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Abstract

Objective—The risk for cardiovascular diseases is elevated in persons with bipolar disorder.
However, it remains unknown how much of this excess risk is secondary to pharmacologic
treatment. We tested the hypothesis that current and cumulative antipsychotic drug exposure is
associated with increased cardiovascular risk as indicated by lower heart rate variability (HRV)
and increased blood pressure variability (BPV).

Methods—>55 individuals with bipolar disorder (33+7 years; 67% female) underwent non-
invasive electrocardiogram assessment of time- and frequency-domain HRV, as well as BPV
analysis. Medication histories were obtained through systematic review of pharmacy records for
the past five years.

Results—Current antipsychotic exposure was associated with lower SDNN. Second generation
antipsychotics were associated with lower SDNN and RMSSD. There was no significant
relationship between five-year antipsychotic exposure and HRV in subjects with bipolar disorder.
Exploratory analysis revealed a possible link between SSRI exposure and increased low frequency
spectral HRV.

Conclusions—Current antipsychotic use (particularly second generation antipsychatics with
high affinities for the Dyg receptor) is associated with reduced autonomic-mediated variability of
heart rate. The absence of an association with cumulative exposure suggests that the effects are
acute in onset, and may therefore relate more to altered autonomic function than structural
cardiovascular abnormalities. Future studies should prospectively examine effects of these
antipsychotics on autonomic function.
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INTRODUCTION

Cardiovascular pathologies are a prominent cause of death in patients with bipolar disorder
(Murray et al., 2009; Weiner et al., 2011). Autonomic nervous system input (ANS) to the
heart and the vasculature plays a key role in the regulation of normal cardiovascular
function. Altered cardiac or vascular autonomic innervation or impaired cardiac or vascular
responsiveness to autonomic inputs are common features of cardiovascular disease. Since
autonomic innervation of the heart and the vasculature causes characteristic patterns of heart
rate and blood pressure variability, the analysis of heart rate and blood pressure variability
provides a non-invasive tool to indirectly assess cardiovascular health (Bar et al., 2008a;
Mujica-Parodi et al., 2005; Stauss, 2007). In addition, changes in cardiovascular structure
can alter heart rate variability (HRV), for example through increased vascular stiffness
leading to reduced carotid baroreflex modulation of heart rate.

The focus of our study was to examine the effects of antipsychotic (AP) drug exposure on
heart rate and blood pressure variability in individuals with bipolar disorder, in which there
has been only limited study (Latalova et al., 2010). The bulk of the existing literature
examining antipsychotic drug effects on HRV has focused on samples with schizophrenia,
and the results have been generally inconclusive with exposure variably defined (Bar et al.,
2008a; Chang et al., 2010; Cohen et al., 2001; Hempel et al., 2009; Latalova et al., 2010;
Malaspina et al., 2002; Mujica-Parodi et al., 2005; Silke et al., 2002; Wang et al., 2008).
Several studies found a negative correlation between AP exposure and parasympathetic
activity (Bar et al., 2008a; Mujica-Parodi et al., 2005). Others found AP exposure to
increase parasympathetic tone (Chang et al., 2010; Hempel et al., 2009), preventing any
definitive conclusions. Small samples and variability in the classification of exposure may
explain these conflicting conclusions. Some inconsistencies between previous studies could
also be due to differences in the extent of psychiatric disease progression or differences in
the pharmacodynamics of the studied agents (Bar et al., 2007; Bar et al., 2008b; Chang et
al., 2012b; Chang et al., 2012a).

Although a prior small study in bipolar disorder did not show any relationship between HRV
and current medication dose (Latalova et al., 2010),in an analysis of a well-characterized
sample with mood disorders (Fiedorowicz et al., 2012), we found long-term antipsychotic
exposure to be associated with increased arterial stiffness and speculated this resulted from
sympathetic-mediated increases in blood pressure. Increased arterial stiffness would be
hypothesized to lead to reduced HRV through changes in baroreflex sensitivity. In addition,
it is possible that these drugs may have direct autonomic actions that would be reflected in
altered HRV.

Presynaptic D, receptors have a role in the inhibition of sympathetic nerve activity
(Mannelli et al., 1997). These receptors are primarily composed of the short isoform (D5s)
with high receptor density (Usiello et al., 2000; Tadori et al., 2011), and antagonism could
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increase sympathetic tone. In this follow-up study, we hypothesized that chronic
antipsychotic exposure would be associated with lower HRV, which would be indicated by
an increased LF/HF ratio and decreased standard deviation of NN intervals (SDNN), as well
as decreased root-mean-square of successive differences (RMSSD) values. SDNN is the
standard deviation of all intervals between consecutive heartbeats over a fixed amount of
time. RMSSD is the square root of the mean of the squared differences between successive
NN intervals. Sympathetic-mediated increases in blood pressure would result in increased
LF blood pressure variability (BPV), which we also assessed during an exploratory analysis.

Informed consent was obtained from each participant in this IRB-approved study.
Participants were between the ages of 20 and 46 and had all received care from a faculty
physician at the University of lowa Hospitals and Clinics. We recruited participants with the
diagnosis of bipolar disorder (type I or type Il), by cross-referencing the relevant ICD-9
diagnoses codes and billing data. Only diagnoses of bipolar type | and bipolar type 1l were
allowed for inclusion in this study. Chart diagnosis was confirmed in clinical interview. We
retrospectively assessed the burden of mood symptoms using previously reported methods
(Sodhi et al., 2012). No participants were included if they had history of cancer, untreated
thyroid disease, pregnancy, or peripheral vascular disease. This sample represents a subset
of participants from a prior analysis (Sodhi et al., 2012), who additionally completed the
HRYV and BPV measurements described below.

A member of the research team confirmed each participant’s diagnosis during an interview
assessing prior mood syndromes. Age of onset, duration of illness, number of psychiatric
hospitalizations, and chronicity of depression and mania over the shorter of course of illness
or past decade were also assessed during this interview. Current medication use was
recorded during the interview and detailed histories of medication exposures were acquired
through systematic review of pharmacy records for the previous five years. We contacted all
pharmacies at which participants reported filling prescriptions in the past five years.
Medication exposure was quantified as the number of weeks taking the medication over the
prior five years and divided into the following medication classes: first generation
antipsychotics, second generation antipsychotics, valproic acid derivatives, lithium, and
serotonin reuptake inhibitors. First generation antipsychotics were not commonly prescribed
and the first and second generation categories were subsequently pooled for primary
analysis. Valproic acid derivatives and other medication classes were also found to have
more limited exposure frequencies and subsequently excluded from the analyses. Tobacco
exposure (pack per day*years) was also assessed.

HRYV and BPV Assessment

Heart rate and blood pressure were measured simultaneously, by electrocardiogram and the
Finometer MIDI (Finapres Medical Systems, Amsterdam, The Netherlands), respectively.
All participants were lying down throughout data acquisition and were breathing normally.
A consistent room temperature was maintained across studies. Both measures sampled at
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1000 HZ. HR and BP measures were stored as equidistant data in a separate text file for
each patient, and then assessed using the HemoLab software suite (http://
www.haraldstauss.com/HaraldStaussScientific/hemolab). The analyzer software in the
HemoLab suite was utilized to derive beat-by-beat measurements for HR from the
electrocardiogram reading. Systolic, mean, and diastolic blood pressure values were
obtained using the same software.

Systolic BP and HR values exhibiting recording artifacts or cardiac arrhythmias were
visually detected and replaced by interpolated values. The following analyses were
performed using the Batch Processor software from the HemoLab suite. Time-domain HRV
parameters were calculated from the beat-by-beat HR time series using an artifact free
segment of 5-minute duration. For frequency-domain analysis, the beat-by-beat systolic BP
and HR time series were interpolated (cubic spline) to obtain equidistant time series at 10 Hz
sampling rate. Spectral powers were calculated in the VVLF (0.02-0.05 Hz), LF (0.05 - 0.15
Hz), and HF (0.15-0.50 Hz) bands by applying the fast Fourier transform (FFT, ~410 s long
segments, 50% overlap). Spectral powers were defined as the area under the curve of the
power spectra in the respective frequency bands. Spectral analysis of all patients was carried
out using the Batch Processor.

Statistical Analyses

Study data were collected and managed using REDCap (Research Electronic Data Capture)
electronic data capture tools hosted at The University of lowa. REDCap is a secure, web-
based application designed to support data capture for research studies, providing: 1) an
intuitive interface for validated data entry; 2) audit trails for tracking data manipulation and
export procedures; 3) automated export procedures for seamless data downloads to common
statistical packages; and 4) procedures for importing data from external sources (Harris et
al., 2009).

Data was exported from REDCap for statistical analyses using SAS 9.3. Descriptive

statistics were compiled from the sample on sociodemographic and clinical variables.
Multivariate linear regression models tested the primary, secondary, and exploratory
hypotheses of the manuscript. These models carried the form:

Y =00+061 X1+82Xo+83 X3+ 084 Xy+e

Where Y represents the dependent outcome variable (variability), X; is age (continuous
variable, linear effect), X, is gender, X3 is tobacco exposure in pack years, and Xy is
medication exposure (total weeks exposed to class in past 5 years). Covariates were selected
based on potential for confounding given their association with variability measures in other
studies (Dinas et al., 2011; McNarry and Lewis, 2012; Sookan and McKune, 2012).
Sensitivity analyses were performed with reduced and expanded models. Reduced models
included only age as a covariate. Expanded models replaced pack*years, the variable least
associated with LF/HF ratio in our primary model, with body mass index and duration of
affective disorder as potential covariates. These covariates were not included in the initial
models to mitigate the risk of over-fitting based on the number of observations included in
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this sample. Our primary hypothesis, based on prior study (Fiedorowicz et al., 2012), was
that five-year antipsychotic exposure would be associated with a higher LF/HF ratio and our
secondary hypothesis was that cumulative antipsychotic exposure would be associated with
reduced HRV as measured by SDNN and RMSSD. Exploratory analyses assessed the effect
of five-year exposure to other medication classes and current use of each medication class
on measures of HRV (time and frequency domain) and blood pressure variability. Blood
pressure variability data is missing on N=16 (29% of the sample) due to equipment failure
prior to completion of the study.

Our primary analytic models examined the assumption that cumulative, long-term exposure
to various medication classes impacted measures of autonomic activity. Alternatively, it is
plausible that any impact might be related to the immediate, short-term pharmacodynamic
effects of the agents. We subsequently conducted a secondary analysis looking at any
exposure to medication classes in the two weeks prior to intake, as opposed to cumulative
exposure over a five-year period. Positive findings for any medication class were pursued
with refined analyses of medications based on pharmacodynamic affinity for the Dog
receptor at high density (Tadori et al., 2011). Aripiprazole, risperidone, and paliperidone
were classified as high potency; clozapine (no current use in sample) and quetiapine as low
potency; and all others as intermediate potency. The latter groups were collapsed due to low
cell counts.

Sociodemographic and clinical characteristics of our sample are outlined in Table 1, along
with a breakdown of medication exposures for the drugs in our analysis and concomitant
drug exposure. Our sample was relatively young with a mean (SD) age of 33 (7) and a mean
(SD) duration of mood disorder of 15(9) years. A slight majority (56%) carried a diagnosis
of bipolar I disorder and participants had a mean age of onset of 19 years of age, consistent
with the median age of onset reported in nationally representative samples (Merikangas et
al., 2007). Participants estimated spending a mean (median; SD) of 28.4 (22.0; 25.2) percent
of their time with depressive symptoms, and 12.2 (7.0, 0.14) percent of the time with manic
symptoms over their course of illness. All 55 individuals had HRV data for time domain
analysis, and 39 individuals had usable data for HR spectral analysis or blood pressure
variability spectral analysis.

In the primary analysis, antipsychotic exposure did not appear to be associated with the
LF/HF ratio in multivariate models controlling for age, gender, and pack*years (F1 31=0.02,
p=0.90). This remained non-significant in the reduced and expanded sensitivity analysis
models. In secondary analyses, exposure to antipsychotics was not associated with the time
domain measure of heart rate variability RMSSD (Fj 50=2.61, p=0.11) and SDNN
(F1,50=1.23, p=0.27) in analogous multivariate models. Similar results were observed in the
reduced and expanded models. In exploratory analyses, antipsychotics were not related to
VLF, LF, or HF power upon spectral analysis of the blood pressure variability data.

Exploratory analyses similarly assessed the relationship between lithium and serotonin
reuptake inhibitors on HRV and BPV. Lithium was not associated (F1 34=0.00, p=0.98) and
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serotonin reuptake inhibitors (F1 34=3.11, p=0.087) were marginally but not significantly
associated with LF/HF ratio. This appeared to be related to an association between serotonin
reuptake exposure and LF power of HRV (F1 34=5.07, p=0.03) such that greater exposure to
SSRIs was associated with lower power in the LF spectrum (univariate r=—0.40, p=0.01).
This finding remained significant in reduced and expanded models. Serotonin reuptake
inhibitor exposure was not associated with SDNN (F1 50=1.21, p=0.28) or RMSSD
(F1,50=1.63, p=0.21), nor was exposure to lithium.

Current antipsychotic use was reported for 21 (38%) of the sample with the following
breakdown: first generation use in 5 (9%, 2 high potency, 3 not high potency) and second
generation use in 16 (29%, 12 high potency, 4 not high potency as defined in methods).
SDNN was substantially lower in current users of antipsychotics, with a mean (SD) of 55
(46) as compared to non-users [80 (48)]. Controlling for age, gender, and tobacco exposure
(pack years), SDNN was significantly associated with current antipsychotic exposure
(F1,50=4.23, p=0.05), while RMSSD was not (F1 50=2.56, p=0.11). SDNN (F1 50=5.96,
p=0.02)and RMSSD (F1 50=4.37, p=0.04) were both associated with current exposure to
second generation antipsychotics in analogous multivariate models. This finding persisted in
the expanded model that replaced tobacco exposure with body mass index and duration of
illness. Additional inclusion of an indicator for current use of an anticholinergic medication
did not substantively alter findings.

SDNN was lower in current second generation antipsychotic users [mean (SD): 45 (31)]
compared to non-users [81 (50)]. RMSSD was also lower in current second generation
antipsychotic users [32 (32)] compared to non-users [69 (56)]. On univariate non-parametric
analyses, current users of second generation antipsychotics had lower SDNN (Wilcoxon
Rank Sum Z=-2.83, p=0.005) and RMSSD (Wilcoxon Rank Sum Z=-2.47, p=0.007).
Groups did not significantly differ on age, gender, and tobacco exposure. Univariate results
are portrayed in Figure 1.

These associations with current second generation antipsychotic use were explored based on
relative potency for antagonism of presynaptic D,g receptors and the finding was indeed
confined to users of these high potency agents (N=12).

DISCUSSION

This cross-sectional study of individuals with bipolar disorder suggests the possibility that
antipsychotics may have an acute effect on HRV during current use. Although limited by the
cross-sectional nature of the design, the negative findings of our cumulative primary models
suggest that these effects are confined to periods of use and that cumulative exposure does
not cause any lasting effects. These findings were not confirmed by spectral analysis data,
though spectral analysis was hampered by more limited power given the smaller sample
size. The difference in effects on HRV between current treatment and longer-term
cumulative exposure is intriguing and offers potential mechanistic insight. It would suggest,
for example, that any effects of antipsychotics on HRV wash out even after prolonged or
high dose exposure. This would be inconsistent with an effect of these drugs on HRV that is
mediated by increased arterial stiffness due to structural changes. However, short-term
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changes in endothelial function could still influence arterial stiffness and thus HRV, as could
acute effects on autonomic function (such as reduced parasympathetic tone).

Our primary model failed to find an association between long-term antipsychotic exposure
over the last five years and autonomic dysfunction as assessed through measures of heart
rate and blood pressure variability. This fails to support the hypothesis that our prior
findings of a relationship between first generation antipsychotic exposure and arterial
stiffness was mediated by ANS activity, although our current sample had limited exposure
to first generation antipsychotics and these broad classes of antipsychotics were
subsequently pooled. As previously noted, we did find a relationship between current use of
second generation antipsychotics and measures of heart rate variability. This finding
appeared to be explained by those agents which most strongly antagonize high density D,g
receptors, consistent with our mechanistic hypothesis. The lack of a corresponding finding
for first generation antipsychotics, which also antagonize these receptors, could represent
Type Il error given limited exposure or other confounding factors differentially related to
exposure to this antipsychotic class (Barbui et al., 2006). The low and intermediate potency
second generation antipsychotics were also infrequently prescribed and this interesting
finding is subsequently best construed as hypothesis generating, given the limitations in
study design for such a refined analysis.

In exploratory analyses, we also found reduced low, but not high frequency spectral power
of HRV among those with greater exposure to SSRIs. Given that sympathetic activity
contributes to low and high spectral power HRV while parasympathetic activity contributes
only to high spectral power, one might speculate that SSRIs contribute to a dampening of
sympathetic outflow to the heart. Existing literature on the relationship between SSRI
exposure and HRV indicates that SSRIs may decrease parasympathetic tone (Licht et al.,
2010) and contribute to decreases in both low and high frequency power spectral HRV
(Henje Blom et al., 2010). We did not see a significant effect of SSRIs on HF variability, but
did observe LF to be affected by SSRI exposure, which lends further credibility to claims
that SSRI exposure reduces HRV. Studies in the future will want to find samples with a
higher number of participants with SSRI exposure to further corroborate these findings.

Although our results coincide with a majority of the existing literature, consideration of
several study limitations must be taken into account. While we obtained records from all
reported pharmacies, the acquisition of medication histories for some patients might have
been incomplete if a participant used multiple pharmacies and forgot to report one. We were
unable to explore the effects of individual medications and therefore medication exposure
data was pooled across classes, which display some heterogeneity. In this cross-sectional
study, temporality cannot be established. Findings from our relatively young, mostly
Caucasian clinical sample may not generalize to all populations. Treatment was not
randomly assigned and potential for confounding exists. While we attempted to address
potential for confounding in multivariate models, the potential for residual confounding
exists. ANS activity is further indirectly inferred by HRV and blood pressure variability
measures and was not directly assessed. Assessments were made at rest and not following
any provocation or challenge and thus the impact of exposure on any such dynamic
measures could not be discerned. Current antipsychotic exposure was assessed in secondary
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models and our findings related to SSRI exposure were exploratory in nature and these
findings should subsequently be considered hypothesis generating and require subsequent
hypothesis-testing study.

Despite these limitations, given the limited previous examinations of this topic, our study
contributes incrementally to the evidence base. The sample size for this study is
considerably larger than similar existing studies of the relationship between antipsychotic
exposure and HRV. Our assessment of exposure was not limited to current medication use
and pharmacy records tend to be very accurate and allow for some inference of adherence.
We rigorously assessed exposure over the past five years with data obtained from multiple
pharmacies for each individual participant. Our findings suggest that D, receptor
antagonism may be one mechanism, beyond metabolic adverse effects, by which
antipsychotic drugs could worsen vascular risk. If replicated, these findings may also have
implications related to use of these medications in patients with dysautonomias.

Future studies to investigate the acute effects of these agents on HRV are warranted, ideally
using an experimental design to establish temporality and address potential for confounding,
which we attempted to address in our multivariate models. This would additionally facilitate
examination of specific agents instead of analysis of broader classes of medications.
Including complexity measures of HRV, in addition to time- and frequency-domain analyses
may yield additional insights, particularly using the aforementioned experimental design.

Contrary to our initial hypothesis, we found a significant relationship between current, but
not long-term antipsychotic exposure and HRV. This may indicate acute effects of
antipsychotics on the ANS, vascular tone or cardiac rhythm centers. Exploratory analyses
indicated decreased low frequency spectral power HRV was correlated with higher SSRI
exposure, which could also be a focus for future study.
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RMSSD by Current Second Generation Antipsychotic (SGA) Use
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SDNN by Current Second Generation Antipsychotic (SGA) Use
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Figure 1. Heart rate variability measur es by second generation antipsychotic use
Current (last two weeks) users of second-generation antipsychotics (SGAs) had lower

measures of time-domain heart rate variability for RMSSD, and SDNN as shown in Figure
la and 1b below.
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Table 1

Sociodemographic and Clinical Characteristics (N = 55)

Mean (SD)
Age 33(7)
Age of mood disorder onset 19 (6)
Pack years (smoking) 8(12)
Body mass index (kg/m?) 30.9 (7.1)
Heart Rate 66 (12)
Systolic blood pressure (mmHg) 117 (10)
Diastolic blood pressure (mmHg) 69 (9)
Heart Rate Variability, Time Domain
SDNN 70.3 (48.2)
RMSSD 58.0 (53.1)
Heart Rate Variability, Frequency Domain (N=39)
High Frequency Relative Spectral Power 17.7 (10.1)
Low Frequency Relative Spectral Power 16.5(6.2)
Low Frequency: High Frequency Ratio 1.23 (0.80)
Very low frequency Relative spectral Power 22.3(7.8)
Blood Pressure Variability (N=39)
High Frequency Absolute Spectral Power 2.42 (2.47)
Low Frequency Absolute Spectral Power 3.58 (3.50)
Very low frequency Absolute spectral power 8.33(8.65)
N (%)
Female gender 37 (67%)
White, not Hispanic
Unemployed 22 (40%)
Bipolar | diagnosis 31 (56%)
Ever smoked tobacco 30 (55%)
Medication History (Any Prior Use)
Antipsychotics 37 (67%)
First Generation 10 (18%)
High Potency 5 (9%)
Other 7 (13%)
Second Generation 33 (60%)
High Potency (D,s) 28 (51%)
Intermediate Potency 12 (22%)
Low Potency 14 (25%)
Valproic acid derivatives 8 (15%)
Lithium 24 (44%)
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Mean (SD)
Serotonin Reuptake Inhibitor 20 (36%)
Concomitant Medications

Anticholinergics 25 (45%)
Benzodiazepines 39 (71%)
Thyroid Product 12 (22%)
Stimulants 4 (7%)

Tricyclic Antidepressants 11 (20%)
Hypnotics 14 (25%)
Beta-blocker 3 (5%)
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