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Purpose: Reduced heart rate variability significantly increases cardiovascular mortality. Metabolic syndrome increases the
cardiac autonomic dysfunction. Recently, increasing cardiovascular mortality has been reported in patients with schizophre-
nia. This study was done to compare heart rate variability between adults with and without schizophrenia and to compare the
relationship of heart rate variability to metabolic syndrome in hospitalized patients with schizophrenia. Methods: This was a
descriptive and correlational study in which 719 adults without schizophrenia and 308 adults with schizophrenia took part be-
tween May and June 2008. We measured the following: five-minute heart rate variability; high-frequency, low-frequency, the
ratio of low-frequency to high-frequency, and the Standard Deviation of all the normal RR intervals. Data was also collected
on metabolic syndrome, abdominal obesity, triglycerides, HDL cholesterol, blood pressure and fasting glucose. Results: The
Standard Deviation of all the normal RR intervals values of heart rate variability indices were 1.53+0.18. The low-frequency
and high-frequency values of heart rate variability indices were significantly higher in hospitalized patients with schizophrenia
(3.89+1.36; 3.80+1.20) than those in the healthy participants (2.20+0.46; 2.10+0.46). There were no significant differences
between the schizophrenic patients with and without metabolic syndrome. Conclusion: The results of this study indicate that
schizophrenia patients have significantly lower cardiac autonomic control, but they have significantly higher low-frequency
and high-frequency values than those of healthy adults. Use of antipsychotic drug may affect the autonomic nervous system
in schizophrenic patients. Metabolic syndrome was not associated with cardiac autonomic control in schizophrenia patients.
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INTRODUCTION

Heart rate variability (HRV) represents cardiac autonomic control
and reduced HRV significantly increases cardiovascular mortality
(La Rovere, Bigger, Marcus, Mortara, & Schwartz, 1998; La Rovere et
al,, 2001). It is also generally known that time and frequency domain
indices quantifying HRV are reduced in conditions such as diabetes
(Kudat et al,, 2006) and obesity (Karason, Molgaard, Wikstrand, &
Sjostrom, 1999; Kim et al., 2005). HRV provides quantitative infor-

mation about the autonomic function and balance of the autonomic
nervous system (ANS) through non-invasive indices of cardiac auto-
nomic modulation (van Ravenswaaij-Arts, Kollee, Hopman, Stoe-
linga, & van Geijn, 1993). A majority of studies have focused on pa-
tients with the diagnoses of coronary disease and neuropathies, but
in recent years investigation of cardiac autonomic function has ex-
tended into other conditions including inpatients with schizophrenia
in whom increased cardiovascular mortality was reported (Kelly et
al, 2010)
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Representative values of HRV indices include Standard Deviation
of all normal RR intervals (SDNN), low-frequency (LF) band (0.04-
0.15 Hz in humans) and the high-frequency (HF) band (0.16-0.4 Hz
in humans) (Task Force of the European Society of Cardiology and
the North American Society of Pacing and Electrophysiology, 1996).
The SDNN is a strong indicator of the cardiovascular stability and
ability of the ANS to control the body system (Montano et al., 1994).
The representation of LF and HF in normalized units emphasizes the
controlled and balanced behavior of the two branches of the auto-
nomic nervous system. The ratio of low to high frequency (LF/HF) is
the ratio of sympathetic nervous system (SNS) to parasympathetic
nervous system (PNS) (Task Force of the European Society of Cardi-
ology and the North American Society of Pacing and Electrophysiol-
ogy, 1996).

The relationship between HRV and metabolic syndrome in gen-
eral population was elucidated by many researchers (Kuch et al.,
2001; Lee et al, 2004; Oh, Hong, Sung, & Barrett-Connor, 2004).

HRVs in diabetes and obesity were found to be associated with
metabolic syndrome and it was found to increase the cardiac auto-
nomic dysfunction (Astrup et al., 2006). The use of antipsychotics in
schizophrenia apparently to improve psychotic symptoms, the meta-
bolic effects of atypical antipsychotics have received particular atten-
tion in the literature as accrued experience demonstrates marked
differences between various agents in their risk for weight gain and
changes in serum triglycerides and glycemic control (Meyer, 2001). A
high prevalence of metabolic syndrome has been reported among
schizophrenic patients (McEvoy et al,, 2005; Meyer et al., 2005; Suga-
wara et al,, 2011). In the study of Sugawara et al., they compared the
metabolic syndrome prevalence between inpatients and outpatients
among schizophrenic population in Japan. The result was reported
that outpatients with schizophrenia or schizoaftective disorder in Ja-
pan had a high prevalence of metabolic syndrome compared to in-
patients.

However, limited studies exist in the literature that examined the
relationship between HRV and metabolic syndrome in schizo-
phrenic patients. This study aimed to fill the gap in the literature.
Specific aims of the study were to compare heart rate variability be-
tween healthy adults and hospitalized patients with schizophrenia,
and to examine the relationships of HRV to metabolic syndrome in

hospitalized patients with schizophrenia.
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METHODS

1. Study population

Data were collected from 719 healthy adults (H participants: 510
male patients and 209 female patients) who visited the outpatient clinic
of a major university hospital for annual checkup and 308 patients (207
male patients and 100 female patients) who were hospitalized with the
diagnosis of DSM-IV schizophrenia (S participants) at two hospitals

and one sanatorium in two cities that were geographically closely.

2. Data collection procedure

Data were collected from H participants first (March 1 to June 30
in 2008), and then S participants (May 1 to June 30 in 2008). Research
assistants who were trained for the study collected: Body Mass Index
(BMI), triglycerides, High-Density Lipoprotein (HDL) cholesterol,
blood pressure and fasting glucose. They then measured the follow-
ing as the indices of HRV: five-minute beat-to-beat heart rate which
were, collected while they were sitting; resting HF (0.16-0.4 Hz) and
LF (0.04-0.15 Hz) spectral powers; the ratio of LF to HF, and the
SDNN. The same elements were measured in healthy participants as
they were parts of their routine check-ups.

Metabolic syndrome was measured in hospitalized patients with
schizophrenia and used the classification that used appropriate cut-
offs for overweight in Asian populations. Metabolic syndrome was
defined as having at least 3 of the following parameters after 3 months
of therapeutic lifestyle changes (Grundy et al., 2004)

1) Abdominal obesity (waist circumference male >90 cm, female

>80 cm) (WHO, TASO, & IOTE 2000)

2) Triglycerides > 150 mg/dL

3) HDL cholesterol <40 mg/dL (men) and <50 mg/dL (women)

4) Blood pressure: > 130/ =85 mmHg

5) Fasting glucose: > 110 mg/dL

Sociodemographic data were obtained from their medical records.
The participants were asked not to eat, drink alcoholics or caffeinated
beverages and smoke for at least 12 hours before the data collection.
The data collection and HRV analysis were recorded by SA-2000E
(Medicore Co., Korea). BMI was examined by BMI Measuring Sys-
tem (Fanics), and the blood pressure was checked by BP-203RV I
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(Colin). The fasting blood sugar was measured by Toshiba (Japan).
Sitting blood pressure was measured by the random zero sphygno-
manometer after a 5-minute rest.

Permission for accessing and using the data was obtained from the
directors of the hospitals and outpatient clinic (they didn’t have for-
malized Institutional Review Board [IRB] procedure). All H and S
participants who were asked to participate in the research agreed and
signed the informed consent. Consents from S participants were ob-
tained from family members over the telephone.

ANS dystunction and reduced HRV have been reported in a wide
variety of normal people, but have not been well characterized in
schizophrenia. We recorded cardiac activity and assessed HRV in
hospitalized schizophrenia (SCZ) patients compared to healthy com-
parison (HC) participants.

3. Non—spectral HRV analysis

In the time domain analysis of HRV, the standard deviation of all
RR intervals (SDNN), the square root of the mean squared differ-
ences of successive normal sinus intervals (RMSSD) were computed.
SDNN estimates global HRV, mediated by sympathetic and para-

sympathetic nervous systems.

4. Spectral HRV analysis

In the frequency domain, spectral analysis was performed using
fast Fourier transform (Task Force of the European Society of Cardi-
ology and the North American Society of Pacing and Electrophysiol-
ogy, 1996) and included low-frequency spectral powers (LF, 0.04-0.15
Hz) resting high-frequency spectral powers (HF, 0.16-0.4 Hz) and the
LF/HF ratio (L/H). Mathematically, the process of Fourier analysis is
represented by the Fast Fourier Transform, which is the sum over all
time of the signal f(t) multiplied by a complex exponential. The re-
sults of the transform are the Fourier coefficients; the squared coeffi-
cients for each frequency are the power spectral density of the signal
f(t) (Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology, 1996).

5. Statistical analysis

For statistical analyses, SPSS for Windows Program (version 15.0)
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and Stata®11.1 were used. All data were tested for normality using the
Kolmogorov-Smimov test. To normalize skewed HRV variables, a
logarithmic transform was applied. Group differences of general
characteristics between H and S participants were analyzed by Chi-
square test.

Logistic regression analyses were used for the values of adjusted
odds ratio (AOR) and 95% confidence interval (CI) by using median
of HRV variables between H and S participants.

Kernel Density Estimation was used for comparisons of the distri-
butions of LF and HF between the two groups (H and § participants

group). Statistical significance was determined as p <.05.

RESULTS
1. Sample Characteristics

The determinants of short-period HRV in 719 H participants and
307 S participants are shown in Table 1. The mean age of H partici-
pants was 49.5+8.7 years, and S participants was 51.1 +9.8 years, and
the age difference was significant between the two groups (p<.001)
(Table 1).

2. Linear HRV indices between H participants and
S participants

When age was used as covariate, H participants showed signifi-
cantly higher SDNN and RMSSD values than those of S participants
(p<.001), while S participants showed significantly higher LF and
HF values (p<.001) than those of H participants. SDs were similar
for SDNN and RMSSD in both groups, but mean SD values of both

LF and HF of S participants were nearly 3 times larger than those of

Table 1. Characteristics of Study Population (N=1,026)
Healthy  Inpatients with
" ) . Total
participants  schizophrenia (n=1,026) ,
(n=719) (n=307) o X p
n (%) n (%) n (%)
Age <41 97 (13.5) 33(10.7) 130 (12.7) 18.65 <.001
(yr) 41-50  289(40.2) 113(36.9) 402 (39.2)
51-60 79(38.8)  111(36.2) 390 (38.0)
60> 54 (7.5) 50 (16.3) 104 (10.1)
Gender Males  510(70.9) 207 (67.4) 717 (69.9) 1.26 .262
Females 209 (29.1) 100 (32.6) 309 (30.1)
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H participants. However, there were no significant differences in the
ratio of LF/HF values between two groups (p>.05). These are shown
in Table 2.

In logistic regression analyses, S participants were significantly as-
sociated with RMSSD (AOR, 0.52; 95% CI, 0.35-0.78) and SDNN
(AOR, 2.00; 95% CI, 1.37-2.90). But they were not significantly associ-
ated with LF (AOR, 1.11; 95% CI, 0.75-1.63), HF (AOR, 1.10; 95% ClI,
0.73-1.65) and LF/HF (AOR, 0.85; 95% CI, 0.62-.1.18).

Figures 1 and 2 show that the mean and standard deviation values
of linear LF in H participants were 2.20 + 0.46 while those of S par-
ticipants were 3.89 + 1.36; the mean and standard deviation values of
linear HF in H participants were 2.10 + 0.46 while those in S partici-
pants were 3.80+1.20. As shown above, the distribution patterns of
LF and HF between two groups were similar, although distribution
patterns of LF and HF in S participants showed broader range than
those of H participants. This indicates that S participants had signifi-
cantly higher LF and HF values than those of H participants.

Table 2. Values of Linear Heart Rate Variability Indices between H

Participants and S Participants (N=1,026)
Healthy  Inpatients with
participants  schizophrenia
Variable n=719) (n=307) F* p  AOR(95% CI)f
Mean (SD) Mean (SD)
SDNN 1.53(0.18)  1.29(0.23) 329.81 <.001 2.00 (1.37-2.90)
RMSSD  1.38(0.21)  1.18(0.24) 163.17 <.001 0.52 (0.35-0.78)
LF 2.20(0.46)  3.89(1.36) 910.03 <.001 1.11(0.75-1.63)
HF 210(0.46) 3.80(1.20) 1123.63 <.001 1.10(0.73-1.65)
LF/HF 1.08(0.27)  1.06(0.36) 0.94 .333 0.85(0.62-1.18)

*Covariate: Age; TLogistic regression analyses adjusted with all above vari-
ables.

AOR=Adjusted odds ratio; 95% Cl=95% confidence interval; SODNN= Stan-
dard deviation of all normal RR intervals; RMSSD = Root mean square of suc-
cessive differences; LF=Low-frequency; HF =High-frequency; LF/HF: The ra-
tio of low to high frequency.
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Figure 1. Kernel density estimation of LF between two groups.
Left: Healthy participants; Right: Inpatients with schizophrenia.
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3. Differences in linear HRV indices according to
metabolic syndrome between healthy participants and
inpatients with schizophrenia groups

Table 3 shows the differences in HRV indices according to meta-
bolic syndrome between the two groups. SDNN, RMSSD, LF and
HEF values in the healthy subject group with metabolic syndrome
(H-1 group) were significantly lower than those in the healthy subject
group without metabolic syndrome (H-2 group). But there were no
significant differences between the inpatient group with metabolic
syndrome (S-1 group) and the inpatient group without metabolic
syndrome (S-2 group).

In logistic regression analyses, all participants with or without
metabolic syndrome were significantly associated with SDNN (AOR,
1.70; 95% CI, 1.09-2.64). Also, H participants group were significantly
associated with SDNN (AOR, 2.13; 95% CI, 1.24-3.66) according to
metabolic syndrome. But, in S participants group, there were not sig-
nificantly associated with RMSSD (AOR, 0.65; 95% CI, 0.27-1.57), HF
(AOR, 1.31;95% CI, 0.53-3.23), SDNN (AOR, 1.21; 95% ClI, 0.49-3.01)

according to metabolic syndrome.

DISCUSSION

The objective of the current study used HRV to test autonomic
function of the heart, and compared HRV between healthy adults
and hospitalized patients with schizophrenia in Korea.

Hospitalized patients with schizophrenia exhibited a decrease of
SDNN and RMSSD in HRV compared to healthy participants group.
As expected, SDNN and RMSSD of healthy participants group

showed significantly higher values than those of inpatients with
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Figure 2. Kernel density estimation of HF between two groups.
Left: Healthy participants; Right: Inpatients with schizophrenia.
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Table 3. Differences in Heart Rate Variability Indices according to the Metabolic Factor between Healthy Participants and Inpatients with Schizo-

phrenia Groups (N=1,026)
Healthy participants Inpatients with schizophrenia
H-1 H-2 S-1 S-2
F* (o) AOR' (95% Cl) F* (o) AOR' (95% Cl)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

SDNN 1.46 (0.18) 1.55(0.18) 19.33(<.001)  2.13(1.24-3.66) 1.27(0.23) 1.29 (0.23) 0.86 (.354) 1.21(0.49-3.01)
RMSSD 1.33(0.25) 1.39(0.20) 6.28 (<.05) 0.88 (0.51-1.53) 1.18(0.27) 1.19 (0.24) 0.06 (.802) 0.65 (0.27-1.57)
LF 2.07(0.48) 2.23(0.45) 6.86 (<.05) 1.33(0.75-2.38) 3.78 (1.39) 3.92 (1.37) 0.01(.916) 0.99 (0.41-2.34)
HF 1.98 (0.51) 2.13(0.44) 8.12 (<.05) 0.97 (0.54-1.72) 3.80 (1.30) 3.80(1.18) 0.69 (.408) 1.31(0.53-3.23)
LF/HF 1.09(0.32) 1.08 (0.27) 0.24 (.329) 0.85 (0.52-1.40) 1.04 (0.33) 1.07 (0.36) 0.38 (.539) 1.05 (0.54-2.08)

*Covariate: Age; "Logistic regression analyses adjusted with all above variables.

AOR=Adjusted odds ratio; 95% Cl=95% confidence interval; SODNN = Standard deviation of all normal RR intervals; RMSSD =Root mean square of successive
differences; LF=Low-frequency; HF =High-frequency; LF/HF: The ratio of low to high frequency; H-1 group: Healthy participants with metabolic syndrome,
n=115; H-2 group: Healthy participants without metabolic syndrome, n=604; S-1group: Inpatients with schizophrenia with metabolic syndrome, n=61; S-2

group: Inpatients with schizophrenia without metabolic syndrome, n=246.

schizophrenia. This suggests that healthy participants showed more
cardiovascular stability and ability of the ANS to control the body
system than the hospitalized patients with schizophrenia. Schizo-
phrenia is a mental disorder with typical characteristics of behavior-
ally symptoms (such as psychomotor retardation, lack of insight, poor
attention and impulse control) as positive symptoms (including hal-
lucinations, delusions and thought disorder), negative symptoms
(such as social withdrawal, apathy and emotional blunting) and other
psychopathological symptom. It is a severe mental disorder that re-
quires lifelong treatment, and therefore information on the cardio-
vascular safety and tolerance of antipsychotics is of significant clini-
cal importance. A growing number of reports have observed HRV
dysfunction in schizophrenia (Bar et al., 2005; Birkhofer, Alger,
Schmid, & Forstl, 2007; Boettger et al.,, 2006). In schizophrenia, auto-
nomic dysregulation is associated with more severe psychiatric symp-
toms, suggesting HRV dysfunction in this disorder may be depen-
dent on the phase of the illness (Bar et al.; Boettger et al; Henry,
Minassian, Paulus, Geyer, & Perry, 2010).

Decreased HRV was found to be associated with a pathological
conditions like metabolic syndrome (Liao, Carnethon, Evans, Cas-
cio, & Heiss, 2002) and low SDNN was reported as having an inde-
pendent prognostic value for cardiac mortality (La Rovere et al., 2001).
In logistic regression analyses, total participants without metabolic
syndrome were significantly associated with SDNN (AOR, 1.70; 95%
CI, 1.09-2.64). Taken as a whole, these data indicate that SDNN of to-
tal participants group without metabolic syndrome demonstrated
significantly higher values than those of total participants group with

metabolic syndrome. This suggests that total participants group
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without metabolic syndrome showed more cardiovascular stability
and ability of the ANS to control the body system than total partici-
pants group with metabolic syndrome. As expected, H participants
group were significantly associated with SDNN (AOR, 2.13; 95% CI,
1.24-3.66) according to metabolic syndrome. But, these results differ
from the reports describing HRV in S participants group. S partici-
pants group were not significantly associated with RMSSD (AOR,
0.65; 95% CI, 0.27-1.57), HF (AOR, 1.31; 95% CI, 0.53-3.23), SDNN
(AOR, 1.21; 95% ClI, 0.49-3.01) according to metabolic syndrome.
These results suggest that S participants group are not significantly
associated with the values of HRV indices according to metabolic
syndrome. This may be explained, in part, by the fact that all S par-
ticipants group in this study were on various anti-psychotic medica-
tions with different dosages. Although S participants group exhibited
decreased SDNN compared to healthy comparison participants, they
showed an increase in the linear HF and LF indices in contradiction
to the current findings.

The distributions of the linear HF and LF indices between the two
groups were compared by the Kernel Density Estimation. Hospital-
ized patients with schizophrenia showed significantly higher LF and
HF values than that of healthy participants. Using the criteria of the
Adult Treatment Panel I1I of the National Cholesterol Education
Program (Grundy et al,, 2004), the prevalence rate of metabolic syn-
drome in hospitalized patients with schizophrenia was 19.9%, in
same inpatient population were 36-37%, which was higher than that
of general populations (Lee et al., 2004; Suvisaari et al,, 2007). In Ko-
rea, the prevalence of metabolic syndrome was 16.0% in men and

10.7% in women aged 30-80 years (Oh, Hong, Sung, & Barrett-Con-
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nor, 2004).

No significant differences were noted in HRV between S partici-
pants with and without metabolic syndrome suggesting that the met-
abolic syndrome in S participants is not associated with decreased
HRV. Their relationship didn’t show the significance, but show the
tendency of association with decreased HRV.

These finding has implications with the fact that significantly
higher LF and HF indices shown in S participants than that of healthy
participants in this study may be explained in part by the use of anti-
psychotic drugs that all S participants were taking. These medicines
may have affected autonomic nervous system as a mediating factor
between metabolic syndrome and HRV in these patients. Agelink et
al. (2001) suggested neurocardiac effects of atypical neuroleptics
(amisulpride, olanzapine, clozapine and sertindole) on ANF should
exert distinct effects on ANF depending on the extent to which anti-
cholinergic and/or antiadrenergic effects. In this study, S participants
were on various antipsychotic drugs. Heart rate deceleration capacity
is significantly reduced in schizophrenic patients treated with anti-
psychotics and may serve as an indicator of increased cardiovascular
mortality risk (Birkhofer, Alger, Schmid, & Forstl, 2007).

Patients treated with neuroleptic medications, especially clozapine,
showed autonomic dysregulation and cardiac repolarization changes.
Physicians should be aware of this adverse reaction (Cohen, Loewen-
thal, Matar, & Kotler, 2001).

Other result showed significant increases in the mean, variance and
HF of RR intervals in the amisulpride group, but not in the olanzap-
ine group (Wang, Yang, Bai, & Kuo, 2008). These results indicate that
amisulpride has a more vagotonic effect, suggesting greater cardio-
vascular safety as compared with olanzapine when participants are
switched from typical antipsychotic agents. In the present study, HRV
was investigated during treatment with olanzapine. After 4 weeks of
olanzapine medication, HRV was assessed during different sleep
stages both in the time and frequency domains. Only slight changes
in HRV were shown during treatment, and appeared to be indepen-
dent of sleep stages. Spectral analysis indicated a slight shift of the
sympathovagal balance in favour of the sympathetic tone, which was
consistent with an elevation of heart rate in the time domain; total
HRYV was not altered. These changes are in accordance with olanzap-
ine’s receptor profile exerting anticholinergic and anti-adrenergic
properties (Mann etal,, 2004).

These findings suggest that the effects of combination psychotro-
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pic drug treatment on HRV are mainly due to their anticholinergic
properties (Ikawa et al., 2001). We cannot rule out potential effects of
antipsychotic drugs or schizophrenic symptoms because the meta-
bolic syndrome may be associated with HRV differently in inpatients
with schizophrenia due to antipsychotic polypharmacy (Agelink et
al, 2001).

Major limitations of this study include: lack of information on
medication profile of hospitalized patients with schizophrenia; the
use of medical records that might have included incomplete informa-
tion; and the use of convenience samples in three hospital settings in
two different cities although they were nearby to each other with

similar sociodemographic profiles.

CONCLUSIONS

Hospitalized patients with schizophrenia showed significantly
lower cardiac autonomic control, but they had significantly higher LF
and HF values than those of healthy participants. A reduced cardiac
autonomic control was not associated with metabolic syndrome in
hospitalized patients with schizophrenia. Antipsychotic polyphar-
macy may have affected autonomic nervous system function as a
mediating factor between metabolic syndrome and HRV in these

patients.
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