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Abstract

Background: Corrected QT (QTc) prolongation is a frequently observed ECG abnormality in patients with rheumatoid
arthritis (RA). Objectives: We aimed to investigate the association between disease activity and QTc interval in patients
with RA. Methods: Data were obtained from the Kyoto University Rheumatoid Arthritis Management Alliance population-
based RA cohort. We used a linear model to compare the association between QTc interval and RA-related parameters,
including patient characteristics and disease activity assessed using the visual analog scale, C-reactive protein level, erythrocyte
sedimentation rate (ESR), disease activity score 28-joint count using erythrocyte sedimentation rate (DAS28-ESR), simplified
disease activity index (SDAI), clinical disease activity index (CDAI), and health assessment questionnaire (HAQ) score. We
also constructed multivariate linear regression models to adjust for confounding effects. Results: The mean QTc interval of
340 patients (mean age: 64.7 ± 12.3 years, female: 289 [85%]) with ECG data was 420.0 ± 18.4, and the mean disease activity
indices were: DAS28-ESR, 2.7 ± 1.1 points; CDAI, 5.0 ± 5.2 points; SDAI, 5.4 ± 5.7 points; and HAQ, 0.61 ± 0.71 points. Linear
correlations were observed between the QTc interval and all parameters for disease activity in the univariate analysis. The three
multivariate linear regression models using age, sex, HAQ score, and disease activity indices (CDAI, SDAI, or DAS28-ESR)
were significantly associated with the QTc interval (P = 0.0002, 0.0002, 0.0004, respectively). Conclusions: Disease activity is
significantly associated with the QTc interval in patients with RA. Attention should be given to ECG abnormalities in patients
with RA and progressive disease activity.

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease characterized by synovial inflammation, which mainly
affects the peripheral joints with symmetric distribution1. Cardiovascular diseases (CVDs) are some of the
leading causes of death in patients with RA2. In fact, the risk of sudden cardiac death was doubled in
patients with RA compared to those without RA3,4. Pathological findings in cardiovascular examinations
are frequently observed during the course of RA and are important factors that contribute to mortality2,3.
Several studies have reported that patients with RA have a higher risk of developing atherosclerosis and
cardiac arrhythmias5,6. RA is not only involved in the development of CVDs but also accelerates disease
progression. Clinical and pathological evidence suggest that RA may be associated with chronic inflammation
and immune dysregulation during the disease course7,8.

Electrocardiography (ECG) changes have been reported in patients with RA and other autoimmune diseases.
For example, ST-T abnormalities have been observed in patients with systemic lupus erythematosus (SLE),
and corrected QT (QTc) prolongation was observed in patients with RA and SLE9. Although the mechanisms
for such changes have not been elucidated, it is suggested that systemic inflammation may directly result
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in electrophysiological changes or indirectly result in structural changes of the heart; these changes are
associated with arrhythmias and/or worse cardiovascular outcomes in both the general population and RA
patients5.

In this study, we aimed to investigate the ECG characteristics of patients with RA and the association
between QTc interval and disease activity in these patients using a Japanese population-based RA cohort,
the Kyoto University Rheumatoid Arthritis Management Alliance (KURAMA) study.

2. Methods

2.1 Study Population

The design and methods of the KURAMA cohort study have been described previously10. Briefly, consecutive
patients with RA were recruited from April 1, 2011, and the diagnosis was confirmed using the revised
1987 American College of Rheumatology (ACR) criteria for RA or the 2010 ACR/European League Against
Rheumatism classification criteria for RA at the Center for Rheumatic Diseases in Kyoto University Hospital.
Among the 545 RA patients included in the KURAMA study from June 2016 to December 2016, 340
consecutive patients who had records of 12-lead ECG were included in the present study. All patients provided
informed consent, and procedures were conducted in accordance with the principles of the Declaration of
Helsinki. The study protocol was approved by the Kyoto University Graduate School and the Faculty of
Medicine Ethics Committee (R0357).

2.2 ECG Analysis

A 12-lead electrocardiogram was recorded at a paper speed of 25 mm/s and an amplification of 10 mm/mV.
For each ECG, the following parameters were recorded: heart rate, rhythm, RR interval, PR interval, QRS
duration, QT interval, QTc interval, presence of QTc prolongation (QTc interval [?]450 ms for men and
[?]460 ms for women)11, premature atrial/ventricular contraction, atrial fibrillation, bradycardia, conduction
disorder, and left ventricular hypertrophy. QT interval was defined as the beginning of the QRS to the end
of the T wave, and QTc interval was calculated using Bazett’s formula12. Left ventricular hypertrophy was
assessed using the Socolow–Lyon criteria13. All electrocardiograms were examined by two cardiologists (T.A.
and X.S.) who were blinded to all other clinical data.

2.3 Assessment of Clinical Data

The patients’ baseline characteristics were assessed by physicians and recorded by clinical research assistants.
Hypertension was diagnosed if patients had a blood pressure of >140/90 mmHg on [?]2 occasions or were
already on antihypertensive therapy. Diabetes was diagnosed based on the classification of diabetes mellitus
by an expert committee. Dyslipidemia was diagnosed in patients with a history of total cholesterol >240
mg/dL or those who received lipid-lowering medication.

Parameters related to RA disease activity were also collected, including swollen joint count based on the
assessment of 28 joints (SJC28), tender joint count based on assessment of 28 joints (TJC28), the presence
of rheumatoid factor (RF) and/or anti-citrullinated protein antibodies (ACPA), C-reactive protein (CRP)
level, erythrocyte sedimentation rate (ESR), Health Assessment Questionnaire (HAQ) disability index score,
and the patient’s assessment of pain measured using a 100-mm visual analog scale (VAS).

Disease activity of RA was evaluated with the disease activity score 28-joint count using erythrocyte se-
dimentation rate (DAS28-ESR), Simplified Disease Activity Index (SDAI), Clinical Disease Activity Index
(CDAI), and physical disability by the HAQ index. SDAI, CDAI, and DAS28-ESR were calculated using the
following formulas: SDAI = SJC28 + TJC28 + (VAS by patient) + (VAS by clinician) + CRP; CDAI =
SJC28 + TJC28 + (VAS by patient) + (VAS by clinician); DAS28-ESR = 0.56 × [?](TJC) + 0.28 x [?](SJC)
+ 0.7 x ln(ESR) + 0.014 x (VAS)14.

The DAS28-ESR disease activity of RA was defined as DAS28-ESR <2.6 for remission, <3.2 for low disease
activity, [?]5.1 for moderate disease activity, and >5.1 for high disease activity. SDAI disease activity was
defined as SDAI <3.3 for remission, <11 for low disease activity, [?]26 for moderate disease activity, and >26
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for high disease activity. CDAI disease activity was defined as CDAI <2.8 for remission, <10 for low disease
activity, [?]22 for moderate disease activity, and >22 for high disease activity. With regard to treatment, the
use of prednisolone, disease-modifying anti-rheumatic drugs (DMARDs), methotrexate, and biologic agents
were collected.

2.4 Statistical Analysis

Continuous data are expressed as mean +- SD, and categorical data are expressed as numbers and percent-
ages. We examined the relationship between QTc interval and patient characteristics and RA disease activity
using Student’s t-test for normally distributed data or Wilcoxon rank-sum test for non-normally distributed
data. In addition, we assessed the association between QTc interval and RA medication using the Wilcoxon
rank-sum test to investigate the effects of medications on the QTc interval.

Univariate associations between the QTc interval and clinical variables were assessed using Pearson or Spear-
man correlations based on the distribution of variables. Multigroup comparisons were performed using the
analysis of variance, and further between-group comparisons were performed using Tukey’s test.

Variables significantly associated with the QTc interval were used as potential independent variables in a
multivariate linear regression model. We also included each patient’s age and sex because these parameters
were reported to be associated with the QT interval11,12. We developed multivariate linear regression models
using these potential and predetermined covariates. In this study, statistical significance was determined by
p <0.05. Data were analyzed using JMP 15.0 (Statistical Analysis System, Institute Inc., NC, USA).

3. Results

The clinical and ECG characteristics of the patients with RA are summarized in Table 1. The mean age of
the patients was 64.7 +- 12.3, and the majority were female (289 patients, 85.0%). The mean body mass
index (BMI) was 22.4 +- 3.8 kg/m2. Hypertension, diabetes, dyslipidemia, and current smokers were found
in 126 (37.1%), 32 (9.4%), 133 (39.1%), and 116 (34.1%) patients, respectively.

The median duration of RA was 3,563 days (25th to 75th percentile: 1,733–7,547 days). The majority of
patients with RA were RF-positive (75.0%) and ACPA-positive (77.9%). The VAS, CDAI, SDAI, DAS28-
ESR, DAS28-CRP, and HAQ scores are provided in Table 1. Patient VAS scores were significantly higher
than clinician VAS scores (24.5 +- 23.4 vs. 8.7 +- 11.5, p < 0.0001). In the laboratory data, the mean
ESR and CRP level of the included patients were 20.6 +- 17.2 mm/h and 0.44 +- 1.06 mg/L, respectively.
DMARDs were used by 90.0% of the patients, while 68.2% received methotrexate (MTX), 54.7% received
biologic agents, 26.1% received prednisolone treatment, and 36.2% received more than two types of RA drugs
(Table 1). Patients receiving prednisolone treatment showed a longer QTc interval than that of patients not
receiving prednisolone treatment (424.2 +- 20.4 ms vs. 418.5 +- 17.4 ms, p = 0.014). No difference in the QTc
interval was observed between those with and without MTX or biologic agent treatments (Supplementary
material).

3.1 ECG Characteristics

Through direct ECG review, the mean heart rate was 68.0 +- 10.9 bpm, and the QTc interval was 420.0 +-
18.4 ms. There were 14 patients (4.1%) with QT prolongation (Table 1). Sinus tachycardia was found in 4
of the 340 patients with RA (1.1%), and sinus bradycardia was found in 80 patients (23.5%). At baseline,
31 patients (9.1%) had conduction disorders. Arrhythmia was found in 63 patients (18.5%), with 37 having
premature atrial contractions, 19 having premature ventricular contractions, 5 having both, and 2 having
atrial fibrillation.

3.2 Factors Associated with QTc Interval

Results showed significantly different QTc intervals between patients with and without hypertension (423.7
+- 20.3 ms vs. 418.0 +- 16.8 ms, p = 0.011, respectively). No significant difference was observed between
the QTc intervals between patients with and without diabetes, or male and female (Fig. 1). In addition,
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. significantly longer QTc intervals were observed in patients with higher disease activity scores as assessed by
SDAI, CDAI, DAS28-ESR, and DAS28-CRP (all p values <0.001, compared by ANOVA, see Fig. 2).

In the univariate linear correlation analysis, age, heart rate, VAS score, CDAI, SDAI, HAQ, DAS28-ESR, and
DAS28-CRP were positively associated with QTc interval (Table 2). A significant association was identified
between the QTc interval and ESR (p < 0.0001) and CRP (p = 0.001). Differences in QTc interval were
also observed between patients with an ESR of [?]30 and <30 (418.1 +- 17.2 ms vs. 426.7 +- 21.4 ms, p =
0.004), as shown in Fig. 1.

In the multivariate linear regression analysis, age, sex, HAQ, and CRP levels were included in Model 1;
SDAI and DAS28-ESR were included in Models 2 and 3, respectively (Table.2). As a result, age, male sex,
and CDAI were independently associated with the QTc interval in Model 1. In Model 2, age, male sex, and
SDAI were independently associated with the QTc interval, and an independent association was observed
between the DAS28-ESR and QTc interval in Model 3 (p = 0.0004).

4. Discussion

To the best of our knowledge, this is the first study to investigate and observe a significant association
between the QTc interval and symptomatic indices of RA. Specifically, CDAI, SDAI, and DAS28-ESR were
independently associated with the QTc interval, in addition to the associations with ESR and CRP.

Systemic inflammation is one of the important features of RA; meanwhile, inflammatory parameters are
also risk factors contributing to QTc interval prolongation. Prolongation of the QTc interval is an important
finding because it has been reported to be associated with cardiovascular death as a result of fatal ventricular
tachycardia15. As demonstrated in this study, CRP and ESR levels were significantly associated with the
duration of the QTc interval. Additionally, our results aligned with those of existing studies. In the cohort
study by Lazzerini et al.7, in which a significant correlation was observed between high sensitivity CRP
(hsCRP) and the QTc interval, patients whose high-sensitivity CRP levels were higher than 0.5 mg/dL had
a significantly prolonged QTc interval than those with lower hsCRP levels (424.3 +- 21.7 ms vs. 409.6 +-
19.9 ms, p < 0.005).

Our data demonstrated significant and independent associations between the symptomatic indices of RA and
QTc intervals. SDAI constitutes counting of SJC28 and TJC28, VAS by patient, VAS by clinician, and CRP
value. CDAI was developed to provide a simplified and comprehensive means of assessing RA activity14,16.
The CRP level was not included in the CDAI; unlike SDAI, however, it can be calculated immediately in
the absence of laboratory tests, allowing for simple and rapid disease activity assessment of RA patients
during follow-up14,17. The association between CVDs and CDAI has also been reported previously. Cui et
al. found that the presence of [?]1 CVD risk factor was independently associated with higher CDAI18; Fabio
et al. used the Expanded Risk Score in patients with RA to evaluate the cardiovascular risks among those
who underwent biological treatment16. As a result, they observed a significant decrease of estimated CVD
risk in those with persistent CDAI [?]10. Our results indicate that RA-associated symptoms may be used as
a predictor of QTc interval, which further support previous findings.

In a cohort study by Chauhan et al.5, the incidence of QTc prolongation (defined as QTc [?]500 ms) during
follow-up was significantly higher in patients with RA than in patients without RA. It has been reported
that RA can directly affect cardiac electrophysiology by inflammatory cytokines during myocardial electri-
cal instability19,20. Autonomic nervous system dysfunction was more prevalent in patients with RA, thus
inducing sympathetic overactivation of stimulated β1-adrenergic receptors, increasing heart rate, and af-
fecting calcium and potassium conductance. Consequently, the action potential duration and QTc interval
were affected21. Chronic inflammation in RA can indirectly cause a series of structural changes, such as
atherosclerosis, hypertrophy, necrosis, or fibrosis, and also increase the risk of coronary heart disease and
heart failure19,22,23. Coronary atherosclerotic burden significantly increased in RA patients, and as Kar-
pouzas et al. reported24, more coronary plaques were found in RA patients than in matched controls. In
addition, RA patients had a higher score for segment stenosis and plaque size, and the trend was independent
of cardiovascular risk factors24. Puntmann et al.25compared the magnetic resonance data of RA patients
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. and healthy individuals and found that the RA group showed significantly increased end-diastolic volumes
and reduced ejection fraction, indicating myocardial alterations in RA patients.

In terms of the medications used for RA patients in this study, prednisolone treatment was associated with
a prolonged QTc interval compared with other medications; however, no difference was observed in the
comparison of MTX or biologic agents. As prednisolone treatment was likely to be selected for patients
with more severe systemic inflammation, it might reflect higher disease activity. As mentioned above,
inflammation plays an important role in an abnormal QTc interval. Thus, medications that modulate
systemic inflammation may lead to such changes1. In a cohort evaluated by Kobayashi et al.6, patients
receiving the IL-6 inhibitor tocilizumab showed a significant reduction in QTc interval. They also found that
the CRP level was independently associated with the QTc interval.

4.1 Limitations

This study had several important limitations. First, we did not have data on additional medications unrelated
to RA treatment in the study patients. Drugs not intended for RA, such as amiodarone, quinidine, and
isoprenaline, may also influence the QTc interval1,12,26, but we failed to analyze the potential influence of
these drugs. In addition, all data were only obtained at baseline; therefore, we were not able to analyze
the follow-up changes of medications and treatment effects due to the cross-sectional design of this study.
Second, potassium and calcium channels are associated with the action potential duration, leading to changes
in the QT interval1. However, patient laboratory data on electrolytes were not investigated in this study
despite the observation of treatment effects on both systemic inflammation and QT interval. Finally, we
could not analyze adverse cardiac events in the study patients. As the QTc interval has been reported to
be associated with cardiovascular events, future large-scale studies are necessary to examine the relationship
between the QTc interval and patient prognosis.

5. Conclusion

The disease activity indices CDAI, SDAI, and DAS-ESR28 were significantly associated with the QTc in-
terval in patients with RA. Clinicians should pay attention to ECG findings in patients with worsening
RA symptoms. Future studies are needed to examine the association between sequential changes in RA
symptoms and the QTc interval.
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Table 1. Patient characteristics

General information

Age, yrs 64.7 ± 12.3
Females, n (%) 289 (85%)
BMI, kg/m2 22.4 ± 3.8
Hypertension, n (%) 126 (37.1%)
Diabetes mellitus, n (%) 32 (9.4%)
Dyslipidemia, n (%) 133 (39.1%)
Smoking, n (%) 116 (34.1%)
Inflammatory markers
ESR, mm/h 20.6 ± 17.2
CRP, mg/dL 0.44 ± 1.06
RA characteristics
Duration of RA, days 3,563 [1,733–7,547]
RF-positive, n (%) 255 (75.0%)
ACPA-positive, n (%) 265 (77.9%)
Patient VAS 24.5 ± 23.4
Clinician VAS 8.7 ± 11.5
SJC-28 0.71 ± 1.42
TJC-28 0.93 ± 1.96
DAS28-ESR 2.7 ± 1.1
DAS28-CRP 2.3 ± 0.9
CDAI 5.0 ± 5.2
SDAI 5.4 ± 5.7
HAQ 0.61 ± 0.71
Medication use, n (%)
DMARDs 306 (90.0%)
Biologic agents 186 (54.7%)
Prednisolone 89 (26.1%)
Methotrexate 232 (68.2%)
RA drugs [?]2 123 (36.2%)
ECG characteristics
HR, bpm 68.0 ± 10.9
RR interval, ms 896.7 ± 136.3
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. General information

PR interval, ms 161.4 ± 25.2
QRS interval, ms 88.4 ± 12.1
QT interval, ms 396.0 ± 26.7
QTc interval, ms 420.0 ± 18.4
PAC, n (%) 42 (12.3%)
PVC, n (%) 24 (7.1%)
AF, n (%) 2 (0.6%)
Bradycardia, n (%) 80 (23.5%)
Conduction disorder, n (%) 31 (9.1%)
RBBB, n (%) 15 (4.4%)
LVH, n (%) 26 (7.6%)
QT prolongation, n (%) 14 (4.1%)

RA, rheumatoid arthritis; BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; RF, rheumatoid factor; APCA, anti-citrullinated protein antibodies; VAS, visual analog scale; SJC,
swollen joint count; TJC, tender joint count; DAS28, 28-joint count Disease Activity Score; CDAI, Clinical
Disease Activity Index; SDAI, Simplified Disease Activity Index; HAQ, Health Assessment Questionnaire;
DMARD, disease-modifying antirheumatic drug; HR, heart rate; PAC, premature atrial contraction; PVC,
premature ventricular contraction; AF, atrial fibrillation.

Table 2. Linear correlation and multivariate linear regression analysis of QTc interval and RA
parameters

Linear correlation Multivariate model 1 Multivariate model 2 Multivariate model 3

Estimated parameter P value Estimated parameter P value Estimated parameter P value Estimated parameter P value
Age 0.39 <0.0001 0.36 <0.0001 0.36 <0.0001 0.30 0.0005
Male - - -0.48 0.73 -0.48 0.73 -1.47 0.29
CRP 3.14 0.0010 1.26 0.21 0.42 0.69 0.60 0.56
HAQ 4.91 0.0005 -1.59 0.38 -1.59 0.38 -0.80 0.65
CDAI 0.92 <0.0001 0.84 0.0002
SDAI 0.89 <0.0001 0.84 0.0002
DAS28-ESR 4.94 <0.0001 4.18 0.0004

Model1: QTc interval = 393.3 + 0.36 × Age + (-0.48) x Male + 1.26 x CRP + (-1.59) x HAQ + 0.84 x
CDAI; Model2: QTc interval = 393.3 + 0.36 x Age + (-0.48) x Male + 0.42 x CRP + (-1.59) x HAQ +
0.84 x SDAI; Model3: QTc interval = 390.4 + 0.30 x Age + (-1.47) x Male + 0.60 x CRP + (-0.80) x HAQ
+ 4.18 x DAS28-ESR

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; VAS, visual analog scale; DAS28, 28-joint
count Disease Activity Score; CDAI, Clinical Disease Activity Index; SDAI, Simplified Disease Activity
Index; HAQ, Health Assessment Questionnaire

Figure Legends

Fig. 1 Comparison of corrected QT (QTc) interval by rheumatoid arthritis-related parameters. No asso-
ciation is observed between the QTc interval and sex, diabetes, or the presence of rheumatoid factor (RF)
or anti-citrullinated protein antibodies (ACPA) (1A, 1B, 1D, and 1E); Patients with hypertension or an
erythrocyte sedimentation rate (ESR) higher than 30 mm/h have longer QTc intervals (1C and 1F).

Fig. 2 Comparison of corrected QT (QTc) interval by disease activity indices. The analysis of variance
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. indicated that patients with elevated disease activity show significantly longer QTc intervals (p < 0.0001).
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