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Abstract

Background: Previous studies have suggested that HIV-1 infection is associated with neuroendocrine abnormalities including alterations in autonomic
nervous system (ANS) activity. The norepinephrine (NE) response to cold pressor stress, an a-adrenergic challenge, is blunted in HIV-1 infection.
Given the relation of ANS activity to the function of the hypothalamic-pituitary-adrenal (HPA) axis and its role in cognitive functioning, changes in
response to stress may be a factor in HIV-related cognitive dysfunction.

Objective: In this study, we evaluated the NE and cortisol response of persons in three groups:

Design/Participants: We studied stress response in three groups: (1) those with HIV-1 infection and a history of injecting drug use (IDU), those
with HIV-1 infection but no IDU, and a control group of uninfected individuals without a history of IDU. Stress was induced by administering a
neuropsychological test known to induce an immediate increase in NE, the Stroop Color-Word Test. Blood samples were obtained immediately
before and after participants completed the Stroop and then at two intervals over the next 20 minutes. Data were analyzed using mixed-effects
repeated measures models.

Main Measures: Serum norepinephrine, epinephrine, and cortisol.

Results: Analyses showed that those with both HIV-1 infection and history of IDU had a significantly greater NE response to stress that did not return
to baseline over 20 minutes compared to those without infection or IDU history. Epinephrine and Cortisol responses followed similar patterns, but
between-group differences were not statistically significant.

Conclusions: The combination of history of IDU and HIV infection may produce an exaggerated neuroendocrine response that does not quickly
return to baseline levels. Given the potential impact of these on cognitive and physical function in affected these individuals, implementing stress
management techniques with them may be important.
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Introduction

Infection with human immunodeficiency virus, type 1 (HIV-1)
is associated with a variety of clinical manifestations. Neurological
complications are often especially troublesome for affected individuals
and may include memory and other cognitive deficits as well as
impairments in the function of the autonomic nervous system or ANS
[1]. Several studies have shown that individuals with HIV-1 infection
may have multiple disturbances in their response to stress, suggesting
that infection is associated with disturbances in autonomic reactivity
[1,2] that have implications for the effectiveness of treatment [3] as
well as mood and sleep [4,5] and cognition [6].

Stress-induced change in neuroendocrine markers is a widely-used
index of ANS function [7,8]. In an earlier study [2], we used the cold
pressor test to study changes in plasma catecholamines in persons
in the early stages of HIV infection. In this test, persons are asked
to place one of their hands in an ice water bath for 1 to 2 minutes.
Levels of plasma catecholamines are then studied over the next 5 to
10 minutes. This study suggested that persons in the early stages of
HIV infection showed a blunted response to cold pressor stress, with
lower norepinephrine levels at all time points after the stressor. In
addition, results showed that a larger proportion of HIV+ individuals
attained their peak norepinephrine response in the first time period
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after the stressor compared with HIV- individuals. These findings
were interpreted as indicating a dysfunction of the autonomic nervous
system in individuals with HIV infection. The precise relevance of
results from this type of stressor, which involves an unpleasant physical
experience, for other forms of stress, is unclear since this form of stress
is rarely experienced in daily life.

Little is known about the catecholamine response to psychological
stress in persons with HIV-1 infection. The potential of importance
of knowing more about these persons’ reaction to stress is great.
Psychological stress among HIV+ individuals has been related to
markers ofimmunological status and clinical outcomes. Understanding
the autonomic response to stress in HIV+ individuals might contribute
to a greater understanding of this relation.

Experimental methods for inducing stress include a variety
of procedures, each with advantages and risks. Even standard
neuropsychological measures have been shown to induce changes in
levels of catecholamines in persons being evaluated [9]. One simple
and brief measure that induces stress that can be detected by changes
in neuroendocrine function is the Stroop Color-Word Test [10].
Persons asked to do this task typically experience this task as
requiring conscious effort, and it has been shown to be sensitive
to various forms of neuropsychological dysfunction including the
effects of HIV-1 infection [11]. In a previous study, the Stroop task
was shown to induce changes in catecholamine levels in persons asked
to complete it [12].

Psychological stress of the sort induced by situations that require
conscious subjective effort and may be mildly anxiety-provoking is
likely to be a common experience among those infected with HIV. This
type of stress may thus be particularly relevant to understanding the
role of daily stress to immunological function in affected individuals.
A greater understanding of the ways that this sort of stress affects
catecholamine levels might thus be useful in understanding how it
affects the lives of HIV+ individuals. The purpose of this study was thus
to investigate autonomic nervous system reactivity in persons infected
with HIV-1 through assessing differences between infected and
non-infected persons in norepinephrine response to a psychological
stressor the Stroop Color-Word Test.

Method
Participants

Community residing men and women, who were enrolled as part of
a larger study of endocrine responses to stress in persons with HIV-1
infection and/or a history of injecting drug use (IDU), were included
in this study. Participants for the present study included HIV positive
and HIV negative individuals with a history of injecting drug use as
well as control participants. None of the HIV-1 infected participants
had been treated or was currently treated with antiretroviral therapy.
Please note that this was the result of the time during which these
data were collected (1999-2004). Guidelines at the time were that
antiretroviral medications would not be started until a person’s CD4
count was less than 400. Participants were within the age range of 18 to
50 and potential participants were excluded if they reported a history
of head injury with loss of consciousness (>30 minutes), or a history
of major psychiatric illness such as schizophrenia or bipolar disorder,
hypertension or diabetes mellitus.

Participants were considered injecting drug users if they had a
history of regular injecting drug use defined as weekly drug injection
for a period of at least 6 months. Additional use of other illicit
substances via any route was not an exclusion criterion for IDUs.

Information on the duration and time since last use of heroin, cocaine/
crack and marijuana was obtained from all participants. Eligible
control participants did not meet diagnostic criteria for dependence
on any substance, including alcohol, in at least two years. Substance use
data was gathered using the Structured Clinical Interview for DSM-
IV diagnoses, or SCID [13]. All participants were required to have
abstained from drugs and/or alcohol for at least 12 hours prior to each
session. This was verified by self-report and urine toxicology screens. If
a participant was found to be acutely intoxicated, the appointment was
rescheduled for another time. HIV-positive participants were required
to present evidence of their serostatus. Additionally, their plasma viral
load was determined using PCR amplicor method (Roche Diagnostics;
the Clinical Immunology Laboratory in the Department of Medicine,
the University of Miami, School of Medicine). Verification of HIV
seronegative status was not available as part of this study. HIV-positive
participants included in the study were free of any AIDS-defining
clinical symptoms. This study was approved by the University of Miami
Institutional Review Board. All participants gave informed consent
prior to initiation of the study and were paid for their participation.

Psychological (Stroop) challenge

Norepinephrine, epinephrine, and cortisol levels in 88 persons
were assessed after administration of the Stroop Color Word Test [14],
completed between 8:00 am and 11:00 am. On arrival, an indwelling
venous catheter for drawing blood was placed in the antecubital vein of
each participant. After 20-minutes of rest in a reclined position, a 9 ml
sample of blood was drawn in a tube containing EDTA to determine
the resting, baseline level (T1) of norepinephrine, epinephrine, and
cortisol (NE). The Stroop Color Word Test was then administered
according to the Trenerry MR, et al. [14] method. In this version of
the task, subjects are first given an 8 x 10 inch sheet of paper with the
words blue, green, red and tan printed in colors that are consistent
with the word (e.g., “red” is printed in red ink). One hundred words
appear on each page and subjects are asked to read the words aloud as
quickly as possible. In the second part of the Stroop task, subjects are
again given an 8 x 10 inch sheet of paper with the color words, but in
this instance the color of the ink is inconsistent with the word (e.g.,
“red” is written in blue). The subjects are then asked to rapidly state
the color in which the words are printed. This condition requires that
the participant inhibit the automatic response of read the word while
considering the color of the ink. It is typically experienced as requiring
conscious mental effort. Again, 100 words appear on each page. The
test is scored as the number correct.

Immediately after completing the Stroop, a second blood sample of
blood was drawn (T2). Two additional blood samples were collected
at 10 minutes after completion of the Stroop (T3) and again 20
minutes after completion of the Stroop (T4). Samples of blood were
immediately centrifuged at 4°C and plasma obtained was aliquoted
and stored at -80°C until assayed.

Norepinephrine and epinephrine quantifications

Norepinephrine (NE) and epinephrine (EPI) were assayed as
described previously Kumar M, et al., [2]. Briefly, to 1.0 ml plasma,
an internal standard, dihydroxybezylamine (DHBA) 500 pg/50 ul was
added and the mixture was treated with activated alumina (~20 mg)
in the presence of 2 M Tris buffer, pH 8.7, mixed on a Roto shaker for
15 minutes at room temperature and was centrifuged (4500xg for 2
min). The supernatant was discarded and after two cycles of washing
with 0.2 M tris, pH 8.7, norepinephrine was eluted from alumina in
125 ul of 0.1 M glacial acetic acid containing 0.05% EDTA and 0.05%
sodium metabisulphite. NE was assayed using a reverse phase HPLC
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Figure 3: Cortisol levels.
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Table 1: Descriptive statistics for the sample.

HI(\::/;E)U ) HI(\:‘-:;I;;“ HIX:':/GIE)[J * (n:\:lllﬂ) Tests of Between-Group Differences
Mean (SD) Mean SD Mean SD Mean SD Mean SD
Baseline In NE 5.22 0.76 5.45 0.68 5.55 0.90 5.38 0.82 F (2,170)=2.82, p=0.06
Baseline In Epi 2.90 1.13 2.89 1.17 3.08 1.10 2.97 1.12 F (2,134)=0.68, p=0.51
Baseline In Cort 2.18 0.52 2.12 0.55 1.16 0.43 217 0.49 F (2,155)=0.06, p=0.94
Age 31.17 9.13 40.78 7.35 39.00 6.41 35.33 8.97 F (2,133)=20.09, p<0.001
Education 12.92 1.99 11.50 1.50 12.21 1.96 12.49 1.97 F (2,165)=9.11, p<0.001
BMI 28.52 6.46 25.76 6.67 25.95 4.97 27.36 6.02 F (2,166)=6.31, p=0.002
SCW Score 103.40 | 12.13 | 82.22 | 28.46 89.37 18.23 95.58 18.39 F (2,166)=10.38, p<0.001
Counts
Whites 30 12 14 56
Blacks 48 7 46 101
Men 31 15 41 87
Women 47 4 19 70
Table 2: Mixed Effects Model for Norepinephrine.
Fixed Effects
Parameter Estimate Std. Error df t p
Intercept 5.70 0.08 38.11 68.29 <0.001
HIV-/IDU- -0.34 0.12 59.34 -2.82 0.01
HIV-/IDU+ -0.21 0.20 21.95 -1.05 0.31
Table 3: Mixed Effects Model for Norepinephrine Pairwise Comparisons.
Pairwise Group Comparisons
Comparison Mean Difference Std. Error df p

HIV-/IDU+ -0.13 0.20 25.29 0.88
HIV-/IDU-

HIV+/IDU+ -0.34%* 0.12 59.34 0.02

HIV-/IDU- 0.13 0.20 25.29 0.88
HIV-/IDU+

HIV+/IDU+ -0.21 0.20 21.95 0.66

HIV-/IDU- 0.34* 0.12 59.34 0.02
HIV+/IDU+

HIV-/IDU+ 0.21 0.20 21.95 0.66

*Significant terms

separation followed by electrochemical detection (Waters, Alliance
Separation module). Forty microliters of elute from alumina was
injected into Waters 5 um spherical C18 guard and resolve column
and NE was separated using isocratic mobile phase (10% organic and
90% polar) as described earlier [2] at a flow rate of 0.7 ml/min. NE was
detected with electrochemical detected at +0.70 V and identified by
its retention time signal output was defined by area under the curve
that was proportional to NE concentration. The concentrations of NE
and Epi were determined using ratio method using Waters Empower
software and expressed as pg/ml.

Cortisol quantification

A solid-phase radioimmunoassay (RIA) was used to quantify
plasma cortisol concentration using a commercially available kit (DSL,
Webster, TX). Briefly, samples of plasma were defrosted, vortexed and
25 ul of plasma was added directly to cortisol antibody coated tubes,
followed by the addition of 500 pl of cortisol [I'**] reagent and mixed.
The mixture was incubated for 45 minutes in a water bath at 37°C. The
tubes were centrifuged, decanted and radioactivity was determined
in an automatic gamma-counter (Perkin-Elmer, Model 1470). The

minimum detection limit of this technique is 0.3 pg of cortisol per dL
of plasma. The intra- and interassay coeflicients of variance are 5.3%
and 11.5% respectively.

Data analyses

Prior to evaluation of group differences in norepinephrine response,
the distributions of norepinephrine, epinephrine, and cortisol were
assessed across time points. For each, evaluation suggested the need
for log transformation which was done prior to further. The relation
of potential confounding variables, such as age, education, body mass
index, race, and gender to these variables was assessed via correlations,
with those variables having a significant (p<0.10) relation to any of the
dependent variables included as covariates.

We used a linear mixed effects repeated measures model in SPSS 25
(Armonk, NY: IBM Corp.) to assess between-group differences, with
HIV infection and IDU statuses as fixed effects and time, time squared,
gender, race, and age as random effects. Repeated and random effects
were modeled as a heterogeneous autocorrelation structure, with fit
of the model assessed as the smallest value of Akaike’s Information
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Criterion (AIC). Fit of the final model was confirmed via inspection of
the distribution of residuals, which was approximately normal.

Results

Descriptive statistics for the samples included in the study are
presented in table 1. Between-group differences on relevant variables
were assessed with univariate ANOVAs for continuous variables and
the chi-square statistic for categorical variables. These variables were
included in the mixed effects models for NE, Epi, and cortisol. Fixed
effects for group membership and between group comparisons are
presented in table 2. Even after controlling for baseline norepinephrine
level and the other variables included in table 3, individuals who were
infected with HIV-1 had higher norepinephrine levels in response to
psychological stress than uninfected individuals (Figure 1).

Models with the same effects and covariates were created for Epi and
cortisol (Figures 2 and 3), but no effects were statistically significant,
and the models are not presented here. The pattern of norepinephrine,
epinephrine, and cortisol responses between groups is illustrated in
figures 1-3.

Discussion and Conclusion

These results thus show that even after controlling for several
potentially relevant variables, persons with HIV-1 infection elevated
NE levels in response to the psychological stress induced by the Stroop
Color Word test when compared to uninfected individuals. Although
no significant effects of group were obtained, the same pattern of
response, with prolonged elevation at 20 minutes, occurred for
epinephrine and cortisol. Results are thus consistent with differences in
autonomic nervous system reactivity between those with and without
HIV-1 infection as well as other studies showing that psychological
stress is linked to activation of the HPA axis and the function of the
sympathetic nervous system [15].

Limitations of this study include the significant between-groups
differences on variables that could plausibly be important in
participants’ response to the psychological stressor. These include
gender, age, education, and performance on the Stroop itself. Given
the group differences in educational attainment and performance
on the Stroop, it is possible that the observed differences in stress
response over groups were the result of broader differences in
general cognitive ability that might have an impact on coping. While
these potential confounding variables are included as covariates in
the analytic model, it is possible that this strategy may not fully
account for the variables’ impact on participants’ neuroendocrine
response to stress.

The practical significance of these findings is in their suggestion
that individuals with HIV infection and injective drug use may have
an exaggerated response to psychological stress. Elevated levels of
cortisol have been associated with worse cognitive function in the
general population [16,17]. Stress and elevated cortisol may also be
related to the complex of chronic inflammation and other chronic
diseases including diabetes, cardiovascular disease, and depression
[18,19]. Given the effectiveness of stress management interventions
in reducing cortisol levels [20,21], these findings emphasize the
importance of providing persons with HIV better tools for managing
stress.
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