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Abstract

Background: The QT interval prolongation was associated with fatal arrhythmias
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QT interval prolongation in primary biliary cholangitis (PBC) patients. The aim of this
study was to clarify the rate and the associated risk factors of corrected QT (QTc)
interval prolongation in PBC patients.

Methods: From January 2016 to December 2020, PBC patients were retrospectively
enrolled. The rate of QTc interval prolongation was surveyed and the associated risk

factors were clarified by univariate and multivariate analyses.
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Results: Among the 189 PBC patients, 24.3% (46/189) had the QTc interval prolonga-
tion. The univariate analysis showed that age, Child-Pugh classification, creatinine,
international normalized ratio (INR), and platelet (PLT) were associated with QTc in-

terval prolongation in the PBC patients. The multivariate analysis further showed only

age (p =.028) and Child-Pugh classification (p = .035) were the associated risk factors.
It had the highest risk of QTc interval prolongation (as high as 64.3%) in the patients
who were more than 62.5 years old and with Child-Pugh C.

Conclusion: The QTc interval prolongation was frequent in PBC patients, especially in
the patients with decompensated cirrhosis. The rate of QTc interval prolongation was
as high as 64.3% in the PBC patients who were more than 62.5 years old and classified
as Child-Pugh C.
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1 | BACKGROUND histologically by chronic nonsuppurative destruction of the inter-
lobular bile ducts. When breakdown of immune tolerance is initi-
Primary biliary cholangitis (PBC), formerly known as primary biliary ated, inflammatory reaction will lead to cholangiocellular damage

cirrhosis, is regarded as a classic autoimmune disease characterized and apoptosis. Once bile duct loss and cholestasis are established,
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secondary to retention of bile salts and other toxic compounds fur-
ther perpetuates damage to biliary epithelial cells, subsequently to
the liver (Talwalkar & Lindor, 2003). Based on it, the elevated levels
of serum alkaline phosphatase (ALP)/y-glutamyl transpeptidase (y-
GT) and positive anti-mitochondrial antibody (AMA) are present in
PBC patients as the critical features for diagnosis (Heathcote, 2000;
Lindor et al., 2009). The liver is the mainly involved organ in PBC.
However, it has been increasingly reported for extrahepatic mani-
festations, including metabolic bone diseases, nephropathy, intersti-
tial lung disease, pulmonary hypertension, and cardiac involvement
(Bian et al., 2018; Leslie et al., 2003; Sakamaki et al., 2011; Shen
etal., 2009).

Cardiac involvement is a serious fatal complication for PBC.
Granulomatous inflammation was the histopathological basis for bile
duct injury, and involved in myocardial damage as well (Fagan et al.,
1983). The AMA, a specific antibody for PBC, potentially induced
cytotoxic effect for myocardial tissues by cross-reacting with a Ca%+
channel protein (Matsumoto et al., 2012). Due to Ca®* channel alter-
ation and myocardial damage, the heart electrophysiological abnor-
mality became the important aspect of cardiac involvement for PBC.
The QT interval prolongation is one of pathological electrophysio-
logical abnormality, leading to the extension of the ventricular vul-
nerable period and the decrease of ventricular fibrillation threshold
(Elming et al., 2002). In addition, QT interval prolongation is closely
related to fatal arrhythmias (including torsade de pointes ventricu-
lar tachycardia) (Wit, 2018) and sudden cardiac death (Priori et al.,
2016). Earlier studies indicated that PBC patients had prolongation
of the corrected QT (QTc) interval (Kempler et al., 1994). However,
there were not adequate data to clarify the rate and the associated
factors of QTc interval prolongation in PBC patients.

Herein, the rate of QTc interval prolongation were surveyed and
the risk factors were analyzed among the PBC patients to enrich
the data of cardiac dysfunction and figure out the characteristics of

high-risk patients with QTc interval prolongation.

2 | METHODS

2.1 | Study design

This was a retrospective study. From January 1 2016 to December
31 2020, a total of 189 PBC patients were enrolled from the First
Affiliated Teaching Hospital of medical college, which is the biggest
general hospital under the direct administration of the Chinese
Ministry of Health. Inclusion criteria: (i) age was more than 18 years
old; (ii) patients were corresponding to the diagnosis of PBC. The
diagnostic criteria for PBC were as follows: chronic cholestasis
with elevated serum alkaline phosphatase and/or y-glutamyl trans-
peptidase levels; Antimitochondrial antibody (AMA) positivity and
other histological features of the liver that are symbolic for diagno-
sis (Heathcote, 2000; Lindor et al., 2009). Exclusion criteria were

if patients had other obstructive jaundice diseases; concomitant

medication or surgical treatment associated with QT interval
prolongation (Beach et al., 2018; Ishister et al., 2017; Kennelly &
Esaian, 2013; Murphy & Dargie, 2007; Trinkley et al., 2013); heart
disease causing QT intervals prolongation independently (includ-
ing myocarditis; primary myocardiopathy; valvular heart disease
and acute coronary syndrome); bundle-branch block or nonspecific
ventricular conduction delay with QRS duration 2120 ms; history
of diabetes; cardiac arrest, or emergency treatment. This study
was conducted in accordance with the Declaration of Helsinki
and the protocol was approved by the Ethics Committee of First
Affiliated Hospital, School of Medicine, Xi'an Jiaotong University
(No. 2020.055).

Using an electronic medical record system, paper charts, and
telephone interview, pertinent data from the services of the First
Affiliated Hospital of Xi'an Jiaotong University were retrospectively
reviewed and collected as follows: age, gender, diagnosis, duration
of disease, treatment, 12-lead electrocardiogram (ECG), liver and
renal function, blood routine and electrolyte examination, autoan-

tibodies, and myocardial enzyme.

2.2 | Assessments and outcomes

The hepatic compensatory function is evaluated by Child-Pugh
score. Child-Pugh classification A is considered as compensatory
status (<5 points), Child-Pugh classification B (5-15 points), and C
(>15 points) indicate decompensated cirrhosis (Liaw et al., 2004).

A 12-lead electrocardiogram (ECG) at 25 mm/s was obtained.
Mean QT intervals for the entire ECG were corrected for heart
rate using Bazzet's formula (QTc = QT/VRR interval) to obtain the
QTc mean (Zareba & Lin, 2003). QTc prolongation was defined as
>450 ms in men and 2460 ms in women (Ramos-Rios et al., 2010). All
ECGs were reviewed by two cardiologists with more than 15 years
of experience.

The primary outcome was the rate of QTc interval prolongation
in the PBC patients. The secondary outcomes were as follows: (i) The
associated factors of QTc interval prolongation in the PBC patients;
(ii) the rate of cardiac electrophysiological abnormalities involve-

ment in the PBC patients.

2.3 | Statistical analysis

Quantitative data of normal distribution were expressed by
mean + standard deviation (SD) and were compared using the in-
dependent samples t-test. Quantitative data of non-normal distri-
bution were expressed by median and range, and were compared
using the independent samples Mann-Whitney U-test. Qualitative
data were expressed by absolute count and percentage, and were
compared using y2 test. Univariate and multivariate logistic regres-
sion analyses were used to determined odds ratios (OR) and their

95% confidence intervals (Cl) to the variables. Receiver operating
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characteristic (ROC) curves and Youden Index were used to identify
the optimal level of prediction. p value < .05 was considered statisti-
cally significant. The analyses were performed with SPSS software
13.0 (SPSS Inc).

3 | RESULTS

3.1 | Basic characteristics of the PBC patients

A total of 189 PBC patients were enrolled. The basic characteristics
of them were shown in Table 1. The median age was 60 (20-84) years
old. Among the 189 patients, 78.3% (148/189) were female, 46%
(87/189) had decompensated cirrhosis and 3.7% (7/189) were com-

bined with cardiac electrophysiological abnormalities.

TABLE 1 Demographics and basic characteristics of PBC

patients

Variable
Age, years®
Gender, female (%)
Decompensated cirrhosis, N (%)
Child-Pugh score?
Child-Pugh classification, N (%)
Child-Pugh A
Child-Pugh B
Child-Pugh C

Cardiac electrophysiological abnormalities,
N (%)

Hypertension, N (%)
ALT (U/L)?

TBil (pmol/L)?
Albumin (g/L)?
TBA (umol/L)?
CRE (umol/L)?
BUN (mmol/L)?
INR?

HGB (g/L)®
WBC (107/L)?
PLT (10°/L)?

K* (mmol/L)?
Ca®" (mmol/L)?
Mg?* (mmol/L)?
CK (U/L)?
CK-MB (U/L)?

Value (N = 189)
60 (20-84)

148 (78.3)

87 (46.0)
6(5-12)

102 (54.0)
56 (29.6)
31(16.4)
7(3.7)

23(12.2)

35.0 (6.0-1170.0)
27.7 (5.9-451.2)
34.7 (21.1-61.4)
49.7 (3.2-347.2)
51.0(23.0-263.0)
4.8 (2.1-38.6)
1.12(0.84-2.20)
108.0 (40.0-141.0)
3.4(1.4-23.0)
82.0(17.0-329.0)
3.6(2.2-7.2)
2.1(1.8-2.8)

0.9 (0.6-1.8)

60.0 (6.0-789.0)
20.0 (3.0-196.0)

Abbreviations: ALT, alanine aminotransferase; BUN, blood urea

nitrogen; CK, creatine kinase; CK-MB, creatine kinase isoenzyme-MB;
CRE, creatinine; HGB, hemoglobin; INR, international normalized ratio;
PBC, primary biliary cholangitis; PLT, platelet; TBA, total bile acid; TBil,
total bilirubin; WBC, white blood cell.

*The values were expressed as the median (range).

3.2 | QTcinterval prolongation in PBC patients
Among the 189 PBC patients, 24.3% (46/189) had QTc interval pro-
longation. Twenty-one percent (32/148) were the female patients
[the median QTc interval, 473 (460-547) ms] and 34.1% (14/41) were
the male patients [the median QTc interval, 464 (452-520) ms].

As shown before, 46% (87/189) patients had decompensated cir-
rhosis. Compared with the patients without decompensated cirrho-
sis, the rate of QTc interval prolongation was much higher in those
patients with decompensated cirrhosis (33.3% vs. 16.7%,;{2 =7.082,
p =.008, Figure 1). Moreover, the time of QTc interval was longer in
the decompensated cirrhosis patients [442 (305, 535) vs. 433 (320,
547)ms, Z = -2.467,p = .014].

3.3 | Cardiac electrophysiological abnormalities
involvement in PBC patients

Cardiac electrophysiological abnormalities were documented in
seven patients (3.7%). Forty-three percent (2/46) were in the pa-
tients with QTc interval prolongation and 3.5% (5/143) were in
the subjects without QTc interval prolongation (4.3% vs. 3.5%,
;(2 = 0.071, p = .678), including premature ventricular contrac-
tion (2.2% vs. 0.7%), premature atrial contractions (2.2% vs. 1.4%),
atrial fibrillation (0% vs. 1.4%).

3.4 | The associated factors of QTc interval
prolongation in PBC patients

To identify the risk factors of QTc interval prolongation, the univari-
ate and multivariate analyses were performed. The univariate analysis
showed that age, Child-Pugh classification, CRE, INR, and PLT were asso-
ciated with QTc interval prolongation in the PBC patients. Furthermore,
multivariate analysis showed only age (p = .028) and Child-Pugh clas-
sification (p = .035) were the associated risk factors (Table 2).

Based on ROC analysis, the cut-off of age was determined. The
cut-off of age was 62.5 years old, which had a sensitivity of 60.9%,
specificity of 66.4%, and Youden index of 27.3% to predict the risk of
QTc interval prolongation in the PBC patients. The area under ROC
was 0.644 (95% Cl, 0.560-0.728, p = .003, Figure 2a). As shown
in Figure 2b, the PBC patients were divided into two groups due
to whether age more than 62.5 years old. The proportions of QTc
interval prolongation gradually increased with Child-Pugh classifica-
tion in two groups. The patients more than 62.5 years old and with
Child-Pugh C had the highest risk of QTc interval prolongation (as
high as 64.3%).

4 | DISCUSSION

The prolongated QTc interval was associated with serious car-
diac adverse events. It is limited for the data about QTc interval
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FIGURE 1 The rates of QTc interval prolongation in PBC
patients. PBC, primary biliary cholangitis

prolongation among PBC patients. In this study, we surveyed the
rate of QTc interval prolongation among the 189 PBC patients from
2016 to 2020 and clarified the associated risk factors. The rate of
QTc interval prolongation was as high as 24.3% in the PBC patients.
Moreover, old age and high Child-Pugh classification were closely
associated with QTc interval prolongation. According to our knowl-
edge, this is the first report, showing that it had high risk of QTc
interval prolongation in the PBC patients who were more than
62.5 years old and classified as Child-Pugh C.

The QTc interval prolongation can be relied on as a risk factor
for predicting imminent arrhythmias and associated with all-cause
mortality (Arya et al., 2020; Bruyne et al., 1999). In our study, 24.3%
of the PBC patients had QTc interval prolongation and 3.7% had
cardiac electrophysiological abnormalities, including premature
ventricular contraction, premature atrial contractions, and atrial
fibrillation. Cardiac involvement was a rare complication of PBC,
which reported to be presented in 4% of PBC patients, including
myocardiopathy and cardiac electrophysiological abnormalities
(Bian et al., 2018). Due to moderate sample size in this study, the
rates of cardiac electrophysiological abnormalities had no sta-
tistic difference between the patients with or without QTc inter-
val prolongation. However, based on the previous studies (Arya
et al., 2020; Bruyne et al., 1999), it is suggested that the risk of
cardiac dysfunction was high in the PBC patients with QTc interval
prolongation.

TABLE 2 Clinical correlates of QTc interval prolongation by
univariate and multivariate analyses in the PBC patients

Clinical
characteristic

Age, years
Gender, male
Child-Pugh
classification
ALT (U/L)
TBil (pmol/L)
Albumin (g/L)
TBA (umol/L)
CRE (pmol/L)
BUN (mmol/L)
INR
HGB (g/L)
WBC (10°/L)
PLT (10%/L)
K* (mmol/L)
Ca?* (mmol/L)
Mg?* (mmol/L)
CK(U/L)

CK-MB (U/L)

Univariate OR (95%
Cl) p value

1.052(1.015, 1.090)
.006

1.851 (0.904, 3.790)
.092

2.331(1.499, 3.624)
<.001

0.998 (0.995, 1.002)
.316

1.001 (0.997, 1.005)
.573

0.975 (0.928, 1.025)
975

0.999 (0.995, 1.004)
756

1.019 (1.005, 1.034)
.010

1.087(0.984, 1.201)
102

11.753 (2.894,
47.725) .001

0.998(0.983, 1.012)
734

1.102 (0.995, 1.220)
.061

0.993(0.987,0.999)
.034

0.793(0.434, 1.452)
453

2.881(0.396,
20.944) .296

0.419 (0.043, 4.101)
454

1.007 (0.999, 1.015)
.068

0.996 (0.976, 1.016)
.695

Multivariate OR (95%
Cl) p value

1.046(1.005, 1.088)
.028

1.880(1.044, 3.387)
.035

1.013(1.000, 1.026)
.056

2.731(0.443, 16.855)
279

0.999 (0.992, 1.005)
697

Note: Abbreviations: ALT, alanine aminotransferase; BUN, blood urea
nitrogen; CK, creatine kinase; CK-MB, creatine kinase isoenzyme-MB;
CRE, creatinine; HGB, hemoglobin; INR, international normalized ratio;
OR, odds ratio; PBC, primary biliary cholangitis; PLT, platelet; TBA, total
bile acid; TBiIl, total bilirubin; WBC, white blood cell.

Firstly, the univariate logistic regression analysis was used to
determined the associated variables, then these variables (p < .05) were
taken into the multivariate.

The heart function can be affected by the exacerbation of liver
function. The QTc interval represents a measure of ventricular de-
polarization and repolarization, and its prolongation is associated
with ventricular arrhythmias as well as sudden cardiac death. It has
reported that the rates of QTc interval prolongation were 38.2%
in the liver cirrhosis patients (Zhao et al., 2016) and 51% in the
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FIGURE 2 The effect of Age and Child-Pugh classification on QTc interval prolongation. (a) The ROC curve of age to predict the risk of
QTc interval prolongation; (b) The proportions of QTc interval prolongation in the patients with different age and Child-Pugh classification

end stage liver disease patients (Kim et al., 2017), respectively.
Multiple factors involved in liver diseases were thought to be
responsible for the QTc interval prolongation, including bilirubin
levels, bile acids levels, gonadal hormone alteration, electrolyte
abnormalities, and autonomic imbalance with sympathetic ner-
vous system hyperactivity (Bernardi et al., 1998; Oka et al., 1994;
Schooling et al., 2014; Vasavan et al., 2018). Consistent with these
studies, in our study, the patients with decompensated cirrhosis
had a much higher risk of QTc interval prolongation compared
with the patients without decompensated cirrhosis (33.3% vs.
16.7%, p = 0.008). Moreover, 34.1% male patients had prolonged
QTc interval, which was higher compared with the female patients
(34.1% vs. 21.6%), although there was no statistic difference. It is
still elusive about the effect of gender hormone on the QTc inter-
val prolongation. Kim et al. reported a much higher prevalence of
QTc prolongation among males with end stage liver disease (Kim
et al.,, 2017). However, Adigun et al. demonstrated that gonadal
hormone concentrations had no effect on the QTc interval (Adigun
et al., 2005). We performed the univariate and multivariate anal-
yses and showed that age and Child-Pugh classification were as-
sociated with QT prolongation. The QTc interval prolongation was
common in the elderly (Bruyne et al., 1999). The severity of liver
dysfunction was considered as an important factor related to QTc
interval (Zhao et al., 2016). A total of 5 components of Child-Pugh
score, including hepatic encephalopathy, ascites, prothrombin
activity, ALB, and bilirubin, directly or indirectly correlated with
prolonged QTc interval. Our data showed the patients more than
62.5 years old and with Child-Pugh C had the highest risk of QTc
interval prolongation (as high as 64.3%).

Here, the prevalence of QTc interval prolongation was surveyed
in the PBC patients and the associated risk factors were clarified.
Although the numbers of patients were moderate, a prospective
well-designed cohort study with large sample size is necessary to

evaluate the relationship between QTc interval and arrhythmia. The
underling mechanism should be further studied.

In conclusion, QTc interval prolongation was frequent in PBC
(24.3%), especially in the patients with decompensated cirrhosis. The
rate of QTc interval prolongation was as high as 64.3% in the PBC pa-

tients who were more than 62.5 years old and classified as Child-Pugh C.
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