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Abstract
Purpose—HIV infection has been implicated in dysregulation of the autonomic nervous system.

Method—Cross-sectional study examining the relationship between the presence of persistent
detectable HIV viral load with autonomic function, measured by heart rate variability (HRV).
Non-virologic suppression (NVS) was defined as having a detectable viral load for at least 3
months prior to autonomic function testing. HRV was measured during the following 4
maneuvers: resting and paced respirations and sustained handgrip and tilt. Inferences on
parasympathetic and sympathetic modulations were determined by analyzing time and frequency
domains of HRV.

Results—57 participants were enrolled in 3 groups: 22 were HIV-infected participants with HIV
virologic suppression (VS; undetectable HIV viral load), 9 were HIV-infected participants who
had NVS, and 26 were HIV seronegative controls. There were lower time domain parameters in
the HIV-infected group as a whole compared to controls. There were no significant differences in
time domain parameters among HIV-infected participants. There were no differences in frequency
domain parameters during any of the maneuvers between controls and all HIV-infected
participants, nor between the NVS and VS groups.

Conclusion—There were differences in autonomic function between HIV-infected individuals
and HIV seronegative controls, but not between the NVS and VS groups.
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The autonomic nervous system (ANS) is a regulatory structure that helps people adapt to
changes in their environment. This system consists of 2 antagonistic subsystems – the
parasympathetic and sympathetic nervous systems – which are involved in the homeostatic
and physiologic functions. The balance of parasympathetic and sympathetic activity is
crucial to the fitness of the cardiovascular system. Increased sympathetic activation is
associated with metabolic syndrome, hypertension, ischemic heart disease, arrhythmia, and
cardiomyopathy, whereas decreased para-sympathetic activation has been seen with aging
and in baroreflex and chemoreflex impairment.1,2 Impaired ANS, particularly among
patients with cardiovascular disease (CVD) and diabetes mellitus, is associated with
heightened risk of cardiovascular morbidity and cardiovascular and all-cause mortality.3–8

Large epidemiologic studies such as the Atherosclerosis Risk in Communities (ARIC) and
Framingham studies have found an association between autonomic dysfunction and the
incidence of hypertension, cardiomyopathy, arrhythmia, myocardial infarction, coronary
heart disease, and stroke.9–13

The prevalence of any symptoms of clinical autonomic neuropathy in HIV has been variable
among different populations and HIV status and treatment, ranging from 0% to 84%.14–16

Compostella et al found that 19% of treated HIV-infected subjects demonstrated severe
autonomic neuropathy. Symptoms comprised orthostatic intolerance and secretomotor and
gastrointestinal dysfunction. There was no relationship between CD4 cell counts and
autonomic symptom scores.17 Subjects reported symptoms of autonomic dysfunction,
despite normal or borderline autonomic reflex responses.

The Strategies for Management of Anti-Retroviral Therapy (SMART) trial, which assessed
the safety and efficacy of antiretroviral structured treatment interruption (STI) strategies,
showed increased morbidity and mortality from CVD in those who interrupted antiretroviral
therapy (ART) compared to those who continued to receive ART.18–20 One hypothesis to
explain this relatively prompt increase in CVD risk associated with STI is that viremia
induced by discontinuation of ART leads to an increase in cardiovascular autonomic
dysfunction. This cross-sectional study examined the relationship between cardiovagal
autonomic function with the presence of persistent detectable HIV viral load.

METHOD
Subject Characteristics

This cross-sectional study examined the relationship between autonomic function, measured
by cardiovagal heart rate variability (HRV), with the presence of detectable HIV viral load.
HRV was assessed in 3 groups: HIV-infected participants with HIV virologic suppression
(VS), HIV-infected participants who do not have virologic suppression (NVS), and HIV
seronegative participants who serve as a control. Subjects were obtained through a
convenient sample of participants studied at the Hawaii Center for AIDS. Virologic
suppression for the purpose of this study was defined as having an undetectable viral load by
Roche Amplicor testing for the preceding 3 months prior to the autonomic function tests.
Nonvirologic suppression was defined as having a detectable viral load for at least 3 months.
Eligible subjects had to have been on the same highly active antiretroviral therapy (HAART)
regimen for at least 3 months. HAART was defined as an antiretroviral regimen that
contained a minimum of 3 antiretroviral drugs in any of the following combinations: 2
nucleo-side reverse transcriptase inhibitors (NRTIs) and a non-nucleoside reverse
transcriptase inhibitor (NNRTI); 3 NRTIs that included abacavir; 2 NRTIs and a protease
inhibitor (PI); 2 PIs and an NNRTI; 2 PIs and an NRTI; or an NRTI, NNRTI, and PI. The
Human Subjects Review Committee of the University of Hawaii approved the study
protocol, and all subjects signed a written informed consent prior to entry. Exclusion criteria
were as follows: known cardiovascular disease, arrhythmia, pregnancy, hypertension, and
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diabetes. Participants currently taking medication known to influence autonomic nerve
function (such as antihypertensive medications and tricyclic antidepressants) were excluded.
Health characteristics including demographics, clinical exam, past medical history,
medication history, fasting lipid panel, fasting glucose and insulin, HIV RNA viral load,
CD4 cell count, and plasma measurements of cardiovascular markers were obtained.

Heart Rate Variability Analysis
Autonomic function was measured by HRV. HRV was measured in all subjects at 7:00 to
9:00 a.m., after a minimum of an 8-hour fast. Participants rested for 30 minutes before
testing. Electrocardiographic signals were recorded by a bedside electrocardiographic
monitor and transmitted to a personal computer for recording (BioPac Systems, Inc, Goleta,
California, USA). The collection frequency was set at 1000/s. Continuous EKG interbeat
intervals were monitored during the following 4 maneuvers of at least 5 minutes duration
each: resting, paced respirations at 0.2 Hz, sustained handgrip, and tilt. Paced respirations
amplify the respiratory-related vagal (parasympathetic) modulation of the heart rate. Tilt
testing is the most common test of sympathetic vasomotor function. The initial fall in blood
pressure during tilt activates baroreceptors with a subsequent reflex increase in sympathetic
outflow and parasympathetic inhibition. After lying flat, subjects were tilted to 70° heads up.
Static handgrip testing was also conducted to evaluate sympathetic function. Subjects were
instructed to maintain static handgrip (30% of maximal voluntary contraction) for 5 minutes.
Five-minute rest periods were given between each maneuver.

The recorded electrocardiographic signals were retrieved afterwards to measure the
consecutive R-R intervals by using software for the detection of R waves (Acknowledge
3.7.1; Biopac Systems, Inc, Goleta, California, USA). Sinus pause and atrial or ventricular
arrhythmia were deleted and the last 512 R-R intervals were obtained for HRV analysis as
per recommendations from the Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology on autonomic function testing.21

If the percentage of deletion was greater than 5%, the HRV test was excluded from the
study.

HRV was analyzed in time and frequency domains. The time domain parameters, which are
based on simple statistical measures of variability, address the magnitude of variability and
provide information about the vagal (parasympathetic) modulation of the heart, with higher
variability generally reflecting greater parasympathetic modulation. Reduced HRV has
prognostic implications for future cardiovascular disease events.22 Frequency domain yields
information about the amount of the overall variance (or power) in heart period resulting
from periodic oscillations of heart rate at various frequencies. Further separation of
parasympathetic and sympathetic activities can be inferred from the frequency domain
analysis.

The time domain measures were determined as follows. The standard deviation of normal R-
R intervals (SDNN) is the statistical measure of variability or spread of the R-R intervals
around the average heart rate.23 Other time domain measures such as the percentage of
intervals greater than 50 ms different from its predecessor (PNN50) and the root of the mean
square of successive differences (RMSSD) were calculated to capture subtle gradual trends
in heart rate over time. The PNN50 and RMSSD provide additional measures of variability
of the R-R intervals as well as confirmation of the SDNN.

Frequency domain was assessed using power spectral analysis. The power spectrum of the
R-R intervals was obtained by means of Fast Fourier transformation (Matlab version 6.5;
Mathworks Inc, Natick, Massachusetts, USA) and expressed as the area under the curve of
power versus frequency.23 The area under the power spectrum within the range of 0.04–0.15
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Hz and 0.15–0.4 Hz was defined as the low-frequency power (mixed sympathetic and
parasympathetic origin) and high-frequency power (parasympathetic origin), respectively.
The low- to high-frequency power ratio (LF/HF ratio) is thought to provide the best index of
sympathetic modulation in HRV. The normalized high-frequency power (100 × high-
frequency power/total power) was used as the index of vagal modulation and the low-/high-
frequency power ratio was used as the index of sympathetic modulation.24,25

Plasma Cardiovascular Biomarkers
Plasma concentrations of sE-selectin, sVCAM-1, sICAM-1, adiponectin, and tPAI-1 were
measured using a fluorescent-labeled microsphere bead multiplex immunoassay
(LINCOplex; Linco Research, St. Charles, Missouri, USA) according to the manufacturer's
protocols and analyzed using Upstate Beadview (Temecula, California, USA). All
cardiovascular markers were measured in duplicate. The sensitivity of the assays were as
follows: 79.0 pg/mL for sE-selectin, 16.0 pg/mL for sVCAM-1, 9.0 pg/mL for sICAM-1,
56.0 pg/mL for adiponectin, and 1.0 pg/mL for tPAI-1. Intra-assay coefficients of variation
for sE-selectin, sVCAM-1, sICAM-1, adiponectin, and tPAI-1 were 7.5%, 3.8%, 3.8%,
3.4%, and 2.9%, respectively. Inter-assay coefficients of variation for sE-selectin,
sVCAM-1, sICAM-1, adiponectin, and tPAI-1 were 10.7%, 6.8%, 10.6%, 8.3%, and 12.6%,
respectively.

Statistical Analysis
The primary objective was to assess the relationship of autonomic function measured by
HRV between each group. The Shapiro-Wilks normality test was used to assess the
homogeneity of variances between and within the study groups. Categorical variables were
compared using the chi-square test. Continuous variables were analyzed by Wilcoxon rank
test. The correlation between HRV parameters and other continuous variables was assessed
using linear regression. A variance stabilizing transformation was applied to the data when
needed. A 2-sided probability of P < .05 was used to determine statistical significance. All
statistical analyses were performed using the JMP statistical program (SAS Institute Inc,
Cary, North Carolina, USA).

RESULTS
Baseline characteristics of the 57 participants (26 controls and 31 HIV-infected participants,
of whom 22 had virologic suppression and 9 had nonvirologic suppression) are presented
(Table 1). Median duration of HIV infection was 7.0 years for the virologic controlled
group and 10.5 years for the virologic failure group. Median time on ART was 4.2 years for
the virologic controlled group and 6.5 years for the virologic failure group. Neither median
duration of HIV infection nor time on ART was statistically different. Baseline
characteristics were similar among all groups except for systolic blood pressure, current
CD4 count, and CD4 nadir, which were significantly different between the HIV-infected
groups. With regard to the cardiovascular biomarkers, sICAM-1 was higher in the HIV-
infected group as a whole compared to controls. There were no significant differences in
these biomarkers among HIV-infected participants.

The unadjusted time domain results are shown in Table 2. There were lower time domain
parameters in the HIV-infected group as a whole compared to controls. These differences
remained significant during paced breathing and tilt even after adjustment for age and
gender. Among HIV-infected participants, there were no significant differences in time
domain parameters, although there were trends toward significance for SDNN and RMSSD
in the paced breathing. These trends, however, were no longer significant after adjusting for
age and gender.
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Figure 1 displays representative spectral analysis during (a) rest, (b) deep breathing, and (c)
tilt maneuvers. Frequency ranges for LF and HF cutoffs are clearly delineated at each
maneuver. Table 3 shows the spectral analysis between groups during the various
maneuvers. There were no differences between controls and the HIV-infected group in
spectral power parameters during any of the maneuvers. Similarly there were no differences
between the NVS and VS groups.

Further analysis was conducted on the NVS group to determine the correlation between HIV
viral load and autonomic measures (time and frequency domain measurements). Although
none of the measures were statistically significant, there were consistent trends of a negative
correlation between HIV viral load and time domain measures (SDNN, PNN50, and
RMSSD). Similarly there was a trend toward a negative correlation between HIV viral load
and high-frequency power during paced respiration (modulation of parasympathetic
activity). A positive trend on HIV viral load and low- to high-frequency power ratio during
tilt (modulation of sympathetic activity) was seen (Figure 2).

DISCUSSION
This is the first study to examine the ANS with regard to virologic control in HIV-infected
individuals receiving ART. There were differences in HRV between HIV-infected
individuals and HIV seronegative controls. However, there were no differences between the
NVS and VS groups. There were no significant differences in the plasma cardiovascular
biomarkers among the HIV-infected participants. There was a weak correlation between
HIV viral load and frequency analysis parameters, but no correlations between the
autonomic function tests, CD4 count, and CD4 nadir.

HIV-infected patients have a higher prevalence of autonomic dysfunction compared to the
general population.15,26 Symptomatic autonomic dysfunction in HIV-infected individuals is
rare.15,27,28 Sympathovagal imbalance has been reported in ART-naïve HIV-infected
individuals.29 Autonomic dysfunction was reported to occur in 97% of untreated AIDS
patients in Africa.26 Autonomic dysfunction has been associated with HIV infection,
correlating with the severity of HIV disease progression.16,30,31

HIV is thought to alter sympathovagal balance, resulting in increased sympathetic tone. The
exact mechanism by which HIV modulates autonomic function remains unknown but may
involve HIV-induced changes in the brain responsible for ANS function. HIV has a
predilection for the central nervous system and localizes in high concentration in the
hippocampus, basal ganglia, and other regions involved in hypothalamic regulation.32 The
hypothalamus is the basal part of the diencephalon governing the ANS. Intraventricular
injection of gp120 HIV envelope protein in rats impaired function of the suprachiasmatic
nucleus within the hypothalamus. Injury to the suprachiasmatic nucleus has been associated
with increased sympathetic modulation.33 Chimelli et al examined the morphology of
sympathetic ganglia in individuals with AIDS and found inflammatory cells in the
sympathetic ganglia together with evidence of nerve cell degeneration.34 Immunostaining
showed presence of T lymphocytes and an increased number of macrophages. HIV antigens
were detected in macrophages. Additionally, a direct effect of HIV on these ganglia is the
mechanism postulated to cause dysfunction. Cardiac vagal efferent pathways might also be
compromised by peripheral HIV neuropathy leading to sympathovagal imbalance.35

Individuals with AIDS receiving ART have better measures of autonomic function
compared to individuals with AIDS and not receiving ART.35 Correia et al found that during
tilt, the magnitude of increased sympathetic activity was less dramatic in AIDS patients who
were on ART. The investigators speculate that ART may improve autonomic function in
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individuals with AIDS. Markers of immune activation and disease progression correlate
with severity of autonomic dysfunction.36,37

ART may adversely affect the autonomic system. Indinavir, a widely used PI, has been
shown to directly inhibit the GLUT-4 transporter.38 The inhibition of GLUT-4 transporters
can occur within minutes, without any effects on intracellular signaling of insulin.39

GLUT-4 appears to be expressed in neurons localized to the hypothalamic nuclei. It has
been proposed that these transporters might be involved in the hypothalamic glucose-insulin
sensing mechanism and thus in the nervous regulation of metabolism.40 Direct influence of
these transporters can affect ANS activity, although further investigation is necessary in this
area.40 Alternatively, PIs may also directly affect the ANS through a protease mechanism.
Proteases play an important role in promoting and mediating neurodegeneration.41 Protease
activated receptors (PARs) are expressed throughout the brain. PARs such as PAR-2 and
PAR-3 have been found to have the highest densities at the thalamus, hypothalamus, and
striatum.42 The localization of PARs to certain brain regions may predispose these brain
regions to be affected by PIs. The sample size of the HIV-infected groups was not large
enough to compare the various anti-retroviral regimens.

Although limited by small sample size and its observational nature, this study indicated a
trend toward a decrease in parasympathetic modulation as assessed by decreased high-
frequency power in HIV-infected individuals compared to seronegative controls. The
increase in low- to high-frequency power ratio suggests an increase in sympathetic
modulation in HIV infection. The weak correlation between HIV viral load and frequency
analysis parameters suggests a potential association between autonomic function and HIV
viremia. An insufficient power may be the reason for the weak correlation. As the quality of
care improves among the HIV-infected population, it is difficult to find HIV-infected
individuals in virologic failure for more than 3 months. The majority of the subjects with
persistent HIV viremia were on the same antiretroviral regimen for at least 3 months.
Further investigations are warranted, especially evaluating the duration and magnitude of
HIV viremia on autonomic neuropathy. Larger studies measuring autonomic function and
prevalence of autonomic dysfunction symptoms will be needed to quantitate the relationship
between autonomic dysfunction and clinical CVD.

HIV results in alterations in autonomic function. There may be an association between
increasing autonomic dysfunction with increasing HIV viremia. Similar to findings in the
diabetic and coronary heart disease populations, these alterations in cardiovagal autonomic
function may be prognostic of increased cardiovascular disease morbidity and mortality.
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Figure 1.
Representation of spectral analysis during (a) rest, (b) deep breathing, and (c) tilt. HF =
high-frequency power; LF = low-frequency power.
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Figure 2.
Correlation of HIV viral load with frequency domain parameters during (a) paced breathing
and (b) tilt.
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Table 1

Baseline characteristics

HIV negative HIV positive

Control Virologic suppression Virologic nonsuppression All HIV-positive participants

n 26 22 9 31

Males, % 89 91 100 94

Age, years 39.0 (32.5, 40.6) 41.3 (35.7, 49.4) 37.9 (35.4, 44.8) 41.2 (35.6, 47.3)

Ethnicity, % White 58 50 56 52

Duration of HIV infection,
years

– 7.0 10.5

Duration of ART use, years – 4.2 6.5

Body mass index, kg/m2 24.1 (21.7, 28.1) 24.7 (22.8, 26.0) 24.8 (22.0, 27.4) 24.7 (22.8, 26.1)

Heart rate, beats/min 68.0 (60.5, 72.0) 68.0 (60.0, 73.0) 68.0 (64.0, 80.0) 68.0 (64.0, 76.0)

Systolic blood pressure, mm
Hg

110.0 (103.5, 115.0) 106.5 (99.8, 116.8) 119 (113.0, 123.5)** 110.0 (103.0, 120.0)

Diastolic blood pressure,
mm Hg

73.5 (67.5, 78.3) 72.5 (69.6, 81.5) 74.0 (69.5, 79.5) 73.0 (69.0, 80.0)

Nadir CD4, cells/mm3 – 313.5 (248.0, 600.8) 252.0 (37.5, 346.0)** 305 (183, 531)

CD4, cells/mm3 – 532.5 (369.5, 707.5) 252.0 (79.0, 346.0)** 426 (252, 629)

HIV RNA PCR, copies/mL – – 400 (113, 32750)** 0 (0, 111)

Fasting glucose, mg/dL 86.5 (80.8, 92.0) 85.0 (77.5, 91.3) 89.0 (77.0, 91.0) 86.0 (78.0, 91.0)

Insulin, uIU/mL 4.3 (2.8, 7.7) 6.0 (4.0, 8.1) 5.0 (3.5, 11.6) 6.0 (4.0, 7.5)

Homeostasis Model
Assessment (HOMA-IR)

0.9 (0.6, 1.8) 1.2 (0.9, 1.7) 1.1 (0.6, 2.6) 1.2 (0.9, 1.7)

sE-Selectin, ng/mL 23.1 (19.5, 28.8) 21.6 (16.6, 27.5) 22.5 (17.3, 31.1) 22.1 (17.0, 28.7)

sVCAM-1, ng/mL 1115 (956, 1317) 1240 (1000, 1450) 1220 (1065, 1385) 1230 (1023, 1403)

sICAM-1, ng/mL 202.0 (166.0, 246.5) 212.0 (188.0, 279.0) 272.0 (207.5, 310.5)* 229.0 (188.8, 292.0)*

adiponectin, ng/mL 10150 (7463, 14350) 7800 (4660, 16300) 9880 (6410, 13050) 7910 (6033, 13225)

tPAI-1, ng/mL 14.3 (6.7, 20.5) 12.3 (6.5, 26.9) 19.5 (8.4, 26.8) 13.9 (7.6, 25.7)

Note: Continuous variables are displayed as medians (Q1, Q3).

*
P < .05 compared to HIV seronegative controls.

**
P < .05 compared to HIV-infected virologic suppression group.
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