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Purpose: Antipsychotic drugs have been implicated as risk factors for QT prolongation,
which is a predictor of sudden cardiac death. However, the QT interval is considered an
imperfect marker for proarrhythmic risk. Recently, improved methods, namely, QT disper-
sion (QTD), QTD ratio (QTDR), T wave peak-to-end interval (Tp-e), Tp-e/QT ratio and Tp-
¢/QTc ratio, have been regarded as proarrhythmic risk markers. We attempted to reevaluate
the risk of sudden cardiac death due to antipsychotics use by measuring these improved
evaluation methods.

Patients and Methods: We retrospectively evaluated QTc, QTD, QTDR, Tp-e, Tp-¢/QT
ratio and Tp-e/QTc ratio from the medical records of 410 patients with schizophrenia
diagnosed by the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text
Revision, or 5th Edition. Information on drugs administered was obtained from medical
records. We investigated the correlation between each index on ECG and medication, such
as antipsychotics, prescribed to participants with linear regression analysis. We also
compared each index between 235 healthy controls and 235 patients matched for age
and sex.

Results: Positive correlations between QTc and levomepromazine and brexpiprazole were
identified. Levomepromazine and lithium were positively correlated with QTD.
Levomepromazine, quetiapine, asenapine, clozapine and carbamazepine were positively
correlated with QTDR. Levomepromazine, olanzapine, brexpiprazole and lithium were
positively correlated with Tp-e. Olanzapine, brexpiprazole and lithium were positively
correlated with the Tp-e/QT ratio. Olanzapine, brexpiprazole and lithium were positively
correlated with Tp-e/QTc ratio. Significant differences in all indexes were noted between the
patients and healthy controls.

Conclusion: According to our results, the prediction of the risk of sudden cardiac death by
each index was inconsistent. We should evaluate the predictive factor of ventricular arrhyth-
mia according to various electrocardiogram indexes because QTc alone could not identify the
risk of sudden cardiac death.

Keywords: antipsychotic drugs, sudden cardiac death, electrocardiogram, QT prolongation,
QT dispersion, T peak-to-end interval

Introduction

Schizophrenia is associated with a life loss of approximately 15 years.' Cardiovascular
disease was identified as the most common cause of premature death in patients with
schizophrenia in a cohort study.? An increased incidence of sudden cardiac death has
been reported among patients treated with antipsychotic drugs.’
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A prolonged QT interval on -electrocardiography
(ECQ) is a risk factor for torsade de pointes, which can
be a cause of sudden cardiac death.* Because the QT
interval value depends on heart rate, this value has been
corrected to the RR interval, which means heart rate as
corrected QT (QTc) in generals. It has been reported that
antipsychotic drugs cause corrected QTc lengthening in
a dose-related manner.® We reported that administration
of antipsychotic doses at greater than 1000 and 1500 mg/
day of chlorpromazine (CP) equivalent increases the risk
of QTc prolongation,” and chlorpromazine, intravenous
haloperidol and sultopride were associated with an
increased risk of QTc prolongation, whereas second-
generation antipsychotic drugs did not prolong the QTc
interval.” However, the QT interval is recognized as an
imperfect biomarker of proarrhythmic risk.® The QT inter-
val varies according to the ECG context. Continuous mea-
surements of the QT interval from 24-hour ECG
recordings reveal QT interval instability.” Furthermore,
the QT interval is prolonged during sleep.'® Hence, the
estimation of other more precise indexes is needed to
correctly stratify the risk factors for sudden cardiac death
related to antipsychotic drug medication.

Several ECG markers, such as QT dispersion (QTD),
QTD ratio (QTDR), T peak-to-end interval (Tp-e), Tp-e/
QT ratio and Tp-e/QTc ratio, are considered better predictors
of ventricular arrhythmia than QTc."" QTD was defined as
the maximum QT interval minus the minimum QT
interval.'"™'* QTD reflects spatial differences in myocardial
recovery time and has emerged as a noninvasive measure-
ment for quantifying the degree of myocardial repolarization
inhomogeneity.'>'® The use of QTD, which is the dispersion
of the QT interval on a 12-lead ECG, as a surface ECG
marker of wvulnerability to ventricular arrhythmias and
a potential predictor of cardiovascular mortality has been
advocated.'” This variable comprises the difference between
the shortest and longest QT interval on 12-lead surface ECG
and has been recommended as a surrogate marker for the risk
of arrhythmia in addition to the QT interval.'®!'” QTDR,
which is defined as QTD divided by cycle length, has been
shown to be more predictive than QTD for ventricular
arrhythmias.'> Tp-¢ represents the dispersion transmural
repolarization time. Several experimental and clinical studies
have suggested the utility of Tp-e¢ as a marker of risk in
arrhythmia syndromes, including congenital long QT
syndrome.'*** Tp-e is considered more useful than QTc.
The Tp-e/QT ratio is significantly greater in patients at risk
for an arrhythmic event, such as those with long QT

syndrome.'* The Tp-¢/QT ratio can predict cardiac arrhyth-
mias and includes the values of transmural dispersion (Tp-e)
and spatial dispersion (QT interval) of ventricular
repolarization.”! The Tp-e/QT ratio is a more accurate pre-
dictor of ventricular arrhythmias than the QT interval, QTc or
Tp-e.>* Furthermore, Tp-e, the Tp-¢/QT ratio and the Tp-e/
QTc ratio are significantly higher in patients with acute
myocarditis, which is thought to be a major cause of sudden
cardiac death, compared with healthy controls.® Based on
these findings, we compared the effects of antidepressants on
QTec, QTD, Tp-e and the Tp-e/QT ratio in 378 patients with
mood disorder and indicated that the use of tricyclic antide-
pressants, especially clomipramine, was associated with pro-
longed QTc and QTD.>* However, information on such
parameters in patients with schizophrenia treated with anti-
psychotics are limited.

Therefore, we attempted to clarify the effectiveness of
these ECG indexes as predictors of ventricular arrhythmia
associated with antipsychotic use. We sought to reevaluate
the risk of sudden cardiac death due to antipsychotic use,
especially the effects of the use of individual antipsycho-
tics, by measuring these improved evaluation methods,
namely, QTD, QTDR, Tp-e, the Tp-¢/QT ratio, and the
Tp-¢/QTc ratio, in naturalistic settings. This study is
a retrospective study that did not include controls who
were not prescribed antipsychotics. We hypothesized that
the use of antipsychotics drugs could affect the increase in
the values of QTD, QTDR, Tp-e, Tp-¢/QT ratio and Tp-e/
QTc ratio, which were regarded as more accurate predic-

tors of ventricular arrhythmia in a dose-dependent manner.

Patients and Methods

Participants

The following data from 457 Japanese patients with schizo-
phrenia treated with antipsychotics at Dokkyo Medical
University, Fudougaoka Hospital and Kanuma Hospital
between 2008 and 2020 were reviewed: medical history,
ECQG, and laboratory data. Among the 457 patients, 21 with
hypokalemia (<3.5 mEq/L), 3 patients receiving treatment for
hyperthyroidism, 15 with atrial fibrillation, 2 with a history of
cardiac infarction and 6 receiving treatment for heart failure
were excluded because these factors are well-known risk
factors for QTc prolongation. Data from the remaining 410
patients (198 males; age range, 2081 years; mean age 48.7
+15.3 years) were examined in this study. A Torsade de points
episode was not observed, and no patients died in this study
period.
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Psychiatric diagnoses of schizophrenia were made based
on the Diagnostic and Statistical Manual of Mental Disorders,
4th Edition, Text Revision, or 5th Edition. All patients under-
went ECG to evaluate their physical condition and pharma-
cotherapy status. Finally, 235 healthy volunteers who had
undergone routine health checkups at Dokkyo Medical
University were recruited for this investigation. These partici-
pants had no physical abnormalities or abnormal laboratory
data.

All participants were measured using the same ECG
device in the supine position, and each index was investigated
with the same methods to guarantee the validity of the results.

A standard 12-lead ECG was recorded at a paper speed
of 25 mm/s. The QT interval was measured manually
according to a previous report.>> The end of the T wave
was determined as the intersection between the tangent to
the steepest downslope of the T wave and the isoelectric
line. If the height or depth of the T wave was less than
1.5 mm, that lead was excluded from the analysis. Figure 1
presents some parameter’s scheme used in this study.

The QT interval was then corrected as a value that varies in
relation to heart rate. Several methods for correcting QT
interval according to heart rate have been proposed, each
with distinctive characteristics. In the present study, we used

Hodges’s formula (QTc=QT interval+1.75(heart rate-60))
because it is considered more appropriate than Bazett’s for-
mula (QTc=QT interval/RRl/z) in cases with tachycardia or
32627 OTD was calculated as the difference
between the maximum and the minimum QT interval on
a 12-lead ECG. QTDR is regarded as QTD divided by the
cycle length in milliseconds and is expressed as a percentage.
QTDR was defined by the formula (QTD/RR interval)x100."?
Tp-e was measured as the time from the top of T wave to the

bradycardia.

end of the T wave (Figure 1). Tp-¢ and QT intervals were
measured in lead V5. If V5 was not suitable, leads V4 and V6
were used, in that order.”® The Tp-¢/QT ratio and Tp-e/QTc
(Hogdes’s formula) ratio were calculated as the ratio of Tp-e
that led to the corresponding QT interval or QTc.**?* The Tp-
¢/QT ratio was calculated using the formula (Tp-e interval/QT
interval)x100, and Tp-¢/QTc ratio was calculated using the
formula (Tp-e interval/QTc)x100.

Medications

Information on drugs administered was obtained from medical
records. Administered drugs were unchanged for more than
1 week. Doses of antipsychotics prescribed to participants
were converted to CP-equivalent doses.”’ Antiparkinsonian
drugs and benzodiazepines prescribed to participants were

QT interval

The time from the start of the Q wave to the end of the T wave.

\
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T wave peak-to-end (Tp-e)

The time from the top of T wave to the end of the T wave.

QT dispersion (QTD)

The difference between the maximum and the minimum QT interval on a 12-lead electrocardiography.

Figure | A scheme of explanation of QT interval, QT dispersion, T peak-to-end interval.
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converted to biperiden and diazepam equivalent doses,
respectively.”” None of the subjects were coadministered non-
psychotropic drugs, such as antiarrthythmics, antibiotics, antic-
ancer agents, antiemetics, and antihistamines that were
associated with an increased risk of causing QT
prolongation.®® A total of 27 patients were on antipsychotic
monotherapy. A total of 363 patients prescribed antipsychotics
along with one of the other psychotropic drugs, such as anti-
parkinsonian drugs, mood stabilizers, and benzodiazepines.
A total of 112 patients were prescribed doses equivalent to
greater than 1000 mg CP. Table 1 presents the distribution of
medications and dosages that were administered.

Ethics

This protocol for this study was approved by the ethics com-
mittees of Dokkyo Medical University (approval number:

R-27-3J). This study was conducted in accordance with the
Declaration of Helsinki. All clinical records used in this study
were anonymized by removing any identifying information
(such as name and registration number). Furthermore, the
clinical data were collated and managed by one person. The
person who performed statistical analysis could not access the
original data of each participant. Healthy controls underwent
the examinations voluntarily. No children (under 20 years of
age) were included in this study. Our study was approved, and
written informed consent was not required from participants
because this study was retrospective.

Statistical Analysis

For the first analysis, linear regression analysis was
applied to examine risk factors for QTc lengthening,
QTD, QTDR, Tp-e lengthening, Tp-e/QT ratio, and Tp-e/

Table | Demographic Data of Patients Diagnosed with Schizophrenia and Distribution of Medication and Dosage

Male Female Total

No. of patients 198 212 410

Mean age (SD) 49.3 (15.1) 48.2 (15.6) 48.7 (15.3)

Administered No. of Mean Dose No. of Mean Dose No. of Mean Dose

Drugs Prescription (%) (Sb) Prescription (%) (sb) Prescription (%) (Sb)

mg mg mg

Antipsychotics 198 (100.0) 7929 (517.0) 212 (100.0) 725.1 (499.8) 410 (100.0) 757.8 (508.7)
Chlorpromazine 50 (25.3) 60.9 (64.7) 31 (14.6) 69.3 (150.4) 81 (19.8) 64.2 (105.2)
Levomepromazine | 59 (29.8) 725 (71.7) 38 (17.9) 53.2 (49.0) 97 (23.7) 65.0 (64.2)
Zotepine 18 (9.09) 202.8 (136.6) 19 (8.96) 130.3 (90.0) 37 (9.02) 165.5 (119.2)
Haloperidol 21 (10.6) 9.29 (7.06) 23 (10.8) 8,54 (8.52) 44 (10.7) 8.90 (7.78)
Sulpiride 2 (l.01) 125.0 (35.4) 2 (0.94) 350.0 (353.6) 4 (0.98) 237.5 (242.8)
Risperidone 79 (39.9) 5.92 (2.93) 71 (33.5) 5.0 (3.15) 150 (36.6) 5.49 (3.06)
Paliperidone 21 (10.6) 9.57 (2.94) 17 (8.02) 8.29 (3.44) 38 (9.27) 9.00 (3.20)
Perospirone 7 (3.53) 27.4 (19.1) 6 (2.83) 19.3 (8.91) 13 (3.17) 23.7 (15.3)
Quetiapine 32 (16.2) 300.8 (241.5) 19 (8.96) 264.5 (210.2) 51 (12.4) 287.3 (228.9)
Olanzapine 47 (23.7) 15.5 (6.08) 68 (32.1) 14.0 (5.83) 115 (28.0) 14.6 (5.95)
Aripiprazole 42 (21.2) 19.0 (7.76) 43 (20.3) 15.2 (7.59) 85 (20.7) 17.1 (7.87)
Blonanserin 14 (7.07) 15.7 (5.54) 39 (18.4) 16.8 (7.06) 53 (12.9) 16.5 (6.66)
Asenapine 2 (1.01) 20.0 (0) 14 (6.60) 16.4 (6.02) 16 (3.90) 16.9 (5.74)
Brexpiprazole 5(2.53) 2.0 (0) Il (5.19) 2 (0) 16 (3.90) 2.00 (0.00)
Clozapine 3 (1.52) 183.3 (101.0) 1 (0.47) 200 4 (0.98) 187.5 (82.9)

Mood stabilizer
Lithium 32 (l6.1) 634.4 (213.4) 22 (10.4) 563.6 (217.2) 54 (13.2) 605.6 (215.8)
Carbamazepine 15 (7.58) 346.7 (206.6) 5(2.37) 480.0 (420.7) 20 (4.89) 380.0 (268.7)
Sodium valproate | 49 (24.7) 613.3 (389.8) 32 (15.2) 509.4 (238.8) 81 (19.8) 572.2 (340.4)

Benzodiazepines 158 (79.8) 19.3 (14.5) 167 (78.8) 16.6 (14.0) 325 (79.3) 17.9 (14.3)

Antiparkinsonian 114 (57.6) 2.85 (1.66) 101 (47.6) 2.69 (1.80) 215 (52.4) 2.77 (1.72)

Notes: The antipsychotic dose was converted to chlorpromazine equivalents. The benzodiazepine dose was converted to diazepam equivalents. Antiparkinsonian dose was

converted to biperiden equivalents.
Abbreviations: SD, standard deviation; No, number.
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QTc ratio. Age, sex, antipsychotic dose (chlorpromazine
equivalent), antiparkinsonian drug dose (biperiden equiva-
lent), benzodiazepine dose (diazepam equivalent) and
mood stabilizer (lithium, sodium valproate, and carbama-
zepine) doses were entered as independent variables in the
linear regression model. In the second analysis, age, sex,
and individual antipsychotic doses were entered as inde-
pendent variables in the linear regression model but anti-
parkinsonian drug, benzodiazepine or mood stabilizer
doses were not entered as independent variables in the
analysis. In the third analysis, QTc, QTD, QTDR, Tp-e,
Tp-¢/QT ratio, and Tp-e/QTc ratio were compared between
235 patients prescribed antipsychotics and 235 healthy
controls (142 males, mean age 56.1+£10.8) adjusted for
age and sex with a propensity score by Mann—Whitney
U-test. All statistical analyses were performed using SPSS
version 26.0 (IBM Japan, Tokyo, Japan). All reported

p values are two-tailed, and statistical significance was
set at p<0.05, p<0.01, and p<0.001.

Results

QTc (Hodges’s Formula)

In the first analysis, age [partial regression coefficient (PRC)
=0.45, 95% confidence interval (CI) = 0.27-0.63, p<0.001],
sex (PRC=8.24, 95% CI=2.67-13.8, p=0.038) and antipsy-
chotics (chlorpromazine equivalents) (PRC=1.00, 95%
CI=0.41-1.58, p<0.001) were positively correlated with
QTc (Hodges’s formula) (Table 2). In the second analysis,
age (PRC=041, 95% CI=0.23-0.59, p<0.001), sex
(PRC=8.72, 95% CI=3.10-14.3, p=0.0024), levomeproma-
zine (PRC=13.2, 95% CI=6.54-19.8, p<0.001), and brexpi-
prazole (PRC=10.1, 95% CI=1.87-18.3, p=0.016) were
correlated with QTc (Hodges’s formula) (Table 3).

Table 2 QTc (Hodges’ Formula), QTD, QTDR, Tp-e, Tp-e/QT Ratio and Tp-e/QTc Ratio Effect of Distinct Neurotropic Drugs

QTc (ms) QTD (ms) QTDR Tp-e (ms) Tp-e/QT Ratio Tp-e/QTc Ratio
(Hodges’s
Formula)
Forced entry Forced entry Forced entry Forced entry Forced entry Forced entry
PRC (95% CI) PRC (95% CI) PRC (95% CI) PRC (95% CI) PRC (95% CI) PRC (95% CI)
Age 0.45 (0.27 - 0.29 (0.16 — 0.023 (0.0047 — 0.25 (0.12 - 0.016 (-0.012— 0.032 (0.0050 —
0.63)*** 0.43)%** 0.042)* 0.38)%** 0.043) 0.058)*
Sex (risk in 824 (2.67 — 2.24 (-2.06 — 0.57 (-0.055 — -3.92 (-8.01 - —1.26 (-2.11 - —1.41 (-2.24 -
women) 13.8)* 6.55) 1.14) 0.17) —0.041)** —0.59)%**
CP equivalent 1.00 (0.41 — 0.46 (0.010 — 0.11 (0.051 — 0.64 (0.21 — 1.07) | 0.15 (0.065 — 0.092 (0.0059 —
(100 mg) 1.58)*** 0.91)* 0.17)%** wE 0. 24)*+* 0.18)*
Biperiden —3.00 (-6.21 — —2.08 (—4.56 — —0.10 (—0.43 - -3.15 (-5.51 - —0.51 (—1.00 — —0.57 (—1.04 —
equivalent 0.21) 0.40) —0.23) —0.80)** —0.018)* —0.092)*
(2 mg)
Lithium 0.67 (—0.64 — 1.20 (0.19 — 0.086 (—0.049 — 1.52 (0.56 — 2.49) | 0.25 (0.045 — 0.32 (0.13 - 0.51)
(100 mg) 2.28) 2.22)* 0.22) wok 0.45)* wok
Sodium 0.14 (-0.88 — 1.16) | 0.50 (-0.29 — 0.074 (-0.031 — —0.24 (-0.99 - —0.071 (-0.23 - —0.062 (—0.21 -
valproate 1.29) 0.18) 0.51) 0.086) 0.089)
(100 mg)
Carbamazepine | —0.55 (—3.34 - 1.89 (—0.30 — 0.35 (0.056 — -1.22 (-3.23 - —0.30 (-0.73 - —0.26 (—0.68 —
(100 mg) 2.28) 4.07) 0.64)* 0.85) 0.13) 0.15)
Diazepam —0.15 (—1.14 — 0.56 (-0.21 — 0.071 (-0.032 — —00.20 (—0.75 — 0.026 (-0.13 — —0.0021 (-0.15 —
equivalent 0.84) 1.33) 0.17) 0.71) 0.18) 0.15)
(5 mg)

Notes: Age, sex (risk in women) and antipsychotics were positively correlated with QTc. Age, antipsychotics and lithium were positively correlated with QTD. Age,
antipsychotics and carbamazepine were positively correlated with QTDR. Age, antipsychotics and lithium were positively correlated with Tp-e. Antipsychotics and lithium
were positively correlated with the Tp-e/QT ratio. Age, antipsychotics and lithium were positively correlated with the Tp-e/QTc ratio. Sex was negatively correlated with

the Tp-e/QT ratio and Tp-e/QTc ratio. *p<0.05, **p<0.01, ***p<0.001.

Abbreviations: QTc, corrected QT interval; QTD, QT dispersion; QTDR, QTD rate; Tp-e, T peak-to-end interval; PRC, partial regression coefficient; Cl, confidence
interval; CP, chlorpromazine.
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Table 3 QTc (Hodges’ Formula), QTD, QTDR, Tp-e, Tp-e/QT Ratio, and Tp-e/QTc Ratio Effects of Individual Antipsychotic Drugs

QTc (ms) QTD (ms) QTDR Tp-e (ms) Tp-e/QT Rate Tp-e/QTc Rate
(Hodges’s
Formula)
Forced entry Forced entry Forced entry Forced entry Forced entry Forced entry
PRC (95% CI) PRC (95% CI) PRC (95% CI) PRC (95% CI) PRC (95% CI) PRC (95% CI)
Age 0.41 (0.23 - 0.59) 0.28 (0.14 - 0.43) | 0.021 (0.0023 — 0.24 (0.10-0.37) | 0.014 (-0.014 — 0.031 (0.0037 —
ok ok 0.040)* ok 0.042) 0.58)*
Sex (risk in 872 (3.10 — 14.3)** | 1.49 (-3.0l — 0.53 (-0.060 — —4.4| (-857 — —1.32 (-2.20 - —1.56 (—2.40 —
women) 6.00) 1.12) —0.26)* —0.44)** —0.7 [)y***
Chlorpromazine —0.53 (-5.70 - 1.54 (—2.60 — 0.46 (—0.087 — —0.095 (—3.92 - 0.31 (-0.49 — —0.0057 (—0.78 —
(100 mg) 4.64) 5.68) 1.00) 3.73) 1.12) 0.77)
Levomepromazine | 13.2 (6.54 — 19.8) 749 (2.17-128) | 1.12 (042 - 1.81) | 548 (0.58 — 10.4) | 0.47 (-0.56 — 0.39 (-0.60 —
(100 mg) ok ok ok * 1.51) 1.39)
Zotepine (66 mg) 2.72 (-0.38 — 5.83) | 0.48 (2.0l — 0.31 (-0.014 — —0.74 (-3.05 — —0.1'1 (-0.60 — —0.32 (-0.79 -
2.97) 0.64) 1.55) 0.37) 0.14)
Haloperidol (2 mg) | 0.31 (—-1.19 - 1.80) | 0.90 (-0.30 — 0.11 (-0.045 — 0.63 (—0.47 — 0.14 (-0.094 — 0.13 (-0.097 —
2.10) 0.27) 1.74) 0.37) 0.35)
Sulpiride (200 mg) | 13.6 (—3.69 — 31.0) | —5.13 (—19.0 - —0.15 (—1.97 - 3.59 (-9.23 - 0.77 (-1.94 — 0.017 (-9.68 —
8.75) 1.67) 16.4) 3.47) 2.61)
Risperidone (I mg) | 0.55 (-0.38 — 1.48) | 0.19 (—0.55 — 0.081 (-0.016 — 048 (-0.21 — 0.14 (-0.064 — 0.093 (—0.47 —
0.94) 0.18) 1.17) 0.28) 0.23)
Paliperidone 0.28 (—-1.22-1.78) | 0.18 (—I1.0l — 0.052 (-0.11 — 0.86 (—0.24 — 0.21 (-0.019 — 0.196 (—0.028 —
(1.5 mg) 1.39) 0.21) 1.97) 0.45) 0.43)
Perospirone (8 mg) | —0.88 (-5.29 — —2.25 (-5.77 - —0.21 (-0.67 — —2.69 (—5.95 - —0.58 (—1.27 - —0.60 (—1.26 -
3.53) 1.29) 0.26) 0.57) 0.11) —0.061)
Quetiapine —0.47 (191 - 0.61 (-0.54 — 0.18 (0.033 - —0.81 (—1.88 — —0.064 (—0.29 — —0.17 (—0.38 -
(66 mg) 0.97) 1.77) 0.34)* 0.25) 0.16) 0.050)
Olanzapine 0.92 (-0.076 — 0.49 (-0.31 — 0.79 (-0.026 — 1.22 (049 — 1.96) | 0.27 (0.12—0.43) | 0.22 (0.076 —
(2.5 mg) 1.91) 1.29) 0.18) o ok 0.37)**
Aripiprazole —0.15 (—1.63 — 0.52 (-0.66 — 0.098 (—0.057 — —0.055 (—1.10 — 0.083 (—0.15 — 0.024 (-0.20 —
(4 mg) 1.33) 1.70) 0.25) 1.08) 0.31) 0.25)
Blonanserin (4 mg) | 0.18 (—1.71 —2.80) | 0.73 (-0.78 — 0.17 (-0.032 — 0.20 (-1.20 — 0.077 (-0.22 — 0.027 (-0.26 —
2.24) 0.36) 1.60) 0.37) 0.31)
Asenapine (2.5 mg) | 0.48 (—1.84 —2.07) | 1.19 (-0.67 — 0.28 (0.032 - —0.57 (-2.29 - —0.096 (—0.46 — —0.16 (-0.51 —
3.04) 0.52)* 1.14) 0.27) 0.19)
Brexpiprazole 10.1 (1.87 — 18.3)* | 0.42 (-6.19 — —0.44 (—1.31 - 11.8(5.67—17.9) | 1.90 (0.61 —3.19) | 2.15(0.91 —3.39)
(I mg) 7.03) 0.43) olok o -,
Clozapine (50 mg) | 3.26 (-3.59 — 10.1) | 2.31 (-3.18 — 0.86 (0.14—1.58) | —0.98 (—6.04 — 0.19 (-0.88 — —0.41 (—1.44 -
7.80) * 4.09) 1.25) 0.62)

Notes: Age, sex (risk in women), levomepromazine and brexpiprazole were positively correlated with QTc. Age and levomepromazine were positively correlated with
QTD. Age, levomepromazine, quetiapine, asenapine and clozapine were positively correlated with QTDR. Age, levomepromazine, olanzapine and brexpiprazole were
positively correlated with Tp-e. Olanzapine and brexpiprazole were positively correlated with the Tp-r/QT ratio. Age, olanzapine and brexpiprazole were positively
correlated with the Tp-e/QTc ratio. Sex was negatively correlated with Tp-e, Tp-e/QT and Tp-e/QTc. *p<0.05, **p<0.01, **¥p<0.001.

Abbreviations: QTc, corrected QT interval; QTD, QT dispersion; QTDR, QTD rate; Tp-e, T peak-to-end interval; PRC, partial regression coefficient; Cl, confidence
interval.
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QTD

In the first analysis, age (PRC=0.29, 95% CI=0.16-0.43,
p<0.001), antipsychotics (PRC=0.46, 95% CI=0.010-0.91,
p=0.045) and lithium (PRC=1.20, 95% CI=0.19-2.22,
p=0.021) were positively correlated with QTD (Table 2). In
the second analysis, age (PRC=0.28, 95% CI=0.14-0.43,
p<0.001) and levomepromazine (PRC=7.49, 95%
CI=2.17-12.8, p=0.0058) were correlated with QTD (Table 3).

QTDR

In the first analysis, age (PRC=0.023, 95% CI95%
CI=0.0047-0.042, p=0.014), antipsychotics (PRC=0.11,
95% CI=0.051-0.17, p<0.001) and carbamazepine
(PRC=0.35 95% CI=0.056-0.64, p=0.019) were positively
correlated with QTDR (Table 2). In the second analysis,
age (PRC=0.021. 95% CI=0.0023-0.040, p=0.028), levo-
mepromazine (PRC=1.12, 95% CI=0.42-1.81, p=0.0017),
quetiapine (PRC=0.18, 95% CI=0.033-0.34, p=0.017),
asenapine (PRC=0.28, 95% CI=0.032-0.52, p=0.027),
and clozapine (PRC=0.86, 95% CI=0.14-1.58, p=0.020)
were correlated with QTDR (Table 3).

Tp-e

In the first analysis, age (PRC=0.25, 95% CI=0.12-0.38,
p<0.001), antipsychotics (PRC=0.64, 95% CI95% CI=0.21
—1.07, p=0.0036), and lithium (PRC=1.52, 95% CI=0.56
—2.49, p=0.0020) were positively correlated with Tp-e. On
the other hand, antiparkinsonian drugs (biperiden equivalent)
(PRC=-3.15, 95% CI95% CI=—5.51—-0.80, p=0.0088) were
negatively correlated with Tp-e (Table 2). In the second ana-
lysis, age (PRC=0.24, 95% CI= 0.10-0.37, p<0.001), levome-
promazine (PRC=548, 95% CI=0.58-10.4, p=0.029),
olanzapine (PRC=1.22, 95% CI=0.49-1.96, p=0.0012) and
brexpiprazole (PRC=11.8, 95% CI=5.67-17.9, p<0.001)
were correlated with Tp-e. On the other hand, sex (PRC=
—4.41, 95% CI195% Cl= —8.57—-0.26, p=0.038) was nega-
tively correlated with Tp-e. The prolonged risk of Tp-¢ was
higher in men than in women (Table 3).

Tp-e/QT Ratio

In the first analysis, antipsychotics (PRC=0.15, 95% CI95%
CI=0.065-0.24, p<0.001) and lithium (PRC=0.25, 95%
CI95% CI=0.045-0.45, p=0.016) were positively correlated
with the Tp-e/QT ratio. On the other hand, sex (PRC=
—1.26,95% CI 95% CI=-2.11-0.041, p=0.0038) and antipar-
kinsonian drugs (PRC=-0.51, 95% CI95% CI=—1.00-0.018,
p=0.042) were negatively correlated with the Tp-e/QT ratio

(Table 2). In the second analysis, olanzapine (PRC=0.27, 95%
CI95% CI=0.12-0.43, p<0.001) and brexpiprazole
(PRC=1.90,95% CI 95% CI=0.61-3.19, p=0.0039) were posi-
tively correlated with the Tp-e/QT ratio. On the other hand,
sex (PRC=-1.32, 95% CI95% CI=-2.20-0.44, p=0.0033) was
negatively correlated with the Tp-e/QT ratio (Table 3).

Tp-e/QTc Ratio

In the first analysis, age (PRC=0.032, 95% CI95% CI=0.0050
—0.058, p=0.020), antipsychotics (PRC=0.092,95% CI 95%
CI=0.0059-0.18, p=0.036) and lithium (PRC=0.32, 95%
CI95% CI=0.13—0.51, p=0.0013) were positively correlated
with the Tp-¢/QTc ratio. On the other hand, sex (PRC=
—1.41,95% CI 95% CI=-2.24-0.59, p<0.001) and antiparkin-
sonian drugs (PRC=-0.57, 95% CI95% CI=—1.04-0.092,
p=0.019) were negatively correlated with the Tp-e/QTc ratio
(Table 2). In the second analysis, age (PRC=0.031,95% CI
95% CI=0.0037-0.58, p=0.027), olanzapine (PRC=0.22, 95%
CI95% CI=0.076—0.37, p=0.0033) and brexpiprazole
(PRC=2.15,95% CI 95% CI= 0.91-3.39, p<0.001) were posi-
tively correlated with the Tp-e/QTc ratio. On the other hand,
sex (PRC=-1.56,95% CI 95% CI=—2.40—0.71, p<0.001) was
negatively correlated with the Tp-¢/QTc ratio (Table 3).

Comparison Between Patients Prescribed
Antipsychotics and Healthy Controls

In the third analysis, significant differences in QTc
(p<0.001), QTD (p<0.026), QTDR (p<0.001), Tp-e
(p<0.001), Tp-e/QT ratio (p<0.001) and Tp-¢/QTc ratio
(p<0.001) were found between patients and healthy con-
trols (Table 4).

Discussion

The results of this study regarding medication were as fol-
lows. Positive correlations were noted between QTc and
levomepromazine and brexpiprazole. Levomepromazine
and lithium were positively correlated with QTD.
Levomepromazine, quetiapine, asenapine, clozapine and car-
bamazepine were positively correlated with QTDR.
Levomepromazine, olanzapine, brexpiprazole and lithium
were positively correlated with Tp-e. Olanzapine, brexpipra-
zole and lithium were positively correlated with the Tp-e/QT
ratio. Olanzapine, brexpiprazole and lithium were positively
correlated with Tp-e/QTc ratio. In addition, significant dif-
ferences in QTc, QTD, QTDR, Tp-¢, Tp-¢/QT ratio and Tp-¢/
QTc ratio were found between the patients and healthy con-
trols. Our findings suggest that proarrhythmic risk markers
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Table 4 Comparison of QTc, QT Dispersion (QTD), QTD Rate
(QTDR), T Wave Peak-to-End Interval (Tp-e), Tp-e/QT and Tp-
e/QTc Between Patients Treated with Drugs and Healthy
Controls Adjusted for Age and Sex with Propensity Score

Schizophrenia Healthy p-value

Patients Controls

Mean (SD) Mean (SD)
QTc (Hodges’s 417.7 (30.0) 393.8 (26.2) | <0.001%**
formula)
QTD 57.6 (23.5) 51.9 (19.1) 0.026*
QTDR 6.93 (3.14) 5.69 (2.30) <0.001**
Tp-e 98.4 (24.1) 89.1 (49.3) <0.001**
Tp-e/QT 24.8 (4.71) 23.3 (12.7) <0.001**
Tp-e/QTc (Hodges’s | 23.5 (4.60) 22.7 (12.5) <0.001**
formula)

Notes: Significant differences in QTc, QTD, QTDR, Tp-e, Tp-e/QT and Tp-e/QTc
were identified between patients and healthy controls. *p<0.05, **p<0.001.

were the presence of schizophrenia and the use of antipsy-
chotics. Given that the results regarding QTc, QTD, QTDR,
Tp-e, Tp-¢/QT ratio and Tp-e/QTc ratio were inconsistent in
this study, QTc alone might not reflect the risk of sudden
cardiac death. Actually, we confirmed that quetiapine, ase-
napine and clozapine were positively correlated with QTD
and QTDR, and olanzapine was positively correlated with
Tp-e, Tp-¢/QT ratio and Tp-e/QTc ratio despite not being
correlated with QTc in our research. Therefore, the predictive
factor of ventricular arrhythmia on ECG should be evaluated
by using various indexes, such as QTD, QTDR, Tp-e, Tp-¢/
QT ratio and Tp-e/QTc ratio.

The present study identified antipsychotic use as
a potential risk factor for prolonged increased QTc,
QTD, QTDR, Tp-e, Tp-¢/QT ratio and Tp-e¢/QTc ratio.
Among the distinct antipsychotic drugs, levomepromazine
influenced QTD, QTDR and Tp-e; quetiapine, asenapine
and clozapine influenced QTDR; and olanzapine and brex-
piprazole influenced Tp-e, Tp-e/QT ratio and Tp-e/Qc
ratio in a dose-dependent manner. QTD indicates disper-
sion of surface depolarization, whereas Tp-e represents
transmural repolarization. Therefore, QTD and Tp-e each
different

Levomepromazine, quetiapine, asenapine and clozapine

might have physiological  implications.

could affect spatial dispersion evaluated by QTD or
QTDR. On the other hand, olanzapine and brexpiprazole
only affected transmural repolarization evaluated by Tp-e,
Tp-e/QT and Tp-e/QTc ratio.

ratio In particular,

levomepromazine, quetiapine, olanzapine and clozapine
influenced QTDR, which is a more predictive factor than
QTc or QTD for ventricular arrhythmias, and olanzapine
and brexpiprazole influenced Tp-e¢/QT ratio or Tp-¢/QTc
ratio, which are more predictive factors than QTc or Tp-e.
These drugs might be associated with a relatively higher
risk for inducing ventricular arrhythmias compared with
other antipsychotics. Thus, each antipsychotic agent could
affect heart conduction through different pharmacological
mechanisms. However, the findings related to asenapine,
brexpipraze and clozapine should be carefully interpreted
because there was a small number of patients administered
these drugs. In fact, brexpiprazole is known to have no
effect on QTc prolongation.*! Our previous study demon-
strated that levomepromazine significantly lengthened
QTc, whereas second-generation antipsychotics (risperi-
done, olanzapine and quetiapine) did not prolong QTc.’
Furthermore, it has been suggested that aripiprazole, brex-
piprazole, and olanzapine do not increase QT interval
despite the low quality of evidence,>® while the United
States Food and Drug Administration (US FDA) warned
that atypical antipsychotics (olanzapine, aripiprazole, ris-
peridone, and quetiapine) increase the risk of sudden
cardiac death in the elderly by 4.5%.>> In addition, sudden
cardiac death has been associated with exposure to both
first- and second-generation antipsychotics.>* Therefore, it
should be confirmed whether first- or second-generation
antipsychotics can be risk factors for sudden cardiac death
by using QTD, QTDR, Tp-e, the Tp-e/QT ratio and the
Tp-e/QTc ratio in addition to QTc prolongation.

In a previous study, the QTc interval was longer in
women than in men, but the QTD was similar in men and
women among healthy subjects, and the Tp-e interval did
not differ according to sex.>® Our results were similar to
those in a previous report on QTc and QTD; however, con-
trary to a previous report in a healthy person, Tp-e was longer
in men than in women in schizophrenia patients. Unlike
healthy people, some factors could affect transmural repolar-
ization in the patients of men with schizophrenia. Acciavatti
et al reported the association of psychotropic drugs and
ventricular repolarization with QT interval, Tp-e and QTD
on ECG in various psychiatric disorders, such as schizophre-
nia, bipolar disorder, depressive disorder, personality disor-
der, substance-related disorder and intellectual disability.>’ In
that report, methadone, clozapine and lithium use were asso-
ciated with Tp-e, and piperazine phenothiazines increased
QTD. Haloperidol; aliphatic phenothiazines, such as chlor-

promazine and levomepromazine; and other second-
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generation antipsychotics except for clozapine were not asso-
ciated with QTc, Tp-e or QTD.?’ Our results were similar to
those of a previous report on the association between lithium
use and the prolongation of QTD and Tp-e. In contrast, the
conclusion about the association between antipsychotic use
and the various ECG indexes differed from that in
Acciavatti’s report. Our report showed that antipsychotics
use prolonged QTc, QTD, QTDR, Tp-e, Tp-e/QT ratio and
Tp-e/QTc ratio in a dose-dependent manner. Although
further research is necessary, the heart conduction of
Japanese patients with schizophrenia could be easily affected
constitutionally. In addition, the fact that there are still many
patients with schizophrenia who are administered polyphar-
macy rather than high-dose antipsychotic in Japan could be
one reason for the prolongation of various indexes on ECG
measured in this study.*®

Lithium is a drug that prolongs QT interval.** On the
other hand, multiple case series exhibit no significant
change in the QTc interval of patients on lithium therapy
before and after treatment initiation with lithium levels in
the therapeutic range (0.6—1.2 mEqg/L).® In our results, the
concomitant use of lithium was positively associated with
QTD, Tp-e and the Tp-e/QTc ratio but not with QTc or
QTDR in patients with schizophrenia. Carbamazepine was
associated with sudden unexpected death in epilepsy
patients, but the mechanism was uncertain.*® Our results
revealed a positive correlation between the concomitant
use of carbamazepine and QTDR.

The strength of our present study is that it showed
associations with various indexes beyond the QTc on the
ECG in schizophrenia patients who used antipsychotics
and other psychotropic drugs in a natural setting retro-
spectively. In addition, this was the first study to analyze
an association between the dose of independent antipsy-
chotics and the various ECG indexes, in particular QTDR
and Tp-e/QTc ratio.

Based on the above finding, our research demonstrated
that it is not possible to predict ventricular arrhythmias by
only measuring the QTc. Thus, we think that it is more
desirable to measure QTc together with other parameters,
such as QTD, QTDR, Tp-e, Tp-e/QT ratio and Tp-e/QTc
ratio, which are more predictive of ventricular arrhythmias
than QTc in patients with schizophrenia administered anti-
psychotic drugs daily in our study.

not evaluate changes in QTc, QTD, QTDR, Tp-e, Tp-¢/QT
ratio, and Tp-e/QTc ratio before and after medication use
in the same patients. Second, we did not adjust for the time
of ECG measurement. Third, we compared QTc, QTD,
QTDR, Tp-e, Tp-e/QT ratio, and Tp-e/QTc ratio between
patients treated with drugs and healthy controls, but these
were not comparisons between medication-naive schizo-
phrenia patients and healthy controls or schizophrenia
patients treated with drugs.

Conclusion

Although this research has some limitations mentioned
above, we indicated that antipsychotic drug use affected
various indexes of ventricular arrhythmia on ECG in
a dose-dependent manner. For the safe use of antipsychotic
medication, it is necessary for the proarrhythmic effect of
antipsychotic drugs to be evaluated using various indexes,
such as QTD, QTDR, Tp-e, Tp-¢/QT ratio, and Tp-¢/QTc
ratio. To avoid the risk of ventricular arrhythmia, we have
to assess the risk of the prolongation of these indexes
according to the characteristics of the drug used. To
reach a firm conclusion on this matter, larger-scale cohort
studies are required. A comparison between medication-
naive schizophrenia patients and healthy controls or schi-
zophrenia patients treated with antipsychotics is required.
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