune dysregulation catalyze various car-
diovascular manifestations in patients with IBD despite a low-
er prevalence of classic cardiovascular diseases (CVD) risk fac-
tors, like high body mass index (BMI) or dyslipidemia, com-
pared to the general population.” CVD are the most prevalent
cause of death worldwide. As per the World Health Organiza-
tion (WHO), an estimated 17.3 million people died from CVDs
in 2008, primarily heart disease and stroke.” Patients with IBD
are more likely to develop early atherosclerosis and myocardi-
al infarction, and CVD risk is higher when a disease is active."
It has been demonstrated that the risk of acute myocardial in-
farction, stroke, and cardiovascular death was significantly high-
er during IBD exacerbations but similar to the control group
during remission, suggesting that the release of inflammatory
mediators and cytokines during the active phase linked to an
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increased risk of CVD. According to another study, IBD patients
had a roughly 3-fold higher risk of venous thromboembolism
than people without the condition, and disease flares further
increased this risk." Additionally, it is thought that individuals
with severe IBD experience malabsorption of several minerals
and antioxidants, such as vitamin C, which worsens oxidative
stress."” IBD is a debilitating condition in itself, and given the
rising prevalence of IBD and its reported CVD consequences,
which can lead to a higher mortality rate, it is critical to deter-
mine the triggers causing an elevated CVD risk in this patient
population. This article seeks to explore the impact of proba-
ble inflammatory, dietary, and genetic factors in IBD patients
that may raise the risk of CVD, as well as how IBD and its ther-
apies modify atherosclerotic CVD (ASCVD) risk factors in IBD
patients and offer a clinical approach to preventing ASCVD in
this population.

Table 1. Various Studies Discussing the Relationship between IBD and CVD

Study Year Methods

Conclusions

Andersohn 2010 Case-control study included
etal.” 8,054 IBD patients and
161,078 controls

Yaruretal.!* 2011 Prospective cohort study
included 356 IBD patients

and 712 controls
Haapamaki 20M

Stratified analyses showed that the risk was higher in younger patients under 50 (OR, 2.93; 95%
Cl, 1.44-598) than in older patients (OR, 0.99; 95% Cl, 0.75-1.30, P for interaction =0.01).

The HR for developing CAD between groups was 4.08 (95% Cl, 2.49-6.70) after adjusting for
(hypertension, diabetes, dyslipidemia, and obesity).

Cross-sectional study included IBD patients experienced coronary heart disease substantially more frequently than their peers

etal” 2,831 IBD patients (P=0.004). The difference was more pronounced in females (P=0.014 as opposed to P=0.046
in males).
Sridhar 2011 Cross-sectional study IBD is positively linked with dysrhythmias in females aged 18 to 39 years, according to a
etal'® stratified analysis of age and gender (aOR, 2.05; 95% Cl, 1.72-2.44).
Rungoe 2013  Retrospective cohort study Within the first year following the diagnosis of IBD, there was a significantly elevated risk of
etal.” IHD (IRR, 2.13; 95% Cl, 1.91-2.38). Following an IBD diagnosis, the risk of IHD was 1.22 (35%
Cl, 1.14-1.30) over the subsequent 1-13 years of follow-up.
Kristensen 2013 Retrospective cohort study IBD patients exhibited a higher risk of MI, stroke, and cardiovascular mortality. The risk ratios
etal. with 20,795 cases of IBD for Ml rose to 1.49 (95% Cl, 1.16-1.93) and 2.05 (95% Cl, 1.58-2.65) during flares and

and 199,978 controls

chronic IBD activity, as well as to 1.53 (95% Cl, 1.22-1.92) and 2.50 (95% Cl, 2.14-2.92) for

cardiovascular mortality.

Kristensen 2014  Prospective cohort study with ~ Patients with IBD had a 37% higher chance of being hospitalized for heart failure (IRR, 1.37;

etal.” 23,681 cases of IBD and
5,412,966 non-IBD 959 Cl, 2.13-3.04).
Panhwar 2019 A case-control study with
etal® 290,430 IBD patients and

28,799,790 non-IBD patients

95% Cl, 1.26-1.49) and a higher risk of heart failure hospitalization during flares (IRR, 2.54;

UC and CD had a greater rate of MI (UC 6.7%, CD 8.8%, and non-IBD 3.3%; OR for UC 2.09 [95%
Cl, 2.04-2.13] and CD 2.79 [95% Cl, 2.74-2.85]). Age had a significant impact on the risks of
MI, with the odds being greatest in younger patients (age 30-34 years: OR 12.05 [95% Cl,

11.16-13.01], age > 65 years: OR 2.08 [95% Cl, 2.04-2.11]) and decreasing with age (aOR, 1.25;

95% Cl, 1.24-1.27).

Atherosclerotic carotid plaque (25% vs. 5.4%, P=0.032) and carotid intima-media thickness
(0.690.12 mm vs. 0.630.12 mm, P=0.031) were greater in the IBD group than in the control

Biondi etal” 2020 Case-control study with 52
IBD and 37 healthy controls

group.

IBD, inflammatory bowel disease; CVD, cardiovascular disease; OR, odds ratio; Cl, confidence interval; HR, hazard ratio; aOR, adjusted OR; IRR, incidence
rate ratio; IHD, ischemic heart disease; MI, myocardial infarction; UC, ulcerative colitis; CD, Crohn's disease.
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EPIDEMIOLOGY OF CVD IN IBD PATIENTS

Several studies have shown a relationship between IBD and
risk factors such as younger age (less than 50 years), female
sex, and increased risk of CVD during acute flare (Table 1)."**'

A case-control study by Andersohn et al.”” and Panhwar et
al*” found that younger IBD patients (under 50 years old) have
a higher risk of CVD (Table 1). Cross-sectional studies by Haa-
pamiiki et al.”” and Sridhar et al."® determined that female IBD
patients are more likely to experience coronary heart disease.
A retrospective cohort study conducted by Rungoe et al."” and
Kristensen et al."” observed an increased risk of CVD during
the acute flares of IBD.""**

Kristensen et al.” performed a prospective cohort study
with 23,681 cases of IBD and 5,412,966 non-IBD, which con-
cluded hospitalization for heart failure occurred in 553 partici-
pants with IBD and 171,405 in the reference population with a
mean follow-up of 11.8 years in the reference population and
6.4 years in the group with IBD. Compared to the reference
population, patients with IBD had a 37% higher chance of be-
ing hospitalized for heart failure (incidence rate ratio [IRR],
1.37; 95% confidence interval [CI], 1.26-1.49). IBD activity-
specific analyses revealed a significantly higher risk of heart
failure hospitalization during flares (IRR, 2.54; 95% CI, 2.13-
3.04) and persistent activity (IRR, 2.73; 95% CI, 2.25-3.33) but
not in IBD remission (IRR, 1.04; 95% CI, 0.94-1.16)." A case-
control study with 52 IBD and 37 healthy revealed atheroscle-
rotic carotid plaque (25% vs. 5.4%, P=0.032) and carotid inti-
ma-media thickness (0.690.12 mm vs. 0.630.12 mm, P=0.031)
were greater in the IBD group than in the control group. Ac-
cording to a multivariate logistic regression analysis, IBD pa-
tients had a 6.45-fold greater chance of developing carotid
atherosclerotic plaque (odds ratio, 6.45; 95% CI, 1.035-40.216;
P=0.046)"

EPIDEMIOLOGY OF RISK FACTORS OF CVD IN
IBD PATIENTS

IBD and CVD share an array of risk factors like smoking, dys-
lipidemia, and obesity, increasing the severity of each other.
Risk factor, like smoking, is identified as one of the most im-
portant modifiable risk factors for CVD as various toxins in to-
bacco smoke injure the endothelium and initiate the cascade
of inflammation and thrombosis.” Similarly, smoking alters
intestinal microbiota and increases inflammation in the ileum
by increasing intestinal barrier permeability and altering Pan-
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eth cell function, leading to increased susceptibility to bacteri-
al infection. Cigarette smoke can also promote intestinal infla-
mmation via an interleukin (IL)-17 response, which enhances
intestinal Th17 cells and neutrophils.”* Smoking significantly
increases the risk of developing and worsening CD, yet pro-
tects against the development and reduces the severity of UC.*!
A meta-analysis conducted by Calkins® showed smoking as-
sociation with CD, as the study discovered that smokers have
a higher risk of CD with a pooled odds ratio of 2.0 compared
to nonsmokers. In addition, smoking also increases the risk of
recurrence or relapse of CD. Cottone et al.” observed smok-
ing as an independent risk factor for clinical, surgical, and en-
doscopic recurrence in a group of 182 patients who had un-
dergone surgery for CD over almost 20 years. The study also
found that smoking worsens the severity of clinical and endo-
scopic recurrence. The impact of smoking on UC is wholly re-
versed to CD.”" In a meta-analysis of 9 case-control studies, the
risk of developing UC was lower in current smokers than in
nonsmokers. The analysis showed that the lifetime risk of non-
smokers acquiring UC was 2.9 times higher than that of smok-
ers. The risk was also found to be higher for former smokers as
compared to nonsmokers. A dose-response relationship was
observed in the study, indicating a lower risk of disease with
increasing levels of smoking. However, some subsequent
studies supported this data or failed to recognize the dose-re-
sponse relationship.”

Dyslipidemia is also a significant risk factor for the develop-
ment and progression of CVD.** However, several studies have
indicated that individuals with IBD have a lower burden of tra-
ditional risk factors for atherosclerosis, including obesity, dia-
betes mellitus, and dyslipidemia. Thus strengthening the link
between nontraditional risk factors, such as chronic inflamma-
tion, and the development of atherosclerosis in IBD patients.”
A study by Wang et al.” examined the lipid profile and disease
activity in patients with IBD and found that patients with CD
and UC had lower levels of total cholesterol, triglyceride, high-
density lipoprotein (HDL) cholesterol, and low-density lipo-
protein (LDL) cholesterol than the control group. In a study
conducted by Sappati Biyyani et al.”! in India, traditional ath-
erosclerotic risk factors were evaluated in patients with IBD
and coronary artery disease (CAD) compared to a control
group (only CAD). The study used the Framingham risk score,
a 10-year risk of CAD score based on risk factors such as age,
hypertension, diabetes mellitus, tobacco use, and dyslipidemia.
The study found that among 42 cases and 137 controls, the
Framingham risk score was significantly lower in patients with
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IBD and CAD than in controls (8.1 vs. 10.0, P=0.002).”' In a co-
hort study by Moon et al.” investigating trends and environ-
mental risk factors of CD in South Korea, A total of 14,060,821
people aged over 40 years who underwent national health
screening in 2009 were followed up until December 2017. Dur-
ing the follow-up period, 1,337 out of 100,000 patients devel-
oped CD. Men aged 40 to 64 years had a higher risk of develop-
ing CD than women, with an adjusted hazard ratio (aHR) of
1.46 and a 95% CI of 1.29-1.66. However, this difference tended
to disappear as the age of onset increased. Among the middle-
aged group, patients with a history of smoking (aHR, 1.46; 95%
CI, 1.19-1.79) and anemia (aHR, 1.85; 95% CL, 1.55-2.20) had
a significantly higher CD risk. Even in the elderly group (aged
65 years and above), ex-smoking and anemia were found to in-
crease the CD risk (aHR, 1.68; 95% CI, 1.22-2.30 and aHR, 1.84;
95% CI, 1.47-2.30, respectively). Particularly in the middle-
aged group, those with CKD had a statistically elevated CD risk
(aHR, 1.37;95% CI, 1.05-1.79). Alcohol consumption and high-
er BMI are negatively associated with CD incidence in both
age groups. In the middle-aged group, alcohol consumption
(aHR, 0.77; 95% CI, 0.66-0.89) and higher BMI (aHR, 0.73; 95%
CI, 0.63-0.84) were negatively associated with CD incidence.
In the elderly group, alcohol consumption was negatively asso-
ciated with CD incidence (aHR, 0.57; 95% CI, 0.42-0.78), while
the association between higher BMI and CD incidence was not
statistically significant (aHR, 0.84; 95% CI, 0.67-1.04). Regular
physical activity and dyslipidemia negatively correlated with
CD incidence in the middle-aged group, with an aHR of 0.88
(95% CI,0.77-0.89) and 0.81 (95% CI, 0.68-0.96), respectively.”

Patients suffering from IBD are generally managed using
topical steroids or more aggressive treatment like systemic ste-
roids immunosuppression with another novel agent depend-
ing on the severity of the disease, as patients with mild disease
(fewer than 4 loose stools per day, mild abdominal pain, typi-
cal lab test results for hemoglobin, erythrocyte sedimentation
rate [ESR], and C-reactive protein [CRP]) can be managed by
topical steroids, and moderate to severe disease (more than 6
loose stools per day, severe abdominal pain, anemia, elevated
ESR and CRP levels, tachycardia) require more aggressive treat-
ment like systemic steroids, immunosuppression with another
novel agent. While these treatments can effectively relieve IBD
symptoms, concerns about their possible connection to AS-
CVD exist. For instance, corticosteroids have been associated
with a higher risk of heart failure, thromboembolism, and in-
sulin resistance. In contrast, anti-tumor necrosis factor (TNF)
therapy lowers the baseline pro-coagulant imbalance of IBD
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patients with decreasing levels of fibrinogen and CRP and low-
ers the risk of thrombosis.” Lewis et al.” conducted a retrospec-
tive study on 7,694 CD patients taking prolonged corticoste-
roids and 1,879 taking anti-TNF therapy. It concluded that an-
ti-TNF therapy might lessen aortic stiffness and is linked to a
lower incidence of cardiovascular events for CD patients com-
pared to long-term corticosteroid therapy.” By better under-
standing the role of gut microbiota in developing CVD, there is
potential for developing new therapies that involve personal-
ized dietary changes, prebiotic and probiotic supplements, post-
biotics, trimethylamine N-oxide (TMAO) inhibitors, and fecal
microbiota transplants. Fecal microbiota transplant has shown
promising results in remission for those with mild to moder-
ate UC and improving their endoscopic results. However, more
research is required to assess the effectiveness and safety of
fecal microbiota transplants for CVD.” To provide the best pos-
sible treatment, healthcare providers need to understand and
assess the risk of CVD in patients with IBD. This involves using
appropriate diagnostic tools, medications, and lifestyle chang-
es tailored to each patient’s needs.

PATHOPHYSIOLOGY

IBD is characterized by the recruitment and activation of a large
number of immune and inflammatory cells within the gastro-
intestinal tract due to an abnormal immune response to gut
microflora presenting as relapsing and remitting course of ab-
dominal pain, diarrhea, nausea, and vomiting. Chronic system-
ic inflammation and immune dysregulation in IBD patients
increase the susceptibility to various CVDs, as inflammatory
cells like macrophages, monocytes, dendritic cells, and T cells
play a central role in the pathogenesis of IBD and many CVDs
(Table 2)."*'"* When activated, these cells release vasoactive
molecules and pro-inflammatory cytokines, like TNE interfer-
on-gamma, IL-1, IL-6, IL-8, IL-12, promoting lipoprotein oxi-
dation, cytotoxicity, and matrix component degradation. This
leads to plaque destabilization, increased risk of rupture, and
subsequent thrombosis.”* Increased levels of these proinflam-
matory cytokines, along with elevated levels of CRP and ho-
mocysteine, result in accompanying changes in glucose and
lipid metabolism, leading to increased LDL, triglycerides, in-
sulin resistance, and decreased HDL. These alterations in the
body increase the likelihood of developing ASCVD, obesity,
and diabetes (Fig. 1).”

Intestinal dysbiosis is another mechanism that increases
the risk of CVD in patients with IBD." The impaired composi-
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Table 2. Genetic Linkage between CVD and IBD”'

Genes associated . . . s
with IBD and CVD Chromosome Physiological functions Association
NOD2 Chromosome 16 Involved in the innate immune process; activated by its ligand, leading Atherosclerosis and IBD

to translocation of the (NF-kB)—a key transcription factor of pro-
inflammatory cytokines into the nucleus
CDK2NA, CDK2NB Chromosome 9p21 Associated with cell proliferation, aging, and apoptosis Atherosclerosis and IBD
Genetic polymorphism ~ Chromosome 11922.3 ~ Member of MMP-3 regulating the accumulation of ECM during tissue Atherosclerosis and IBD
of Stromelysin-1 injury

Genetic polymorphism  Chromosome 19q13. 32 Involved in Lipid Transport and have an immunomodulatory role by Atherosclerosis and IBD
of Apo £ downregulate chemokine mRNA expression on intestinal epithelial cells

CVD, cardiovascular disease; IBD, inflammatory Bowel Disease; NF-kB, nuclear factor kappa light chain enhancer of activated B cells; MMP-3, matrix
metalloproteinase-3; ECM, extracellular matrix; mRNA, messenger RNA.

Aberrant immune system,
genetic factors, environmental
factors, intestinal microbiota

Microbiota

Damaged epithelium Dendritic cell

barrier
'LPS Immune cell
Translocatl'n activation '
'\ ' P
o' Monocyte Macrophage
LPS activates
endothelium g4
and recruits immune \ '
and inflammatory cells' '4\
'4
N !
CCR? \Y
"\
PECAM-1
(CD31)
LDL
Adhesion and

transm\gratmn
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lodified LDL
Ilpld uptake, 2
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ICAM-1
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@ .- Q"
Dendritic cell ~
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Fig. 1. Inflammatory bowel disease gut microbiome abnormalities may link to atherosclerotic cardiovascular disease. LPS, lipoprotein lipase;
IL, interleukin; TNF, tumor necrosis factor; LDL, low-density lipoprotein; CCR, chemokine receptor; ROS, reactive oxygen species; VCAM-1,
vascular cell adhesion molecule 1; ICAM-1, intercellular adhesion molecule 1.

.. E-selectins and P-selectin
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tion of the intestinal microbiome in patients with IBD is asso-
ciated with the development of atherosclerosis, as metabolites
secreted by gut bacteria, such as indole and phenyl derivatives,
exacerbate the advanced atherosclerotic process of the arter-
ies and correlate with the occurrence of serious adverse car-
diovascular events." In addition, indole has a deleterious ef-
fect on blood pressure through peripheral and central mecha-
nisms dependent on serotonin signaling." Intestinal dysbiosis
also damages the tight intercellular connections facilitating
the translocation of microbial lipopolysaccharides (LPS) and
other endotoxins into circulation. This LPS and other endotox-
ins activate various Toll-like receptors (TLRs). Upon activation,
TLRs become dimerized and trigger the subsequent activa-
tion of downstream signaling cascades, such as inducing a va-
riety of inflammatory cytokines through transcription by me-
diating the phosphorylation of inhibitor of nuclear factor kap-
pa B (IkB) to activate nuclear factor kappa light chain enhanc-
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er of activated B cells (NF-kB) leading to vascular endothelins,
which intensifies the process of atherogenesis.” In addition,
the gut microbiota metabolism choline, phosphatidylcholine,
and I-carnitine to produce trimethylamine (TMA), which is
further oxidized in the liver into the proatherogenic metabo-
lite TMAO, which plays a vital role in the pathogenesis of coro-
nary heart disease (Fig. 2)." Furthermore, the microbiota in
the gut plays a crucial role in the synthesis of bile acids. Nor-
mal gut microbial enzymes, like bile salt hydrolase, are neces-
sary for deconjugation and dehydroxylation reactions in-
volved in bile acid synthesis. An alteration in microbiota can
decrease the production of these enzymes, resulting in a lower
synthesis of bile acids, causing an increased risk for accumula-
tion of cholesterol and triglycerides and predisposing to dys-
lipidemia and subsequent atherosclerosis.""*

Patients with IBD exhibit elevated vascular smooth muscle
tone due to decreased nitric oxide (NO) synthesis (Fig. 3). Pa-

e

Protein rich diet (L-carnitine,
phosphatidylcholine)

Ulcerative colitis Crohn's disease

Hypertension

Indole derivative

J I\ At
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|

MD2
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Intestinal microbiota

| T™MA ¥r
3 Microbial conversion e

through serotonin signaling

Indole and phenyl derivatives

B

Coronary artery disease

AA

Damaging tight
junction and
translocation of LPS

&

9999
8688

Activate NF-xB
and increase transcription
of various inflammatory cytokines

Fig. 2. Intestinal dysbiosis and cardiovascular disease. IBD, inflammatory bowel disease; TMA, trimethylamine; TMAQ, trimethylamine-N-
oxide; LPS, lipoprotein lipase; TLR, Toll-like receptor; NF-kB; nuclear factor kappa light chain enhancer of activated B cells.
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tients suffering from IBD have an elevated amount of enzyme
arginase, which competes for l-arginine, the substrate of NO.
In addition, TNF-o also increases arginase activity leading to a
decrease in NO production, having a vasoconstricting effect.”
Patients suffering from IBD had elevated collagen production,
associated with hyperplasia of smooth muscle cells, leading to
arterial stiffening and endothelial dysfunction. Furthermore,
the elevated blood levels of inflammatory mediators, IL-1 and
TNF-o, trigger phenotypic alterations in vascular smooth mus-
cle cells, which release matrix metalloproteinases that break
down elastin and collagen fibers, producing stiffer fragments."
Also, these phenotypic changes in vascular smooth muscle
cells lead to the increased expression of osteoblast markers,
resulting in an elevated uptake of phosphate and production
of apatite, medial calcification, and reduced vessel elasticity."
This abnormal collagen metabolism, secondary microvascu-
lar endothelial dysfunction, alteration of NO-mediated vasodi-
lation, and deficiencies of vitamins and essential elements also
contribute to myocardial fibrosis causing systolic and diastolic
dysfunction leading to heart failure." Myocardial fibrosis and
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impairs the intracellular calcium current from chronic inflam-
mation often result in structural and electrical remodeling pre-
disposing patients with IBD to atrial and ventricular arrhyth-
mias and other conduction disturbances." Chronic inflamma-
tion also leads to autonomic dysregulation (increased sympa-
thetic tone and decreased parasympathetic tone), resulting in
reduced heart rate variability and prolonged QT interval con-
tributing to the development of arrhythmias.” Deficiencies of
vitamins and essential elements and electrolyte disturbances
(hypokalemia, hypocalcemia, and hypomagnesemia) among
IBD patients are additional risk factors for ventricular arrhyth-
mias.’ Ischemia to the conduction system secondary to inflam-
mation, vasculitis, and microvascular endothelial dysfunction
causes atrioventricular conduction disturbances (complete
atrioventricular block, second-degree or first-degree atrioven-
tricular block." Patients with IBD had an increased risk of aor-
tic and mitral valvulopathies. Chronic systemic inflammation
leads to increased levels of TNF-a which causes the thickening
and shortening of the leaflets, resulting in regurgitation.”' In
addition, an overwhelming fibroblastic healing phenomenon

\

Pericarditis and
myocarditis

—>NO
—>»LPSt

L VEGF t
cD Endothelial dysfunction

ool &35
@e® S oo
Lipid dysfunction

and hypercoagulable stat

Valvulpathies

Fig. 3. Schematic presentation showing the link between inflammatory bowel disease (IBD) and cardiovascular disease. Elevated pro-inflam-
matory mediators promote cardiovascular events through endothelial dysfunction, intestinal dysbiosis, pro-inflammatory state, and lipid
dysfunction. UC, ulcerative colitis; CD, Crohn's disease; NO, nitric oxide; LPS, lipoprotein lipase; VEGF, vascular endothelial growth factor; LDL,

low-density lipoprotein; HDL, high-density lipoprotein.
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(as a subaortic bump on echocardiography) and a thickening
of the aortic intima lead to ascending aortic aneurysm, thus
predisposing to aortic regurgitation. The myxomatous degen-
eration (collagen deposition on the valve) results in a benign
valve prolapse or mild regurgitation. Other changes secondary
to the chronic inflammatory process include aortic aneurysm,
ectasia, and coronary ostial stenosis.”

GENETIC LINKAGE BETWEEN CVD AND IBD

Several genes, like NOD2, CDKNZ2B, Stromelysin, and ApoE
genetic polymorphism, have been implicated in cardiovascu-
lar and IBD pathogenesis due to common downstream signal-
ing exerting the proinflammatory effect.”” The frameshift mu-
tation (L1007fs) and missense mutations (R702W and G908R)
in the NOD2 gene were the first well-documented mutations
increasing susceptibility to CD.” NOD2 (previously known as
CARD15) is pivotal in maintaining the balance between mi-
crobiome and host immune responses. An imbalance in this
relationship results in dysbiosis, whereby pathogenic bacteria
prevail on commensals, causing damage to the intestinal epi-
thelial barrier and allowing bacterial invasion and inflamma-
tion.”* Also, the prevalence of the Leu1007fsinsC polymorphism
of the NOD2 gene was significantly increased in CAD patients.”
Various clinical studies have shown the role of NOD2 in induc-
ing vascular inflammation and atherosclerosis by NOD2-me-
diated production of IL-6, IL-8, and IL-1B.” It has been local-
ized in inflamed areas of atherosclerotic lesions and is overex-
pressed in endothelial cells delimiting the lumen of diseased
vessels.”

Numerous genome-wide association studies (GWAS) con-
ducted with both African American and European populations
have confirmed the connection between the NOD2 gene and
CAD." A population-based cohort study done for European
populations suggested that NOD2 mutations were seen in about
23.9% of CD patients and 9.6% of UC patients, and the preva-
lence of mutations was not directly linked to the incidence.”
Other studies assessed the CARD15 (NOD2), R702W, G908R,
and L1007fs variants in Dutch IBD patients and validated the
link of G908R and L1008fs with CD susceptibility.”” However,
studies conducted in different parts of the world have given
different data regarding this. For instance, a study was conduct-
ed to test Chinese IBD patients for the presence of allelic fre-
quencies noted for Arg702Trp, Gly908Arg, and 3020insC SNP
variants in the NOD2/CARDI15 gene. The results showed that
these frequencies which were common in the Caucasian pop-
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ulation were not noted in almost 200 Chinese CD, UC, and dys-
pepsia patients.” Moreover, a research study involving nearly
500 Japanese patients demonstrated that the NOD2/CARD15
gene does not play a significant role in increasing the suscepti-
bility to CD in Japanese populations.” Therefore, it can be stat-
ed that NOD2 mutations are predominantly found in Europe-
an populations, whereas Asian populations such as the Japa-
nese and Chinese generally do not exhibit a high prevalence
of these genetic variations.

The polymorphism in the leucine-rich repeat (LRR) domain
of the NOD2 gene is responsible for the clinical spectrum ob-
served in CD. The LRR domain of CD-associated variants might
be defective in detecting microbial elements and preventing
NOD2 dimerization, often leading to the inappropriate activa-
tion of NF-kB in monocytes and affecting bacterial clearance
and intestinal permeability. Thus, heterozygous individuals for
NOD2 variants have a 2- to 4-fold increased risk of developing
CD, whereas homozygous variants have an additional chance
of 20- to 40-fold.” A recent study has shown that NOD2 aggra-
vates myocardial ischemia/reperfusion injury by inducing car-
diomyocyte apoptosis and inflammation through JNK (c-Jun
N-terminal kinase), p38 MAPK (mitogen-activated protein ki-
nase), and NF-«B signaling.” Due to the overlapping risk fac-
tors, genetic components, and underlying disease processes
in both conditions, it is vital to promptly diagnose and treat
IBD patients early in order to avert future cardiovascular com-
plications.

DISCUSSION

IBD is characterized by persistent and recurring intestinal in-
flammation and presents symptoms like diarrhea, fatigue, ab-

% Inflam-

dominal pain, bloating, flatulence, and bloody stools.
mation causes endothelial dysfunction responsible for various
extraintestinal manifestations, including CVDs like atheroscle-
rosis, pericarditis, and arrhythmias.” Inflammatory cells release
pro-inflammatory cytokines, like TNE CRP, and homocyste-
ine, causing changes in glucose and lipid metabolism, which
can cause plaque destabilization and development of ASCVD
and increase in the stiffness of carotid-femoral arteries and the
muscular arteries as shown by various studies.” Studies have
shown that administering antibodies against TNF-o to patients
with CD can improve their endothelial function. Further stud-
ies have demonstrated that anti-TNF-a antibody therapy can
improve arterial stiffness and endothelial function in IBD pa-
tients. This highlights the importance of this inflammatory cy-
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tokine in arterial dysfunction in IBD, which can potentially lead
to CVD.” This increase in TNF has resulted from abnormal
signaling from TLR receptors, as elevated levels of TLR2 and
TLR4 have been observed in atherosclerotic plaques. In IBD
patients, isolated monocytes showed elevated production and
release of TNF-a after the addition of TLR2 agonists when com-
pared to monocytes from healthy subjects. This indicates an
increased expression/signaling of TLR2 in monocytes of IBD
patients. While TLR4 polymorphism has been suggested to be
associated with the disease state in IBD patients, this relation-
ship has not been confirmed in other studies, and further re-

2% 1 addition, elevated ho-

search is required to establish it.
mocysteine levels have increased thrombogenic potential. They
are often related to various CVDs, particularly atherosclerosis,
as shown by a study that the incidence of hyperhomocystein-
emia is 4 to 5 fold higher in IBD patients than in control sub-

jects.42,(i(i

Many studies have investigated the connection be-
tween CRP and CAD. CRP is overexpressed in atheromatous
plaques and increases the uptake of LDL. A meta-analysis that
included 160,309 individuals showed that patients with high
serum CRP levels have a significantly higher risk of develop-
ing CAD compared to age- and sex-matched controls (one stan-
dard deviation increase in log CRP: relative risk, 1.63; P<0.05).
Patients with IBD with elevated markers of systemic inflamma-
tion, such as CRP, may have a greater risk of developing CAD.*”

The intestinal microbiota metabolizes dietary phosphatidyl-
choline to produce TMAO and elevated TMAO levels increase
the risk of major adverse cardiovascular events. In addition,
IBD patients are often at higher risk of CVD due to intestinal
dysbiosis. Gut bacteria produce metabolites like phenol, in-
dole derivative, and abnormal metabolism of phosphatidyl-
choline, resulting in increased production of TMAO that exac-
erbates atherosclerosis and increases the risk of adverse car-
A cohort study by Nikolaus et al.* in more
than 500 patients with IBD found a negative connection be-

diovascular events.""*

tween the levels of tryptophan in the blood and the activity of
IBD. In addition, the study found that patients with active IBD
had increased levels of tryptophan metabolites, particularly
quinolinic acid, indicating high activity of tryptophan degrada-
tion. Tryptophan deficiency may contribute to the development
or worsening of IBD. Further interventional clinical studies are
required to determine if modifying the intestinal tryptophan
pathways can impact the severity of IBD.* Another study by

Tang et al.*”’ showed that the intestinal microbiota produces
TMAO through metabolizing dietary phosphatidylcholine, and

elevated TMAO levels increase the risk of major adverse car-
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diovascular events.

Inflammation, immunomodulation, and gut dysbiosis ac-
count for the primary cause of CVD in patients suffering from
IBD. Currently, there is a lack of evidence from interventional
studies that define the optimal method for preventing ASCVD
in patients with IBD. It is essential to screen all patients with
IBD for established cardiovascular risk factors, such as hyper-
tension, diabetes, and dyslipidemia, and manage them aggres-
sively. Patients with IBD need a deeper understanding of treat-
ment targets for specific risk factors like hypertension, as they
may experience marked volume losses during flares. It is also
essential to frequently rescreen such risk factors in apparently
cardiovascular-healthy patients.”” Moreover, given the harmful
effects of tobacco smoking, studies suggest that all patients with
IBD should be encouraged to quit. Also, it is crucial to empha-
size lifestyle modifications like regular exercise and stress and
anxiety management.”'

Patients with IBD should be discouraged from excessive in-
take of carbohydrates, fats, and refined sugars, a vital compo-
nent of the Western diet, which often results in gut microbiota
dysbiosis due to abnormal proliferation of Prevotella, Bacte-
roides, and Escherichia coli, leading to many inflammatory dis-
orders, such as IBD.” On the contrary, these patients should be
encouraged to consume the Mediterranean diet, lowering in-
flammatory markers and preventing carotid atherosclerosis,
as shown by Chicco et al. in patients adhering to the Mediter-
ranean diet regimen for 6 months, which has decreased inflam-
matory biomarker concentrations in their blood.”" In addi-
tion, these patients should also include high fiber in their diet,
which promotes the growth of Bifidobacterium, which can
lead to remission in patients with UC.’ In addition, individuals
diagnosed with IBD should also be supplemented with vita-
min D and sun exposure, as these patients are often more sus-
ceptible to vitamin D deficiency. Vitamin D is essential for re-
ducing spasms in the smooth muscles of blood vessels and is
especially significant for IBD patients who often experience
endothelial cell dysfunction caused by circulating pro-inflam-

7475

matory mediators.”” Vitamin D can also reduce the likeli-
hood of developing atherosclerosis by regulating the inflam-
matory response and reducing the expression of pro-inflamma-
tory cytokines such as TNF-q, IL-6, IL-1, and IL-8, as well as the
accumulation of LDL in macrophages.” Additionally, vitamin
D is crucial in regulating the renin-angiotensin-aldosterone
system, modulating the inflammatory response, and influenc-
ing tissue calcium processes and modifications to the lipid
and glucose profiles, which can help prevent CVD in patients
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with IBD.” Supplementation with vitamin D at concentrations
exceeding 30 ng/mL and sun exposure can also reduce LDL
levels and increase HDL levels, thereby reducing the risk of
cardiovascular conditions." In conclusion, it is crucial to em-
phasize the importance of selecting appropriate medications,
adhering to a healthy diet, supplementing with vitamin D, and
promoting regular physical activity. Patients with IBD should
incorporate the aforementioned elements into their diets to
reduce disease activity and the risk of CVD, as these interven-
tions help prevent ASCVD, improve the course of IBD, and re-
duce the risk of relapse.

Novel therapies like immunomodulators and biological agents
have shown potential in reducing ASCVD risk in chronic in-
flammatory diseases like rheumatoid arthritis and human im-
munodeficiency virus infection. In psoriasis, biologic therapy
for skin disease has been linked to reduced coronary inflam-
mation, noncalcified plaque burden, and vascular inflamma-
tion, indicating that treating primary sources of inflammation
is favorable for vascular health. In IBD, a recent French obser-
vational study involving 177,827 patients showed that using
anti-TNF agents was associated with a decreased risk of acute
arterial events, including coronary heart disease, cerebrovas-
cular disease, and peripheral artery disease. Despite the large
sample size and the use of complex multivariate models, these
promising results need to be confirmed in experimental set-
tings. Such studies will also provide valuable insights into the
cardiovascular safety of these medications.™

Disease activity is a significant risk indicator for ASCVD.
Therefore, optimizing the management of IBD in all patients,
especially during active flares, is essential. The IBD-ASCVD
connection raises the question of whether disease-modifying
therapies, such as anti-inflammatory and immunomodulatory
agents, can help reduce ASCVD risk.” A Danish cohort study
found that using 5-aminosalicylates was associated with a low-
er risk of ischemic heart disease. Interestingly, this association
was only present in patients taking corticosteroids, which were
dose-dependent and used as a proxy for disease severity.'”

The American College of Cardiology/American Heart Asso-
ciation and the European Society of Cardiology recommend
considering chronic inflammatory conditions like IBD as risk
enhancers or modifiers and using chronic HMG-CoA reduc-
tase inhibitors (statin) therapy among patients at borderline
or intermediate risk as these have been found to have immu-
nomodulatory and anti-inflammatory effects in addition to
lowering serum lipids. Specifically, their anti-inflammatory
action is believed to be due to their interference with endothe-
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lial adhesion and trans-endothelial migration of leukocytes to
sites of inflammation.*”

A retrospective cohort study has shown that atorvastatin
may benefit patients with IBD. The study found that atorvas-
tatin was associated with an 18% reduction in the initiation of
oral steroids (HR, 0.82; P=0.05) and a 25% decrease in the use
of oral steroids in patients with UC (HR, 0.75; P=0.05). There
were also trends towards a decrease in the use of oral steroids
in CD, as well as a reduction in anti-TNF therapy, abdominal
surgeries, and hospitalizations in IBD.”

Furthermore, a recent pilot study demonstrated that patients
with CD given 80 mg of atorvastatin once daily for 13 weeks
had reduced CRP levels and a subjective decrease in symp-
toms. Therefore, atorvastatin therapy may help reduce inflam-
mation in patients with IBD, and its protective effects should
be studied further.”

In addition, angiotensin-converting enzyme (ACE) inhibi-
tors, commonly prescribed for hypertension, postmyocardial
infarction, and congestive heart failure, may also have arole in
managing IBD. ACE inhibitors inhibit the renin aldosterone-
angiotensin system, downregulate inflammatory cytokines,
and prevent fibrosis with subsequent ventricular remodeling.
Studies on patients with IBD have shown that mucosal angio-
tensin I and angiotensin II were increased, which supports the
theory that angiotensin peptides mediate inflammation and
fibrosis in IBD.*

Patients with chronic inflammatory conditions like IBD have
an increased risk of plaque buildup and high-risk plaque fea-
tures. It is worth evaluating whether identifying such patients
using advanced techniques can improve the selection of can-
didates for intensive CVD prevention interventions, beyond
traditional risk factors and intensive management.

CONCLUSION

IBD is a widespread inflammatory disease that not only causes
relapsing inflammation of the gastrointestinal tract but has been
shown to increase extraintestinal manifestations, including
cardiovascular complications. With 6.8 million people world-
wide currently impacted, along with more than 1 million Amer-
icans, the need to better understand the association between
IBD and cardiovascular complications is crucial to improve
cardiovascular outcomes in these individuals. The findings
highlight that IBD’s association with CVD does not follow a
single pathway; rather, it is multifold. On the one hand, chronic
inflammation has been shown to lead to atherosclerosis: a pro-
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cess that results from an increase in immune and inflammato-
ry cells and, ultimately, proinflammatory cytokines. The chang-
es that inflammation has on the metabolism of lipids are doc-
umented and correlated to an increased risk of ASCVD due to
increased LDL, triglycerides, insulin resistance, and decreased
HDL. In addition, IBD can also lead to damage to collagen me-
tabolism and dysregulation of NO-mediated vasodilation, which
ultimately causes abnormal blood pressure regulation. This
review also emphasizes the detrimental effect of vitamins, es-
sential elements, and electrolyte disturbances (hypokalemia,
hypocalcemia, and hypomagnesemia) among IBD patients,
which have the potential to result in ventricular arrhythmias.
The combination of abnormal collagen metabolism, alteration
of NO-mediated vasodilation, and deficiencies of vitamins and
essential elements can lead to myocardial fibrosis, causing sys-
tolic and diastolic dysfunction and, eventually, heart failure.
Several studies published over the past decade report the in-
creased incidence of cardiac manifestations in patients with
IBD compared to patients without IBD. Therefore, it is essen-
tial to make lifestyle modifications like smoking cessation, di-
etary changes, and increasing physical activity with adherence
to medication to mitigate the risk of developing CVD in patients
with IBD.
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