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ABSTRACT

Objectives: This study aimed to determine whether there is a difference in the electrocardiography
(ECG) measurements of healthy controls and rheumatoid arthritis (RA) patients and to predict
whether they can be used to determine the risk of arrhythmia in patients.

Patients and methods: The prospective study included 50 cardiac asymptomatic RA patients
(38 males, 12 females; mean age: 46.8+9.1 years; range, 18 to 60 years) who met the 2010 American
College of Rheumatology/European Alliance of Associations for Rheumatology RA criteria and
50 healthy volunteers (34 males, 16 females; mean age: 43.4+10.4 years; range, 18 to 60 years) as
a control group between June 1, 2022, and August 31, 2022. Disease activity of the patients was
calculated with the Disase Activity Score (DAS28). Heart rate, minimum and maximum QT intervals,
QT dispersion, minimum and maximum P waves, P wave dispersion (Pd), minimum and maximum
Tp-e intervals, Tp-e dispersion, minimum and maximum corrected QT (QTc) intervals, QTc dispersion,
and the Tp-e/QTc ratio in ECGs were calculated.

Results: The mean disease duration of the RA group was 9.09+5.74 years. The mean C-reactive
protein level was 9.83+8.29, the mean erythrocyte sedimentation rate was 26.12+16.28 mm/h, and
the mean DAS28 was 3.03+0.37. There was a statistically significant increase in the maximum P wave,
Pd, maximum QT, QT dispersion, maximum QTc, QTc dispersion, maximum Tp-e, Tp-e dispersion, and
Tp-e/QTc dispersion parameters in the RA group compared to the control group, while there was a
significant decrease in the minimum P wave, minimum QT, and minimum QTc parameters.
Conclusion: In our study, the Pd, QTc dispersion, Tp-e dispersion, and Tp-e/QTc dispersion values
of our patients, which indicate the risk of atrial and ventricular arrhythmia, were found to be
significantly higher. This finding suggests that our patients had an increased risk of cardiac morbidity
and mortality. Arrhythmias are the likely source of the increase in sudden cardiac death in RA, and
these new indicators measured on ECG can be used as standardized cardiovascular morbidity and
mortality indicators in the future.

Keywords: Arrhythmia, electrocardiography, rheumatoid arthritis.

Rheumatoid arthritis (RA) is a systemic
inflammatory disease with articular and
nonarticular involvements affecting the synovial
joints. During the course of this disease, all cardiac
structures (conducting system, myocardium,
endocardium, coronary arteries, and valves)
may be affected. Various clinical pictures, such
as pericarditis, myocarditis, myocardial fibrosis,
arrhythmias, coronary artery disease, valve

disease, pulmonary hypertension, and heart
failure, may occur.!

The most common arrhythmia in patients
with RA is atrial fibrillation (AF).? Other common
arrhythmias are premature ventricular complex
and ventricular tachycardia.® The main cause of
rhythm disturbance is coronary vasculitis and
coronary atherosclerotic disease, which cause
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inflammatory lesions and perfusion defects of
the myocardium.* Increased sympathetic and
decreased parasympathetic activity may play an
important role in the development of ventricular
tachycardia in RA patients.®

The longest P wave duration in
electrocardiography (ECG) is called P maximum
(Pmax), whereas the shortest P wave duration is
called P minimum (Ppin). The difference between
the maximum and minimum P wave durations
is defined as the P wave dispersion (Pd).® An
increase in Pd indicates the presence of variable
and heterogeneous atrial electrical activity, a
predisposition to atrial reentry formation and
AF”

The distance from the start of the QRS
complex to the end of the T wave is called the
QT interval. It shows the sum of the electrical
depolarization and repolarization times of the
ventricular muscle. The shortest QT duration
is defined as QT minimum (QTmin), and the
longest QT duration is defined as QT maximum
(QTmax). The difference between the maximum
and minimum QT times is defined as the QT
dispersion (QTd). The heart rate and the duration
of the QT interval vary. For this reason, it should
be corrected for heart rate. The Bazett formula
is most commonly used for this correction.
According to this formula, the QT duration is
divided by the square root of the duration of the
preceding R-R interval, and the corrected QT
(QTc) is calculated.® The difference between the
QTc distances [minimum (QTcmin and maximum
(QTcmax)] is called the corrected QT dispersion
(QTcd). QTd is a parameter that indicates regional
heterogeneity in myocardial repolarization. High
QTd indicates low ventricular repolarization
homogeneity, which indicates ventricular
instability.® It has been shown that an increase in
QTd, which is accepted as a marker of regional
heterogeneity in myocardial repolarization,
causes severe ventricular arrhythmias and sudden
cardiac death through the reentry mechanism.®
It has been shown that QTd is associated with
increased cardiovascular mortality and morbidity
in ischemic heart disease, peripheral vascular
disease, hypertension, dilated and hypertrophic
cardiomyopathies, and chronic renal failure.!!

The time between the point where the T wave
reaches its maximum amplitude and the end point
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of the T wave is called the Tp-e interval. In the
ECG, the longest Tp-e time is defined as Tp-e
maximum (Tp-emax), and the shortest Tp-e time is
defined as Tp-e minimum (Tp-emin). The difference
between the maximum and minimum Tp-e times
is called Tp-e dispersion (Tp-ed). The Tp-e interval
is considered to be a reflection of ventricular
transmural repolarization dispersion on the
ECG.'?2 An increase in ventricular repolarization
dispersion is accepted as an important risk factor
for ventricular arrhythmias. A prolonged Tp-e
interval reflects the abnormal distribution of
ventricular repolarization and is associated with
an increased risk of ventricular arrhythmias.
Therefore, the Tp-e interval is a noninvasive
screening method for arrhythmogenesis.!3

The Tp-e/QT ratio is one of the new markers
that can predict cardiac arrhythmias. As the
body weight increases, the Tp-e interval and
QT increase linearly, while the Tp-e/QT ratio
remains constant.!®* The Tpe/QT ratio is
significantly increased in patients at risk for
arrhythmic events, such as Brugada syndrome,
short QT syndrome, and long QT syndrome,
and in organic heart diseases, such as acute
myocardial infarction.!4

Although arrhythmia susceptibility is known
in RA, there are limited studies on arrhythmia
predictors. In our study, we evaluated Pmin, Pmax,
Pd, Tp-emin, Tp-emax, Tp-ed, QTmin, QTmax,
QTcmin, QTmax, QTcd, and Tp-e/QTc values in
the patient and control groups. As far as we can
research, there is no other study in the literature
evaluating all of these parameters in RA. In
this study, we aimed to determine whether
there is a difference in the measurements of
healthy controls and RA patients and to predict
whether they can be used to determine the risk
of arrhythmia in patients.

PATIENTS AND METHODS

The prospective study included
50 RA patients (38 males, 12 females;
mean age: 46.8+9.1 years; range, 18 to 60 years)
who fulfilled the 2010 American College of
Rheumatology (ACR)/European Alliance of
Associations for Rheumatology (EULAR) RA
criteria’® and 50 healthy controls (34 males,
16 females; mean age: 43.4x10.4 years;
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range, 18 to 60 years) who applied to the
Physical Medicine and Rehabilitation Outpatient
clinic of the Medicine Faculty of Firat University
between June 1, 2022, and August 31, 2022.
Patients with no known diabetes, hypertension,
cardiovascular disease, renal failure, lung
disease, hypercholesterolemia, no smoking
history, and normal sinus rhythm on ECG were
recruited. A 12-lead ECG was taken for the
patient and control groups. Heart rate, QTmin,
QTmax, QTd, Pmin Pmax, Pd, Tp'emin, Tp'emax,
Tp-ed, QTcmin, QTcmax, QTcd, and Tp-e/QTc
were calculated from ECGs. Echocardiographic
images were obtained from all individuals with
a probe operating at 1.5 to 4.5 MHz on the
GE Vivid brand T8 model echocardiography
device (General Electric, New York, USA). Left
atrium diameters and left ventricular ejection
fractions were measured.

Medicines used by patients were recorded.
Disease activity of the patients was calculated with
the Disease Activity Score (DAS28). The number
of tender and swollen joints, serum C-reactive
protein (CRP) level, global evaluation of the
patient, and Visual Analog Scale measurements
were used in the calculation.!®

Statistical analysis

Data were analyzed using IBM SPSS version
26.0 software (IBM Corp., Armonk, NY, USA).
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Continuous variables were expressed as mean
+ standard deviation (SD), and categorical
variables were expressed as percentages. The
Mann-Whitney U test was used to compare
continuous variables in both groups. The chi-
square test was used to compare categorical
values. A p value <0.05 was considered
statistically significant.

RESULTS

There was no significant difference between
the sex distribution, age, and body mass index
of the patient and control groups (Table 1).
Similarly, no significant difference was found
between the ejection fraction and left atrium
diameters in the echocardiographic examinations
of the two groups (Table 2).

Although all patients had a history of
corticosteroid and conventional synthetic
disease modifying drug (DMARD) use in
the past, 10 patients were using biologic
DMARDs, 47 patients were using conventional
synthetic DMARDs, eight patients were using
corticosteroids, and seven patients were using
nonsteroidal anti-inflammatory drugs at the last
examination. The mean dose of steroids was
9.5+3.66 mg/day. The mean disease duration of
the RA group was 9.09+5.74 years. The mean

Table 1. Demographic characteristics of the groups

Patient group

Control group

% Mean+SD % Mean+SD p
Age (year) 46.8+9.1 43.4+104 0.078
Sex
Female 76 68 0.373
Body mass index (kg/m?) 25.66+3.99 25.60+3.23 0.145

SD: Standard deviation.

Table 2. Echocardiographic data of the patient and control groups

Ejection fraction (%)
Left atrium diameter (mm)

SD: Standard deviation.

Patient group

Control group

Mean+SD Mean+SD p
60.10+2.57 58.90+3.81 0.068
30.08+3.56 31.24+4.15 0.137
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Table 3. Laboratory values and clinical characteristics
of the patients

RA group
% Mean+SD
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While there was a statistically significant
increase in Pmax, Pd, QTmax, QTd, QTcmax, QTcd,
Tp-emax, Tp-ed, and Tp-e/QTcd parameters in the
RA group compared to the control group, there
was a significant decrease in the Pmin QTmin,

Crreactive protein (mg/dL) 9.83+8.29 QTcmin parameters. Heart rate and Tp-emin values
Erythrocyte sedimentation rate (mm/h) 26.12+16.28 were not significantly different (Table 4)
Disease Activity Score-28 3.03+0.37
Disease duration (year) 9.09+5.74
DISCUSSION

bDMARD use (%) 20
¢sDMARD use (%) 94 In our study, there was a statistically significant
Steroid use (%) . difference between the QTiin, QTmax, QTd, Pmin
NSAID % 14 PmaX’ Pd, Tp'emax, Tp'ed’ QTCmin, QTCmax, QTCd,

SIAD) e () Tp-e/QTc measurements of our RA patients and
Steroids dose (mg/day) 9.5+3.66 healthy controls. It was thought that our cardiac

SD: Standard deviation; bDMARD: Biologic disease-modifying anti-
rheumatic drug; csDMARD: Convantionel sentetic disease-modifying anti-
rheumatic drug; NSAID: Non-steroidal antiinflammatory drug.

CRP level was 9.83+8.29, the mean erythrocyte
sedimentation rate was 26.12+16.28 mm/h, and
the mean DAS28 was 3.03+0.37 (Table 3).

asymptomatic patients could have an increased
risk of both atrial and ventricular arrhythmias.

The arrhythmia in RA is based on diffuse
cardiac involvement with inflammatory lesions.
In addition, it has been shown that coronary
vasculitis and coronary atherosclerotic disease,
which cause myocardial perfusion defects, have a

Table 4. Electrocardiographic data of the patient and control groups

Patient group

Control group

Mean+SD Mean+SD P
Heart rate (beats/min) 79.38+14.99 79.98+10.21 0.352
Pmin (ms) 47.20+£11.95 59.40+14.90 0.000
Prmax (ms) 118.60+19.58 103.40+14.22 0.000
Pd (ms) 71.40+22.03 44.00+10.69 0.000
QTimin (ms) 298.70+34 .41 312.40+32.29 0.043
QTmax (ms) 379.60+30.58 365.88+32.89 0.033
QTd (ms) 80.90+26.92 55.48+19.30 0.000
QTcmin (ms) 336.96+40.74 351.08+27.89 0.046
QTcmax (ms) 431.24+44.32 414.72+3010 0.032
QTcd (ms) 93.68+35.37 64.42+23.60 0.000
Tp-emin (ms) 50.00+14.56 52.40+9.80 0.336
Tp-emax (ms) 103.60+19.56 92.30+12.15 0.001
Tp-ed (ms) 53.00+18.43 39.90+10.32 0.000
Tp-e/QTc 0.241+0.051 0.223+0.032 0.032

SD: Standard deviation; Pmin: P minimum; Pmax: P maximum; Pd: P dispersion; QTmin: QT minimum; QTmax:
QT maximum; Qtd: QT dispersion; QTcmin: Corrected QT minimum; QTcmax: Corrected QT maximum; QTed:
Corrected QT dispersion; Tp-emin: Tp-e minimum; Tp-emax: Tp-e maximum; Tp-ed; Tp-e dispersion; Tp-e/QTc:

Tp-e/corrected QT.
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proarrhythmic effect, and antibodies against the
cardiac conduction system play an important role
in conduction abnormalities in RA patients.*1”

Local atrial complement activation in RA
causes tissue injury. Injury, myocyte necrosis,
and fibrosis of the atrial myocardium cause
atrial remodeling. Structural changes within the
atrial wall can lead to electrical inhomogeneity,
different conduction rates, and inhomogeneous
refractory periods throughout the atrial
myocardium, which may be reflected in the
ECG examination as prolonged P wave duration
and increased Pd.*®

P wave dispersion is a new
electrocardiographic ~ marker  associated
with  heterogeneous and discontinuous

propagation of sinus impulses. Increased Pd is
a risk factor for the development of paroxysmal
AF in patients. It has been shown that increased
Pd can be used to predict the transition from
paroxysmal AF to AF.7 In our study, the increase
in Pmax and Pd parameters in the RA group was
found to be statistically significant compared to
the control group, consistent with other studies
in the literature.!:20

It has been reported that an increase
in QTd 1is associated with wventricular
arrhythmias, sudden deaths in hypertrophic
cardiomyopathies, sudden deaths in ischemic
heart diseases, and left ventricular failure.?23
The increased susceptibility to develop fatal
ventricular arrhythmias is the most likely
mechanism explaining the high risk of sudden
cardiac death in RA. An increasing number
of studies have investigated QT interval
parameters (QT, QTc, QTd, and QTcd) in
RA, and it has been consistently shown
that QT wvariables significantly increase in
these patients.>4242> There has also been
direct evidence of a link between QT interval
abnormalities and the risk of wventricular
arrhythmia or death.32627 It has been shown
that QTc duration has a positive correlation
with mortality in RA.2¢ In our study, QTmax,
QTd, QTcmax, and QTd values were observed
to be increased in the RA group compared to
the control group.

Relatively new ECG ventricular repolarization
markers such as Tp-e interval and the Tp-e
interval/QT ratio are can predict ventricular
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arrhythmias and sudden cardiac death in the
recent period. The Tp-e interval reflects the
degree of distribution of repolarization.?® Recent
studies have suggested that the Tp-e interval and
Tp-ed are a transmural dispersion index pointing
to the prognostic importance of arrhythmic
risk in various conditions.?° It has been shown
that the Tp-e/QT ratio and the Tp-e/QTc ratio
as a transmural dispersion index can also be
used as noninvasive arrhythmia indicators. Since
Tp-¢/QT and Tp-e/QTc are independent of
heart rate change, they are indicators that
can reflect transmural repolarization dispersion
more accurately compared to “Tp-e interval, QT
dispersion and QTc dispersion”.3? In our study,
Tp-emax and Tp-ed were significantly prolonged
in the RA group compared to the control group.
In the study of Acar et al.,3! Tp-e was found to
be increased, similar to our study. In addition, in
our study, the Tp-e/QTc ratio was observed to
be prolonged in the RA group compared to the
control group, similar to the study of Aladag et
al.?2 In the literature review, we could not find
any other study comparing Tp-ed in RA and
healthy controls.

There are some limitations to this study.
Although the patient group in our study was
selected from cardiac asymptomatic patients,
coronary angiography is the gold standard test
for the diagnosis of ischemic heart disease,
and there may be patients with ischemic
heart disease. Ten of our patients had a
history of biological agent use, and all of them
had a history of DMARD and corticosteroid
use. These drugs may have had effects on
cardiac conduction systems. In addition, the
relatively small number of patients is among the
limitations of our study.

In conclusion, Pd, QTcd, Tp-ed, and
Tp-e/QTcd values, which indicate atrial and
ventricular arrhythmia risk, were found to be
significantly higher in RA patients. This finding
suggested that our patients had an increased
risk of cardiac morbidity and mortality, although
they were still asymptomatic from a cardiac
point of view. Arrhythmias are the likely source
of the increase in sudden cardiac death in RA,
and it is important to distinguish patients at risk
of arrhythmias. These new indicators collected
from ECG, which is a simple, noninvasive,
and inexpensive diagnostic method, can be
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used as standardized markers of cardiovascular
morbidity and mortality in the future. Larger
prospective studies are needed to show the
correlation between these parameters and cardiac
involvement.
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