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ABSTRACT

Aim: The aim of our study was to investigate the frequency of the ischemic and proarrhythmic
electrocardiographic (ECG) changes in schizophrenia patients compared to normal healthy population.
Methods: This study was planned retrospectively. ECG documents were obtained from the first day of
admission to patients' psychiatric clinic. The study involved 190 hospitalized schizophrenia patients and
134 healthy controls. The rhythm of the patient, presence of channelopathy, hypertrophy findings of
cardiac cavities, conduction defects, ischemic changes, p-wave length, p-wave dispersion (PWD), the
presence of fragmented QRS (fQRS), QT dispersion were considered in the ECG records.

Results: The mean systolic and diastolic blood pressure were higher in the control group (p<0.001).
Smoking was more prevalent among patients with schizophrenia. The heart rate was higher in the
schizophrenia group than control group (85.5 vs 70.5 beats/min;p<0.001). QT-dispersion time was also
higher in the schizophrenia group (35 milliseconds versus 55 milliseconds; p<0.001). P-wave dispersion
time was found higher in schizophrenia group (30 to 47.50 milliseconds, p<0.001). The incidence of
fragmented QRS (fQRS) was 36.30% (n: 69) in the schizophrenic group and 7.5% (n:10) in the healthy
control group (p=0.001). Pathological Q-wave frequency was about 10 times higher in patients with
schizophrenia (p<0,001).

Conclusions: The proarrhythmic and ischemic electrocardiographic changes may explain the high
frequency of premature deaths seen in patients with schizophrenia. When psychiatrists evaluate
schizophrenia patients, they should be aware of these cardiac findings and should be in close contact
with cardiologists as necessary.
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Introduction

Cardiovascular disease is the most common cause of
mortality in patients with schizophrenia. In recent
years, an increase of one third has been reported in
the relative risk of mortality associated with coronary
artery disease (CAD) in schizophrenia (1). Among the
common causes of cardiovascular deaths, arrhythmias,
such as atrial fibrillation (AF), ventricular tachycardia
and torsade de pointes, as well as myocardial

infarction (MI) have considerable prevalence(2, 3).

The increase in the frequency of cardiac disease in
schizophrenia patients is associated with several
factors, in particular smoking, obesity, diabetes,
dyslipidemia, metabolic syndrome, sedentary lifestyle,
decreased self-care and antipsychotic drug usage (4).
Severity of positive and negative symptoms of the
disease, accompanying neuro-cognitive disorders and
low social functioning destroy the ability of
schizophrenia patients to recognize cardiac symptoms,
to notify their complaints to the treatment team and to

adapt to the treatment (5).

Electrocardiography (ECG) is a safe, noninvasive first
line diagnostic tool for evaluating cardiovascular
disorders. Hemodynamic changes in schizophrenia
patients can lead to some alterations in ECG. These
are heart rate increment, prolonged corrected QT
interval (QTc), inversion of T-waves and left axes
deviation of QRS. P-wave dispersion (Pd), which is an
ECG marker associated with a heterogenous and non-
sustained distribution of the sinus impulse, has shown
to be a predictor for prolonged inter-atrial and intra-
atrial conduction. Increased Pd values were associated
with an increased risk of atrial fibrillation (6). Another
parameter that can be defined as the difference
between the maximal and minimal QT interval
measured in many ECG leads is QT dispersion (QTd).
QT interval parameters especially heart-rate corrected

QT (QTc) interval, are presumed as cardiovascular risk

Eur J Human Health 2022; 2(1): 1-11.

factor (7).
homogeneity of myocardial repolarization. Fragmented
QRS (fQRS) is an ECG finding in patients with

myocardial scar  through altered ventricular

QTd is an indicator for the non-

depolarization. fQRS is more sensitive than
pathological Q-waves in detection of myocardial
fibrosis detected by Single-photon emission computed
tomography (SPECT) imaging in CAD (8).

In schizophrenia, an increase in heart rate, QTc
prolongation, ventricular arrhythmia and cardiac arrest
have been reported. The risk of sudden cardiac death
in patients using antipsychotics is 2.4 fold higher (9).
The arrhythmogenic effects of antipsychotic drugs are
delayed ventricular depolarization and repolarization,
conduction disorders, sinus node abnormalities and
sinus tachycardia developing as a response to postural
hypotension (9). The underlying pathophysiology of
such side effects of the antipsychotics are
anticholinergic effects, al antagonistic features and
blockage of potassium channels in myocardium (10-
13).

An increased risk of cardiovascular disease in
schizophrenic patients has been clearly defined.
However, our knowledge about ECG changes, in
particular ischemic changes, in patients with
schizophrenia is limited. The aim of the present study
was to investigate the frequency of atrial and
ventricular pro-arrhythmic and ischemic ECG changes
in schizophrenia patients compared to the healthy

subjects.

Methods
Study Population

The current study was conducted retrospectively by
reviewing the records of patient files. The study
involved 190 schizophrenia patients who received

inpatient treatment in a psychiatry clinic between
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2018-2019. One hundred thirty-four healthy subjects
were recruited as control group. ECG was recorded
during the first day of hospitalization. A 12-lead ECG
recording was taken from all of the patients and from

the control group (n=324).

The medications of the schizophrenia patients prior to
their hospitalization were noted. The patients with
systemic cardiac disease, rheumatic heart disease, pre-
excitation syndrome, heart failure, patients with a
permanent pacemaker and patients using anti-

arrhythmic drug were excluded from the study.
ECG assessment

ECGs were recorded in decubitus position and eupnea
status, while the patients were not allowed to cough or
talk. During ECG recording , the recorder was adjusted
to a speed of 50 mm/ sec, calibration of 1mV/cm, filter
to 100 Hz and alternative current filter to 60 Hz. ECG
records were taken manually by two researchers who
were not informed for the clinical status of the

subjects.

The rhythm of the patient, signs of channelopathy,
ECG finding of myocardial hypertrophy, any conduction
defect, ischemic changes, p-wave times, Pd, presence
of fQRS, QT/cQT durations and QT dispersion were
noted during ECG recordings.

The P-wave duration in ECG was calculated by
measuring the distance between the intersection of
the beginning of P-wave deflection and the isoelectric
line and the intersection of the P-wave and the
isoelectric line. P-wave durations were measured
through all leads. After P maximum (Pmax) was
defined as the longest measurable P-wave duration
whereas P minimum (Pmin) was the shortest one. Pd
was calculated as the difference between maximum

and minimum P-wave durations (Pd= Pmax-Pmin).

In ECG, the distance between the beginning of the

QRS complex and the intersection point of the T-wave
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descent with isoelectric TP-segment was recorded as
the QT interval. The QT corrected (QTc) according to
heart rate was calculated with the Bazett formula
[QT(msec)/ RR (sec)1/2]. In patients with U-waves,
QT was calculated to the lowest point of the curve
between the T- and U-waves. QTc maximum (QTc
max) and QTc minimum (QTc min) were defined as
the longest and the shortest measurable QT-interval
durations, respectively. QTc dispersion (QTc disp) was
calculated as the maximum minus minimum QTc
durations (QTc disp= QTc max- QTc min).In ECG,
fQRS was described as notching of the R-wave in two
neighboring derivations, notching in the S-wave,
existence of an RSR' pattern or more than one R' -
wave (8, 14-18).

All ECG analysis was performed by two experienced
cardiologist blinded to patients data. A magnifying lens
and a caliper was used to define the ECG deflections.
The intra and interobserver coefficients of variations
were calculated to check the reproducibility of the

analysis.

Statistical Analysis

Data were expressed as mean * standard deviation
(minimum: maximum) or median (IQR: Inter-quartile
Range) values depending on whether the variable
followed a normal distribution using the Shapiro-Wilk
normality test. For comparisons of continuous
variables between groups, independent samples t-test
and Mann Whitney-U test were performed.
Comparisons of categorical variables were done using
Chi-square, Fisher’'s exact test and Fisher-Freeman-
Halton tests. To determine independent risk factors
those affected schizophrenia, binary logistic regression
analysis (with Forward LR method) was performed
after univariate analysis. The results of the final model

were reported with related odds ratio (95% confidence



Kanat et al. Pathological q wave in Schizophrenia

interval) values with respective p-values. A p-value
less than 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS (IBM
Corp. Released 2011. IBM SPSS Statistics for Windows,
Version20.0. Armonk, NY: IBM Corp.).

Ethics

The ethical approval for the study was obtained from

local ethics committee in our institution.
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Results

Patient characteristics are shown in Table-1. Smoking
was significantly more prevalent in patients with
schizophrenia (p<0.001). Both systolic and diastolic
blood pressure values were higher in the control group

compared to the patients with schizophrenia.

Tablel. Comparisons of the general characteristics of the study groups

Controls ) ) ) )
Patients with schizophrenia

(n=134) p-value

(n=190)
Age ( ) 39.51£13.07 (20:82) SoEla46 0.747

e (years S51+13. : :

e (18:84)
Gender (f/m) 66/68 74/116 0.065
Smoking 35/134 106/190 0.001

) 122.69+20.30 113.89+11.57

Systolic Blood Pressure 0.001

(85:195) (90:150)

o 75.04+12.83 71.63+8.09

Diastolic Blood Pressure 0.004

(50:118) (50:90)

Comparison of ECG findings between the study groups
is demonstrated in Table-2. In the schizophrenia
group, HR level, QRS width, Pmax, P-dispersion and

QT dispersion were higher than the control group. In

the control group, the level ofP-min and the QT level
were higher in the schizophrenia group. The fQRS, left
anterior hemiblock (LAHB), ST depression and
pathological Q-wave incidence were higher in patients

with schizophrenia.

Table2. Comparison of ECG findings of the patient and control groups

Controls Patients with schizophrenia p-value
(n=134) (n=190)
Heart Rate 70.50 (15) 85.50 (25) <0.001
(per minute)
QRS width 80 (26.50) 84.50 (15) 0.022
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PR length 150 (25) 145 (30) 0.065
P-maximum duration 86.91+16.44 94.19+18.38 (55:160) <0.001
(50:130)
P-minimum duration 60 (15) 40 (10) <0.001
P-dispersion 30 (20) 47.50 (20) <0.001
QT length 375 (30) 360 (54.50) 0.019
cQT 410 (23.50) 406 (31.50) 0.943
QT dispersion 35 (10) 55 (25) <0.001
Sinus Arrhythmia* 14 (10.40%) 19 (10%) 0.896
fQRS* 10 (7.50%) 69 (36.30%) <0.001
Ventricular premature beats* 0 2 (1.10%) 0.513
Supraventricular ectopic 1 (0.70%) 1 (0.50%) 1.00
beats*
Early Repolarization 0.784
8 (6%) 10 (5.30%)
Left Bundle 0 1 (0.50%) 1.00
Branch Block*
Left anterior hemiblock* 0 6 (3.20%) 0.044
Left posterior hemiblock* 0 0 NA
Tri-fascicular Block* 0 0 NA
ST depression* 0 7 (3.70%) 0.044
Ischemic T* 0 2 (1.10%) 0.513
Pathological Q* 2 (1.50%) 22 (11.60%) <0.001
Left Ventricular 3 (2.20%) 9 (4.70%) 0.372
Hypertrophy*
Right ventricular 0 1(0.50%) 1.00
hypertrophy*
Right atrium enlargement * 1 (0.70%) 1 (0.50%) 1.00
Left atrium enlargement* 0 4 (2.10%) 0.145
P-axis* 0 1 (0.50%) 1.00
QRS axis
Normal 119 (88.80%) 150 (79.80%)
Right 14 (10.40%) 32 (17%) 0.089
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Left 1 (0.70%) 6 (3.20%)
T wave* 0 1 (0.50%) 1.00
Brugada Syndrome* 0 2 (1.10%) 0.513
U wave* 12 (9%) 31 (16.30%) 0.067
Intraventricular conduction 7 (5.20%) 12 (6.30%) 0.680
delay*
Right Bundle Block* 0 4 (2.10%) 0.145

Data were presented as mean + standard deviation (minimum: maximum), median (IQR-Inter-quartile Range) or n (%). NA: Not Available (Statistical analysis

could not be performed due to insufficient sample size). *: present.
The distribution of the drugs used in the
patient group is given in Table-3. Quetiapine was the

most frequently used antipsychotic drug 45/176

Table3. Distribution of the drugs used by the patients

(25.60%). There was no significant difference between
antipsychotic drugs in terms of their proarrhythmic and
ischemic effects on ECG (p> 0.05).

Drug N/Notar (%)
Quetiapine 45/176 (25.60%)
Olanzapine 37/176 (21%)
Risperidone 32/176 (18.20%)
Paliperidon 30/176 (17%)
Amisulpride 23/176 (13.10%)
Haloperidol 16/176 (9.10%)
Clozapine 16/176 (9.10%)

Aripiprazole 12/176 (6.80%)
Zuclopenthixol 11/176 (6.30%)
Chlorpromazine 5/176 (2.80%)

Independent risk factors considered to be
specific for schizophrenia are given in Table-4.
Schizophrenia has been identified as a risk factor for
increased HR. When the value of the HR variable
increased by 1 unit, the risk of schizophrenia increased
1.06 fold. The P-max variant was found to be a
significant indicator for schizophrenia. As the value of
the P-max variable increased by 1 unit, the probability

of having schizophrenia increased 1.07 fold. The P-min

variant was found to be a protective factor for
schizophrenia and the probability of having
schizophrenia was reduced by 13% when the value of
the P-min variable increased by 1 unit. The fQRS was
found to be another indicative factor for schizophrenia.
In the presence of fQRS, the probability of having
schizophrenia was 3.15 times higher than those
without fQRS.
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Table4. Independent risk factors considered to be effective in patients with schizophrenia

Risk Factor B OR (95%Cl) p-value
Heart Rate 0.06 1.06 (1.04:1.09) <0.001
P-max 0.06 1.07 (1.04:1.09) <0.001
P-min -0.14 0.87 (0.83:0.91) <0.001

QT dispersion 0.07 1.08 (1.04:1.11) <0.001

Fragmented QRS
present Reference
absent| 1.15 3.15(1.21:8.18) 0.019

The significance of final logistic regression model (p<0.001). OR: Odds ratio, Cl: confidence interval

Discussion

In this retrospective study, ECG parameters of
schizophrenic patients in psychiatric clinic were
investigated in detail and compared with healthy
controls. Proarrhythmic and ischemic ECG findings
(HR, PWD, P-max, P-minus, P-dispersion, QT
dispersion, fQRS, ST depression, Pathological Q) were
detected significantly higher in schizophrenic patients

compared to the healthy controls.

Life expectancy of schizophrenia patients has
decreased by about 10 years. The most important
diseases accused in the mortality of these patients are
diabetes mellitus and cardiovascular diseases (19).
Excessive weight gain due to the antipsychotic
medications brings metabolic syndrome and other
related medical problems to these patients (1, 4).
Moreover, schizophrenia patients are unable to use
health services properly for diagnosis, treatment and
follow-up for other medical problems outside the
psychiatric area due to low self-care and functional

levels.

Although it is known that patients with
schizophrenia have an increased risk of MI due to
antipsychotic use, the underlying mechanisms have

not been fully understood. While schizophrenic

patients have cardiac symptoms, they usually have
difficulties in applications to emergency departments
(2). In a study of the ECG findings in schizophrenia
patients, there was a sign of MI at 40 of 937 cases.
However, in 30 of these 40 cases (75%), MI signs
were not previously identified, and these cases were
unrecognized or silent MI (2). In our study,
pathological Q-wave was detected in 22 (11.60%)
schizophrenia patient and in 2 (1.5%) subjects in the
control group . While the cases in the control group
were aware of MI, schizophrenic patients couldn’t be

aware of MI.

In the present study, patients with schizophrenia had
significantly higher Pd, P-max duration and lower P-
min duration compared to healthy controls. Changes
leading to atrial remodeling such as elevated atrial
pressure, atrial ionic remodeling, ischemia and
metabolic stress may result in slowed conduction with
inhomogeneous recovery, are substrates for AF
development (20, 21). Pd indicates that a prolonged
inhomogeneous and anisotropic  distribution  of
connections between atrial fibers resulting in a
discontinuous anisotropic  propagation of sinus
impulses with heterogeneous and discontinuous atrial

conduction (22).
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In a study examining 927,915 cases in Taiwan,
patients with schizophrenia or bipolar disorder had a
higher prevalence of AF than the general healthy
population (23). Chronic CAD and acute myocardial
infarction (AMI) are significant risk factors for AF
evolution. In patients with CAD, left atrial overload
owing to altered left ventricular relaxation caused by
an ischemic zone, regional atrial fibrosis and slow

conduction are associated with increased Pd (24, 25).

In the present study, patients with schizophrenia had
positive fQRS more often as compared to the healthy
controls (69/190-36.30% vs 10/133-7.50%, p =
0.001). fQRS is a relevant marker of conduction
disturbance and by that parameter myocardial scar
could be evaluated by ECG (26). fQRS was also a
predictor of mortality and arrhythmic events in
patients with various cardiac diseases, such as dilated
cardiomyopathy, arrhythmogenic right ventricular
cardiomyopathy, acute coronary syndrome, Brugada
syndrome, cardiac sarcoidosis, repaired tetralogy of
Fallot and long-QT syndrome (27-29). Sudden cardiac
death (SCD) has been found to be nearly three-times
higher in schizophrenia patients, a finding driven by a
several underlying mechanisms (30). Patients with
schizophrenia show electrophysiological characteristics
of the myocardial tissue, such as from stress, those
lead to dysautonomia and activation of the
hypothalamus—pituitary— adrenal axis, altering the
autonomic tone and influencing circadian rhythms and
ion channel variation, leading to CAD or causing drug
induced cardiac fibrosis with certain antipsychotics
used in the treatment of these common disorders (31,
32). Indeed, patients with schizophrenia are shown to
have a higher prevalence of CAD than the general
population (33). Reddy CV et al. (34) found that the
combination of Q wave and fQRS showed high
specificity (89%), sensitivity (91.4%), and negative
predictable value (92.4%) for detection of scarred

myocardium. In our study, the presence of pathologic

Eur J Human Health 2022; 2(1): 1-11.

Q-wave in the presence of myocardial infarction was
found to be higher in patients with schizophrenia than
control group (22/190-11.60% vs 2/134-1.50%, p <
0.001).Left ventricular hypertrophy and exaggerated
accumulation of collagen occur in interstitial tissue,
and give rise to non-ischemic myocardial fibrosis (34).
In several studies, a strong association was detected
between fQRS diagnosed on ECG and myocardial
fibrosis, as assessed by gadolinium-enhanced cardiac

magnetic resonance imaging (29).

Study Limitations

There are some limitations to be quoted. First of all,
this was a cross-sectional study with a small sample
size and there was no follow up for the patients to
observe arrhythmic events. Also, Holter monitoring
and electrophysiological evaluation couldnt be done
due to cognitive dissonance of the schizophrenic
subjects. Another limitation of the present study was
that Pd and QTd parameters were measured manually,
instead of by a computer-assisted program. One of the
important limitations of the study was that our study
group consisted only hospitalized patients. In
hospitalized patients, co-morbidities can be seen more
frequently due to other risk factors than their current
psychiatric diseases. Further studies including non-
hospitalized cases should be done to generalize our
results. In the current study, the researchers were
only concerned with the patients who used their drugs
irregularly which restricts the evaluation of the
possible relations between the drugs and the ECG
changes. Lastly, in patients with pathologic Q-waves,
the signs of previous MI were not confirmed by non-

invasive imaging modalities such as echocardiography.
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Conclusion

The current retrospective cross-sectional
analysis of ECG findings indicated that patients with
schizophrenia might have high prevalence of
proarrhythmic and ischemic changes. P-wave
dispersion, prolongation of QT-dispersion time and
presence of fragmented-QRS, atrial fibrillation,
ventricular fibrillation, and arrhythmia-related heart
failure may partly explain the high frequency of
premature deaths in such psychiatric disorder. During
assessment of schizophrenia patients, psychiatrists
should be aware of such ECG findings and should be in
close contact with cardiologists to take relevant

preventive steps.
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