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Background and aim: Patients with bipolar disorder (BD) are at increased risk for

cardiovascular diseases and complications. This increased risk is considered to be associated

with the autonomic nervous system (ANS) abnormalities. However, there is little or no

documentation of the relationship between this increased risk and the phases of BD. In this

study, we aimed to compare the changes in the QT dispersion (QTd) and P-wave dispersion

(Pd), which are predictors of sudden cardiac death and atrial fibrillation, between the patients

with manic BD and healthy controls.

Participants and methods: The study included a patient group of 44 patients (26 female

and 18 male) that were hospitalized due to a diagnosis of manic BD and met the inclusion

criteria, and a control group of 34 age- and gender-matched healthy individuals (21 female

and 13 male) with no history of psychiatric and neurological disorders. The QTd and Pd

values were determined in each participant by performing the standard 12-lead body surface

electrocardiography (ECG).

Results: The principal electrocardiographic indicators including corrected maximum QT

interval, corrected QT dispersion, and minimum P-wave duration significantly increased in

the patient group compared to the control group (t=2.815, p<0.01; t=4.935, p<0.001; t=3.337,

p<0.001, respectively).

Conclusion: The results indicated that patients with manic BD are at increased risk for

cardiovascular autonomic dysfunction. Therefore, clinicians should be more careful about

ECG changes and related possible cardiac conduction problems such as cardiac arrthythmias

in patients with manic BD. Further longitudinal studies are needed to investigate BD and its

phases (depression, mania, and hypomania) with regard to ANS and cardiac abnormalities.
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Introduction
Bipolar disorder (BD) is a serious mental disorder characterized by recurrent

attacks and high morbidity and mortality. There are three main phases that define

the course of BP: depression, mania, and hypomania. Patients with BD can cycle

between these phases and present completely normal or minimal symptoms.1 On

the other hand, BD patients are at increased risk for diabetes mellitus (DM),

metabolic syndrome, and cardiovascular disease (CVD).2 BD is associated with a

decreased life expectancy of 8–12 years and CVD is one of the leading causes of

this decrease.3 In patients with BD, the risk of mortality associated with CVD has

been reported to be 8 times higher in patients younger than 40 years of age

compared to the general population.4,5 Common risk factors for the increased

mortality associated with CVD in BD patients include individual factors such as
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smoking, unhealthy diet, and lack of exercise, as well as

psychotropic drugs and the potential metabolic processes

involved in the pathophysiology of BD.6 Studies reporting

on BD have primarily focused on the relationship between

increased morbidity and mortality and the depressive

phase of the disease.7,8 However, studies investigating

the manic phase of BD, despite being limited in number,

have indicated that the manic phase and manic symptoms

are associated with the increased risk of mortality from

CVD.6,7 This increase can be explained by the fact that the

rates of mortality in BD are higher than those of another

mood disorder, unipolar depression.9,10 Literature indi-

cates that there are several hypotheses regarding the devel-

opment of mania which are known as “noradrenergic

activation hypothesis”, “noradrenergic/cholinergic imbal-

ance hypothesis”, and “cholinergic insufficiency hypoth-

esis”. Additionally, there are some other studies that

postulate that BD is associated with sympathetic hyperac-

tivity and there are some that investigate plasma norepi-

nephrine concentration and its effect on the cardiovascular

system.11,12 Most of these studies have indicated that

patients with BD are likely to have increased sympathetic

activity and increased heart rate variability (HRV) along

with decreased parasympathetic activity, which suggests

that autonomic factors may be effective in the develop-

ment of manic episodes. On the other hand, there are some

other studies specifically focusing on autonomic nervous

system (ANS) abnormalities in BD13,14 and in the manic

phase of BD.15 These studies have mainly considered

CVD as a predictor of ANS functions, implicating that

electrocardiography (ECG), which is a simple and nonin-

vasive procedure, can provide information on the functions

of ANS and its two branches (sympathetic and parasym-

pathetic). In previous studies, ANS has been shown to be

associated with numerous psychiatric disorders including

depression, anxiety disorder, conversion disorder, and

hypochondriasis.16–20 However, the exact effect of ANS

abnormalities on the development of diseases remains to

be elucidated.

Electrocardiography (ECG) is a widely used noninva-

sive cardiac imaging tool. The QT dispersion (QTd) on

ECG indicates ventricular repolarization and depolariza-

tion. Increased QTd is an indicator of ventricular instabil-

ity, which thus may lead to severe ventricular arrhythmia

and sudden cardiac death.21,22 P-wave dispersion (Pd) is

defined as the difference between the widest and the nar-

rowest P-wave duration on ECG.23 Prolonged Pd interval

is considered to be associated with abnormal electrical

communication and to be an independent risk factor for

atrial fibrillation.24 As they are directly related to the

cardiac autonomic function, both QTd and Pd have a

potential to predict ANS abnormalities.

It is commonly known that patients with psychiatric

disorders have an increased risk for CVD. Based on this

fact, QTd and Pd have been investigated in numerous

psychiatric disorders including panic disorder, obsessive

compulsive disorder (OCD), somatoform disorders, hypo-

chondriasis, and schizophrenia.16–20 In addition, investiga-

tion of CVD in BD patients is highly important due to the

fact that the manic phase of the disease has a more aggres-

sive course and requires high-dose treatment compared to

other psychiatric disorders and that the manic phase has

been shown to be associated with ANS abnormalities. The

aim of this study was to compare the QTd and Pd values

between the patients with manic BD and healthy controls

to shed light on the changes in QTd and Pd and on

potential ANS abnormalities.

Materials and methods
The present study was conducted after approval by the

Firat University School of Medicine Ethics Committee

with the assignment number: 2017-17/13. All procedure

are in accordance with the Helsinki Declaration. Also

written informed consent was obtained from all healthy

control subjects and patients. Additionally patients data

confidentiality was strictly taken attention. The study

included patients that were hospitalized at the Psychiatry

clinic after being diagnosed with manic BD based on the

Diagnostic and Statistical Manual of Mental Disorders

(DSM-5) criteria. As manic disorder requires inpatient

hospitalization, the study retrospectively evaluated the

medical records of the patients that were hospitalized in

our inpatient clinic and underwent routine ECG evalua-

tion. Meaningfully, since all the patients included in the

study were hospitalized in the inpatient clinic, the easy

access to all the medical records of the patients was a

remarkable advantage for the study. As psychotropic

drugs are likely to affect the ECG results, patients that

had a primary diagnosis of BD or refused treatment and

those who discontinued the drug therapy due to such

reasons as treatment non-compliance were also included

in the study. we have screened all patients who were

hospitalized between January 2017 and June 2018. The

number of patients were 61 but after exclusion criteria 44

met the inclusion criteria of the present study. As a result,

medical records of 44 patients that received inpatient
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treatment at Firat University Medical School Psychiatry

Department between January 2017 and June 2018 were

retrospectively reviewed. In addition, a control group con-

sisting of 34 healthy age- and gender-matched individuals

with no history of psychiatric and neurological disorders

was also included in the study.

Inclusion criteria for the patient group
The inclusion criteria for the patient group were as fol-

lows: an age of 18–65 years, a diagnosis of manic disorder

based on the DSM-5 criteria, absence of comorbid psy-

chiatric disorders and a neurological or serious systemic

disease, absence of vasoactive medication or absence of

regular use of psychoactive drugs (patients that had a

primary diagnosis of BD, refused treatment, or discontin-

ued the drug therapy), absence of alcohol or drug abuse (at

least in the last 6 months), absence of a pathology in

routine blood and biochemical tests (plasma lipids, fasting

blood glucose, and liver and kidney function tests),

absence of a history of cardiac failure, valvular heart

disease, cardiomyopathy, myocardial infarction, and cardi-

ovascular diseases such as bundle branch block and

arrhythmia, absence of a history of bypass surgery, stent

implantation, and pacemaker implantation, and normal

blood pressure at rest.

Inclusion criteria for the control group
The inclusion criteria for the control group were as fol-

lows: an age of 18–65 years, absence of a history of an

Axis-1 psychiatric disorder, absence of a history of med-

ical treatment within the last 3 months, absence of serious

neurological diseases (ie diseases that could affect the

autonomic nervous system such as epilepsy) and systemic

diseases (eg, DM), absence of a pathology in routine blood

and biochemical tests (plasma lipids, fasting blood glu-

cose, and liver and kidney function tests), absence of heart

diseases (eg, hypertension) on cardiovascular examination

and in patient history, and absence of valvular heart dis-

ease, ventricular hypertrophy, and structural heart disease

on ECG examination.

Measurement of Qtd and Pd on ECG
Routine ECGmonitoring was performed in the ECG room at

the Psychiatry clinic. The room was quiet and isolated so that

the ECG records were not affected by external factors. The

recordings were performed when the participant reached

adequate spontaneous respiration (after a 10-min waiting

period), with the participant placed in the supine position

and not allowed to speak during the ECG recording. All the

participants underwent a routine standard 12-lead body sur-

face ECG, recorded at a paper speed of 50 mm/s. Three leads

were recorded simultaneously. One investigator blinded to

patients’ clinical status measured the P and QT wave dura-

tions manually. To improve accuracy, measurements were

performed with calipers and magnifying lens for defining the

ECG deflection.25–27 The onset of P wave was defined as the

junction between the isoelectric line and the start of P wave

deflection, and the offset of the P waves as the junction

between the end of the P wave deflection and the isoelectric

line.28 Pmax in any of the 12-lead surface ECG was calcu-

lated and used as a marker of prolonged atrial conduction

time. Pd, defined as the difference between Pmax and Pmin,

was calculated from the 12-lead ECG. All QT interval mea-

surements were performed manually with calipers. The QT

interval was measured from the onset of the QRS complex to

the end of the T wave, defined as the return to the T–P

isoelectric line. QTd was defined as the maximal inter-lead

difference in QT intervals. To achieve a precise evaluation,

both QTc and QTd values were corrected using Bazett’s

formula (corrected QT [cQT] = QT/√(R–R) interval).29

Statistical analysis
Data were analyzed using SPSS for Windows version 22.0

(Armonk, NY: IBM Corp.). Comparisons were performed

using Student’s t-test and correlations were determined

using Spearman’s Correlation Coefficient. In addition, ana-

lysis of covariance (ANCOVA) was also performed, with

the left atrial (LA) size and heart rate accepted as covari-

ates. A p-value of <0.05 was considered significant.

Results
The study included a patient group of 44 (26 female and

18 male) patients that met the inclusion criteria and a

control group of age- and gender-matched 34 (21 female

and 13 male) healthy individuals with no history of psy-

chiatric and neurological disorders. Mean age was 31.8

±8.77 years in the patient group and 36.12±12.35 years in

the control group. No significant difference was found

between the two groups with regard to age and gender

(Table 1). With respect to ECG measurement, we found

that the Pmin, QTcmax, and QTcd values of the patients

were higher than those of healthy controls (t=3.337,

p<0.001; t=2.815, p<0.01, t=4.935, p<0.001, respectively)

(Table 1). However, the Pmax, Pd, and QTcmin values

calculated for the patient group established no significant

difference with those of the control group (p= 0.214; p=
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0.204; p= 0.356, respectively) (Table 1). Additionally,

Pearson’s correlation coefficient revealed no correlation

between patient age and any cardiac parameter.

Discussion
The results indicated that the principal electrocardiographic

indicators including QTcmax, QTcd, and Pmin significantly

increased in the patient group compared to the control group

(t=2.815, p<0.01; t=4.935, p<0.001; t=3.337, p<0.001,

respectively). Meaningfully, increased QTd has been

reported to be an indicator of ventricular arrhythmia and

subsequent sudden cardiac death and prolonged Pd interval

is known to be associated with atrial fibrillation.21,22,24

Patients with BD are known to have an increased risk for

CVD and CVD-related mortality. Mortality from CVD is

considered to be associated with dyslipidemia, particularly

low high-density lipoprotein (HDL) levels.30,31

Additionally, a number of biological factors have also

been implicated in the relationship between BD and CVD,

including inflammatory factors, oxidative stress, neuro-

trophic factors, and microvascular events.32 Inflammation

and oxidative stress which have been linked with BD.

Elevated oxidative stress and inflammation levels, are asso-

ciated with BD as well as CVD.32 oksidatif Importantly, C-

reactive protein, interleukin-6, and tumour necrosis factor-a

are elevated in BD, and this proinflammatory markers are

also implicated in the development of atherosclerosis.33,34

These studies support to the opinion that inflammation

underlies the BD-CVD link.32–34 Additionally, Pompili et

al.35 also proposed that there was a link between metabolic

diseases (eg, stroke, atherosclerosis), bipolar disorder, and

suicidal behavior. Importantly, stroke has been identified as

a significant risk factor for both suicide and suicidal idea-

tion especially among depressed patients.35

Literature reviews indicate that there is a large body of

literature investigating cardiac repolarization abnormalities

such as prolonged QTd interval in psychiatric disorders

including OCD, panic disorder, and schizophrenia. However,

there are a limited number of studies investigating QTd and Pd

in BD.36,37 Additionally, a literature review specific to manic

BD demonstrated that there has been no study investigating

QTd and Pd in patients with manic BD. Kurt et al.36 classified

euthymic BD patients based on the use of valproate and

reported that the QTd values were significantly lower in the

patient groups compared to the control group and also sug-

gested that valproate may have a contributory effect on the

stabilization of cardiac conduction. Another study evaluated

53 euthymic BD patients and revealed that lithium monother-

apy increased the QTd, Pmin, and Pmax values in the patient

group. The authors concluded that the use of lithium is asso-

ciated with cardiac instability.37 In our study, all the patients

were in the manic phase and the patients that had a primary

diagnosis of BD or refused treatment, or discontinued psycho-

tropic drugs due to such reasons as treatment non-compliance

were also included in the study so as to rule out the possible

effects of psychotropic drugs.

Autonomic nervous system (ANS) abnormalities have

been extensively shown in BD patients and are considered

to be associated with increased sympathetic activity and

decreased parasympathetic activity.15 Accordingly, it is

safe to assert that ANS abnormalities could be associated

with various factors including individual factors, use of

psychotropic drugs, and BD and its phases (including the

manic phase). Additionally, they could also be related to

cardiovascular events such as ventricular tachycardia,

CVD, abnormal HRV, and sudden cardiac death.14 On

the other hand, it has been reported that ANS dysregula-

tion, which is associated with the cardiac system, is also

Table 1 Characteristics and cardiac parameters of patient and control groups

Patients (n=44) Controls (n=34) p t

Age, years 31.8±8.77 36.12±12.35 P>0.05

Sex (F/M) 26/18 21/13 P>0.05

QTcd, ms 50.95±15.37 35.14±12.05 P<0.001 4.935

QTcmax, ms 440,43±32.82 420,85±27.07 P<0.01 2.815

QTcmin, ms 467.81±514.79 385.70±25.68 0.356

Pd, ms 33.2±9.34 30.4±9.40 0.204

Pmin, ms 145±11.9 76.2±15.3 p<0.01 3.337

Pmax, ms 160±24.1 132.1±14.5 0.214

Note: Unless otherwise indicated, the values are given as mean ± SD (range).

Abbreviations: QTcd, corrected QT dispersion; QTcmax, corrected maximum QT interval; QTcmin, corrected manimum QT interval; Pd, P-wave dispersion; Pmin,

minimum P-wave duration; Pmax, maximum P-wave duration.
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associated with the medial prefrontal cortex and the amyg-

dala and that the probable decrease in this cardiac ANS

activity could be related to impulsivity and response inhi-

bition, both of which often occur in the manic phase of

BD.15,38 This association, considering the relationship

between BD and its symptoms, is likely to increase the

risk of ANS abnormalities (such as sympathetic hyperac-

tivity) and CVD in the manic phase of BD. Taken together,

all these notions suggest that the manic phase of BD can

be an independent predictor of cardiovascular mortality in

BD patients.6 In our study, the increased QTcd and Pmin

values in our patients support the studies that advocate that

patients with manic BD are at increased risk for cardio-

vascular events. Additionally, some other studies also pro-

posed that the presence of a history of manic episodes is a

biochemical risk factor for CVD,7,8,15 while Coello et al

postulated that there is no difference between the manic

phase and the other phases of BD with regard to CVD

risk.3

Heart rate variability (HRV) is another parameter that

could provide information regarding the association

between ANS dysregulation and psychiatric diseases

such as BD. Accumulating evidence suggests that there

can be HRV-induced pathologies in BD patients.11,12,15,20

In addition, decreased HRV has been shown to be asso-

ciated with increased risk of cardiac diseases and myocar-

dial infarction.39,40 On the other hand, there is growing

evidence suggesting that decreased HRV can be present in

patients with serious psychiatric diseases such as schizo-

phrenia, BD, and manic BD.41,42 Quintana et al.41 calcu-

lated HRV in patients with schizophrenia and BD

compared them with those of healthy controls. The authors

reported that HRV was significantly decreased in both

patient groups compared to the healthy group and there

was no difference between the two patient groups. The

authors also noted that the patients with decreased HRV

had increased overall and negative psychosis symptom

severity irrespective of the diagnosis (ie schizophrenia or

BD). Some other studies that investigated the relationship

between manic BD and CVD reported that there can be

cardiovascular events and ANS abnormalities specific to

the manic phase of BD.6,7,15 Accordingly, the symptoms,

biological processes, and the resulting risk of cardiovas-

cular events specific to the manic phase of BD, as expli-

cated by previous studies, seem to confirm the hypothesis

of the present study. Therefore, it is advisable that patients

should be more careful about cardiovascular events during

the manic phase of BD, a phase characterized by

psychotropic medication and individual problems such as

sleep deprivation and nutritional problems.

Our study was limited in several ways. First, although we

tried to rule out the confounding factors using the data

obtained for the patient and control groups (given the fact

that individual factors of the patients such as lifestyle fea-

tures, physical activity patterns, and diet are likely to affect

ECG parameters), there could have been unpredictable

results in the study. Second, the present study had small

sample size. Third, although we included patients that were

not on active psychotropic drug therapy, the drugs that had

been previously used by the patients might have affected the

ANS features and the metabolic parameters of our patients.

Finally we have not used a control groupwith any psychiatric

disorder such as major depressive disorder and bipolar II

disorder and we did not include considerable number of

healty controls. This was another limitations

Conclusion
The results indicated that patients with manic BD are at

increased risk for cardiovascular autonomic dysfunction.

Therefore, clinicians should be more careful about ECG

changes and related possible cardiac conduction problems

such as cardiac arrthythmias in patients with manic BD.

Further longitudinal studies are needed to investigate BD

and its phases (depression, mania, and hypomania) with

regard to ANS and cardiac abnormalities.
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