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Abstract
This study examined the effect of HIV on visceromotor (i.e., heart rate and heart rate variability)
and somatomotor (i.e., auditory processing and affect recognition) components of a social
engagement system defined by the Polyvagal Theory (Porges, 1995) that links vagal regulation of
the heart with brainstem regulation of the striated muscles of the face and head. Relative to at risk
HIV- seronegative women, HIV-seropositive women had less heart rate variability (i.e.,
respiratory sinus arrhythmia) and had poorer performance on auditory processing and affect
recognition tasks. CD4 was negatively correlated with the accuracy to detect specific emotions.
The observed indices of atypical autonomic and behavioral regulation may contribute to greater
difficulties in social behavior and social communication between HIV- infected women and other
individuals in their social network.
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I. Introduction
HIV-infected individuals are at risk for various physical and psychiatric illnesses that may
negatively impact their social interactions (e.g., Applebaum et al., 2010; Pence et al., 2006;
Ciesla and Roberts, 2001). For example, studies suggest that individuals living with HIV are
at high risk for depressive symptoms (Lyon and Munro, 2001; Schrimshaw, 2003; Prachakul
et al., 2007), which may impede the ability to negotiate stable long-term relationships and
social support (Prachakul et al., 2007). We investigated and compared neurophysiological
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and biobehavioral features that may contribute to compromised social behavior in HIV-
infected and socio-demographically similar at risk uninfected women in Chicago. An
understanding of these features may enable HIV clinicians and members of support
networks to be more aware of the direct and indirect impact of HIV on social and
psychological functioning and adapt communication accordingly.

The Polyvagal Theory (Porges, 1995, 2007, 2009, 2011; Porges and Furman, 2011) provides
a theoretical framework to investigate the impact of HIV on the neural regulation of the
autonomic nervous system, auditory processing, and social behavior. The theory describes
the integration of the neural regulation of the heart, via the vagus, with the neural regulation
of the striated muscles of the face and head, including the neural regulation of middle ear
muscles, via other cranial nerves. This heart-face connection operates as an adaptive and
functional Social Engagement System during face-to-face interactions. The Social
Engagement System is a convergence of neural mechanisms, with synergistic visceromotor
and somatomotor components, that interact with ingestion, state regulation and social
engagement processes (Porges, 2007) to support social behavior. The system incorporates a
visceromotor component that regulates the heart and bronchi via a myelinated branch of the
vagus and a somatomotor component that regulates the striated muscles of the face and head
via the special visceral efferent neural pathways traveling through several cranial nerves.
The somatomotor component regulates several muscles with specific social engagement
functions, namely (1) middle ear muscles via cranial nerves V and VII to extract human
voice from backgrounds sounds; (2) laryngeal and pharyngeal muscles via cranial nerves IX
and X to express affect in vocalizations; (3) muscles of mastication for ingestion via cranial
nerve V; (4) muscles of the face for emotional expression via cranial nerve VII; and (5)
muscles that tilt the head for gesturing via cranial nerve XI. Studies have shown support for
a down-regulated Social Engagement System in populations with difficulties in social
behavior. Indicators of a down-regulated Social Engagement System may include
difficulties with state regulation, auditory processing, prosody, and/or eye gaze. For
example, several studies have reported atypical vagal regulation, indexed via respiratory
sinus arrhythmia (RSA) (i.e., the high-frequency component of heart rate variability within
the frequency of spontaneous breathing), in clinical disorders characterized by atypical
social behavior, such as autism spectrum disorder (Patriquin et al., 2013; Daluwatte et al.,
2012) and fragile X syndrome (Hall et al., 2009; Roberts et al., 2001) and in children at risk
for the development of externalizing/internalizing behavioral problems (Calkins et al.,
2007).

As proposed by the Polyvagal Theory, if HIV is associated with a down-regulated Social
Engagement System, HIV- infected individuals may have difficulty detecting positive
emotional states of partners, family members, caregivers and other individuals involved in
their social support. Thus, in understanding the social dynamics of care and support of HIV-
infected women, it is important to evaluate the features of the Social Engagement System.

Several factors related to HIV infection may lead to down regulation of the Social
Engagement System. First, HIV may affect the neural (vagal) regulation of the heart
reflected in measures of heart rate and heart rate variability including respiratory sinus
arrhythmia (RSA). Several researchers have reported that individuals with HIV had faster
heart rates (Cade et al., 2007; Lebech et al., 2007; Mittal et al., 2004) and less heart rate
variability (Mittal et al., 2004). However, other studies have not supported these findings
and have reported that HIV-infected individuals did not have significantly faster heart rate
(Correia et al., 2006; Sakhuja et al., 2007; Brownley et al., 2001) or less heart rate variability
(Lebech et al., 2007; Correia et al., 2006; Sakhuja et al., 2007; Brownley et al., 2001).
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HIV disease progression may impact directly on central processes as well as the neural
pathways of both the visceromotor (i.e., vagal) and somatomotor (i.e., neural regulation of
the striated muscles of the face and head) components of the Social Engagement System.
Cognitive deficits associated with the HIV virus and/or treatment are common (e.g., Weber
et al., 2013; Robertson et al., 2007). Deficits in central cholinergic function have been
studied as a potential mechanism for cognitive deficits (Martinez-Ruiz et al., 2000; Marubio
and Paylor, 2004). Pharmacologic manipulations dampening central cholinergic function
with drugs such as scopalomine have degraded performance on dichotic listening tasks
(Drachman et al., 1980). Similarly peripheral function dependent on cholinergic systems
(e.g., parasympathetic tone, middle ear muscle function) also reflects indices of a deficit. A
negative relation has been reported (Compstolla et al., 2008) between HIV disease
progression [depletion of CD4+ T cells (CD4 hereafter)] and heart rate. Moreover, since
HIV is neurotoxic, it may result in peripheral nerve damage (Simpson, 1994) including
damage to cranial nerves regulating the striated muscles of the face and head. Consistent
with this hypothetical pathway, there is a report (Komolafe et al., 2009) that the extra-axial
segment of the facial nerve is typically involved in the early stages of HIV infection. Since
the facial nerve also innervates the muscles of the middle ear, damage to the facial nerve
might also affect auditory processing making it difficult to extract human speech from
background noise.

The current study assessed the degrading effects of HIV on both the functioning of the
visceromotor component (i.e., RSA) and the functioning of the somatomotor component
(i.e., auditory processing and affect recognition) of the Social Engagement System. The
study tested the following four hypotheses (1) HIV-infected women will have dampened
vagal regulation of the heart, reflected in faster resting heart rate and lower amplitude RSA;
(2) HIV-infected women will have auditory processing difficulties and perform poorer on a
dichotic listening task; (3) HIV-infected women will have affect recognition difficulties and
make more errors and respond slower on an affect recognition task; and (4) virologic and
immunologic indices of HIV disease progression will be related to heart rate, RSA, auditory
processing and affect recognition.

2. Methods
2.1 Participants

This investigation was conducted between February 2006- February 2009 at the Chicago site
of the NIH funded Women's Interagency HIV Study (WIHS), an ongoing cohort study of the
treated history of HIV infection and related health conditions among HIV- seropositive and
at-risk demographically similar women who were HIV- seronegative. Recruitment,
retention, protocols, procedures, and demographics of the WIHS have been described
elsewhere (Barkan et al., 1998; Hessol et al., 2009). Enrollment began in 1994 with an
expansion during 2001-2002 (Bacon et al., 2005). HIV serostatus was determined by Elisa
and confirmed by Western blot at study entry for all participants and semiannually thereafter
for those initially seronegative. WIHS study participants are interviewed twice yearly about
medical history and behaviors and undergo an examination and collection of study
specimens to determine current clinical status. Chicago participants were recruited and
evaluated in the experimental protocol if they were between ages 25-60 years and were
English-speakers and excluded if they were unable to abstain from using illicit substances
for 24 hours prior to the research session, had a confirmed psychiatric diagnosis of
psychosis, had a chronic medical condition (other than HIV infection) that was not
controlled with medications (current high blood pressure or high blood sugar), showed
evidence of current HCV viremia had medically documented auditory or visual impairment,
had a documented heart condition and/or history of stroke, or were currently pregnant, post-
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partum or lactating. Written informed consent was obtained after local human subjects’
committee approval.

Seventy-three HIV- seropositive (HIV-SP) and 25 HIV- seronegative (HIV-SN) women
were enrolled. The ratio of HIV- seropositive to HIV- seronegative participants in the study
reflected the serostatus ratio of individuals who were enrolled in the Chicago WIHS cohort.

2.2 Apparatus and materials
2.2.1 Physiological measures—Heart rate and RSA were recorded from all participants
during the experimental protocol. A LifeShirt® (Vivometrics) was used to collect cardiac
data and respiration rate. The LifeShirt® has been benchmarked against the Biopac system
and provides measures with sufficient accuracy to generate sensitive measures of heart rate
and RSA (see Heilman and Porges, 2007). For all participants, three Ag/AgCl self-adhering
electrodes (Conmed Corp., Utica, NY) with a contact area of 10 mm diameter were placed
directly onto the upper chest and on the lateral surface of the abdomen for data collection.

2.2.2 Cognitive measure—The Wechsler Test of Adult Reading (WTAR; Wechsler
2001) was used as a measure of intellectual functioning and has been co-normed with the
Wechsler Adult Intelligence Scale.

2.2.3 Immunologic and virologic indices of HIV disease progression—Immune
function parameters and HIV viral load were obtained from labs certified by the NIH Viral
and Immunology Quality Assurance Programs. Analytic approaches using these measures
were previously described in Cole, Hernan, Anastos, Jamieson & Robins (2007). Flow
cytometry was performed at NIH ACTG-certified laboratories. HIV viral load was measured
using a lower level of detection of 40 copies per ml. HIV viral load was log10 transformed
to normalize the distribution.

2.3 Procedures
Participant consent was obtained prior to the start of the study. After obtaining consent, the
physiological monitoring equipment was demonstrated to the participant, the ECG
electrodes were placed and the study protocol initiated. All protocol and task instructions
were presented verbally. Due to the consent process, paperwork and equipment placement,
there was an approximate time lapse of 30 minutes between arrival to the study and the
physiological baseline recording. The protocol consisted of several sequential components
(1) a physiological baseline recording during which the participant was encouraged to sit as
quietly as possible and to minimize motor activity for 3 minutes (i.e., “initial physiological
baseline”); (2) the measurement of auditory processing skills using two subscales (filtered
words and competing words) from the SCAN (The Psychological Corporation, San Antonio,
TX) developed by Keith (1986); (3) a second, 3-minute physiological baseline recording
(i.e., “pre-DARE baseline”); (4) a test of affect recognition, Dynamic Affect Recognition
Evaluation (DARE; Porges et al., 2007); and (5) a final, 3-minute post-protocol
physiological recording baseline (i.e., “post-DARE baseline”).

Two tests, the Filtered Words Test and the Competing Words Test, from the SCAN were
used to evaluate auditory processing. These tests require low task demands and require only
that the participant repeat the stimulus word or words. The Filtered Words Test assesses the
ability to identify words that are muffled (i.e., low passed) and the Competing Words Test
assesses the ability to accurately report the word being presented to the left or right ear when
two different words are simultaneously presented to the left and right ears. As proposed by
the Polyvagal Theory (Porges and Lewis, 2009), performance on the Filtered Words test
would be dependent on the transfer function of the middle ear structures to dampen the
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influence of the competing low frequency sounds on the participant's ability to identify
words that have been low passed. Thus, performance on the Filtered Words task would be a
functional index of the Social Engagement System and hypothetically should parallel RSA.
While it is proposed that performance on the Filtered Words test would parallel peripheral
“cholinergic” regulation of the heart (i.e., RSA), the Competing Words test involves a more
complex dependence on central “cholinergic” pathways that are related to cognitive
function. Thus, individual differences in Competing Words performance may be more
sensitive to cognitive function (i.e., IQ) and less sensitive to the neural regulation of
peripheral autonomic state (i.e., RSA). The duration of the SCAN was approximately 10
minutes.

The Dynamic Affect Recognition Evaluation (DARE) is a standardized tool for assessing
facial emotion recognition (Porges et al., 2007; Bal et al., 2010). DARE uses the Cohn-
Kanade Action Unit-Coded Facial Expression Database (Cohn et al., 1999) to create video
sequences of facial expressions. The stimuli included uncompressed video files (i.e., series
of still images) consisting of six basic emotions. The images were morphed and the final
videos included a face starting with a neutral expression and slowly transitioning into one of
the six target emotions (Sad, Fear, Surprise, Disgust, Anger, and Happiness). Video
durations ranged from 15 to 33 seconds, depending on the number of the frames in the
original image sequences, which was independent of emotion category. Participants were
asked to indicate when they could identify the emotion (latency) and then verbally identify
the emotion (accuracy). Duration of DARE administration ranged from 10-20 minutes,
depending on the average latency of each individual participant to respond to the stimuli.

2.3.1 Data reduction—Heart rate data were visually inspected and edited off-line with
CardioEdit software (Brain-Body Center, University of Illinois at Chicago). Editing
consisted of integer arithmetic (i.e., dividing intervals when detections were missed and
adding intervals when spuriously invalid detections occurred) or manual insertion/deletion
of missing/spurious detections based on the ECG recording. No more than 5% of the data in
each file required editing.

RSA (i.e., the high-frequency component of heart rate variability) defined as variance within
the frequency band associated with spontaneous breathing, was calculated with CardioBatch
software (Brain-Body Center, University of Illinois at Chicago) consistent with the
procedures developed by Porges (1985). CardioBatch quantifies the amplitude of RSA using
age-specific parameters that are sensitive to the maturational shifts in the frequency of
spontaneous breathing. The method when applied to adult participants includes the
following steps (1) timing sequential R-R intervals to the nearest millisecond; (2) producing
time-base data by resampling the sequential R-R intervals into 500 msec intervals; (3)
detrending the time-based series with a 21-point cubic moving polynomial (Porges and
Bohrer, 1990) that is stepped through the data to create a smoothed template and the
template is subtracted from the original time-based series to generate a detrended residual
series; (4) bandpass filtering the detrended time series to extract the variance in the heart
period pattern associated with spontaneous breathing in adults (.12 - .40 Hz); and (5)
transforming the variance estimates with a natural logarithm to normalize the distribution of
RSA estimates (Riniolo and Porges, 1997). These procedures are statistically equivalent to
frequency domain methods (i.e., spectral analysis) for the calculation of the amplitude of
RSA when heart period data are stationary (Porges and Byrne, 1992). RSA is an accurate
non-invasive index of the vagal influence to the heart being mediated via myelinated vagal
pathways that originate in the brainstem nucleus ambiguus (see Lewis et al, 2012; Porges,
2007).
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Three minutes of cardiac data during each baseline condition were analyzed for heart rate
and RSA. Each cardiac variable was quantified during sequential 30-sec epochs within each
of the three minute baselines and averages of the within condition epochs were used in the
data analyses. Median respiration rate was calculated for the same durations and conditions
as the cardiac data.

2.3.2 Data/Participant loss—Participants were asked to provide information regarding
recent use of illegal drugs, medications and tobacco upon arrival for the research study. Four
participants were prematurely consented to participate in the study prior to providing this
information, and no data were collected for these participants who were immediately
excluded due to admitted use of crack, cocaine, heroin and/or marijuana within the two days
prior to the research session (3 HIV-SP, 1 HIV-SN). Additionally, two participants who
were taking over-the-counter and/or prescribed medications that interfere with autonomic
functioning were also excluded from the protocol (1 HIV-SP took NyQuil, 1 HIV-SP took
Depakote).

Participants were not asked to refrain from tobacco products prior to the study, nor were
they excluded for use of tobacco products. One participant reported tobacco intake within
2-3 hours prior to the research session (1 HIV-SP), seven participants reported tobacco
intake within1- 2 hours prior to the research session (6 HIV-SP, 1 HIV-SN) and thirteen
participants reported tobacco intake within 1 hour prior to the research session (7 HIV-SP, 6
HIV-SN). However, because tobacco use during the 3 hours prior to the study did not have a
consistent effect on baseline physiological measures, possibly due to the 30 minute time
lapse between arrival for the study and the first physiological recording (during which, the
participants were not allowed tobacco), the data from these participants were included in the
data analyses.

Participants were asked to refrain from alcohol use for 12 hours prior to arriving for the
research study. All participants reported compliance with this request.

Participants were also asked to refrain from caffeine use for 2 hours prior to arriving for the
research study, but were not excluded from the study for caffeine consumption. Six
participants reported consuming caffeine 2 hours prior to the research session (4 HIV-SP, 2
HIV-SN), and four participants reported consuming caffeine 1 hour prior to the research
session (2 HIV-SP, 2 HIV-SN). Two participants reported consuming caffeine immediately
prior to the research session (1 HIV-SP, 1 HIV-SN). Because caffeine consumption during
the 2 hours prior to the study did not have a consistent effect on baseline physiological
measures, possibly due to the 30 minute time lapse between arrival for the study and the first
physiological recording (during which, the participants were not allowed caffeine), the data
from these participants were included in the data analyses.

Participants were also asked to report any history of cardiovascular disease or stroke. One
participant reported cardiovascular disease, and her data were excluded from analyses (1
HIV-SP).

Complete data from eight additional participants were excluded after beginning the research
protocol, due to equipment failure (5 HIV-SP, 1 HIV-SN) or drowsiness/sleeping during
research session (1 HIV-SP, 1 HIV-SN).

Table 1 lists demographic and clinical characteristics of the included study participants by
HIV serostatus, including any statistical differences between groups.
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2.3.3 Statistical analyses—There were no group differences in age, BMI, or WTAR.
Age was significantly correlated with RSA, r(80) = −.39, p<.000. Age was not used as a
covariate in the RSA analyses, since there were no group differences in age and the
correlations between age and RSA were of similar magnitude and direction within each
group. Age was not correlated with respiration rate, heart rate, or performance on the SCAN
subtests or the DARE. Because of the potential effect of body mass index (BMI) on the
physiological measures, the correlation between BMI and each physiological variable was
calculated. BMI was not correlated with any of the physiological variables.

Group differences in initial autonomic activity were evaluated using separate analyses of
variance (ANOVA) for each dependent variable (Group = HIV serostatus; Dependent
variables = initial baseline RSA, heart rate, respiration rate). Change in baseline variables
during the course of the protocol were evaluated using repeated-measures ANOVA for each
dependent variable (Group = HIV serostatus; Dependent variables = initial baseline, pre-
DARE baseline, post-DARE baseline for RSA, heart rate, respiration rate).

Group differences in auditory processing (Filtered Words, Competing Words) were
evaluated using separate ANOVAs for each subtest (Group = HIV serostatus; Dependent
variables = Filtered Words standard score, Competing Words standard score).

Group differences in accuracy on the DARE were evaluated using Mann-Whitney U test
(Group = HIV serostatus; Dependent variables = total number of errors for Sad, Fear,
Surprise, Disgust, Anger, Happiness videos). Group differences in response latency on the
DARE were evaluated using MANOVA (Group = HIV serostatus; Dependent variables =
average response latency for Sad, Fear, Surprise, Disgust, Anger, Happiness videos).

Correlations were calculated to evaluate the relationships between accuracy and response
latency, and between WTAR levels and both accuracy and latency. In addition, correlations
were calculated to evaluate the relationships between physiological baselines and
performance on SCAN and DARE (accuracy and latency), between viral load (CD4) and
both the behavioral measures (SCAN; DARE accuracy, latency), and the physiological
baselines (RSA, heart rate, and respiration rate). Correlations were also used to evaluate the
effect of duration of HIV infection on physiological baselines and behavioral measures.

3. Results
3.1 Initial baseline variables

Descriptive statistics (mean, standard deviation) for each physiological variable, during each
baseline, are presented in Table 2.

Analyses of variance (Group = HIV serostatus; Dependent variables = initial baseline RSA,
heart rate, respiration rate)1 demonstrated that RSA was significantly lower in the HIV-SP
group, F(1, 79) = 5.61, p<.02 (ηρ2 = .07, observed power = .65). There were no significant
group differences, by serostatus, for initial baseline heart rate or respiration rate.

3.2 Change in physiological data across protocol
Repeated-measures ANOVA evaluated group differences across the three baselines (Group
= HIV serostatus; Dependent variables = initial baseline, pre-DARE baseline, post-DARE
baseline for RSA, heart rate, and respiration rate).2 Although there were no group or
interaction effects, across the three baseline conditions there were significant changes in

1HIV-SP n=60, HIV-SN n=21. Data loss from 2 participants was due to equipment problems (1 HIV-SP; 1 HIV-SN).
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heart rate, F(1.64, 109.86) = 47.61, p<.000 (ηρ2 = .42, observed power = 1.00), and RSA,
F(1.60, 107.15) = 7.35, p<.002 (ηρ2 = .10, observed power = .89), as heart rate significantly
decreased and RSA significantly increased as the study progressed. There were no
condition, group or interaction effects for respiration rate.

3.3 Auditory processing performance
Univariate ANOVA (Group = HIV serostatus; Dependent variables = Filtered Words
Standard Score, Competing Words Standard Score) demonstrated that the HIV-SP group
performed significantly worse on the Competing Words test, F(1, 81) = 5.60, p<.02 (ηρ2 = .
07, observed power = .65) (see Figure 1). Although the direction of responding was similar
on the Filtered Words test [Mean (HIV-SN) = 9.45, Mean (HIV-SP) = 8.47], the group
differences were not statistically significant, F(1, 81) = 1.85, p<.18, ηρ2 = .023, observed
power = .27 (see Figure 1) .

3.4 Dynamic Affect Recognition Evaluate (DARE) performance
Seventy-six participants were included in the DARE accuracy and latency analyses. Seven
participants did not have complete data for the DARE due to equipment problems and/or
incomplete testing (6 HIV-SP, 1 HIV-SN).

3.4.1 Accuracy—Non-parametric Mann-Whitney U test (Group = HIV serostatus;
Dependent variables = total number of errors for Sad, Fear, Surprise, Disgust, Anger,
Happiness videos) demonstrated that the HIV-SP group made significantly more total errors
across all emotions, (U test, p<.03). There were no group differences within any particular
emotion category.

3.4.2 Latency—MANOVA (Group = HIV serostatus; Dependent variables = average
latency for Sad, Fear, Surprise, Disgust, Anger, Happiness videos) demonstrated that there
were no significant group differences in latency across all emotions or for any specific
emotion.

Correlational analyses were conducted to evaluate relationships between accuracy and
latency. When collapsed across groups, accuracy and latency were negatively correlated
(i.e., shorter latencies with more error responses) for Fear videos, r(76) = − .29, p<.01.
Within the HIV-SN group, accuracy and latency were correlated for Fear videos, r(21) = −.
45, p<.04. Additionally, accuracy and latency were negatively correlated when averaged
across all videos, r(21) = −.48, p<.03. Accuracy and latency were not significantly correlated
within the HIV-SP group for any emotion.

3.4.3 Accuracy, latency and WTAR scores—Although not statistically significant,
there was a trend towards lower WTAR performance in the HIV-SP group, F(1, 75) = 3.02,
p<.09. Moreover, within the HIV-SP group, WTAR was significantly correlated with
Competing Words performance, r(53) = .29, p<.04.

Correlations were calculated to determine whether accuracy or latency was related to
WTAR scores within each emotion. Seventy participants had both WTAR and DARE data
(accuracy and latency) available for correlational analyses, as seven participants (7 HIV-SP)
attempted the WTAR assessment, but became frustrated and refused to complete the
assessment, rendering the score invalid for analyses.

2For analyses of heart rate and RSA, HIV-SP n=50, HIV-SN n=19. Data loss from 14 participants due to equipment problems (10
HIV-SP, 2 HIV-SN) and participant withdrawal during the protocol (1 HIV-SP). For analyses of respiration rate, HIV-SP n=50, HIV-
SN n=19.
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When collapsed across groups, WTAR scores were negatively correlated with total number
of errors for the Sad videos, r(70)= −.26, p<.03, total number of errors for the Disgust
videos, r(70)= −.28, p<.02, and total number of errors for the Anger videos, r(70)= −.45, p<.
000. Additionally, WTAR scores were negatively correlated with the total number of errors
across all of the videos, r(70) = −.36, p<.002. The findings indicate that the lower the
WTAR score, the greater number of total errors, and greater number of errors specifically on
the Sad, Disgust and Anger videos.

Within the HIV-SN group, WTAR scores were not correlated with any accuracy scores.
Within the HIV-SP group, WTAR scores were negatively correlated with the total number
of errors for the Anger videos, r(49) = −.48, p<.000. Additionally, WTAR scores were
negatively correlated with the total number of errors across all of the videos, r(49) = −.34,
p<.02. The findings indicate that higher intellectual function was associated with fewer
errors. Average latency was not correlated with WTAR scores, either between or within
groups, for Sad, Fear, Surprise, Disgust, Anger, or Happiness videos.

3.5 Relationship between physiological baselines and performance on SCAN and DARE
Correlational analyses were conducted, between and within groups, to determine the
relationship between initial baseline physiological measures and performance on the SCAN
and DARE.

3.5.1 SCAN—When collapsed across groups, performance on the Filtered Words subtest
was significantly correlated to initial baseline RSA, r(79) = .28, p<.01 (i.e., higher RSA
related to better performance on the Filtered Words subtest). None of the initial baseline
physiological measures were related to performance on the Competing Words subtest.

3.5.2 DARE
3.5.2.1 Accuracy: Within the HIV-SN group only, the total number of errors on the Fear
videos was significantly negatively correlated to initial baseline heart rate, r(20) = −.54, p<.
01 (i.e., higher heart rate related to fewer errors).

3.5.2.2 Latency: The average latency for the Sad videos was significantly negatively
correlated to initial baseline heart rate within the HIV-SP group only, r(54) = −.32, p<.02
(i.e., higher heart rate related to shorter latencies). The average latency for the Surprise
videos was significantly negatively correlated to initial baseline RSA within the HIV-SN
group only, r(20) = −.49, p<.03 (i.e., higher RSA related to shorter latencies).

3.6 HIV-related analyses
3.6.1 Viral load—Viral load was not a significant covariate in any physiological model nor
was it consistently correlated with accuracy of /latency in detecting emotions, auditory
processing measures, or any baseline physiological variable.

3.6.2 CD4—CD4 was negatively correlated with total number of errors on the DARE, r(76)
= −.30, p<.009 (i.e., higher CD4 associated with fewer errors). CD4 was not correlated with
any of the cardiopulmonary or auditory processing measures.

3.6.3 Duration of HIV infection—Duration of known HIV infection was not a significant
covariate in any physiological model. It was not consistently correlated with accuracy of /
latency in detecting emotions, auditory processing measures, or any baseline physiological
variable. Duration of known HIV infection was not correlated with any of the initial
physiological baselines, or performance on SCAN or DARE.
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4. Discussion
The study was theoretically driven by the integrated Social Engagement System proposed in
the Polyvagal Theory (Porges, 1995, 2007, 2009). The study provided an opportunity to
evaluate the covariation of visceromotor and somatomotor components as a function of HIV
infection. The visceromotor component was assessed by measuring the output of the central
regulation of myelinated vagus to the sinoatrial node (i.e., RSA). The somatomotor
component was assessed by measuring variables dependent on cranial nerve regulation of
the striated muscles of the face and head involved in auditory processing (i.e., via neural
regulation of the middle ear muscles) and gaze required for affect awareness (i.e., via the
neural regulation of the orbicularis oculi). It was hypothesized that HIV infection would
depress both the visceromotor (i.e., autonomic function) and somatomotor (i.e., affect
recognition and auditory processing) components. The data supported this hypothesis. HIV-
seropositive women had reduced RSA and poorer performance on the affect recognition and
dichotic listening tests. Additionally, within the HIV- seropositive group, accuracy on the
affect recognition task was correlated with markers of HIV disease progression.

Individuals in the HIV-SP group had lower baseline RSA, although baseline heart rate was
similar between groups. Reduced RSA indicates a reduction of myelinated vagal control of
the heart (i.e., release of the vagal brake), which is necessary for a coordinated
cardiovascular response that will result in the increased heart rate required during exercise
(e.g., Hatfield et al., 1998) and often experienced during states of anxiety (Pittig et al.,
2013).

The group difference in RSA indicates reduced myelinated vagal influence to the heart in
women who are HIV- seropositive, suggesting that these individuals may be in a
physiological state that supports anxious and mobilization behaviors, such as fight/flight,
rather than a physiological state that supports social engagement. Reduced vagal influence to
the heart not only affects state regulation, but is an essential component of the Social
Engagement System that involves the neural regulation of the muscles of the face and head
(Porges, 2007, 2009).

A lack of group differences in heart rate indicates a possible activation of compensatory
extra-vagal mechanisms, such as neuroendocrine feedback loops and/or sympathetic
activity, which ultimately resulted in equivalent heart rate between groups. While these
compensatory mechanisms were not assessed in the current study, future research could
assess these hypothetical mechanisms by including such tasks as cold pressor assessment,
and/or posture shift to assess baroreceptor response. Sympathetic activity could also be
assessed in future studies, particularly since researchers have reported that autonomic
nervous system activity (a composite variable consisting of skin conductance, brachial artery
systolic blood pressure, interbeat-interval, finger photoplethysmograph pulse peak
amplitude, and peripheral pulse transit time) mediated the relationship between social
inhibition and virologic indicators of disease progression in men with HIV infection (Cole et
al., 2003) and affected response to HAART treatment (Cole et al., 2001). A study evaluating
both parasympathetic activity and sympathetic activity, as described in the aforementioned
studies, and neuroendocrine variables (e.g., cortisol, vasopressin, oxytocin) could provide a
more complete link between autonomic nervous system activity, social behavior, and HIV
disease progression.

The HIV- seropositive group performed significantly worse than the HIV- seronegative
group on the dichotic listening and affect recognition tests. The dichotic listening task
required participants to repeat the word spoken in either the left or right ear, when two
different words were presented to each ear simultaneously. The results demonstrate that
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individuals who are HIV-seropositive may have more difficulty focusing on a conversation
in environments in which several people are talking simultaneously. Dichotic listening tasks,
such as competing words, have been used as a proxy for central cholinergic function
(Drachman et al., 1980) and in the current study performance on the competing words test
was significantly correlated with WTAR within the HIV-SP group. Moreover, there was a
trend towards poorer WTAR performance in the HIV-SP group consistent with the reports in
the literature on cognitive deficits associated with HIV and the literature on dampened
central cholinergic function and cognitive deficits.

Since vagal efferent influences on the heart and middle ear muscle tone are peripheral
measures and dependent on both central and peripheral influences, the correlation between
Filtered Words and RSA across all participants is consistent with predictions based on the
Polyvagal Theory (see Porges and Lewis, 2009), which links cardiac vagal tone (i.e., low
RSA) with a low neural tone to the middle ear muscles (Lewis et al., 2011). The low middle
ear muscle tone would result in the “transfer function” of middle ear structures passing more
low frequency acoustic energy into the inner ear and functionally masking the higher
frequency components of speech necessary to extract human voice in noisy environments.
Given the ambient noise in everyday life and the high risk nature of all participants in this
study, independent of serostatus, many of the participants would have difficulties in
attending to and accurately understanding speech. This difficulty in extracting voice from
background sounds could greatly impact social behavior, increase frustration in social
settings, and degrade the effectiveness of social-support seeking behaviors.

It is important to note that although RSA, across all participants, was significantly correlated
with performance on the Filtered Words test, Filtered Words performance was not
significantly degraded in the HIV-SP relative to the HIV-SN group. In contrast, performance
on the Competing Words test was significantly degraded in the HIV-SP group, but was not
correlated with RSA. There are several relevant points related to this observation. First, the
groups of participants are defined by great diversity in clinical history, general health,
cognitive function, and adaptive social behavior. The heterogeneity of autonomic features
and cognitive function may have contributed to an experimental design that was
underpowered to detect HIV-related effects on the Filtered Words test. Thus, as illustrated in
Figure 1, the trend towards group differences could not be detected with the current
experimental design.

Second, since the correlation between scores on the two auditory processing tasks was
approximately .3 within each group and across both groups, the two tasks are indexing
relatively independent processes. For example, the Filtered Words task may be more
dependent on the peripheral neural regulation of the autonomic nervous system (i.e., RSA)
and of the middle ear structures. In contrast, the Competing Words task may be more
dependent on central cholinergic pathways involved in cognitive processes. Based on our
“cholinergic hypothesis” (see below), we assume that the HIV virus has effects on different
levels of the nervous system. The group differences in the Competing Words test may reflect
a combined effect dampening both central and peripheral cholinergic pathways, which
would make the task less sensitive to vagal regulation of the heart (i.e. RSA), while the
Filtered Words test may be a more sensitive indicator of a degrading of peripheral
cholinergic function manifested in RSA.

The affect recognition test required participants to identify the specific emotion illustrated in
each stimulus movie. Individuals, who were HIV- seropositive, made significantly more
errors in the identification of specific emotions. Within the HIV- seropositive group only,
intellectual functioning further impacted affected accuracy scores, as participants with
higher intellectual function made fewer errors. Additionally, individuals who were HIV-

Heilman et al. Page 11

Biol Psychol. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



seropositive did not demonstrate a relationship between accuracy and latency. These
findings suggest that individuals who are HIV- seropositive may have difficulty interpreting
facial features of emotion (i.e., during a face-to-face conversation), that could possibly be
due, in part, to reduced intellectual functioning, which could ultimately lead to the
misinterpretation of emotional cues and trigger negative reactions in others.

By demonstrating that depressed vagal regulation of the heart rate manifested in RSA
covaries within the HIV- seropositive group with poorer affect recognition and auditory
processing, the data support the proposition of an integrated Social Engagement System with
common neural mechanisms and common neural vulnerabilities. These findings are
consistent with recent reports in which individuals with autism spectrum disorder, a clinical
disorder associated with depressed RSA, also had compromised auditory processing skills
(Porges et al., 2012) and compromised affect recognition (Bal et al., 2009).

4.1 Future directions
4.1.1 The Cholinergic Hypothesis—Data from the current study suggest that the HIV
has an impact on the cholinergic system. This was evidenced by lower RSA and poorer
performance on the dichotic listening and affect recognition tasks. RSA provides an index of
cholinergic activity in the periphery, since acetylcholine is the neurotransmitter that
mediates the influence of the myelinated vagus on the heart. In support of this conclusion, it
has been reported that HIV compromises parasympathetic functioning (Lebach et al., 2007;
Mittal et al., 2004). Other research has provided a link between central cholinergic function
and dichotic listening and affect recognition. Consistent with this general “cholinergic”
deficit hypothesis, dichotic listening and affect recognition are also impaired by
anticholinergic blockades such as scopolamine (dichotic listening: Drachman et al., 1980;
affect recognition: Kamboj and Curran, 2006). The current study and the Kamboj and
Curran (2006) study consistently reported deficits in accurately detecting negative emotions,
although the specific emotions that were affected (Fear in the current study, Sadness and
Anger in the Kamboj and Curran study) may have been due to the qualitative differences
between the stimuli in the two studies. Since deficits in dichotic listening, affect recognition,
and vagal regulation of the heart can be mimicked by anticholinergic manipulations, the
results suggest that HIV may compromise behavioral and autonomic function through an
anticholinergic mechanism. In summary, other laboratories, consistent with our preliminary
findings, have reported deficits in autonomic functioning, dichotic listening, and recognition
of human facial expressions consistent with the cholinergic burden of disease.

In conclusion, the present study demonstrated that autonomic and behavioral features of the
Social Engagement System are depressed in HIV-infected women. Future studies, guided by
the Cholinergic Hypothesis and the Polyvagal Theory, could evaluate additional measures
dependent on the Social Engagement System to expand on these findings.

The current study focused on female participants only. Although there may be gender
differences in baseline physiological state and/or affect recognition, the effect of HIV
serostatus in males may be of interest for future studies, which could then evaluate the
generalizability of the current findings to other adults who are HIV-seropositive.

Longitudinal studies could be designed to examine the covariation of autonomic and
behavioral features with HIV disease progression. For example, in the current study, the
HIV-seropositive group reported significantly more depressive symptoms than the HIV-
seronegative group (see Table 1), but the CESD scores did not function as significant
covariates in the autonomic, auditory processing or affect recognition analyses presented in
this paper (analyses not reported, as these results were likely due to a lack of statistical
power). However, given the extensive literature demonstrating the impact of depression on
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autonomic functioning (e.g., Rottenberg, 2007) and the high correlation between HIV
serostatus and depression (e.g., Ownby et al., 2010) future studies should evaluate the inter
relatedness of depression, HIV disease progression, and autonomic and behavioral indices in
a larger sample size. Although thirty-one participants in the HIV- seropositive group met
diagnostic criteria for AIDS, the present database was insufficiently powered to analyze for
group differences in AIDS status within the HIV-seropositive group. Future studies could
include a larger sample to evaluate the effect of AIDS status on the autonomic and social/
behavioral variables of interest. In addition, research could be expanded to investigate the
specific nature of the debilitating effect of HIV by evaluating such potential mediating
factors as aging/menopause, inflammation, immune senescence, and other medical and
psychiatric comorbidities including substance abuse, trauma/PTSD, and psychosocial and
environmental stressors.
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Highlights

HIV-infected women had less heart rate variability (i.e., RSA)

HIV-infected women had poorer performance on auditory processing task

HIV-infected women had poorer performance on affect recognition task

There was a negative correlation between CD4 and accuracy to detect specific emotions
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Figure 1.
Significant group differences in Competing Words (SE bars), but non-significant differences
in Filtered Words.
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Table 1

Socio-demographic and clinical characteristics for each HIV serostatus group.

HIV-SP (n=61) HIV-SN (n=22)

Age (years) M (SD) = 42.16 (8.1) M (SD) = 38.09 (10.01)

Range = 27-61 years Range = 24-54 years

[ANOVA,F(1, 82) = 3.60, p<.06, ηρ2= .04, observed power = .47]

Highest education

        Did not complete high school n=19 n=7

        Completed high school n=22 n=7

        Some college/college degree/advanced degree n=19 n=7

        Did not report education n=1 n=1

(Independent samples, Mann-Whitney U test, p<.81)

Racial/Ethnic group

        White n=3 n=0

        African-American n=51 n=19

        Latino (non-African American) n=4 n=2

        Other n=1 n=0

        Did not report n=2 n=1

[Pearson Chi-Square (exact), X2 (4) = 1.67, p<.91]

Household income

        Less than $12,000 n=38 n=9

        More than $12,001 n=23 n=13

(Independent samples, Mann-Whitney U test, p<.09)

Body Mass Index (BMI) M (SD)= 30.60 (8.73) M (SD)= 28.07 (7.90)

Range 20.80-57.30 Range 16.10-49.80

[ANOVA, F(1, 82) = 1.57, p<.21, ηρ2= .02, observed power = .24]

WTAR scores M(SD) = 22.67 (10.79), n=54 M(SD) = 27.27 (9.65), n=22

[ANOVA, F(1, 75) = 3.02, p<.09, ηρ2= .04, observed power = .40]

CESD scores [The Center for Epidemiologic Studies M(SD) = 15.66 (10.47), n=61 M(SD) = 9.77 (8.77), n=22

Depression Scale, CESD (Radloff 1977)]
*

[ANOVA, F(1, 82) = 5.53, p<.02, ηρ2= .06, observed power = .64]

Smoking patterns at time of testing Not smoking: n=33 Not smoking: n=10

Currently smoking: n=28 Currently smoking: n=12

[Pearson Chi Square, X2 (1) = .48, p<.49]

Average alcohol use at time of testing Abstaining: n=41 Abstaining: n=9

Light (<3 drinks/week): n=12 Light (<3 drinks/week): n=11

Moderate (3-13 drinks/week): n=5 Moderate (3-13 drinks/week): n=1
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HIV-SP (n=61) HIV-SN (n=22)

(Independent samples, Mann-Whitney U test, p<.09) Heavier (>=14 drinks/week): n=3 Heavier (>=14 drinks/week): n=1

History of violence exposure Past violence reported: n=29 Past violence reported: n=16

Never/no violence: n=18 Never/no violence: n=3

[Pearson Chi Square, X2 (1) = 3.16, p<.08] Missing: n=14 Missing: n=3

Nadir CD4 distribution (n=55) M (SD)= 291.33 (168.57)

Range 3-736

CD4 at time of research session (n=61) M (SD)= 437.56 (321.29)

Range 2-1684

<200: n =12

200-349: n =17

350-499: n =13

>500: n =19

Viral load [(log10(VL)] at time of research session (n=61) M(SD) = 3.07 (1.31)

Range 1.68-6.28

ARV adherence <95% compliance: n =15

95% or higher compliance: n =32

Not applicable n =13

Data not available n = 1

Duration of HIV at time of research session 23.41 years: n=1

15 – 19.99 years: n=10

10 – 14.99 years: n=27

5 – 9.99 years: n=16

4 – 4.99 years: n=7

Duration of AIDS at time of research session 10 - 14.08 years: n=12

5 – 9.99 years: n=3

1.54 – 4.99 years: n=13

*
group differences were significant at p<.05
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Table 2

Descriptive statistics of physiological variables for each HIV serostatus group.

RSA (sd) HR (sd) Respiration Rate (sd)

Initial baseline analyses only

    HIV-SN (n=20) 5.91 (1.62) 76.02 (12.70) 18.25 (3.73)

    HIV-SP (n=60) 4.95 (1.56) 77.72 (10.64) 17.69 (3.51)

Repeated measures analyses Initial baseline

    HIV-SN (n=19) 5.98 (1.63) 75.29 (12.62) 18.58 (3.52)

    HIV-SP (n=50) 5.05 (1.60) 77.55 (11.03) 17.33 (3.52)

Pre-DARE baseline

    HIV-SN (n=19) 6.12 (1.27) 70.96 (11.50) 18.87 (3.71)

    HIV-SP (n=50) 5.53 (1.67) 73.03 (10.25) 16.91 (3.40)

Post-DARE baseline

    HIV-SN (n=19) 6.20 (1.42) 70.32 (11.65) 19.23 (4.19)

    HIV-SP (n=50) 5.50 (1.62) 72.88 (9.98) 16.80 (3.61)
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