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Abstract

Most studies of psychosocial predictors of disease progression in HIV have not considered 

norepinephrine (NE), a neurohormone related to emotion and stress, even though NE has been 

related to accelerated viral replication in vitro and impaired response to ART. We therefore 

examine NE, cortisol, depression, hopelessness, coping, and life event stress as predictors of HIV 

progression in a diverse sample. Participants (n = 177) completed psychological assessment, blood 

draws (CD4, viral load (VL)), and a 15-hour urine sample (NE, cortisol) every 6 months over 4 

years. HLM was used to model slope in CD4 and viral load controlling for ART at every time 

point, gender, age, race, SES, and initial disease status. NE (as well as depression, hopelessness, 

and avoidant coping) significantly predicted a greater rate of decrease in CD4 and increase in VL. 

Cortisol was not significantly related to CD4, but predicted VL increase. To our knowledge, this is 

the first study relating NE, in vivo, to accelerated disease progression over an extended time. It 

also extends our previous 2 year study by relating depressed mood and coping to accelerated 

disease progression over 4 years.
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Introduction

There is considerable unexplained variation in the course of HIV (1, 2, 3, 4). It is plausible 

that psychological (5, 6, 7, 8, 9) and physiological (2, 10, 11, 12) correlates of stress, distress 

and coping may account for some of this unexplained variation, directly and/or via 

behavioral pathways (13). Individuals living with HIV, particularly women, have 

disproportionately high rates of trauma exposure and PTSD (14). Many studies have found 

associations between trauma exposure (15), PTSD (16), and immune and endocrine 
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alterations, which may also account for variability in HIV progression (17). Stress has been 

shown to predict more rapid CD4 cell decline (18, 17) and viral load increase (19), as well 

as the presentation of clinical symptoms (20), and progression to AIDS (10). Stressful life 

events have been found to be inversely related to medication adherence (17) and greater 

levels of perceived stress predict reduced effectiveness of antiretrovirals (7). Similarly, 

depression has been related to poorer trajectory of CD4 cells and viral load (3, 19, 21, 22, 

23, 24), AIDS onset, and mortality (1, 3, 17, 25). Prospective coping studies have related 

avoidant coping responses to stress to greater CD4 decline (19), progression to AIDS (20, 

2), and mortality (20). The more recent prospective studies have established these 

relationships with HIV disease progression even in the era of widespread availability of 

highly active antiretroviral therapy (HAART), in diverse samples, and accounting for 

medication adherence (26, 19, 27), but have yet to be established over longer follow-up 

periods.

The physiological mechanisms linking psychological stress responses to disease outcomes in 

HIV remain largely unknown (4, 28). It has been suggested that the stress hormones cortisol 

and norepinephrine (NE) may represent potential pathways linking psychological stress 

response to health outcomes in HIV (29). This is illustrated in Figure 1. (Figure 1 also 

includes other pathways, not tested in this paper, such as health behaviors, which are part of 

our overarching model). Both cortisol and NE can directly reach HIV-infected cells via the 

plasma, and can interact with receptors on macrophages and lymphocytes, thereby 

influencing the immune response (30). Interestingly, in vitro studies have shown that high 

levels of NE also enhance viral entry into target lymphocytes and increase viral replication, 

via the mechanisms of upregulated cell surface expression of the viral coreceptors CXCR4 

and CCR5, and enhanced transcription of HIV genes by cellular transcription factors (31, 

32, 33). One such study reported a ten-fold HIV replication rate in NE-exposed cells (34). In 

animal models of HIV, social stress is associated with greater viral replication, via increased 

density of sympathetic innervation of lymph nodes (35). In addition, higher levels of NE 

have also been associated with impaired response to HAART (36, 7). However, no one has 

determined whether levels of NE predict faster disease progression in vivo. Cortisol has 

been shown to predict disease progression in HIV (2, 10) and has been associated with down 

regulation of the immune system (37) and increased HIV infection of lymphocytes (38). 

However, in vitro virology studies show minimal impact of glucocorticoids on viral 

replication rates (38, 39), and the 2008 review by Cole notes that there is mixed evidence of 

glucocorticoid regulation on HIV replication in vitro (30), thus further study is necessary for 

the predictive ability of cortisol.

Thus, the main purpose of this study was to examine the prospective relationships between 

the stress hormones cortisol and especially NE (since there is much less literature about it 

and good in vitro evidence of its importance in HIV) and HIV disease progression. In 

addition, the prospective relationships between psychological responses to stress (i.e., 

depression, hopelessness, avoidant coping, and life event stress) and change in the biological 

markers of HIV disease (CD4 cells and viral load) over 4 years of follow-up were also 

examined and were extended to 4 years of follow-up. As antiretroviral medication and 

adherence to these medications substantially influence the course of HIV a comprehensive 

examination of these variables is also presented.
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Methods

Participants

Participants were a paid volunteer sample recruited through physician offices, specialty 

clinics, service organizations and hospitals. Subjects were included in this study if they were 

HIV positive and in the mid range of disease (CD4 cells 150 – 500). Subjects were excluded 

if they had ever experienced an AIDS defining (Category C) symptom, ever had CD4 cells 

below 75, were under age 18, had other life threatening illnesses (e.g. cancer), were actively 

psychotic or suicidal, had dementia or current alcohol or drug dependence.

Design

This study used a longitudinal prospective design where participants were assessed every six 

months for a period of four years. The accrual period lasted 2.5 years, and the study period 

was from 1997 to 2004.

Procedures

At baseline, participants completed written informed consent, psychosocial questionnaires, a 

clinical assessment interview and blood draw for CD4 and viral load assay, and provided a 

15 hour urine sample for cortisol and NE assay. Blood draws were completed in the morning 

to control for diurnal variation. Follow-up visits, repeated every 6 months, included the 

questionnaire battery, brief interview and blood draw and urine collection. Study 

procedures, including informed consent were approved by the IRB. Subjects were paid $50 

for each assessment.

Measures

Disease Progression Markers—CD4 lymphocyte count (CD3+CD4+) was determined 

by whole-blood 4-color direct immunofluorescence using a XL-MCL flow cytometer 

(Beckman/Coulter, Miami, FL). In order to convert the % of total lymphocyte values 

generated by the flow cytometer to absolute count for each subset, the total lymphocyte 

count was determined using a MaxM electronic hematology analyzer (Beckman/Coulter, 

Miami, FL). Serum viral load was measured by determining the number of HIV-1 virions 

per milliliter (ml) of peripheral blood plasma using the Cobas Amplicor HIV-1 Monitor 

RT/PCR assay (version 1.5, Roche Molecular Systems, Branchburg, NJ). The lower limit of 

sensitivity of this assay was 400 copies of HIV-1 RNA/ml of plasma. Flow cytometry for 

CD4 was completed the same day and an aliquot of plasma was frozen and stored at −70°C 

for viral load assay, which was batched and run weekly.

Collection of Urinary Stress Hormones—At study entry and each 6-month 

assessment, participants collected 15-hour urines (from 6 p.m. until the first void the 

following morning). The 15 hour overnight collection time was used to maximize 

compliance, avoid a confound with employment status, and to capture nighttime stress 

hormones which is the period most sensitive to chronic stress (40). Participants stored their 

urine in a container with 1 gram of the preservative sodium metabisulfite which they were 

asked to refrigerate. Samples with volumes of less than 250 ml were excluded from analysis. 

Two samples were aliquoted in tubes (10ml each for the cortisol and NE assays). 
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Concentrated hydrochloric acid (100μl) was added to the tube for catecholamine assay. The 

vials are stored and frozen at −70°C.

Urinary cortisol was determined by radioimmunoassay (Diagnostic System Laboratories, 

Webster, Texas). This assay used a 50 μl of a 500 μl aliquot of urine which was extracted in 

500 μl of dichloromethane and then evaporated to dryness under nitrogen. One ml of I125 

labeled cortisol was added to tubes coated with antibodies, incubated for 45 minutes, 

decanted, and radioactivity quantified for 1 minute using a gamma counter calibrated for 

I125. Cortisol levels in the sample were estimated using a standard calibration curve. Cortisol 

levels were expressed as μg/100 ml of urine. The intraassay and interassay coefficient of 

variance were 8.2 and 9.3% respectively.

Urinary NE levels were determined through the following procedure. Urine was purified and 

extracted using disposable columns filled with Biorex-70 resin (a cationic-exchange 

column) and assayed using High Performance Liquid Chromatography (HPLC; 

Manufacturer ESA) (41). The catecholamines from the extract are separated on a HPLC-

CoulArray system using reverse phase C18, 5ì column and determined by a coulometric 

system. NE levels are expressed as pg/ml of urine. The intrassay and interassay CV were 3.4 

and 7.1 % respectively.

Psychosocial Measures—The Beck Depression Inventory (42), measured depressive 

symptoms and included two subscales of depression: cognitive/affective and somatic. Scores 

above 18 represent moderate depressive symptom levels (43). The Beck Hopelessness Scale 

(44), a 20-item scale was used to measure hopelessness. The COPE (45) measured coping 

with two subscales combined to produce an avoidant coping composite (denial and 

behavioral disengagement). Life event stress was assessed by the Life Events Scale (46) and 

the measure used was the sum of negative events weighted by their impact. Prescribed 

medications and adherence was assessed through interviewer administered AIDS Clinical 

Trials Group Adherence measure (47). The adherence measure used was the percentage of 

missed doses over the past three days dichotomized to identify those achieving an average of 

95% adherence or greater. Demographics and background information were assessed by 

self-report. Cumulative psychosocial measures were averaged over the first four time points.

Statistical Analysis—The main analyses used Hierarchical Linear Modeling (HLM; 48, 

49) to model CD4 and viral load change. HLM was used because it permits control for 

antiretroviral use at each time point, allows for prediction of slope of change rather than a 

single endpoint, and allows for the calculation of expected changes in CD4 and viral load for 

each predictor. In the HLM approach variance in disease progression markers is separated 

into two levels: Level-1 represents a growth model for each individual capturing within-

person change in CD4 and (log) viral load over repeated measurements. Level-2 represents a 

model of inter-individual differences in parameters of individual change and uses between-

person characteristics (e.g. depressive symptoms) to predict change. Thus, systematic 

variability of the slopes at level-1 is modeled by predictors at level-2. Each predictor 

(psychosocial or neurohormonal) was individually tested over and above the covariates 

described in the next paragraph, and not over and above all of the other predictors).
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Covariate Selection: Level 1 covariates included prescribed antiretroviral medication (as a 

time dependent covariate), time since baseline, and the interactions of these terms (for the 

CD4 growth model only). Antiretroviral medications were dummy coded (as HAART1 and 

HAART2) at each time point reflecting three levels: no medication, combination therapy not 

including HAART, or HAART. The demographic covariates and initial disease status 

(baseline CD4 or viral load) were included, a priori, in the Level 2 model for testing the 

slope (the outcome of interest) and remained in both CD4 and viral load models for all 

subsequent analysis. The demographic variables of race (coded 1 = non-Hispanic Caucasian, 

0 = other), gender (coded 1 = male, 0 = female), age, education level (coded 0 = less than 

high school, 1 = some high school, 2 = high school graduate, 3 = trade school or some 

college, 4 = college graduate, 5 = graduate degree) were included as a priori covariates 

relevant to HIV (48, 49). Education level was used as a relatively unbiased indicator of SES 

since income and employment may be affected by advancing HIV disease. All continuous 

variables in the model were centered and all categorical variables were coded with zero as 

the lowest level. As the cortisol and viral load distributions were skewed, their distributions 

were transformed using log10 transformations.

Results

This sample (n = 177) of people with HIV was diverse with respect to gender, age, race, and 

other sociodemographic variables. The sample was 70% male (n = 124) and the average age 

was 38 years (S.D. = 8.88). The racial/ethnic groups were well represented: African 

American 36% (n = 64), Non-Hispanic Caucasian 30% (n = 54), Hispanic 28% (n = 50), and 

Other 5%. Just over half of the sample (n = 97) identified themselves as gay or bisexual. 

This was a well-educated sample with 68% (n =121) of the sample reporting educational 

experiences beyond high school although 18% (n = 32) did not graduate high school. 

Approximately one third of the sample was employed at study entry (19% (n = 33) fulltime 

and 13% (n = 24) part-time), 42 % (n = 75) of the sample were on disability and 15% (n = 

27) were unemployed. Sixty-two percent (n = 110) reported an annual income of $10,000 or 

less. At study entry the average CD4 count was 297 and mean HIV viral load was 44,861.

At study entry 23.2% (n = 41) of the sample were not taking any antiretroviral medication 

although during the follow-up period 10% (n =17) of patients had not taken antiretroviral 

medications during at least one assessment time point. The mean urinary cortisol and NE 

concentration levels (averaged over the first two assessments) were 43.52 ug/100 ml (S.D. = 

40.47) and 46.31 ug/100 ml (S.D. = 27.64) respectively. The demographic and medical 

characteristics of this sample have been described in an earlier study examining the 2-year 

prospective relationships between psychosocial (but not neurohormonal) variables and HIV 

disease progression (19).

The mean BDI score for the sample at study entry was 11.13 (S.D. = 8.87) placing the 

sample in the mild range for depressed symptoms (43). The average score on the Beck 

Hopelessness Scale was 4.29 (S.D = 4.34), well below the clinical cutoff for suicide risk in 

psychiatric outpatients (50). The mean score for avoidant coping was 5.76 (S.D = 2.45) 

suggesting that on average participants endorsed avoidant coping strategies with respect to 

HIV related stressors “not at all” to “a little bit”. The mean score for life event stress was 
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-5.05 (S.D = 5.18) indicating that on average our sample had multiple stressful life events in 

the past 6 months.

Prediction to CD4 Change over Time

Basic Model—Table Ia describes the growth curve models estimating the change in CD4 

cells over 4 years. The Level 1 parameters provide the structure of the model identifying the 

Intercept, Slope and the impact of HAART across each of the 9 assessment time points 

(baseline and every 6 months thereafter). The model indicates that average CD4 level at 

study entry (γ00) is 277.54 controlling for other covariates in the model. There is a 

significant linear decrease in CD4 over time (γ10) of 3.00 CD4 cells/month (about 36 cells/

year). There is also significant individual variation in CD4 change over time (χ2 (171) = 

542.8, p < .001). Being on combination therapy (γ20) or HAART (γ30) was also significantly 

associated with higher CD4 cell count. The level 2 parameters provide the estimates of the 

significance of the covariates to the slope of CD4. At level-2, higher baseline CD4 and 

higher education level buffered CD4 decline. Age, gender, and ethnicity were not 

significantly related to change in CD4 cell number over time.

Psychosocial Predictors

Faster CD4 decline was predicted from baseline depressive symptoms, hopelessness, and 

avoidant coping, but not from life event stress (See Table IIa). Recall that each predictor 

(psychosocial or neurohormonal) was individually tested over and above the covariates, and 

not over and above all of the other predictors). When the BDI was restricted to the cognitive/

affective subscale only, the significance of the relationship maintained (γ16 = -.130, t [170] = 

−2.56, p = .012). Cumulative depressive symptoms, hopelessness, avoidant coping, and life 

event stress were all significantly related to CD4 change over time (see Table IIa). The 

cumulative cognitive/affective subscale of the BDI was also significantly related to CD4 

decline ((γ16 = −.21, t [170] = −3.27, p = .05), as were both denial (γ16 = −0.88, t [170] = 

−3.12, p = .003) and behavioral disengagement (γ16 = −0.92, t = [170] = −2.38, p = .019) 

coping.

Neurohormonal Predictors

Urinary cortisol log10 concentration was not significantly related to the rate of change in 

CD4 over time. However, urinary NE concentration predicted a significantly faster rate of 

decline in CD4 cells over 4 years.

Clinical Translation

Decline ratios were calculated to compare the impact of the high and low levels (75th and 

25th percentile) of each predictor on CD4 change and these ratios are presented in Table II. 

Those scoring high in baseline hopelessness experienced almost twice the rate of decline in 

CD4 cells compared to those scoring low in hopelessness. Those scoring high in cumulative 

depressive symptoms lost CD4 cells at three times the rate of those scoring low in 

cumulative depressive symptoms. High initial levels of NE predicted a rate of decrease in 

CD4 cells that was 1.5 times fasters than those with low NE.

Ironson et al. Page 6

AIDS Behav. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Prediction to Viral Load Change over Time

Basic Model—Viral load significantly increased over time (γ10) controlling for covariates 

(See Table Ib). Patients had an average of 4.58 viral load log units at study entry, and 

increased .013 units/month (0.156 log units/year). Individual variation around the slope of 

viral load (change) was also significant (χ2 (171) = 298.50, p < .001) Antiretroviral 

medications were significantly associated with lower levels of viral load. (γ20, γ30). 

Education was the only Level 2 covariate that was significantly related to viral load slope (t 

[171] = −2.74, p = .029). Viral load at baseline was not significantly related to change in 

viral load over time.

Psychosocial Predictors

Higher baseline depressive symptoms, hopelessness, and avoidant coping predicted greater 

viral load increase over 4 years (See Table IIIa), as did both the subscales of avoidant 

coping; denial (γ16 = .25 × 10−2, t [170] = 2.68, p = .008) and behavioral disengagement (γ16 

= .26 × 10−2, t [170] = 2.07; p = .04). Baseline levels of life event stress were not 

significantly related to viral load change. Cumulative depressive symptoms, hopelessness, 

and avoidant coping maintained their significant association with viral load change. The 

cumulative cognitive/affective subscale of the BDI (γ16 = .077 × 10−2, t [170] = 2.01, p = .

045) and the cumulative avoidant coping subscale of denial (γ16 = .31 × 10−2, t [170] = 2.01, 

p = .045) were significantly related to viral load change although behavioral disengagement 

(γ16 = .29 × 10−2, t [170] = 1.70, p = .09) showed only a trend. Cumulative measures of life 

events stress were not significantly related to viral load change.

Neurohormonal Predictors

Both urinary cortisol concentration and higher urinary NE concentration predicted a 

significantly faster increase in viral load over 4 years.

Investigation of Possible Mediation—Our first step in investigating whether the 

neurohormonal variables might mediate the relationship between the psychosocial variables 

and disease progression was to correlate cortisol and norepinephrine with the psychosocial 

variables. None of the correlations with life events stress, depression, hopelessness, or 

avoidant coping were significant (smallest p=.18). Therefore mediation was not possible.

Clinical Translation

Those with high cumulative depressive symptom scores experienced close to a two fold 

increase in viral load as compared to those with low scores. The largest increase ratio (2.50) 

was observed for NE indicating that those high in NE had two and a half times the rate of 

increase in viral load compared to those low in NE. The increase ratios for each predictor are 

presented in Table III.

Medication Adherence

Because of the central role of adherence in optimal management of HIV the main analyses 

were rerun to determine whether the significance of the results were independent of 

adherence. Cumulative self-reported medication adherence significantly buffered the decline 
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in CD4 cells (γ16 = 1.89, t [153] = 2.50, p = .014) and the increase in viral load (γ16 × 10
−2 = 

−1.14, t [153] = −2.89, p = .005). Controlling for medication adherence did not alter the 

significance of any of the relationships found in the main analyses (See Tables IIb and IIIb) 

with the exception that cumulative Life Events Stress which had significantly predicted CD4 

change and cumulative avoidant coping which had significantly predicted viral load change 

now only showed trends toward significance (p’s < .1).

Discussion

This is the first study of which we are aware to relate baseline levels of the stress hormone, 

NE, to decline of CD4 cells and an increase in HIV viral load over 4 years of follow-up, 

suggesting that higher initial levels of NE predict accelerated disease progression in people 

living with HIV. These results maintained controlling for the effects of antiretroviral 

medications at each of 9 assessment time points and for the cumulative effects of medication 

adherence. In addition, these effects cannot be explained by age, gender, SES, ethnicity or 

initial disease status. Those with high initial levels of NE lost CD4 cells 1.5 times faster and 

increased viral load 2.5 times faster than those low in NE. These findings are consistent with 

the in vitro studies showing that high levels of NE enhance HIV viral replication, viral gene 

expression (31, 33) and endothelial adhesion by HIV-infected leukocytes (51), and are 

related to impaired response to protease inhibitors (7) and to HAART (36). Cortisol was not 

significantly related to CD4 but was related to viral load change over time. This contrasts 

with the findings of Leserman and colleagues who reported that serum cortisol levels 

significantly predicted the development of AIDS and mortality in a sample followed for 9 

years (2; 10). The interpretation of these results is unclear although possible explanations for 

these discrepant findings may lie in the fact that the current study differed from the 

Leserman study in several important ways: the current study utilized 15 hour urinary 

cortisol, collected from a larger diverse sample, recruited at the mid-range of disease, and 

utilized disease progression markers. Whereas the Leserman study used serum cortisol, in a 

group of gay/bisexual men, many of whom were at an earlier stage of disease progression, 

and predicted the development of AIDS. As cortisol is dysregulated in HIV infection (52, 

53, 54) its predictive power may be increased by recruiting participants at earlier stages of 

disease. Consistent with our findings, however, the literature reviewed in the introduction 

(especially Cole’s work and review) suggests that NE may have more of an effect in HIV 

than cortisol.

Our psychosocial findings indicate that baseline and cumulative measures of depressive 

symptoms, hopelessness, and avoidant coping predict accelerated HIV disease progression 

over 4 years. Cumulative measures of life event stress also significantly predicted greater 

decrease in CD4 cells over the same time period although this effect was no longer 

significant when medication adherence was controlled. As with the neurohormonal findings 

these results are strengthened by the careful control for the effects of antiretroviral 

medication at every time point and by the additional control for adherence and 

sociodemographic characteristics. These results extend our previous findings that 

established the psychosocial relationships over 2 years of follow-up (19) and extend the 

results of previous studies (2, 10) to a cohort recruited and followed entirely during the 

widespread availability of HAART. Our finding that high cumulative depressive symptoms 

Ironson et al. Page 8

AIDS Behav. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



predicted three times the rate of CD4 depletion and twice the rate of increase in viral load 

underscores the importance of effective treatments for depression in HIV not just to improve 

quality of life but also for its potential impact on disease progression. In addition, as NE 

pathways are involved in mood (and anxiety) disorders, their effective treatment may be 

particularly indicated in people with HIV especially as the incidence of depressive disorders 

in people living with HIV is very high (55, 56). An increasing number of 

psychopharmacological (57, 58), psychosocial (59, 60) treatments have been shown to be 

effective in treating depressive disorders in people with HIV. Although it is possible that the 

treatment of mood disorders in people living with HIV could be informed by these findings, 

in that antidepressants that impact the noradrenergic pathways may have unanticipated 

consequences for HIV disease progression. Medications that result in increased NE may 

hasten disease progression, whereas those that block adrenergic pathways (e.g. beta-

blockers) may slow disease progression. However, more data is needed before any such 

suggestions could be made. Conversely, cognitive-behavioral stress management 

interventions in HIV have produced significant reduction in distress, and NE may be 

particularly indicated (61). A recent meta-analysis of 15 controlled trials indicates that 

cognitive behavioral interventions, particularly those which teach stress management and 

provide at least 10 sessions, are effective in reducing depression, anxiety, stress, and anger 

in people living with HIV, but had no effect on CD4 count (60). These findings parallel 

those of another meta-analysis of 35 randomized controlled trials of stress management 

interventions, which reduced depression, anxiety, stress, and fatigue, and improved quality 

of life in people with HIV, but had no influence on CD4, viral load, or cortisol (62). In 

contrast, a single study showed that in those beginning with detectable viral load, a cognitive 

behavioral stress management intervention was able to impact significantly on viral load 

(63). However, these null findings pertaining to immune and endocrine outcomes may be 

due to the relatively short study duration and follow-up period of studies examined, as well 

as relatively homogenous participants (largely White males) treated primarily in group 

format, thus future work should address these limitations, as well as examine ART 

adherence, which was an additional limitation of many of these studies.

Although our study found that both psychosocial and neurohormonal variables predicted 

disease progression, the neurohormones did not mediate the relationship between 

psychosocial variables and disease progression, as hypothesized in our starting model. 

Contrary to our expectations the psychosocial variables were not correlated significantly 

with the neurohormones. While this is difficult to interpret, several possibilities could 

account for these findings. They may not truly be related. However, our previous work has 

shown relationships between psychosocial variables and neurohormones, such as spirituality 

and low cortisol (66) and perceived stress and NE (7) and changes in symptoms of PTSD 

and both cortisol and NE (67). This suggests that perhaps we have not measured the correct 

variables in this paper, or our timing needs to be in closer proximity to the stressor.

The current study is limited in that although hormonal and psychosocial variables were 

related to important markers of disease progression (i.e., CD4, viral load) that are known to 

predict clinical outcomes (64, 65) future studies could usefully examine these relationships 

with morbidity and mortality in HIV. Further, several of the psychosocial measures used in 

this study were based upon self-report and are vulnerable to the biases of that methodology. 
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However, the psychosocial measures have established reliability and validity and self-

reported medication adherence was predictive of both viral load and CD4 change in this 

sample providing some measure of its validity.

In summary, these findings demonstrated that higher levels of stress hormones and higher 

levels of psychological stress each contribute to poorer disease course in HIV over 4 years, 

even in the present era of HAART medication. In particular, high NE, feelings of 

hopelessness/depressed mood, and avoidant coping predict an accelerated decline in CD4 

cells and greater increase in HIV viral load.
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Figure 1. 
Hypothesized associations between psychosocial and neurohormonal predictors of HIV 

disease progression.

* indicates the variables included in this analysis

For simplicity, not all arrows are included. There would be arrows from stress and coping to 

neurohormones and disease progression markers.
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