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Abstract: The cortisol response is an important measure of the endocrine activity to environmental 
challenges and has been related to cognitive function and mood. Previous studies have shown that the 
cortisol response to stress is dysregulated in persons with HIV-1 infection. Since cortisol is neurotoxic 
and its levels have been related to cognitive dysfunction in various disorders, it is possible that 
neuroendocrine dysregulation may also be related to cognitive dysfunction in individuals with HIV-1 
infection. The purpose of this study was to test the hypothesis that the cortisol response to an alpha 
adrenergic challenge, cold pressor, is related to cognitive function in HIV-infected injecting drug 
abusers. We used growth curve modeling to study the relationship of cold pressor challenge stimulated 
cortisol response to scores on the modified HIV Dementia Scale (mHDS). To test this hypothesis, we 
assessed the effects of HIV-1 infection on the HDS score directly and indirectly via pattern of cortisol 
response. The analysis showed that HIV-1 infection was directly related to mHDS performance and 
that it also influenced scores on the mHDS by way of individuals’ pattern of cortisol response. Cortisol 
response to �-adrenergic challenge thus may mediate cognitive deficits in individuals with HIV-1 
infection. These findings further emphasize the importance of understanding the role of stress in the 
cognitive problems associated with HIV-1 infection.  
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INTRODUCTION 

 
 Hypothalamic-pituitary-adrenal (HPA) axis activity 
is dependent upon an individual’s level of distress. 
Knowledge of one’s seroconversion to HIV-1 infection 
in the early days before the availability of anti-retroviral 
intervention was considered to be a highly stressful life 
event, but despite the current wide availability of highly 
active antiretroviral therapy, abnormalities in HPA axis 
activity are still observed among HIV-1+ individuals. 
In an earlier report, we proposed that HIV-1 infection 
should now be considered a chronic stressor. Moreover, 
on the basis of various reports, we proposed that 
changes in HPA axis activity may be a consequence of 
molecular mimicry between the HIV-1 genome and key 
control elements of the HPA axis[1]. For instance, it has 
been reported that the corticotrophin releasing hormone 
(CRH) response element binding protein (REB) binds 
to a specific region of the POMC promoter with 
sequence CTGTGCGCGCAG. This POMC promoter is 
100% homologous to a region of the HIV genome 
located just before the gag gene and has a >80% 
homology with the long terminal repeat (LTR) 
region[2,3]. Interestingly, it also has been observed that 
the HIV-pregag sequence can bind in vitro with the 
POMC promoter sequence[4].  

 Dysregulation of cortisol response has profound 
effects not only on behavioral, circulatory, 
endocrine/metabolic and immune functions but also on 
cognitive functions[5-7]. Several studies have reported 
the occurrence of endocrine dysfunctions in HIV-1 
infection[8-12]. ACTH and cortisol are important markers 
of neuroendocrine responses to different physical and 
psychological stressors. These stressors result in 
heightened �- and/or �-adrenergic responses. Both of 
these heightened activities stimulate the HPA axis, 
resulting in an increase in central CRH activity which, 
in turn, stimulates ACTH secretion and is followed by 
an increase in cortisol levels produced by the adrenal 
cortex. Cortisol, in turn, inhibits endogenous ACTH 
and CRH secretion via a negative feedback loop so that 
the deleterious effects of the stressors are curtailed. 
This model provides the theoretical basis for studying 
the effects of stressors on the neuroendocrine system.  
In addition, the attenuated autonomic response 
observed in HIV-1 infection[13] may be another route 
that affects the HPA axis, since integration of the 
central autonomic system with the CNS is essential for 
the activation of the HPA axis[14]. However, the kinetics 
of the cortisol response, rather than absolute 
concentrations of cortisol, are considered to be more 
important in the neurohormonal response to stress and 
successful adaptation to stressors[11]. In order to 
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investigate the cortisol response, even though there are 
a number of behavioral and laboratory paradigms, this 
investigation used the cold pressor challenge since 
possible cognitive complications occurring in HIV-1 
infection may confound the results of behavioral 
challenges involving speech or arithmetic paradigms.  
 Literature on reactivity to different challenges 
(tasks) in cardiovascular research suggests that 
baroreceptors on arteries transmit impulses to the 
central nervous system at frequencies related to 
fluctuating arterial pressure. After processing the 
signals in the nervous system, efferent impulses are 
delivered along with the autonomic nerves (e.g. vagus 
and sympathetic) and are distributed in different organs 
including the heart and peripheral vasculature. 
Catecholamines released at the nerve terminals, in 
response to efferent impulses, influence the rate and 
vigor of cardiac contraction and adjust the resistance to 
blood flow through the vasculature. Thus, autonomic 
signals and neurohormones play an important role in 
the regulation of blood pressure and cardiac function. 
The status of these systems only becomes evident, 
however, in response to challenge and may not show its 
inadequacy under basal conditions. If the observed 
autonomic system dysfunction is a result of HIV-1 
infection, it would indicate a defect in the neural 
circuitry and the response to challenge could be related 
to HIV-1 infection. In cold pressor challenge studies 
where a limb is immersed in an ice/water mixture, HPA 
axis activity can be investigated in terms of plasma 
cortisol levels and the response can be quantified using 
growth curve modeling.  
 Growth curve modeling[15] is a powerful method 
for analyzing change in some parameter of interest over 
time. A variant of structural equation modeling (SEM), 
growth curve modeling allows explicit estimation of 
individual patterns of change over time as a basic level 
variable (analogous to the intercept in standard linear 
regression) and a shape variable that estimates the 
pattern of change over time (analogous to the slope in 
linear regression). This approach allows estimation of 
the effects of external covariates on both the level and 
shape variables (analogous to multivariate analysis of 
variance, or MANOVA), but a distinct advantage of 
growth curve modeling is that the effect of level and 
shape variables on other variables can be estimated (in 
traditional MANOVA, this is not possible). The model 
thus allows great flexibility in estimating patterns of 
change, how variables affect the change and the impact 
of change on other variables. 
 The purpose of this study was to use growth curve 
modeling to examine the covariates and the effects of 
cortisol response in individuals who are HIV-1+ IDUs. 
We specifically evaluated the hypothesis that cognitive 
function in these individuals is mediated at least in part 
by cortisol response. 
 

MATERIALS AND METHODS 
 
Sample: All participants were community residing and 
were recruited from the community and streets of South 
Florida. Participants were between 18 and 50 years of 
age in order to reduce the potential influence of 
increased age on cortisol response. Participants were 
excluded from the study if they had a history of 
diabetes, poorly controlled hypertension, head injury 
with loss of consciousness for more than 30 minutes, or 
a history of major psychiatric illness such as 
schizophrenia or bipolar disorder. Participants (total n = 
293) for this study were in one of three groups: (1) 
HIV-1 positive individuals with a history of injecting 
drug use (IDU; n = 101), (2) HIV-1 negative 
individuals with a history of IDU (n = 130), or HIV-1 
negative individuals with no history of IDU (n = 62). 
All participants gave informed consent prior to 
initiation of the study and all participants were 
financially compensated for their participation.  
 
Drug use inclusion and exclusion criteria: HIV-1 
positive and HIV-1 negative IDUs were required to 
have injected drugs, i.e., heroin or cocaine, at least six 
times in any one year period. Additionally, control 
participants could not have a history of dependence on 
any substance as determined by the Structured Clinical 
Interview for DSM-IV Axis I Disorders[16]. All 
participants were required to have abstained from drugs 
and alcohol for at least twelve hours prior to the study 
and this was verified by self-report and urine toxicology 
screen for drug use. If a participant was found to be 
intoxicated, he or she was rescheduled for the study at a 
later date. 
 
HIV infection inclusion and exclusion criteria: 
Serostatus of HIV-1+ participants was verified by 
examination of laboratory reports. Additionally, PCR 
amplicor method (Roche Diagnostics; the Clinical 
Immunology Laboratory in the Department of 
Medicine, the University of Miami, School of 
Medicine) was used to quantify peripheral plasma viral 
load. HIV-1+ participants were free of any AIDS-
defining symptoms at the time of the study. Verification 
of HIV seronegative status was not available as part of 
this study.  
 
Measures: General cognitive performance was 
measured with the modified HIV Dementia Scale 
(mHDS)[17]. The Modified HIV Dementia Scale omits 
the Attention category, making the modified scale more 
ideal for administration by the psychometrician. This 
scale is a screening measure consisting of 4 items 
measuring speed of information processing, short-term 
memory and visuoconstructive abilities. This measure 
is sensitive to the cognitive deficits associated with 
subcortical dysfunction commonly found in persons 
with HIV infection.  
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Cold pressor challenge: The cold pressor challenge 
was performed between 8:00 a.m. and 11:00 a.m. On 
arrival, an indwelling venous catheter for drawing 
blood was placed in the antecubital vein of each 
participant. After twenty 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 (T0) of cortisol. The cold pressor challenge was 
then administered. Participants placed their entire hand 
in an ice/water mixture (three parts ice and one part 
water) for two minutes. Following completion of the 
cold pressor challenge, four additional blood samples 
were collected at ten minutes (T1), fifteen minutes (T2), 
thirty minutes (T3) and fifty minutes (T4) after 
baseline. Samples of blood were immediately 
centrifuged at 4oC and the plasma obtained was 
aliquoted, stored at -80oC until assayed.  
 
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 µl of plasma was 
added directly to cortisol antibody coated tubes, 
followed by the addition of 500 µl of cortisol[I125 ] 
reagent and mixed. The mixture was incubated for 45 
minutes in a water bath at 37o C. The tubes were 
centrifuged and decanted and radioactivity was 
determined in an automatic gamma-counter (Perkin-
Elmer, Model 1470). The minimum detection limit of 
this technique is 0.3 µg of cortisol per dL of plasma. 
The intraassay and interassay coefficient of variance are 
5.3% and 11.5% respectively.  
 
Data Analysis: Demographic measures for individuals 
included in this study were developed using SAS 
statistical software (Cary, NC: SAS, Inc.). Growth 
curve models were estimated using Mplus software 
(Los Angeles: Muthen & Muthen). Natural log 
transformed values of cortisol concentrations at the five 
time points were used to estimate a growth curve model 
that included level and shape terms. Coefficients for the 
shape term were empirically derived through a process 
of model testing after having visually inspected the 
actual curves of cortisol response for the groups of 
HIV- 1- and HIV-1+ individuals and for those with and 
without a history of intravenous drug use. After the 
growth curve model was estimated, it was further 
evaluated after inclusion of potentially confounding 
variables in the model through regressing them on the 
level and shape terms. This procedure allowed the 
model to take into account differences in cortisol level 
and pattern of stress response related to history of 
intravenous drug use, gender, age, abstinence from 
cocaine, recovering status and depression. Each of these 
variables has been shown to be related to hypothalamic-
pituitary-adrenal (HPA) axis response previously[3,18,19]. 
The direct and indirect relation of HIV serostatus on 

cognitive performance on the HDS was then evaluated 
by estimation of the direct and indirect, or mediating, 
relation of HIV status to HDS score. The indirect 
relation was evaluated via both the level and shape 
terms in the model (Fig. 1). 
 

 
Fig. 1: Pattern of cortisol response for HIV-1 infected 

and uninfected individuals without correction 
for confounding variables 

 
RESULTS 

 
 Descriptive data for the sample included in data 
analyses are presented in Table 1. Pattern of cortisol 
response to cold pressor challenge in individuals with 
and without HIV-1 infection is presented in Fig. 1. It 
can readily be seen that pattern of response for those 
with and without HIV-1 infection are substantially 
different. Given the number of potentially confounding 
variables that might have affected group differences, it 
was judged important to assess the effect of HIV-1 
infection on cortisol function with a more complex 
strategy. This strategy, the latent growth curve (LGC) 
model, allowed simultaneous assessment of both level 
and pattern of cortisol response and the extent to which 
cortisol response was related to cognitive performance. 
 The LGC model that tested the hypothesis that 
cortisol response mediates the relationship between 
cognition and HIV-1 infection is graphically illustrated 
in Fig. 2. It can be seen that, after adjusting the HDS 
score for age, education, gender, intravenous drug using 
status and depression, the relationship between HIV 
status and HDS score remains significant. In addition, 
the relationship between cortisol response and HDS 
score is significant, as well as the relationship between 
HIV status and cortisol response. 
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Table 1: Descriptive information and group comparisons 
Variable  HIV- HIV+ t (df) p 
Age in years, mean (SD) 33.9 (8.6) 39.1 (5.3) -5.50 (291) < 0.001 
Education in years, mean (SD) 12.8 (2.2) 11.6 (2.1) 4.47 (291) < 0.001 
BDI total, mean (SD) 8.4 (9.3) 12.4 (10.0) -3.40 (288) < 0.001 
HDS total, mean (SD) 9.4 (2.5) 7.1 (3.1) 6.64 (291) < 0.001 
Cocaine abstinence in weeks, mean (SD) 1,116.0 (1060.3) 145.9 (377.0) 8.60 (253) < 0.001 
Variable HIV- HIV+ �2 (df) p 
Men/women 89 / 103 64 / 37 7.68 (1) 0.01 
Recovering no/yes 137 / 55 101 / 0 35.62 (1) < 0.001 
IV drug use no/yes 130 / 62 0/ 101 122.93 (1) < 0.001 
White/Black/Hispanic 43 / 92/ 57 12 / 77 / 12 22.01 (2) < 0.001 

 

 
 
Fig. 2: Lines indicate relations estimated in the model. 

Bold lines are statistically significant (ps < 0.05). 
Extra bold lines between HIV status and HDS 
scores indicate the direct and indirect paths 
tested in the model. Explanation of variables: 
HIV Status = whether subject was HIV 
seropositive; IDU status = whether subject had a 
history of injecting drug use; Gender is self 
explanatory; Age = age in years; Abstinence = 
time since last use of cocaine; Recovering = 
whether IDUs described themselves as in 
recovery; BDI = total score on the Beck 
Depression Inventory 

 
DISCUSSION 

 
 The purpose of this study was to test the hypothesis 
that the cortisol response to stress mediates the relation 
between HIV serostatus and cognitive function. Our 
results show that differences in the pattern of cortisol 
response to stress are related to HIV serostatus and that 
the relation between serostatus and HDS performance 
may itself be partially mediated by the indirect relation 
between the serostatus and cognitive performance by 
way of cortisol response. These results are thus 
consistent with our hypothesis and imply that deficits in 
cognitive function related to HIV-1 infection may result 
from neuroendocrine system dysfunction.  
Exposure to elevated cortisol levels is associated in 
healthy adults with physical and psychological distress 

and can cause reversible impairments in some aspects 
of verbal memory performance[20]. Our findings show 
similar results since the mHDS also measures 
declarative verbal memory. Glucocorticoid (GC) levels 
(reflected by cortisol levels in humans) are elevated for 
prolonged periods in HIV-1 infection[21]. Given the 
close significant relation between cortisol response to 
stress, HIV serostatus and cognitive function, the 
findings from the present study present suggestive 
parallels to these previous findings. It thus seems 
reasonable to infer that dysregulated cortisol response 
in HIV infection may be an important link between 
widely-observed cognitive deficits to infection.  
 Although the exact mechanism for the relations 
among serostatus, cortisol response and HDS is unclear, 
high GC levels are known to have adverse effects on 
the CNS[7]. GC-mediated effects are pronounced on 
several areas of the brain, especially the hippocampus, 
leading to atrophy of hippocampal dendrites and neuron 
loss. Studies using high resolution MRI show that 
decreases in hippocampal volumes in depression, 
Cushing=s syndrome and PTSD (all conditions in 
which individuals are known to have high cortisol 
levels) are related to the duration of disease[22]. 
Although such high resolution studies have not yet been 
extensively carried out in HIV-1+ individuals, 
investigations using MRI even at low-resolution show 
widespread neuroanatomic defects among individuals 
with MCMD[23,24]. Multiple lines of evidence thus 
indicate that chronic exposure to high cortisol levels 
can lead to neuroanatomic deficits, the behavioral 
effects of which are revealed in psychometric testing. 
 GC, the end-hormone of the HPA axis, (cortisol in 
humans and corticosterone in rats), is secreted in an 
ultradian pulsatile fashion with secretory episodes 
occurring with a constant frequency but with a variable 
amplitude. Increased level of GC depend on the 
amplitude of these episodes as pulsatile frequency 
remains constant. The circadian, as well as stress-
related increases in GC levels, result from increases in 
the amplitude of secretory episodes[25]. These activities 
are regulated at the level of the hypothalamus, in 
particular in the parvocellular component of the 
paraventricular (PVN) nuclei. In normals the 
neuroendocrine stimulation of increased GC levels is 
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counteracted by corticosteroid receptor mediated 
negative feedback which promptly brings down the GC 
levels. Data suggest that three separate regulatory 
mechanisms coordinate the adrenal secretions. The first 
mechanism is the circadian rhythm of basal activity and 
is derived from the suprachiasmatic nucleus. The 
second mechanism deals with stress induced changes in 
the HPA axis and involve afferent inputs from brain 
regions including noradrenergic enervation from brain 
stem A1 and A2 cell groups and the locus ceruleus, 
amygdala, cerebral cortex and hippocampus. The third 
mechanism for the negative feedback is exerted through 
corticosteroid receptors of both high (type I, 
mineralocorticoid receptors, MR, kD = 0.5 nM) and low 
affinities (type II, glucocorticoid receptors, GR, kD = 
5.0 nM). These systems are necessary to regulate a 
wide range of GC levels. Recent studies show that 
corticosteroid receptors are present on lymphocytes and 
their mRNA gene expression can be used to quantify 
their activity. However, little data are available on 
corticosteroid-receptors in HIV-1 infection. Our 
unpublished data show that HIV-1 infection may be 
associated with decreased corticosteroid receptor 
mRNA expression in HIV-1 infection. 
 Under conditions of prolonged cortisol secretion, 
HPA axis failure can take place either due to glial 
hypertrophy or to a depletion of adrenergic stores in the 
locus ceruleus neurons and a possible GC-induced 
neuronal loss in the hippocampus[18,26]. Several reports 
suggest that the effects of cortisol on cognition can be 
paradoxical since both the high (as in Cushing's 
syndrome) and low levels of cortisol (Addison's 
disease) have been reported in subjects with cognitive 
dysfunctions[27,28]. Emerging evidence suggests that 
there may also be a disturbance in the circadian rhythm 
of GC in HIV-1 infection that leads to higher plasma 
cortisol levels in the evening[29,30]. GC resistance is 
reported to exist in about 17% of HIV-1+ subjects and 
may result in a decoupling of circulating cortisol levels 
and corticosteroid receptor activity[31]. GC resistance 
can result from: a) a defect in translocation of GR 
receptors from the cytoplasm to the nucleus[32,33] b) an 
increased and prolonged CRH concentration 
presumably due to defective glucocorticoid negative 
feedback; and c) inflammatory cytokine induced 
hypercortisolemia. In addition, a novel complication 
has been introduced in this area by studies showing that 
an HIV auxiliary protein, vpr (viral protein R), interacts 
with glucocorticoid type II receptors[34,35]. Recent in 
vitro transfection studies[36] looking at HIV-vpr gene 
expression suggest that vpr can induce cortisol 
resistance.  
 These lines of research show that a number of 
possible mechanisms could account for the observed 
mediation of cognitive status and HIV-1 infection via 
cortisol response. Chronically high GC levels may lead 
to neurohormonal dysregulation by way of several 
pathways. The same chronically high GC levels may 

also be related to neuroanatomic changes in brain areas 
related to cognitive function. These relations may thus 
account for the links shown in this study HIV-1 
between serostatus, cortisol response and cognitive 
function. Although additional investigations on the role 
of the HPA axis in the development of cognitive 
dysfunction in HIV-1 infection will be required to more 
conclusively establish this link, this study shows that 
cortisol response and cognitive function may be closely 
related in individuals with HIV-1 infection. 
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