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Abstract: Background and objectives: Electrocardiograph abnormalities (i.e., QT interval prolongation)
have been described in inflammatory bowel diseases (IBD). We aimed to measure the QT interval
in a cohort of patients with IBD and to analyze its relationship with clinical and inflammatory
activity. Materials and Methods: We performed a cross-sectional study that included 38 IBD outpatients
and 38 “age- and sex-matched” healthy controls. Nine patients had active IBD, and 29 were in
clinical remission. Among the latter, 10 patients had sustained (lasting >1 year) and 19 had short-term
remission (≤1 year). Corrected QT (QTc) interval was measured on standard 12-lead electrocardiograph.
A systematic review of the literature on studies investigating the QT interval in patients with IBD
was also performed. Results: QTc interval values were similar between IBD patients and healthy
controls (417.58 ± 22.05 ms vs. 409.13 ± 19.61 ms, respectively; p: 0.479). Patients with active IBD had
significantly higher QTc values (435.11 ± 27.31 ms) than both controls (409.13 ± 19.61 ms) and patients
in remission (412.14 ± 17.33 ms) (p: 0.031). Post hoc analysis showed that the difference in QTc values
between active IBD and remission was attributable to the group of patients with sustained remission
(p < 0.05). Lastly, a significant correlation between QTc interval and C-reactive protein (CRP) values
was observed (Spearman test: r = 0.563; p: 0.0005). Conclusions: Our study demonstrates an association
between QTc duration and both clinical and inflammatory activity in patients with IBD. The higher the
CRP value, the longer is the QTc duration. For practical purposes, all patients with active IBD should
undergo a standard ECG. Prescription of drugs able to modify the QT interval should be avoided in
patients with active IBD. The systematic review of the literature indicated that this is the first published
study demonstrating an association between the QTc duration and CRP values in patients with IBD.
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1. Introduction

Inflammatory bowel diseases (IBDs), i.e., ulcerative colitis (UC) and Crohn’s disease (CD),
are characterized by an idiopathic inflammatory process of the intestine and a chronic relapsing
course [1,2]. Intestinal inflammation is responsible for signs, symptoms, and complications of IBD,
being capable to trigger inflammatory responses even beyond the bowel. Inflammatory cells and
mediators can flow from the intestine into the systemic circulation. The more the intestinal inflammation
is active, the higher is the inflammatory overflow into circulation [1–4]. Systemic inflammation is
responsible for many effects, of which the most known is the acute phase response [5]. C-reactive protein
(CRP), the major acute-phase protein, is rapidly produced in the liver consequent to stimulation by the
cytokines tumor-necrosis-factor-α (TNFα), interleukin-1 (IL-1), and interleukin-6 (IL-6) originating
at the site of inflammation [6]. The acute phase CRP represents an accurate marker of inflammatory
activity being able to detect subclinical active inflammation [7].

In recent years, systemic inflammation has been increasingly recognized as a factor crucially
involved in modulating cardiac function [8,9]. The connection between inflammation and cardiovascular
disease (CVD) has been extensively elucidated in patients with rheumatoid arthritis (RA) and
other connective diseases [10,11]. Growing evidence suggests that, in patients with IBD, intestinal
inflammation can cause cardiovascular morbidity, as well [12–15]. Epidemiological studies have
demonstrated that patients with clinically active IBD have an increased risk of atrial fibrillation (AF),
myocardial infarction (MI), and death due to CVD [16–25]. Notably, morbidity and mortality due to
CVD are exclusively observed during active IBD flares. Studies based on electrocardiogram (ECG)
findings indicate that patients with IBD are at a higher risk of developing QT interval abnormalities,
in particular heart-rate-corrected QT interval (QTc) [26–33].

The QTc interval indicates the duration of the action potential in the ventricles, representing
the sum of ventricular depolarization and repolarization. It is well established that the more QTc is
prolonged, the higher the risk is that abnormal premature depolarization occurs prior to completion of
repolarization. This can generate malignant ventricular arrhythmias, particularly torsade de pointes [34].
Torsade de pointes specifically develops in patients presenting with a marked QTc prolongation
(>500 ms) at the ECG, and it can degenerate into ventricular fibrillation and sudden cardiac death.
QTc prolongation may result from drugs or electrolyte disturbances interfering with cardiomyocyte
electrophysiology. Other currently recognized causes of QT prolongation include heart diseases,
endocrine and metabolic disorders, liver diseases, nervous system injuries, and infections [34,35].

Growing evidence indicates that the QTc interval can be modulated by systemic inflammation [34,35].
However, the relationship between systemic inflammation and QTc interval has not been elucidated
in IBD.

The present case-control study was conducted to measure the QT interval in a cohort of patients
with IBD free of CVD and to analyze its relationship with clinical and inflammatory activity, evaluated
by means of standard clinical indices and acute phase CRP. A systematic review of the literature, aimed
at identifying all the studies investigating the QT interval in patients with IBD, was also performed.

2. Materials and Methods

2.1. Study Population

This was a single-centre, observational, cross-sectional, case-control study. The study population
consisted of consecutive outpatients with IBD admitted to our clinic between 1 December 2018 and
28 February 2019. The diagnosis of both ulcerative colitis (UC) and Crohn’s disease (CD) was based on
standard clinical, radiological, endoscopic, and histological criteria [36].

Clinically active disease was defined as a partial Mayo score (PMS) ≥ 2 in patients with UC [37,38]
and as a Harvey–Bradshaw index (HBI)≥ 5 in patients with CD [39]. Clinical remission was sub-classified
in (1) “sustained clinical remission”, i.e., lasting >1 year after a course of steroids, and (2) “short-term
remission”, i.e., lasting ≤1 year after a relapse needing steroids.
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Inflammatory activity was defined as a CRP value > 0.5 mg/dL.

2.2. Exclusion Criteria

1. History of cardiovascular, metabolic, and endocrine diseases;
2. Electrolyte disturbances;
3. Assumption of drugs affecting QT interval (with the exception of those required to cure IBD).

The baseline characteristics, including demographic (age and gender) and clinical (UC or CD,
disease duration, extent, clinical course, and prior and current medications) data, of each enrolled
patient, were recorded. Ethics approval was obtained by the Internal Review Board of the University of
L’Aquila (protocol number: 40/2018; 13 November 2018). Both patients and controls provided signed
informed consent.

2.3. Control Group

The control group comprised age- (± 2 years) and sex-matched healthy subjects. All the healthy
subjects were free of any medications and without electrolyte disturbances.

2.4. ECG Analysis

Both IBD patients and controls underwent a standard 12-lead ECG (amplitude of 10 mm/mV;
the paper speed of 25 mm/s) during a routine ambulatory visit.

The ECGs were uploaded to a computer, using a high-resolution optical scanner. Therefore,
we performed on-screen manual measurements on the computer. Only the cycles with normal
morphologic characterized beats were used; artifacts, ectopic, and post-extrasystolic complexes were
excluded. All the patients had sinus rhythm. The QT interval was measured from the onset of the QRS
complex to the end of the T-wave in lead II. Biphasic T-waves were measured to the time of the final
return to the baseline. QTc intervals were calculated by using Bazett’s formula (QTc = QT interval/

√
RR

interval) [40,41].
Normal QTc interval. QTc intervals of 450 milliseconds (ms) in adult men and 460 ms in women

are generally considered as the upper normal limits [42]. We defined “borderline” QTc interval
prolongation as the values over 450 ms in men and 460 ms in women. According to ESC guidelines,
long QT syndrome was defined as the presence of a QTc ≥480 ms, for both men and women [43].

2.5. Statistical Analysis

The normality of the distribution of all the continuous variables was evaluated by the Shapiro–Wilk
test. The comparison between the study groups was performed in two ways, depending on their
number. The comparison between two groups was evaluated by Student’s t-test for independent
data. Instead, the comparison between three groups was evaluated by one-way analysis of variance,
and post hoc analysis was performed by means of Tukey’s HSD test. The correlation between QTc and
CRP values was analyzed by Spearman’s rank correlation coefficient (rho).

Results are presented as mean± standard deviation (SD). All the tests were two-tailed. All statistical
analyses were performed by using SAS 9.4.

2.6. Systematic Review

Search strategy: we conducted a systematic literature search in order to identify studies
investigating the QTc interval in patients with IBD. The electronic search was performed in PubMed,
Scopus, Mendeley, and ResearchGate, up to June 2020, using the following mesh terms: inflammatory
bowel diseases, ulcerative colitis, Crohn’s disease, ECG, and QT interval. In addition, the reference
lists of the selected articles were reviewed, to identify additional relevant studies.
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3. Results

3.1. Study Population and Baseline Assessment

A total of 38 patients with IBD were enrolled in the study. The baseline demographic and clinical
characteristics of all the patients are shown in Table 1. In particular, 26 patients had UC, and 12 patients
had CD. Nine patients (5 CD and 4 UC) had active disease, while twenty-nine patients were in
clinical remission. Among the latter, 10 patients had sustained clinical remission and 19 patients had
short-term remission.

Table 1. Baseline demographic and clinical characteristics of the cohort of patients with inflammatory
bowel disease (IBD) and controls. Remission was categorized as sustained (>1 year) or short-term
(≤1/year).

Characteristic N (%)

Gender (female/male) 20/18

Age (mean, years ± SD) 46 ± 11

Disease duration (mean, years ± SD) 12 ± 8

Ulcerative colitis 26 (68.4)
Pancolitis 10 (38.5)
Left-colitis 13 (50.0)
Proctitis 3 (11.5)

Crohn’s disease 12 (31.6)
Ileo-colonic 9 (75.0)

Ileal 3 (25.0)

Active disease 9 (23.7)

Remission 29 (76.3)
Sustained 19 (65.5)
Short-term 10 (34.5)

Therapy ˆ
Mesalazine 29 (76.3)

Steroids 6 (15.8)
Thiopurines 4 (10.5)

Biologics 9 (23.7) *

CRP (mean, mg/dL ± SD) 1.11 ± 1.41

QTc (mean, ms ± SD) 417.579 ± 22.055

ˆ More than one medication was administered to some patients. * Biologics: infliximab in three patients, adalimumab
in three patients, and vedolizumab in two patients. CRP = C-reactive protein; QTc = corrected QT.

3.2. Case-Control QTc Comparison

The mean ages of IBD patients and matched controls were 46 ± 11 and 45 ± 11 years, respectively,
with 52.6% (n: 20) being females and 47.4% (n: 18) being males in each group.

Neither patients nor the controls had long QT syndrome. The overall prevalence of “borderline”
QTc interval prolongation was 7.9% (3 patients) in the IBD population, and zero in the control group.
All the IBD patients with “borderline” QTc interval prolongation had active disease.

The mean QTc interval values were similar between IBD patients and healthy controls
(417.58 ± 22.05 ms vs. 409.13 ± 19.61 ms, respectively; p: 0.479).

After stratification based on disease activity, a significant difference in mean QTc values was
observed between patients with active disease and controls (435.11 ± 27.31 ms vs. 409.13 ± 19.61 ms,
respectively; p: 0.014). Figure 1 reports the results of the post hoc comparison of QTc values between
three groups: healthy controls, patients in remission, and patients with active IBD. QTc values of
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patients with active IBD are significantly higher in respect to both patients in remission and healthy
controls (p: 0.031).
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Figure 1. Post hoc comparison of QTc values between healthy controls (409.13 ± 19.61 ms), patients in
remission (412.14 ± 17.33 ms), and patients with active IBD (435.11 ± 27.31 ms). QTc values of patients
with active IBD are significantly higher in respect to both patients in remission and healthy controls
(p: 0.031). QTc = corrected QT; IBD = inflammatory bowel diseases.

3.3. QTc and Disease Activity

Table 2 shows that patients with active disease had significantly higher mean CRP and QTc values
in respect to those in clinical remission (p: 0.0045 and p: 0.0047, respectively).

Table 2. Mean CRP and QTc values in patients with clinically active IBD and in patients in
clinical remission.

Active IBD
(9 pts)

Remission
(29 pts) p

CRP (mean, mg/dL ± SD) 3.000 ± 1.888 0.524 ± 1.887 0.0045

QTc (mean, ms ± SD) 435.111 ± 27.306 412.138 ± 17.328 0.0047

Notes: pts = patients.

Subsequently, we applied the sub-classification of clinical remission into “sustained” and
“short-term” remission. Figure 2 shows the results of the post hoc comparison of mean QTc values
in patients with active disease, those with short-term remission, and those with sustained remission.
The mean QTc values were significantly different between patients with active disease and those with
sustained remission (p < 0.05, post hoc analysis with HSD Tukey test after one-way ANOVA).
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The mean QTc values were significantly different between active disease and sustained remission
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Figure 3 shows the correlation between QTc and CRP values. Spearman’s coefficient of rank
correlation (rho) was 0.563 (p: 0.0005), indicating a good correlation.
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Figure 3. Correlation between QTc interval and CRP (mg/dL) values. The correlation is significant
(Spearman test: rho = 0.563; p < 0.0005).

There were no significant relationships between the QTc values and all the other baseline
characteristics, i.e., gender, age, disease duration, type of IBD (UC or CD), and therapy.
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3.4. Systematic Review

The search retrieved 267 articles. Figure 4 shows the PRISMA diagram summarizing the sequence
of the literature selection. Seven studies reported on QTc interval [27–33]. Table 3 summarizes
the results of the studies that measured the QTc interval in patients with IBD. Studies were not
homogeneous with respect to the design, patients’ characteristics, and clinical activity. It is noteworthy
that none of the studies evaluated the relationship between QTc and CRP.

Records identified through database searching
(n = 267)

PubMed: 109
Scopus: 18

Mendeley: 40
ResearchGate: 100

Records after duplicates
removed
(n = 84)

Records screened
(n = 84)

Records excluded after title and 
abstract review

(n = 38)

Full-text articles assessed
for eligibility

(n = 46)

Studies included in 
qualitative synthesis

(n = 7)

Full-text articles excluded
(n = 39):

• QTc interval was not
reported

ID
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Duplicates removed
(n = 183)

Figure 4. PRISMA flow diagram of the systematic literature search.
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Table 3. Studies evaluating QTc interval in patients with IBD (retrieved by a systematic review of the literature). Inflammatory activity measured by means of CRP
was not evaluated in any of the studies.

Study IBD Pts/Controls
N◦ QTc Findings Clinical Activity

Curione, 2010 [27] 20/18 (no comorbidities) Mean QTc significantly higher in IBD vs. controls Not evaluated

Dogan, 2011 [28] 69/38 (no comorbidities) Mean QTc similar between IBD and controls Active disease in all patients

Yorulmaz, 2013 [29] 104/47 (no comorbidities) QTc dispersion significantly higher in IBD vs. controls Not specified

Pattanshetty, 2016 [30] 142/-
(>50% with comorbidities) Prolonged QTc interval in 46.5% of IBD patients Not evaluated

Bornaun, 2017 [31] 36/36 (pediatric) Mean QTc min significantly different between IBD and controls Clinical remission in all patients

Acar, 2019 [32] 100/100 (no comorbidities) Mean QTc similar between IBD and controls Clinical remission in all patients

Erolu, 2020 [33] 25/20 (pediatric) QTc dispersion higher in IBD vs. controls (especially in UC) Clinical remission in all patients

Note: UC = ulcerative colitis. N◦ = number.
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4. Discussion

The results of our study demonstrate that both clinical and inflammatory activity are significantly
associated with QTc duration in patients with IBD. The higher the value of CRP was, the longer the
QTc duration was. This finding is in line with the observations made in other chronic inflammatory
conditions, such as RA [10,11,34,35].

The need to evaluate cardiac function in patients with IBD became apparent in the last few
years, following ever-increasing evidence that systemic inflammation may affect heart function [12–15].
Population-based studies demonstrate that disease activity in IBD is associated with an increased risk of
morbidity and mortality due to CVD [16–25]. Furthermore, a number of observations indicate that patients
with IBD are at a higher risk of developing ECG abnormalities, i.e., QTc interval [21,26–33]. QTc interval
represents the most investigated ECG parameter in patients with IBD [27–33]. Studies identified by
our systematic review are not homogeneous with respect to the design and the characteristics of the
patients. Most of them indicate that patients with IBD are at a higher risk of developing QTc interval
prolongation [27,29–31,33]. Two studies did not find differences in QTc values between IBD patients
and controls [28,32]. The first of these two studies could have a methodological bias, as the QT-interval
was measured by using a magnifying lens instead of computer-assisted calculations [28]. The other
study could have a selection bias, as none of the patients had a clinically active disease [32]. Overall,
a correlation with the inflammatory activity measured by means of CRP was lacking in all the studies
(Table 3). However, a connection between the QTc interval at ECG and IBD activity is beyond any doubt.

The QT interval indicates the duration of the action potential in the ventricles, which represents
the sum of ventricular depolarization and repolarization. An action potential is caused by the
transmembrane flow of ions, including inward depolarizing currents, mainly through sodium and
calcium channels, and outward repolarizing currents, mainly through potassium channels [34,35].

There is growing evidence that inflammatory cytokines have direct effects on cardiac ion channels,
resulting in a prolongation of cardiomyocyte action potential duration, and thus on the QT interval
on the surface ECG [44,45]. The term “inflammatory cardiac channelopathies” has been recently
introduced to categorize these pathogenetic mechanisms [46–49]. Experimental models indicate that
TNFα, IL-1, and IL-6 may affect cardiac electrophysiology by modulating specific ion (potassium and/or
calcium) channels critically involved in action potential duration [44]. Perfused hearts from transgenic
mice overexpressing TNFα have a prolonged action potential duration and ventricular arrhythmias
associated with reduced expression of the potassium channel protein in the cardiomyocytes [50,51].
Studies on cultured cardiomyocytes derived from different animal models indicate that TNFα prolongs
the action potential duration by modulation of potassium channel [52–54], whereas IL-1 and IL-6 cause
action potential prolongation by modulation of both potassium and calcium channels [55–58].

Clinical studies including patients with RA demonstrated that cytokines may really affect QTc
interval duration in humans. Increased concentrations of circulating TNFα, IL-1, and IL-6 are associated
with QTc interval prolongation in patients with RA [59,60]. Moreover, increased levels of IL-6 are
also associated with QTc prolongation in the presence of systemic inflammation deriving from other
diseases besides RA, in particular immune-inflammatory and infective diseases [61]. Notably, patients
with active RA who receive anti–IL-6 receptor monoclonal antibodies (tocilizumab) have a significant
and rapid reduction of the QT interval values, which correlates with the decrease in both CRP and,
more strongly, circulating TNFα levels [62,63].

In addition to the direct action on ion channels, systemic inflammation can also determine the
prolongation of the action potential duration in an indirect manner, by inducing autonomic nervous
system dysfunction [34]. Cytokines can cause sympathetic activation by targeting the autonomic
centers of the brain, and such activation ultimately affects calcium and potassium conductance, leading
to prolongation of cardiomyocyte action potential duration and QTc interval [34,35]. It has been
observed that sympathetic activation correlates with clinical and inflammatory activity in patients
with IBD [64].
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It is noteworthy that systemic inflammation, in addition to causing functional myocardial abnormalities,
can cause also structural heart abnormalities, e.g., accelerating coronary atherosclerosis [15,34,35,65].
Concurrency of action potential prolongation and preexisting structural myocardial abnormalities may
explain the epidemiological observation that patients with active IBD have an increased risk of morbidity
and mortality due to CVD [34,35]. Studies on atherosclerotic animal models of myocardial infarction
demonstrate that the induction of systemic inflammation determines a significant prolongation of
the action potential duration with a consequent increased incidence of fatal reentrant ventricular
arrhythmias [66]. Notably, TNFα antagonism and IL-1 inhibition are able to normalize the action
potential duration and to significantly reduce the risk of fatal ventricular arrhythmias in these types of
animal model [67,68].

All the abovementioned observations, including results of our study, indicate that systemic
inflammation has a pivotal role in increasing the risk of CVD in patients with active IBD. Further evidence
in favor of a link between inflammation and CVD comes from the observation that treatment
optimization could reverse the risk of CVD in patients with inflammatory diseases. A meta-analysis
demonstrated that, in patients with RA, both anti-TNFα therapies and methotrexate are associated
with a decreased risk of major cardiovascular events [69]. Notably, a recent prospective study including
patients with RA demonstrated that intensive anti-inflammatory treatment resulting in a stable
low-disease activity is associated with a decrease in deaths due to CVD [70].

Increased surveillance with treatment optimization aimed at reduction of inflammation should
be warranted in patients with IBD, as well as with other inflammatory conditions [71]. It has been
demonstrated that healing of inflammatory lesions is associated with better outcomes in IBD [72].
It could be hypothesized that sustained healing of lesions could prevent CVD, since our results show
a significant effect on QTc duration only in patients with sustained remission. The availability of
potent biologic therapy is contributing to determine a condition of sustained remission in an increasing
number of patients [73,74]. Furthermore, in order to prevent CVD in IBD, care must be taken also to
metabolic syndrome that can complicate intestinal inflammation [75–77].

Our study demonstrates, for the first time, an association between QTc duration and both clinical
and inflammatory activity in patients with IBD. However, it presents, along with some strengths, some
important limitations. Regarding the strengths, we studied a homogeneous cohort of IBD patients
with no recognized causes of QTc prolongation, the controls were age- and sex-matched, and CRP
was used as an objective marker of systemic inflammation. With respect to the limitations, the small
number of patients did not allow us to accurately evaluate the role of some patients’ characteristics,
i.e., gender, type of IBD (UC or CD), disease location/extension, and therapies. Furthermore, data on
endoscopy and fecal calprotectin are lacking. Endoscopy and fecal calrptectin should be included in
future studies on ECG alterations in patients with IBD.

In conclusion, the present study demonstrates that patients with active IBD have increased QTc
duration and that QTc duration significantly correlates with CRP values. It remains to be clarified
by means of prospective studies whether QTc may represent a marker of CVD risk in patients with
active IBD.

For practical purposes, clinicians may want to consider that all the patients with active IBD should
receive an ECG, and QT interval prolongation should be kept in mind when prescribing QT-prolonging
drugs. IBD units must have the ability to take an ECG to all patients.
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Şap, F. Prolonged P-Wave and QT Dispersion in Children with Inflammatory Bowel Disease in Remission.
Biomed Res. Int. 2017, 2017, 6960810. [CrossRef] [PubMed]

32. Acar, B.U.; Yayla, C.; Coskun, O.; Kaplan, M.; Ozin, Y.; Kayacetin, E. Assessment of ventricular repolarization
alterations in patients with Inflammatory Bowel Disease. Kuwait Med. J. 2019, 51, 393–398.

33. Erolu, E.; Polat, E. Cardiac Repolarization Properties in Children with Inflammatory Bowel Disease. Cyprus J.
Med. Sci. 2020, 5, 126–130. [CrossRef]

34. Lazzerini, P.E.; Capecchi, P.L.; Laghi-Pasini, F. Long QT Syndrome: An Emerging Role for Inflammation and
Immunity. Front. Cardiovasc. Med. 2015, 2, 26. [CrossRef]

35. Lazzerini, P.E.; Capecchi, P.L.; Laghi-Pasini, F. Systemic inflammation and arrhythmic risk: Lessons from
rheumatoid arthritis. Eur. Heart J. 2017, 38, 1717–1727. [CrossRef]

36. Maaser, C.; Sturm, A.; Vavricka, S.R.; Kucharzik, T.; Fiorino, G.; Annese, V.; Calabrese, E.; Baumgart, D.C.;
Bettenworth, D.; Borralho Nunes, P.; et al. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1:
Initial diagnosis, monitoring of known IBD, detection of complications. J Crohns Colitis. 2019, 13, 144–164.
[CrossRef]

37. Schroeder, K.W.; Tremaine, W.J.; Ilstrup, D.M. Coated oral 5-aminosalicylic acid therapy for mildly to
moderately active ulcerative colitis. A randomized study. N. Engl. J. Med. 1987, 317, 1625–1629. [CrossRef]

38. Rutgeerts, P.; Sandborn, W.J.; Feagan, B.G.; Reinisch, W.; Olson, A.; Johanns, J.; Travers, S.; Rachmilewitz, D.;
Hanauer, S.B.; Lichtenstein, G.R.; et al. Infliximab for induction and maintenance therapy for ulcerative
colitis. N. Engl. J. Med. 2005, 353, 2462–2476. [CrossRef]

39. Harvey, R.F.; Bradshaw, J.M. A simple index of Crohn’s-disease activity. Lancet 1980, 1, 514. [CrossRef]
40. Bazett, H.C. An analysis of the time relations of electrocardiogram. Heart 1920, 7, 53–70. [CrossRef]

http://dx.doi.org/10.1371/journal.pone.0139745
http://dx.doi.org/10.4103/1319-3767.166208
http://www.ncbi.nlm.nih.gov/pubmed/26458861
http://dx.doi.org/10.1136/gutjnl-2017-314015
http://dx.doi.org/10.1371/journal.pone.0201991
http://www.ncbi.nlm.nih.gov/pubmed/30169521
http://dx.doi.org/10.1016/j.cgh.2018.04.031
http://www.ncbi.nlm.nih.gov/pubmed/29702298
http://dx.doi.org/10.1093/ibd/izy354
http://www.ncbi.nlm.nih.gov/pubmed/30500938
http://dx.doi.org/10.1007/s11739-010-0382-9
http://dx.doi.org/10.7150/ijms.8.540
http://dx.doi.org/10.3748/wjg.v19.i1.65
http://dx.doi.org/10.5152/tjg.2015.150349
http://dx.doi.org/10.1155/2017/6960810
http://www.ncbi.nlm.nih.gov/pubmed/28316985
http://dx.doi.org/10.5152/cjms.2020.1390
http://dx.doi.org/10.3389/fcvm.2015.00026
http://dx.doi.org/10.1093/eurheartj/ehw208
http://dx.doi.org/10.1093/ecco-jcc/jjy113
http://dx.doi.org/10.1056/NEJM198712243172603
http://dx.doi.org/10.1056/NEJMoa050516
http://dx.doi.org/10.1016/S0140-6736(80)92767-1
http://dx.doi.org/10.1111/j.1542-474X.1997.tb00325.x


Medicina 2020, 56, 382 13 of 15

41. Postema, P.G.; Wilde, A.A. The measurement of the QT interval. Curr. Cardiol. Rev. 2014, 10, 287–294.
[CrossRef] [PubMed]

42. Rautaharju, P.M.; Surawicz, B.; Gettes, L.S. AHA/ACCF/HRS recommendations for the standardization
and interpretation of the electrocardiogram: Part IV: The ST segment, T and U waves, and the QT interval:
A scientific statement from the American Heart Association Electrocardiography and Arrhythmias Committee,
Council on Clinical Cardiology; the American College of Cardiology Foundation; and the Heart Rhythm
Society. Endorsed by the International Society for Computerized Electrocardiology. J. Am. Coll. Cardiol. 2009,
53, 982–991. [CrossRef] [PubMed]

43. Priori, S.G.; Blomström-Lundqvist, C.; Mazzanti, A.; Blom, N.; Borggrefe, M.; Camm, J.; Elliott, P.M.;
Fitzsimons, D.; Hatala, R.; Hindricks, G.; et al. 2015 ESC Guidelines for the management of patients with
ventricular arrhythmias and the prevention of sudden cardiac death: The Task Force for the Management of
Patients with Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death of the European Society
of Cardiology (ESC). Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC).
Eur. Heart J. 2015, 36, 2793–2867. [CrossRef] [PubMed]

44. Prabhu, S.D. Cytokine-induced modulation of cardiac function. Circ. Res. 2004, 95, 1140–1153. [CrossRef]
[PubMed]

45. Bartekova, M.; Radosinska, J.; Jelemensky, M.; Dhalla, N.S. Role of cytokines and inflammation in heart
function during health and disease. Heart Fail. Rev. 2018, 23, 733–758. [CrossRef]

46. Lazzerini, P.E.; Capecchi, P.L.; Laghi-Pasini, F.; Boutjdir, M. Autoimmune channelopathies as a novel
mechanism in cardiac arrhythmias. Nat. Rev. Cardiol. 2017, 14, 521–535. [CrossRef]

47. Lazzerini, P.E.; Capecchi, P.L.; El-Sherif, N.; Laghi-Pasini, F.; Boutjdir, M. Emerging Arrhythmic Risk of
Autoimmune and Inflammatory Cardiac Channelopathies. J. Am. Heart Assoc. 2018, 7, e010595. [CrossRef]

48. Lazzerini, P.E.; Laghi-Pasini, F.; Boutjdir, M.; Capecchi, P.L. Cardioimmunology of arrhythmias: The role of
autoimmune and inflammatory cardiac channelopathies. Nat. Rev. Immunol. 2019, 19, 63–64. [CrossRef]

49. Capecchi, P.L.; Laghi-Pasini, F.; El-Sherif, N.; Qu, Y.; Boutjdir, M.; Lazzerini, P.E. Autoimmune and
inflammatory K+ channelopathies in cardiac arrhythmias: Clinical evidence and molecular mechanisms.
Heart Rhythm. 2019, 16, 1273–1280. [CrossRef]

50. London, B.; Baker, L.C.; Lee, J.S.; Shusterman, V.; Choi, B.R.; Kubota, T.; McTiernan, C.F.; Feldman, A.M.;
Salama, G. Calcium-dependent arrhythmias in transgenic mice with heart failure. Am. J. Physiol. Heart Circ.
Physiol. 2003, 284, H431–H441. [CrossRef]

51. Petkova-Kirova, P.S.; Gursoy, E.; Mehdi, H.; McTiernan, C.F.; London, B.; Salama, G. Electrical remodeling
of cardiac myocytes from mice with heart failure due to the overexpression of tumor necrosis factor-alpha.
Am. J. Physiol. Heart Circ. Physiol. 2006, 290, H2098–H2107. [CrossRef] [PubMed]

52. Kawada, H.; Niwano, S.; Niwano, H.; Yumoto, Y.; Wakisaka, Y.; Yuge, M.; Kawahara, K.; Izumi, T.
Tumor necrosis factor-alpha downregulates the voltage gated outward K+ current in cultured neonatal rat
cardiomyocytes: A possible cause of electrical remodeling in diseased hearts. Circ. J. 2006, 70, 605–609.
[CrossRef] [PubMed]

53. Fernández-Velasco, M.; Ruiz-Hurtado, G.; Hurtado, O.; Moro, M.A.; Delgado, C. TNF-alpha downregulates
transient outward potassium current in rat ventricular myocytes through iNOS overexpression and oxidant
species generation. Am. J. Physiol. Heart Circ. Physiol. 2007, 293, H238–H245. [CrossRef] [PubMed]

54. Wang, J.; Wang, H.; Zhang, Y.; Gao, H.; Nattel, S.; Wang, Z. Impairment of HERG K(+) channel function
by tumor necrosis factor-alpha: Role of reactive oxygen species as a mediator. J. Biol. Chem. 2004, 279,
13289–13292. [CrossRef]

55. Li, Y.H.; Rozanski, G.J. Effects of human recombinant interleukin-1 on electrical properties of guinea pig
ventricular cells. Cardiovasc. Res. 1993, 27, 525–530. [CrossRef]

56. Hagiwara, Y.; Miyoshi, S.; Fukuda, K.; Nishiyama, N.; Ikegami, Y.; Tanimoto, K.; Murata, M.; Takahashi, E.;
Shimoda, K.; Hirano, T.; et al. SHP2-mediated signaling cascade through gp130 is essential for LIF-dependent
I CaL, [Ca2+]i transient, and APD increase in cardiomyocytes. J. Mol. Cell. Cardiol. 2007, 43, 710–716.
[CrossRef]

57. Monnerat, G.; Alarcón, M.L.; Vasconcellos, L.R.; Hochman-Mendez, C.; Brasil, G.; Bassani, R.A.; Casis, O.;
Malan, D.; Travassos, L.H.; Sepúlveda, M.; et al. Macrophage-dependent IL-1β production induces cardiac
arrhythmias in diabetic mice. Nat. Commun. 2016, 7, 13344. [CrossRef]

http://dx.doi.org/10.2174/1573403X10666140514103612
http://www.ncbi.nlm.nih.gov/pubmed/24827793
http://dx.doi.org/10.1016/j.jacc.2008.12.014
http://www.ncbi.nlm.nih.gov/pubmed/19281931
http://dx.doi.org/10.1093/eurheartj/ehv316
http://www.ncbi.nlm.nih.gov/pubmed/26320108
http://dx.doi.org/10.1161/01.RES.0000150734.79804.92
http://www.ncbi.nlm.nih.gov/pubmed/15591236
http://dx.doi.org/10.1007/s10741-018-9716-x
http://dx.doi.org/10.1038/nrcardio.2017.61
http://dx.doi.org/10.1161/JAHA.118.010595
http://dx.doi.org/10.1038/s41577-018-0098-z
http://dx.doi.org/10.1016/j.hrthm.2019.02.017
http://dx.doi.org/10.1152/ajpheart.00431.2002
http://dx.doi.org/10.1152/ajpheart.00097.2005
http://www.ncbi.nlm.nih.gov/pubmed/16339842
http://dx.doi.org/10.1253/circj.70.605
http://www.ncbi.nlm.nih.gov/pubmed/16636498
http://dx.doi.org/10.1152/ajpheart.01122.2006
http://www.ncbi.nlm.nih.gov/pubmed/17337591
http://dx.doi.org/10.1074/jbc.C400025200
http://dx.doi.org/10.1093/cvr/27.3.525
http://dx.doi.org/10.1016/j.yjmcc.2007.09.004
http://dx.doi.org/10.1038/ncomms13344


Medicina 2020, 56, 382 14 of 15

58. Aromolaran, A.S.; Srivastava, U.; Alí, A.; Chahine, M.; Lazaro, D.; El-Sherif, N.; Capecchi, P.L.; Laghi-Pasini, F.;
Lazzerini, P.E.; Boutjdir, M. Interleukin-6 inhibition of hERG underlies risk for acquired long QT in cardiac
and systemic inflammation. PLoS ONE 2018, 13, e0208321. [CrossRef]

59. Pisoni, C.N.; Reina, S.; Arakaki, D.; Eimon, A.; Carrizo, C.; Borda, E. Elevated IL-1β levels in anti-Ro/SSA
connective tissue diseases patients with prolonged corrected QTc interval. Clin. Exp. Rheumatol. 2015, 33,
715–720.

60. Adlan, A.M.; Panoulas, V.F.; Smith, J.P.; Fisher, J.P.; Kitas, G.D. Association between corrected QT interval
and inflammatory cytokines in rheumatoid arthritis. J. Rheumatol. 2015, 42, 421–428. [CrossRef]

61. Lazzerini, P.E.; Laghi-Pasini, F.; Bertolozzi, I.; Morozzi, G.; Lorenzini, S.; Simpatico, A.; Selvi, E.; Bacarelli, M.R.;
Finizola, F.; Vanni, F.; et al. Systemic inflammation as a novel QT-prolonging risk factor in patients with
torsades de pointes. Heart 2017, 103, 1821–1829. [CrossRef] [PubMed]

62. Lazzerini, P.E.; Acampa, M.; Capecchi, P.L.; Fineschi, I.; Selvi, E.; Moscadelli, V.; Zimbone, S.; Gentile, D.;
Galeazzi, M.; Laghi-Pasini, F. Antiarrhythmic potential of anticytokine therapy in rheumatoid arthritis:
Tocilizumab reduces corrected QT interval by controlling systemic inflammation. Arthritis Care Res. (Hoboken)
2015, 67, 332–339. [CrossRef] [PubMed]

63. Kobayashi, H.; Kobayashi, Y.; Yokoe, I.; Kitamura, N.; Nishiwaki, A.; Takei, M.; Giles, J.T. Heart Rate-corrected
QT Interval Duration in Rheumatoid Arthritis and Its Reduction with Treatment with the Interleukin 6
Inhibitor Tocilizumab. J. Rheumatol. 2018, 45, 1620–1627. [CrossRef] [PubMed]

64. Engel, T.; Ben-Horin, S.; Beer-Gabel, M. Autonomic Dysfunction Correlates with Clinical and Inflammatory
Activity in Patients with Crohn’s Disease. Inflamm. Bowel Dis. 2015, 21, 2320–2326. [CrossRef] [PubMed]

65. Aarestrup, J.; Jess, T.; Kobylecki, C.J.; Nordestgaard, B.G.; Allin, K.H. Cardiovascular Risk Profile Among
Patients With Inflammatory Bowel Disease: A Population-based Study of More Than 100 000 Individuals.
J. Crohns Colitis. 2019, 13, 319–323. [CrossRef] [PubMed]

66. De Jesus, N.M.; Wang, L.; Herren, A.W.; Wang, J.; Shenasa, F.; Bers, D.M.; Lindsey, M.L.; Ripplinger, C.M.
Atherosclerosis exacerbates arrhythmia following myocardial infarction: Role of myocardial inflammation.
Heart Rhythm. 2015, 12, 169–178. [CrossRef]

67. Yu, X.; Patterson, E.; Huang, S.; Garrett, M.W.; Kem, D.C. Tumor necrosis factor alpha, rapid ventricular
tachyarrhythmias, and infarct size in canine models of myocardial infarction. J. Cardiovasc. Pharmacol. 2005,
45, 153–159. [CrossRef]

68. De Jesus, N.M.; Wang, L.; Lai, J.; Rigor, R.R.; Stuart, S.D.; Bers, D.M.; Lindsey, M.L.; Ripplinger, C.M.
Antiarrhythmic effects of interleukin 1 inhibition after myocardial infarction. Heart Rhythm. 2017, 14, 727–736.
[CrossRef]

69. Roubille, C.; Richer, V.; Starnino, T.; McCourt, C.; McFarlane, A.; Fleming, P.; Siu, S.; Kraft, J.; Lynde, C.;
Pope, J.; et al. The effects of tumour necrosis factor inhibitors, methotrexate, non-steroidal anti-inflammatory
drugs and corticosteroids on cardiovascular events in rheumatoid arthritis, psoriasis and psoriatic arthritis:
A systematic review and meta-analysis. Ann. Rheum. Dis. 2015, 74, 480–489. [CrossRef]

70. Meek, I.L.; Vonkeman, H.E.; van de Laar, M.A. Cardiovascular case fatality in rheumatoid arthritis is
decreasing; first prospective analysis of a current low disease activity rheumatoid arthritis cohort and review
of the literature. BMC Musculoskelet. Disord. 2014, 15, 142. [CrossRef]

71. Daperno, M.; Armuzzi, A.; Danese, S.; Fries, W.; Liguori, G.; Orlando, A.; Papi, C.; Principi, M.; Rizzello, F.;
Viscido, A.; et al. Unmet Medical Needs in the Management of Ulcerative Colitis: Results of an Italian Delphi
Consensus. Gastroenterol. Res. Pract. 2019, 2019, 3108025. [CrossRef] [PubMed]

72. Frieri, G.; Galletti, B.; Di Ruscio, M.; Tittoni, R.; Capannolo, A.; Serva, D.; Latella, G.; Sollima, L.; Leocata, P.;
Necozione, S.; et al. The prognostic value of histology in ulcerative colitis in clinical remission with
mesalazine. Therap. Adv. Gastroenterol. 2017, 10, 749–759. [CrossRef] [PubMed]

73. Viscido, A.; Papi, C.; Latella, G.; Frieri, G. Has infliximab influenced the course and prognosis of acute severe
ulcerative colitis? Biologics 2019, 13, 23–31. [CrossRef] [PubMed]

74. Fiorino, G.; Caprioli, F.; Daperno, M.; Mocciaro, F.; Principi, M.; Viscido, A.; Fantini, M.C.; Orlando, A.;
Papi, C.; Annese, V.; et al. Use of biosimilars in inflammatory bowel disease: A position update of the Italian
Group for the Study of Inflammatory Bowel Disease (IG-IBD). Dig. Liver Dis. 2019, 51, 632–639. [CrossRef]
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