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Abstract The vulnerability–stress model is a hypothesis

for symptom development in schizophrenia patients who

are generally characterized by cardiac autonomic dys-

function. Therefore, measures of heart rate variability

(HRV) have been widely used in schizophrenics for

assessing altered cardiac autonomic regulations. The goal

of this study was to analyze HRV of schizophrenia patients

and healthy control subjects with exposure to auditory

stimuli. More specifically, this study examines whether

schizophrenia patients may exhibit distinctive time and

frequency domain parameters of HRV from control sub-

jects during at rest and auditory stimulation periods. Pho-

toplethysmographic signals were used in the analysis of

HRV. Nineteen schizophrenic patients and twenty healthy

control subjects were examined during rest periods, while

exposed to periods of white noise (WN) and relaxing

music. Results indicate that HRV in patients was lower

than that of control subjects indicating autonomic dys-

function throughout the entire experiment. In comparison

with control subjects, patients with schizophrenia exhibited

lower high-frequency power and a higher low-frequency to

high-frequency ratio. Moreover, while WN stimulus

decreased parasympathetic activity in healthy subjects, no

significant changes in heart rate and frequency-domain

HRV parameters were observed between the auditory

stimulation and rest periods in schizophrenia patients. We

can conclude that HRV can be used as a sensitive index of

emotion-related sympathetic activity in schizophrenia

patients.

Keywords Photoplethysmography � Heart rate

variability � Schizophrenia � Time and frequency domain

analysis

1 Introduction

Heart rate variability (HRV) explains the variation in heart

beat intervals, and is an important, reliable and noninvasive

index for evaluation of autonomic nervous system (ANS)

activity [1, 2]. In recent years, HRV analysis has become a

powerful tool for assessing the equilibrium between sym-

pathetic and parasympathetic activity of the ANS.

The analysis of HRV is usually obtained from the

sequences of R-wave intervals (RR) in electrocardiogram

(ECG) signals. Besides, photoplethysmographic (PPG)

signals have also been used for HRV analysis in numerous

studies [3–5]. PPG is a noninvasive, optical and simple

signal to monitor the changes of blood volume in the

vessels. Information regarding HRV can be obtained from

the PPG signal, which oscillates with the period of the

heart beat. Researchers have found that the peak-to-peak

(PP) intervals obtained from PPG can be used for HRV

analysis instead of the RR intervals of ECG signals of

healthy subjects [2–6]. This correlation is not only reported

for studies with healthy subjects, but also confirmed for

some other conditions. For example, in a sleep study a

significant correlation was found in HRV measures
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between ECG and PPG recordings of the large sample

children data [7]. In addition, it has been reported that the

PPG based HRV can be used as a tool for large patient

populations with increased risk of heart failure [8].

To assess ANS activity, usually the HRV signal is ana-

lyzed in the time and frequency domain [9]. Time domain

measures of HRV have been used to evaluate the interbeat

interval variability. Spectral analysis of sequences of inter-

beat intervals can be used to assess the distribution of power

across different frequency bands. The power spectrum of the

HRV signal is divided into a very low frequency (VLF)

band, low frequency (LF) band, and high frequency (HF)

band. While the LF band (0.04–0.15 Hz) reflects both

sympathetic and parasympathetic activities, the HF band

(0.15–0.40 Hz) is only related to parasympathetic activity

[10]. Therefore, the ratio of the LF to HF power (LF/HF) is

an important measure for evaluating sympathovagal balance

that reflects the equilibrium between sympathetic and para-

sympathetic activity of the ANS.

HRV analysis has been widely used to investigate ANS

regularization in numerous conditions, including myocar-

dial infarction, cardiac transplantation, tetraplegia, myo-

cardial dysfunction, diabetic neuropathy [10], diabetes

mellitus and renal failure [3]. Furthermore, HRV analysis

has been used in schizophrenia patients due to the rela-

tionship between symptoms of the disorder and cardiac

autonomic irregularities [1, 9, 11–13].

Schizophrenia is a complex psychiatric disorder defined

by several signs and symptoms, such as abnormalities in

motor skills, cognitive impairment, distorted perception

and thinking, and difficulty in communication and emotion

processing [14]. While strange behavior, false beliefs

(delusions), and perceptions in the absence of a stimulus

(hallucinations) are classified as positive symptoms, loss of

pleasure (anhedonia), disorganized speech, loss of moti-

vation, and lack of interest are common negative symptoms

of schizophrenia [15–17]. According to the vulnerability–

stress theory, stress by environmental factors affects the

time of appearance of symptoms [18]. Although many of

these symptoms are related to cognitive dysfunction, some

symptom development theories associate autonomic dys-

function with schizophrenia [13].

Since the emotions moderated by ANS, there are some

studies that investigate the relationship between symptom

development and autonomic dysfunction. Some of them

report that altered autonomic regulation is associated with

cardiac morbidity in schizophrenia [19, 20]. In some studies,

increased heart rate was reported [9, 13, 21, 22], whereas

others [23] reported no difference or a decrease in heart rate

of schizophrenia patients when compared to healthy subjects

[24]. Decreased parasympathetic activity over the cardio-

vascular system of schizophrenic patients is consistent with

research conducted to date [9, 11, 12, 25, 26]. In another

study [13], aside from resting conditions, mental arithmetic

tests have also been used as a type of stressful stimulus to

determine alterations in the cardiac autonomic response of

schizophrenia patients. Similarly, decreased parasympathetic

activity was reported in schizophrenia patients during this

experiment. Therefore, previous studies have used time

domain and spectral analysis of HRV to investigate ANS

activity changes in patients with schizophrenia. Most of these

studies (in rest or stressful conditions) are restricted to ECG

based HRV analysis. However, electromagnetic and biologic

interference, drift, the large number of wires, and the complex

morphology of the technique are reported as some of the

problems of the ECG based studies [27]. Moreover, in some

experiments that uses standard ambulatory ECG recording

systems for heart beat analysis, it has been reported that these

devices can be uncomfortable due to the cumbersome wires

and adhesive electrode patches [28]. On the other hand, PPG

has been reported as a simpler and easier process than ana-

lyzing HRV parameters from ECG data according to the

results of a previous study [5]. Furthermore, it has been

suggested that PPG is easy to take in ambulatory situations

due to its requirement for only one wire [27]. Therefore, in

this study with ambulatory patients suffering from schizo-

phrenia, the PPG data were acquired for HRV analysis.

In light of previous studies, we hypothesized that patients

would have an increased sympathovagal balance and have a

reduced HRV response during stimulation periods compared

with that of control subjects. Therefore, we intended to

investigate the dysfunctions of cardiac autonomic activity in

schizophrenia patients using HRV measures at rest and in

response to stimulation periods. To our knowledge, no study

has yet explored the time and frequency domain measures of

HRV signals obtained from the PPG signal in a procedure as

specified in this paper. Moreover, according to the results of

a study [29] that assess the perceptual detection of schizo-

phrenic patients, it was found that schizophrenic individuals

might have impairments in auditory detection and discrim-

ination or in auditory attention as compared to healthy

people. In this respect, HRV analysis can provide additional

information about cardiac autonomic dysregulation in

schizophrenia patients during sequential stimuli with dif-

ferent emotional content. To this end, PPG signals were

recorded during acoustic white noise (WN), relaxing Clas-

sical Turkish Music (CTM), and restive (no stimulation)

periods from all participants.

2 Materials and methods

2.1 Participants

Nineteen schizophrenia patients and twenty healthy sub-

jects, matched for age and gender, participated in the study
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(Table 1). The diagnosis of schizophrenia was confirmed

according to the DSM-IV (Diagnostic and Statistical

Manual, Fourth Edition, 2000) criteria [30]. Subjects with

diabetes mellitus, hypertension, respiratory diseases, car-

diovascular diseases, and co-morbidity were excluded.

Both the university and hospital (Bakirköy Mental and

Nervous Diseases Training and Research Hospital) ethics

committee approved the protocol, and a written informed

consent was obtained from all participants before enroll-

ment. Data were taken from all normal hearing subjects

(confirmed using audiometry).

2.2 Experimental procedure

The experiments consisted of four periods with stimulation

in following order: a pre-stimulation 2 min resting period

(R1), a WN period (2 min.), followed by a relaxing music

period (2 min), and a 2 min post-stimulation restive base-

line (R2) period (Fig. 1). In past studies [31, 32], it was

found that stimulation of 2–4 min duration was sufficient

to measure physiological parameters, such as fear, stress,

happiness and anxiety. Thus, in this study, the duration of

each excitation period was selected as 2 min.

The WN, comprised of the sound of rain falling on a

river, was used in the control period. According to the

reports of previous studies, WN has been used as a neutral

stimulus to discriminate cardiovascular responses related to

auditory-induced emotions [33]. The music played during

the relaxing period was a melodic mode (makam, in

Turkish) of CTM that was shown to induce serenity [34].

More specifically, an instrumental clip by Tanburi Cemil

Bey named ‘‘Çeçen Kızı’’ that belongs to the Hüseyni

makam. We select this mode because of its positive emo-

tional effect on respiratory responses of participants

according to the findings of our previous study [35]. All

participants listened to these stimuli binaurally through

headphones with 75 dB intensity.

2.3 Measurement

The study was conducted in a temperature controlled

(23 �C), quiet, and illuminated room in Bakırköy Mental

and Nervous Diseases Training and Research Hospital.

During the experiments, participants were instructed to sit

on a chair without moving and were requested to breathe

regularly and keep their eyes closed. PPG data acquisition

was performed after the subject had rested for an adapta-

tion period of approximately 3 min. The PPG signals were

recorded using the BIOPAC MP150WSW data acquisition

system and the associated Acknowledge� software. The

TSD200 PPG transducer was strapped on to the middle

finger of the non-dominant hand of the subject and con-

nected to a PPG amplifier (PPG100C) of gain 100 and

band-pass cut-off frequencies of 0.05 and 10 Hz, with

which the blood volume pulse waveform was recorded.

Data were recorded for about 8 min under experimental

conditions from every subject and were digitized at a

sampling rate of 250 Hz.

2.4 Data preprocessing and analysis

The PPG data were analyzed using the MATLAB 7.6�

software package. The PPG signal was first low-pass fil-

tered using an 8th order Butterworth filter (cutoff—8 Hz).

After recording, the data were high-pass filtered using a

fourth-order Butterworth filter with a 10-Hz cutoff fre-

quency in order to eliminate any motion artifact. Occa-

sional ectopies and/or arrhythmic beats were first visually

identified using the PP interval shortenings or prolonga-

tions and then they were replaced with PP intervals

resulting from linear interpolation. Since the most common

beat correction method is the linear interpolation which

Table 1 Demographic characteristics of participants

Controls Patients

Participants 20 19

Male/female 12/8 10/9

Age (years ± SD) 31.27 ± 6.13 35.08 ± 6.34

Age of onset in male/female – 21.02 ± 5.27/

22.14 ± 6.13

Medication status (drug-naı̈ve/

drug-free)

– 19/0

Fig. 1 Experimental procedure
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reduces the distortion [36], we preferred to use this tech-

nique. Therefore, only normal-to-normal beats were

included in the HRV analysis. Then, to detect the systolic

peaks of the PPG signal and determine the intervals

between them, a min–max detection algorithm was

implemented (Fig. 2). Using the peak intervals and related

beat numbers obtained, tachograms were plotted. The

horizontal axis in the tachogram indicates beat number,

which was converted to time for spectral analysis using the

relation

tðkÞ ¼ PPðkÞ þ tðk � 1Þ ð1Þ

where t is time, PP is the peak-to-peak time interval and

k is the number of beats (Fig. 3). Then, the PP series

obtained was interpolated with a sampling rate of 4 Hz. To

remove the quasi DC signal that corresponds to changes in

venous pressure [37] in the PPG waveform, a detrending

technique based on least-squares polynomial fitting [38]

was applied to the resampled data. This method makes

calculations about the least squares fit of a straight line to

the data and finds the difference between data and the

resulting function to remove the linear trend [39].

2.4.1 Time domain HRV analysis

The mean length of all PP intervals (PPint), the standard

deviation of all PPints (SDNN), the root mean square dif-

ferences of successive normal sinus intervals (RMSSD),

and the standard deviation of differences between adjacent

PPints (SDSD) were computed for each measurement

period in the time domain analysis of HRV. While SDNN

that is mediated by sympathetic and parasympathetic sys-

tems, predicts global HRV, SDSD and RMSSD reflect

short-term HRV.

2.4.2 Frequency domain HRV analysis

After detrending and resampling the sequential PPints,

Welch’s algorithm was implemented to estimate the power

spectral density (PSD). The Welch method is a
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Fig. 3 A simple mean

tachogram waveform
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nonparametric technique and a modified periodogram. The

data are divided into several overlapping segments (win-

dows) and then the periodogram is calculated by averaging

these periodograms of each data segment. The periodogram

can be calculated using the ith modified periodogram of

x[n] samples, w[n] windows, and K data segments of

length L as [40]

Pi
Mðf Þ ¼

1

L

XL�1

n¼0

wðnÞxðnÞe�j2pfn

�����

�����

2

ð2Þ

The Welch spectrum is calculated as averaging these

resulting periodograms by

Pw fð Þ ¼ 1

K

XK

i¼1

Pi
Mðf Þ ð3Þ

The power spectrum of the HRV signal was divided into

three bands: VLF (0–0.04 Hz), LF (0.04–0.15 Hz) and HF

(0.15–0.5 Hz). The power spectra for the LF band and the

HF band were computed by integration of the power

spectrum over the related frequency range and were pre-

sented in absolute (square milliseconds-ms2) unit in each

measurement period. To evaluate the sympathovagal bal-

ance indicating the ANS activity, the LF/HF ratio was

calculated.

2.5 Statistical analysis

All statistical analyses were performed using the SPSS�

(version 20.0) statistical software package. Comparisons of

HRV features between the patients and controls in each

period were executed using an independent sample Stu-

dent’s t test. Under the null hypothesis, defined as ‘‘no

difference in the HRV features of patients and controls’’,

the data follows a normal distribution. Within-subject

comparisons of HRV measures obtained during resting

baseline, WN, and CTM stimulation periods were per-

formed a two-way ANOVA with repeated measures on one

factor. Due to confidence level of 95 %, results were

considered as significant at the level of p \ 0.05.

3 Results

In this study, PPG signals were recorded to investigate

whether changes in consistent time and frequency domain

HRV measures occur at rest and during exposure to audi-

tory stimuli. Therefore, PPG data were recorded and ana-

lyzed for both schizophrenia patients and healthy control

subjects. Table 2 shows the differences in measures of

HRV observed between patients with schizophrenia and

control subjects. We found statistically significant differ-

ences in time and frequency domain measures of HRV

between patients and control subjects. The statistical ana-

lysis revealed that there was a significant ‘group’ main

effect in the PPint between R1–WN periods (F = 11.72;

p = 0.002), WN–CTM periods (F = 13.18; p = 0.001)

and CTM–R2 periods (F = 12.80; p = 0.002).

3.1 Baseline heart rate variability

Baseline R1 time domain HRV data of patients and con-

trols are shown in Fig. 4. Schizophrenia patients had a

higher heart rate (shorter PPint) and a smaller SDNN and

RMSSD during this period as compared to the control

subjects’ values. It means they had reduced HRV. The

baseline tachograms (top panels) and their corresponding

power spectra (bottom panels) of a patient in the schizo-

phrenia group (left) and an individual in the control group

(right) are shown in Fig. 5. The patient shows a higher HR,

shorter PPint and a decreased HRV at R1 baseline com-

pared to the control subject. Moreover, SDNN, SDSD and

RMSSD were lower in the patient group compared to

control subjects in the baseline period according to the

ANOVA results that show a main effect of ‘group’ on

SDNN (F = 9.52; p \ 0.05), SDSD (F = 9.58; p \ 0.01),

and RMSSD (F = 7.87; p \ 0.01). On the other hand

Fig. 5 shows spectral measures of HRV as LF and HF band

powers. While the LF power in schizophrenia patients was

not statistically different from that in control subjects

(Fig. 6a, left), the HF power was found as significantly

smaller in the patients (p \ 0.05) at rest (Fig. 6a, right).

3.2 Heart rate variability during auditory stimuli

The PPint feature of the schizophrenia patients during the

whole procedure was significantly lower than that of the

control subjects. Auditory stimulation caused an increase in

HR (shortening of mean PPint) in both groups as compared

to that during restive baseline period. However, the result

of main effect of ‘period’ was only significant in the con-

trol group in terms of, PPint and SDNN (F = 11.074;

p \ 0.01). It means that control subjects showed a decrease

in PPint and SDNN values from baseline resting state to

WN period. In contrast to healthy group, patients did not

show a significant difference in these time domain mea-

sures between R1 and WN periods. In other sequential

periods, the difference between these measures not reached

a statistically significant level.

There was not a statistically significant interaction in

terms of all time and frequency domain HRV measures

between groups and each sequential period. While the

control and patient groups showed the greatest HR during

the WN exposure, no significant HR change was reported

during the WN and CTM periods in schizophrenia patients.

Although HR decreased during CTM as compared to the
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WN period, this difference did not reach a significant level

in either the control subjects or schizophrenic patients. The

decrease in HR continued in the R2 period for both the

control subject and patient groups. However, for both

groups, no significant change was reported over the CTM

and R2 periods.

While the LF power in schizophrenia patients was not

different from that in control subjects (Fig. 6a, left), the HF

power was significantly reduced in the patients (p \ 0.05)

during all periods of the procedure (Fig. 6a, right). Audi-

tory stimulation evoked an increase in LF power and LF/

HF ratio from the baseline and a decrease of HF power in

the HRV in both groups (p \ 0.05). While the LF power

increased more during WN than during CTM, the WN

evoked a more deceleration of HF power from the baseline

as compared to CTM in the control group (Fig. 6a). The

LF/HF ratio of healthy subjects was higher during WN than

during CTM. In contrast, there were no significant differ-

ences in terms of LF, HF, and LF/HF ratio when the dif-

ferent auditory stimuli were heard by the group of

schizophrenia patients. The restive period (R2) after stim-

ulation periods caused a significant decrease in LF power

in healthy individuals, whereas LF power did not change

significantly during the R2 period in the schizophrenia

group. Moreover, schizophrenia patients exhibited

increased LF/HF ratio as compared to control subjects

during both stimulation and restive periods (Fig. 7).

4 Discussion

Schizophrenia is a mental disorder in which some symptom

development theories associate autonomic dysfunction

with disorder. Altered autonomic function is correlated

Table 2 Time and Frequency domain heart rate variability measures in each period (120 s)

Control group Schizophrenia group

R1 WN CTM R2 R1 WN CTM R2

Mean PPint 0.8172

(0.049)

0.7749

(0.031)

0.7947

(0.048)

0.8034

(0.052)

0.6612

(0.143)

0.6361

(0.117)

0.6367

(0.112)

0.6391

(0.134)

SDNN 0.1128

(0.025)

0.0802

(0.023)

0.0931

(0.026)

0.0953

(0.017)

0.0324

(0.012)

0.0318

(0.015)

0.0309

(0.010)

0.0311

(0.018)

SDSD 0.0742

(0.017)

0.0681

(0.005)

0.0692

(0.006)

0.0718

(0.012)

0.0256

(0.021)

0.0247

(0.034)

0.0281

(0.028)

0.0306

(0.024)

RMSSD 0.0912

(0.053)

0.0741

(0.039)

0.0682

(0.036)

0.0815

(0.025)

0.0283

(0.011)

0.0287

(0.022)

0.0292

(0.018)

0.0284

(0.020)

LF pow. (ms2) 42.4

(3.02)

51.2

(2.57)

45.9

(3.12)

43.2

(3.18)

44.5

(3.41)

49.8

(3.26)

47.3

(3.43)

46.8

(3.37)

HF pow. (ms2) 34.1

(3.12)

28.5

(2.27)

32.7

(2.68)

33.6

(2.48)

28.1

(3.50)

25.2

(2.95)

25.9

(3.64)

27.3

(3.18)

LF/HF 1.21 ± 0.17 1.75 ± 0.21 1.44 ± 0.16 1.32 ± 0.16 1.54 ± 0.19 1.97 ± 0.43 1.92 ± 0.34 1.67 ± 0.23

PPint PP interval, SDSD standard deviation of differences between adjacent NN intervals, RMSSD root mean square successive difference of

intervals, SDNN standard deviation of the NN intervals, LF pow low frequency power, HF high frequency power

Fig. 4 Time domain HRV

measures during R1 baseline

period
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with higher rates of cardiac disease and morbidity in

schizophrenia patients [41]. Therefore, HRV analysis has

become a powerful and useful tool in clinical research to

assess ANS activities in schizophrenia patients.

To date, HRV of schizophrenia has only been studied

under restive and mental arithmetic test conditions [1, 9,

11–13]. Moreover, HRV analysis was mostly performed on

ECG signals in these studies. By combining the knowledge

about impairment in auditory stimuli discrimination with

altered autonomic regulation of schizophrenia patients, we

aimed to investigate the HRV parameters during different

types of auditory stimuli with emotional content in

patients. This research may be one of the first studies that

use the HRV measures obtained from PPG signals to

investigate vulnerability–stress hypothesis in terms of

dysregulations in cardiac autonomic activity of schizo-

phrenia patients at rest and during different auditory

stimulation periods. The PPG signals were recorded and

analyzed under four sequential periods: restive baseline,

WN, sedative CTM and restive baseline. In our study,

auditory stimuli were presented in a fixed order as first WN

and then a CTM exposure period. To investigate the
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Fig. 5 Spectral analysis of

heart rate variability in restive

condition in a healthy subject

and schizophrenia patient. Top

interbeat interval tachogram of a

schizophrenia patient (left) and

a healthy individual (right).

Bottom corresponding power

spectrum obtained from the

patient (left) and control subject

(right)

Fig. 6 Box and whisker plot comparison of frequency domain

measures of HRV between schizophrenia and control groups during

different experimental periods. The significant differences between

groups is illustrated with asterisk symbols (R1 restive 1, WN white

noise, CTM Classical Turkish Music, R2 restive 2). Top LF (left) and

HF (right) power. Bottom normalize LF (left) and normalize HF

(right)
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sedative effect of CTM on HRV responses, we prefer to use

the stimuli with this order. In future studies, the effects of

the sequence of these periods can be studied.

It can be noted that as easy to measure and low-cost

optical technique, PPG has been used instead of ECG to

estimate HRV measures [6]. On the other hand, although

ambulatory ECG monitoring can be used for HRV analysis,

it has some important limitations such as its requirement

for many wires. Since these devices have been accepted as

uncomfortable, single-lead ambulatory systems can be used

for HRV calculations. However, it is not always possible to

make a precise diagnosis of the arrhythmia type when

single-lead ECGs are used. The requirement for advanced

methods or calculations for detection and removal of these

abnormal beats makes the HRV calculation procedure hard.

In some studies, a high degree of correlation has been

reported between HRV measures from the PPG and ECG

during spontaneous breathing and during forced metro-

nomic breathing, during tilt table test, in a sleep study and

in a study with large patient populations with increased risk

of heart failure. However, there are conflicting reports

when comparing HRV measures derived from PPG and

ECG recordings. The correlation is not found in some

studies with ambulatory recordings, exercise and sleep [2,

42]. Generally, this variance between different reports

seems to be caused by PPG signal susceptibility to motion

artifacts [43]. Therefore, the reduction or elimination of

these artifacts using some filters has been reported as an

important step when monitoring the cardiovascular system

by PPG [44]. In our study, the participants were instructed

to sit on a chair without moving and were requested to

breathe regularly to eliminate any artifact that occurs due

to the movement of the emitter with respect to the skin.

Besides, a Butterworth filter was used to eliminate any

artifact.

Our study demonstrates that schizophrenia patients had

higher HR and shorter PPints and reduced HRV than

control subjects during all periods of the procedure. In

contrast to some studies which report a decrease [24] or no

difference [23] in HR of schizophrenia patients when

compared to healthy subjects, we have found an increase in

HR of patients. This evidence confirms previous reports on

HR increase at rest [9, 21, 22] and during mental arithmetic

test condition [13]. This may be a symptom of disorder-

related ANS changes [9] or impaired parasympathetic input

to the heart.

Frequency domain analyses reveal that the schizophre-

nia group also exhibited a similar LF power, a significant

decrease in HF power and an increase in the LF/HF ratio as

compared to healthy subjects during all the periods of the

procedure. This is consistent with the results of past stud-

ies, which investigate the differences in HRV measures

between schizophrenic and healthy subjects [9, 41, 45, 46].

The decrease in HF power and related increase in LF/HF

ratio in schizophrenics are suggested as a result of reduced

parasympathetic activity in patients with schizophrenia

[11]. A recently published study is consisted with the

present findings about dysfunctional parasympathetic

functioning in schizophrenia patients [46].

Our study demonstrates that HRV is sensitive to dif-

ferences in experimental periods. Although HR increased

during auditory stimulation periods in both groups, changes

between the two stimulus periods were not significant for

schizophrenia patients. The LF power and the LF/HF ratio

increased during stimulation periods as compared to restive

periods in both schizophrenia and control groups. How-

ever, the LF power was higher during WN exposure than

during sedative CTM exposure in the control group. On the

other hand, HF power was higher during CTM than WN,

but remained the same in both restive and CTM periods.

Namely, while WN stimulus increased sympathetic activity

more, it caused a reduction in parasympathetic activity in

the control subjects. Therefore, the LF/HF ratio was

highest during the WN in the control group. This confirms

the result of a past study that states the HF power, which is

decreased by uncomfortable stimuli, may be sensitive to

stress reduction in resting state [47]. In contrast, there were

no significant differences in terms of LF, HF, and LF/HF

ratio in schizophrenia patients during these two different

auditory stimuli periods. This may be related to cardiac

autonomic dysfunction or impairments in auditory dis-

crimination of schizophrenia patients [29]. Moreover, it

can be noted that the change observed in autonomic

activity on HF power is responsible for the increase of HR

in stress condition [45].

Fig. 7 Comparison of the changes in the LF to HF ratio (LF/HF) of

HRV between patients with schizophrenia and healthy subjects
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The WN evoked a shortening of PPints and an increase

in LF power when it is compared with the values of

baseline in both groups. However, the sedative CTM

caused a significant decrease in LF power of the control

subjects. It might mean that while the sympathetic inputs to

the heart of patients were similar to control subjects, their

parasympathetic activity was reduced during both baseline

and stimulation periods.

5 Conclusion

In conclusion, the results obtained for time and frequency

domain HRV measures support our hypothesis that the

variations in cardiac autonomic activity during the restive

baseline and other stimulation periods are different

between schizophrenia patients and healthy individuals.

First, a significant decrease in HF power and an increase in

the LF/HF ratio as compared to healthy control subjects

during all the periods of the procedure were obtained in

schizophrenia patients. Therefore, our results suggest that

HF power and LF/HF ratio of HRV are sensitive variables

and can be used as a supplementary tool for discriminating

between patients with schizophrenia and control subjects.

Second, the patients in our study have a reduced HRV

response during stimulation periods compared with control

subjects and have an increased sympathovagal balance as a

result of the dysregulation of autonomic arousal in

schizophrenics. Besides, the increased LF/HF ratio may be

suggested as an indirect sign of shift of sympathovagal

balance to diminished vagal modulatory activity [48]. This

finding is in line with previous studies that report the

incidence of coronary heart disease that is related to the

reduced HRV and HRV imbalance reflects autonomic

dysfunction in clinical investigations [49]. The decreased

HF-HRV in some conditions characterized by deficient

emotional regulation such as high trait anxiety and negative

affect also supports this result [50, 51]. To our knowledge,

this is the first study demonstrating reduced HRV in

patients with schizophrenia during different stimulation

periods with emotional content. Therefore, we can con-

clude that HRV can be used as a sensitive index of emo-

tion-related sympathetic activity in schizophrenia patients.

Third, the reduced parasympathetic activity in schizo-

phrenic patients can be considered as strongly relating the

risk factor of cardiac diseases and/or morbidity. The

emerging evidence indicates that decreased parasympa-

thetic input to the heart may be related to increased rate of

cardiovascular problems in schizophrenia. This result about

reductions in HRV of schizophrenics is found in both

medicated and medication-free patients. Therefore, it can

be suggested that disease-related ANS activity change may

be affected by the psychotic symptom severity. However,

the precise mechanism of this dysregulation is still

unknown because of the complexity of the coordinate

system of autonomic activity. To understand the correlation

between symptoms and dysregulations in cardiac auto-

nomic activity of schizophrenia patients, further investi-

gations in large groups with other autonomic measures

such as respiration, blood resistance and blood pressures

will be required.
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