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Objective: This study examined prospec-
tively the effects of stressful events, de-
pressive symptoms, social support, cop-
ing methods, and cortisol levels on
progression of HIV-1 infection.

Method: Eighty-two homosexual men
with HIV type-1 infection without AIDS or
symptoms at baseline were studied every
6 months for up to 7.5 years. Men were
recruited from rural and urban areas in
North Carolina, and none was using anti-
retroviral medications at entry. Disease
progression was defined as CD4* lympho-
cyte count <200/ul or the presence of an
AIDS indicator condition.

Results: Cox regression models with time-
dependent covariates were used adjusting
for race, baseline CD4* count and viral
load, and cumulative average antiretrovi-

ral medications. Faster progression to AIDS
was associated with higher cumulative av-
erage stressful life events, coping by means
of denial, and higher serum cortisol as well
as with lower cumulative average satisfac-
tion with social support. Other back-
ground (e.g., age, education) and health
habit variables (e.g., tobacco use, risky sex-
ual behavior) did not significantly predict
disease progression. The risk of AIDS was
approximately doubled for every 1.5-unit
decrease in cumulative average support
satisfaction and for every cumulative aver-
age increase of one severe stressor, one
unit of denial, and 5 pg/dl of cortisol.

Conclusions: Further research is needed
to determine if treatments based on
these findings might alter the clinical
course of HIV-1 infection.

(Am ] Psychiatry 2000; 157:1221-1228)

Recently, we reported one of the first prospective find-
ings that stressful events and social support were related
to HIV-1 disease progression to AIDS (1). In addition, other
studies have shown that depression may have an impact
on HIV-1 disease progression (2-4). The mechanisms link-
ing psychosocial variables to changes in disease status in
HIV-infected individuals are not well understood. Stress-
ful events and negative affect may be associated with ele-
vated cortisol levels (5, 6), which, in turn, may hasten HIV-
1 disease progression (7-9). Furthermore, studies have
shown that how people cope with stress may alter the
course of HIV-1 infection (3, 10, 11). Therefore, the pri-
mary goal of the present study was to examine how corti-
sol and several coping strategies (e.g., denial), in addition
to stressful events, social support, and depressive symp-
toms, may affect disease progression to AIDS. This current
aim extends our previous observations (1) in several ways.
We have added neuroendocrine function and coping fac-
tors as predictors, we have added baseline viral load and a
larger set of health habit control variables, and we have
studied the same cohort for up to 7.5 years, 2 years longer
than previously.

Past analyses of our ongoing cohort have consistently
pointed to the importance of stressful events in HIV-1 in-
fection. We found that more stressful events were associ-
ated with greater reductions in killer lymphocytes, espe-
cially among those with depressive symptoms (4, 12), and
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greater risk of disease change (after 3.5 years) and progres-
sion to AIDS (after 5.5 years) (1, 13). Likewise, Kemeny and
Dean (14) reported that bereavement before study entry
was associated with more rapid decline in CD4* count
during 3—4-year follow-up.

Considerable interest has been given to the hypothesis
that elevated cortisol levels might hasten HIV-1 progres-
sion by altering T-lymphocyte production of cytokines
(e.g., shift from TH; to TH; cytokines), thereby triggering
destruction of CD4* lymphocytes through programmed
cell death and bolstering HIV-1 viral replication (8, 9, 15).
These hypotheses are somewhat controversial. For exam-
ple, some research indicates that HIV-1 does not promote
a shift in cytokines from TH; to TH» (16, 17). The role of
stress in producing changes in cortisol level, and how such
changes might impact immune status, has not been estab-
lished clinically in HIV-1 infection. Goodkin et al. (6)
found that elevations in plasma cortisol in bereaved HIV-1
infected men were associated with lower lymphocyte pro-
liferative responses to a mitogen. Gorman and colleagues
found that urinary free cortisol levels were positively cor-
related with depressive symptoms and number of HIV-re-
lated medical symptoms at baseline (18) but not to CD4*
count or HIV-1 symptoms at 2-year follow-up (19). To the
contrary, Antoni et al. (20) found that plasma cortisol level
was negatively associated with dysphoric mood and posi-
tively correlated with proliferative mitogen response after
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positive serostatus notification. At the time of entry into
this cohort, we found that HIV-positive men with high
basal cortisol levels had significantly greater stress-associ-
ated changes in immune status than subjects with low
basal cortisol levels (21). Therefore, here we examined
whether elevated cortisol secretion patterns across time
may be associated with an increased rate of HIV disease
progression.

The role of depression in HIV-1 disease progression has
been examined in several longitudinal studies. A 9-year
study of seropositive men showed that baseline depres-
sion was associated with faster progression to AIDS (2)
and that elevated depression at every visit increased the
risk of mortality (22). Data from the Multicenter AIDS Co-
hort Study showed no relationship between baseline de-
pression and AIDS progression (23); however, self-re-
ported depressive symptoms increased 1.5 years before
AIDS diagnosis (24). Mixed findings might be explained by
the reliance on a baseline measure of depression and by
the need to consider other moderating factors (e.g., cop-
ing, social support).

Studies have also reported a link between passive cop-
ing strategies (e.g., denial) and HIV-1 disease progression.
Coping by means of denial was found to correlate with
lower CD4*/CD8" ratios 1 year after serostatus notifica-
tion (10) and with a greater probability of disease progres-
sion 2 years later (3). Less denial and more active coping
strategies (e.g., fighting spirit) were associated with a
lower probability of developing HIV-related symptoms af-
ter 1 year (11, 25).

On the basis of previous findings by our group and oth-
ers, we hypothesized that an increased risk of AIDS would
be associated with more cumulative average stressful
events, coping by means of denial, depressive symptoms,
and higher cortisol levels as well as less cumulative aver-
age satisfaction with social support. We also examined
how cortisol and coping might explain or modify the ef-
fects of stressful events on disease change. Our study de-
sign has several notable features: 1) stressful life events
were measured by interviewer-based contextual ratings,
2) all subjects were asymptomatic and not using antiretro-
viral medications at entry, 3) analyses controlled for base-
line viral load and a wide set of health habits that could
explain our findings, 4) subjects were studied every 6
months for up to 7.5 years, and 5) protease inhibitors were
not taken before AIDS progression. This study should shed
light on possible psychological and pharmacological in-
terventions for HIV-1 infection.

Method

Subjects

Data were collected in North Carolina as part of an ongoing
longitudinal study, the Coping in Health and Illness Project. The
study group included 82 homosexual men with HIV-1 infection
recruited from rural and urban areas of North Carolina. At study
entry, all subjects were clinically asymptomatic with CD4* lym-
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phocytes >200/ul (defined as clinical stage A by the Centers for
Disease Control and Prevention [CDC]). No subject was using an-
tiretroviral medications at entry. Men were assessed at 6-month
intervals for up to 7.5 years (16 visits). All subjects had at least two
visits (mean number of visits=10.63, SD=4.49).

To avoid confounding the measurement of the immune and
neuropsychological measures, we excluded subjects with 1) less
than 10 years of education, 2) ages less than 18 or greater than 51,
3) previous intravenous drug use, 4) significant medical illness
(e.g., heart, lung, or kidney disease), 5) preexisting neurological
disorder/trauma, 6) past treatment for alcoholism or current in-
take of more than 60 alcoholic drinks/month, 7) present or past
heavy recreational drug use, and 8) use of antiretroviral medica-
tions at entry. Determination of homosexuality was based on self-
report. The study was approved by the University of North Caro-
lina School of Medicine’s Committee for the Protection of the
Rights of Human Subjects. After complete description of the
study to the subjects, written informed consent was obtained.

Procedure

Subjects were evaluated every 6 months in the General Clinical
Research Center at the University of North Carolina, Chapel Hill.
All subjects were asked to abstain from over-the-counter medica-
tions known to affect immune response, recreational drugs, and
any alcohol consumption for at least 2 weeks before each study
visit.

Subjects took nothing by mouth starting at 12:00 midnight be-
fore blood drawing the following morning. Subjects were recum-
bent, and an intravenous line was inserted at 8:30 a.m. in an an-
tecubital vein and was maintained patent with a slow, normal
saline drip. After a 30-minute acclimation period, four blood
samples were drawn at 20-minute intervals. Cortisol measure-
ments were made at each time point to obtain an integrated basal
cortisol determination (26). The mean of the four values was used
in analyses.

Measurement

All variables were measured every 6 months except social sup-
port, which was assessed yearly. More details on the measures
have been presented previously (4, 12, 13).

Stressful life events. To obtain a list of stressful life events and
difficulties, we modified the Psychiatric Epidemiology Research
Interview (27). Stressors were objectively rated by using a manual
of norms and vignettes, a methodology similar to that developed
by Brown and Harris (28). Norms for each stressful event were
based on the degree of threat that most people would experience
given the particular circumstances (e.g., financial impact, life
threat, personal involvement). The objective threat rating was
made independently of the subject’s rating in order to reduce the
possibility that worsening disease might lead to higher stressful
event scores.

One of two trained raters (previously shown to have high inter-
rater reliability) (12) used the manual to rate the impact of each
stressor from 0 (no threat) to 4 (severe threat). All ratings were
summed at each visit, except that we removed stressors that were
likely to be caused by disease progression (e.g., drop in CD4*
count, retirement due to worsening of HIV-1 infection).

Depressive symptoms. Severity of depressive symptoms was
measured with the interviewer-based Hamilton Depression Rat-
ing Scale (29), with previously reported high intraclass correlation
(0.99) (4). We eliminated six of the 17 medical symptom items
(e.g., somatic symptoms, weight loss, retardation) that over-
lapped with symptoms of HIV-1 disease to help avoid confound-
ing the measure with disease progression.

Support satisfaction. To assess satisfaction with social support,
we administered the Brief Social Support Questionnaire of Sara-
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son et al. (30) on a yearly basis (Cronbach’s alpha at baseline=
0.89) (31). Ratings signify the individual’s level of satisfaction with
support received and could range from 1 (very dissatisfied) to 6
(very satisfied). Support scores at the previous yearly interval
were used to estimate scores at each 6-month visit. Correlations
between visits 1 year apart ranged from 0.38 to 0.80.

Coping. Coping was assessed by using selected scales from the
COPE (32). Subjects were asked to indicate on a 4-point scale
(where 1=“not at all” and 4=“very much”) how they “generally
cope with or handle the threat of getting AIDS.” For this study, we
examined three coping strategies (each consisting of four items):
1) planning (e.g., “I try to come up with a strategy about what to
do”), 2) positive reinterpretation and personal growth (e.g., “I try
to see it in a different light, to make it seem more positive”), and
3) denial (e.g., “I pretend that it hasn’t really happened”). We pre-
viously reported high Cronbach’s alpha reliabilities for these
scales (range=0.82-0.88) (33).

Cortisol. Serum cortisol concentrations were measured by using
a commercial radioimmunoassay kit (Cortisol Solid Phase Com-
ponent System, Becton Dickinson, Mountain View, Calif.). Sam-
ples obtained at each time-point were assayed in duplicate. Fol-
lowing the kit instructions, a logit-log transformation was
graphed and the concentration of cortisol was determined by in-
terpolation from the standard curve of the percent trace level
binding (B/Bo) versus pg/dl cortisol. The sensitivity of the assay
was 0.07 pug/dl.

HIV-1 disease stage. All of the men knew their HIV-1 status at
baseline, which was confirmed by HIV antibody screening
through enzyme-linked immunosorbent assay and Western blot
testing. We defined disease progression as the first time-point
when a subject met the CDC AIDS surveillance case definition
(34), i.e., reduction in CD4* lymphocytes to below 200/pul or the
presence of an AIDS indicator condition. A comprehensive phys-
ical examination was completed every 6 months by a clinician
trained to assess HIV-1 disease stages. Peripheral blood CD4*
lymphocyte counts were performed by flow cytometry that used
commercially prepared monoclonal antibodies (Becton Dickin-
son). Absolute CD4* count was derived from CD4* cell percent-
ages x total lymphocytes x 100.

Control variables. To adjust for disease status at entry, we con-
trolled for CD4* count and viral load at baseline. Serum HIV RNA
viral load was determined from archived samples by using the
Roche Amplicor Monitor assay (Branchburg, N.J.). The lower limit
of quantification for this assay is 400 copies/ul. Logarithmic
transformation (base 10) was performed on viral load because the
distribution was skewed and contained outliers. We were unable
to get archived serum samples on two subjects. For one subject,
we used his 6-month serum sample to estimate viral load at entry.
The other subject was given a viral load value that was based on
the median value of subjects with a similar CD4* count at entry,
since the correlation of CD4+ and viral load was -0.49 (df=1,
p<0.0001).

The number of antiretroviral medications (e.g., zidovudine,
lamivudine, or didanosine) used during a 6-month interval
ranged from 0 to 3. The amount of cigarette smoking ranged from
0 to three or more packs per day. The Structured Clinical Inter-
view for DSM-III-R (35) was used to assess drug and alcohol
abuse/dependence, with diagnoses assigned by consensus con-
ferences and the presence of a diagnosis dichotomously coded
(0=no, 1=yes). High-risk sexual behavior (coded 0-15) was mea-
sured at each visit by multiplying two items: 1) extent of condom
use during receptive anal sex (0=no receptive anal sex to 3=never
used condoms) and 2) number of receptive anal sex partners
(coded 0-5). Exercise was rated on a 1-6 scale (1=never, 6=daily)
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on the basis of responses to the following question: “In the last 6
months, how often have you engaged in some form of physical
exercise (...for at least 20 minutes)?”

Statistical Methods

Survival analysis with Cox regression models (with EXACT
method for handling ties) (36) was used to calculate the risk of
AIDS associated with control variables. Since the background
variables were preexisting and health habits change over time,
we entered the variables in two steps. Baseline background mea-
sures (age, education, race, and baseline CD4* T lymphocytes
and viral load) were entered first, followed by health habits (ciga-
rette smoking, number of antiretrovirals, risky sexual behavior,
exercise, and alcohol abuse/dependence). All health habit vari-
ables, except alcohol abuse/dependence, were treated as time-
dependent covariates by using cumulative average values at reg-
ular intervals. Cumulative averages were used because we hy-
pothesized that health habits might have an additive effect on
disease progression. The time-dependent scores at each visit
were based on the average of scores 6 months before that visit.
For example, scores at visit 5 were based on the cumulative aver-
age of visits 1-4. Because so few men had alcohol abuse/depen-
dence at any visit (N=14), we used bivariate coding: diagnosis be-
fore disease progression or end of study, coded 1, versus no
diagnosis ever in the study, coded 0. Control variables were kept
in equations during subsequent steps only if within the signifi-
cance threshold of p<0.20.

We ran a forward stepwise Cox regression analysis to calculate
the risk of AIDS associated with the psychosocial variables
(stressful life events, depressive symptoms, social support, three
coping strategies) and cortisol, adjusting for control variables that
remained in the model. Psychosocial variables and cortisol levels
were treated as time-dependent covariates by using cumulative
average values at regular intervals, the same method used for
health habits (e.g., cumulative averages 6 months before each
visit). We allowed any variable to enter and stay in the model if it
was within the significance threshold of p<0.20.

Missing data points were estimated from the previous 6-month
data for the small number of men who missed visits but contin-
ued study participation (eight men missed one visit, and three
men missed from three to six visits). The background (time-inde-
pendent) variables met the proportionality assumption (i.e., non-
significance of the interactions between background variables
and follow-up time). We checked the linearity of the covariate ef-
fects by adding in the squared term of each psychosocial covari-
ate; the squared term was always nonsignificant. Outliers did not
account for our results, which was determined by performing
square root transformations of the psychosocial variables.

We computed descriptive statistics for all baseline control vari-
ables. For descriptive purposes, Kaplan-Meier estimates and Wil-
coxon tests were computed to plot the survival probability for
psychosocial variables, which were grouped by dividing subjects
at the median on their average scores for these variables. Averages
were computed for all time points 6 months before the visit when
AIDS was diagnosed, or the average of all available time points 6
months before dropping out or last visit for those without AIDS.

Number of antiretroviral medications and the other health
habit variables were not significantly associated with decreased
risk of progression. (Only the former was kept in equations on the
basis of our p<0.20 criterion.) No one used protease inhibitors be-
fore developing AIDS. In addition, we could not evaluate the ef-
fects of drug abuse/dependence, since only three men (10%) had
these diagnoses at a time point before disease progression, and
only five men (10%) who did not progress had these diagnoses
during their study participation.
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TABLE 1. Background and Health Habit Variables Predicting Progression to AIDS for 82 Homosexual Men With HIV-1

Infection?
Step 1 Step 2
i 0odds i 0dds

Characteristic? Beta (df=1) p Ratio 95% Cl Beta (df=1) p Ratio 95% Cl
Baseline background variables

Age (20-51 years) —0.03 063 043 097 0.91-1.04

Education (10-20 years) -0.02 0.08 0.78 0.98 0.83-1.15

Race (0=nonwhite, 1=white) 1.30 4.77 0.03 3.68 1.14-11.85 1.69 6.80 0.009 5.41 1.52-19.25

Log viral load (2.3-5.4 copies/ul) 0.93 5.89 0.02 2.53 1.20-5.36 0.97 6.10 0.01 2.64 1.22-5.70

CD4* count (200-858 cells/pul) —-0.01 5.21 0.02 0.99 0.99-1.00 -0.01 4.56 0.03 0.99 0.99-1.00
Health habits®

Tobacco use (0-2 packs/day) -0.20 0.31 0.58 0.82 0.41-1.64

Number of antiretrovirals (0-1.9) -0.94 2.96 0.09 0.39 0.13-1.14

Risky sexual behavior (0-15) 0.04 0.07 0.79 1.04 0.77-1.42

Exercise (1-6) -0.08 0.24 0.62 0.92 0.67-1.28

Alcohol abuse/dependence (0-1) -0.06 0.01 0.92 0.94 0.25-3.57

2 Determined through Cox regression analyses with baseline background variables entered first and health habits entered second; variables
within the significance threshold of p<0.20 entered or remained in subsequent equations.
b For baseline variables, numbers in parentheses indicate the observed range; for health habits, numbers in parentheses indicate cumulative

average observed range.

¢ Treated as cumulative time-dependent covariates, except for alcohol abuse/dependence (1=alcohol abuse/dependence before disease pro-

gression or end of study participation and 0=no abuse/dependence).

Results

Subjects

At entry, the 82 men were an average age of 30.3 years
(SD=5.9), had 14.3 years of education (§SD=2.4), and 79%
(N=65) were white; all but one of the nonwhites were Afri-
can American. At baseline, all men were clinically asymp-
tomatic with a mean CD4* lymphocyte count of 397.4/ul
(SD=133.6). During the study, 37% (N=30) progressed to
AIDS; the average time to AIDS progression was 2.98 years
(SD=1.66). Almost all of the men who progressed to AIDS
(90%, N=27) met AIDS criteria based solely on CD4* de-
cline to <200/ul. The average length of time in the study
was 4.46 years (SD=2.49) for those without AIDS. The
number of men studied each year (from entry through the
seventh year), respectively, was 82, 77, 69, 63, 57, 48, 43,
and 11 (the low number for year 7 resulted from many
men not yet being scheduled for this visit).

For all visits, mean stressful life event scores ranged
from 2.00 to 9.91 (individual scores ranged from 0 to 28),
mean depressive symptom scores ranged from 1.09 to 2.93
(individual scores ranged from 0 to 21), mean social sup-
port scores ranged from 4.89 to 5.34, mean scores for de-
nial as a coping strategy ranged from 1.15 to 1.53, and
mean cortisol levels ranged from 9.08 to 13.24 pg/dl (indi-
vidual scores ranged from 2.82 to 40.55, normal range=7—
25 ug/dl).

Effects of Control Variables
on Progression to AIDS

We used survival analysis to predict progression to
AIDS. Table 1 shows the simultaneous effects of control
variables, entered in two steps (baseline background first,
and health habits second). Race, baseline CD4* lympho-
cyte count, and baseline viral load were significant predic-
tors of AIDS diagnosis. White men had 3.68 times the risk
of developing AIDS compared to nonwhite men. For every
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150 cell/ul decrease in baseline CD4* T-helper count, men
had about a twofold increased risk of AIDS. The risk of
AIDS was increased 2.5-fold for every one log-unit in-
crease in baseline viral load (or every 10-fold increase in
actual viral load [e.g., from 1000 to 10,000 copies/ul]). Age
and years of education were not significant predictors of
disease progression and were dropped from subsequent
analyses.

Effects of Psychosocial Variables and Cortisol
Levels on Progression to AIDS

Table 2 shows the results of the forward stepwise Cox re-
gression model with psychosocial variables and serum
cortisol, adjusting for controls. Note that stressful events,
support satisfaction, coping by means of denial, and corti-
sol levels were all significantly associated with progression
to AIDS. For each 1-point increase in cumulative average
stressful life events, the risk of AIDS increased by 19%. For
every 4-point increase in cumulative average stressful life
events, the equivalent of one severe stressor or two mod-
erate stressors, the risk of AIDS was doubled. For each 1-
point increase in cumulative average social support satis-
faction, the risk of AIDS progression decreased by 62%.
Stated another way, for each 1.5-point decrease in cumu-
lative average support satisfaction, the risk of AIDS was
about twofold. For every one-unit increase in cumulative
average coping through denial, the risk of AIDS was dou-
bled. Finally, for each one pg/dl increase in cumulative av-
erage cortisol, the risk of AIDS increased respectively by
14%; or was nearly doubled for each 5 pg/dl increase in
cortisol. When the time-dependent predictors were mea-
sured as cumulative averages during the 1 year (as op-
posed to 6 months) before disease status, findings were
nearly identical to those reported in Table 2 (e.g., stressful
events [beta=0.17, x?=4.78, df=1, p=0.03], support satisfac-
tion [beta=—0.50, x2=3.47, df=1, p=0.06], coping by means
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TABLE 2. Effect of Psychosocial Variables, Cortisol, and
Control Variables on Progression to AIDS for 82 Homosex-
ual Men With HIV-1 Infection?

x? 0dds

Characteristic? Beta (df=1) p Ratio 95% Cl
Baseline background

variables
Race (0O=nonwhite, 1=

white) 149 5.04 0.02 4.46 1.21-16.43
CD4" count (200-858

cells/ul) -0.01 9.19 0.002 0.99 0.99-1.00
Log viral load (2.3-5.4

copies/ul) 096 6.05 0.01 2.62 1.22-5.64
Time-dependent variables

Number of antiretro-

virals (0-1.9) -0.80 2.00 0.16 0.45 0.15-1.36
Stressful life events

(0-23) 0.17 836 0.004 1.19 1.06-1.33
Support satisfaction

(2.3-6.0)¢ -0.48 3.81 0.05 0.62 0.38-1.00
Coping by means of

denial(1—4)d 0.78 5.25 0.02 219 1.12-4.27
Cortisol (4.7-34.2 ug/dl) 0.13 6.43 0.01 1.14 1.03-1.26

2 Determined through forward stepwise Cox regression analysis; vari-
ables within the significance threshold of p<0.20 entered or re-
mained in subsequent equations. Variables not entering the model
included Hamilton Depression Rating Scale score (x?=0.10, df=1,
p=0.75) and coping strategy ratings for positive growth (x2=0.01,
df=1, p=0.90) and planning (x>=1.02, df=1, p=0.31).

b For baseline variables, numbers in parentheses indicate the ob-
served range; for time-dependent variables, numbers in parenthe-
ses indicate cumulative average observed range.

¢ From the Brief Social Support Questionnaire (30); possible ratings
range from 1 (respondent very dissatisfied with level of support re-
ceived) to 6 (respondent very satisfied with support level).

d From the COPE questionnaire (32); possible ratings in response to
items concerning denial (e.g., “I pretend that it hasn’t really hap-
pened”) range from 1 (not at all) to 4 (very much).

of denial [beta=0.64, x?=2.43, df=1, p=0.12], cortisol [beta=
0.14, x?=5.80, df=1, p=0.02]; N=72, model df=8). Depres-
sive symptoms and coping by means of positive growth or
planning were not significantly related to disease progres-
sion in the stepwise Cox regression model.

We examined the effects of stressful life events on dis-
ease progression with cortisol (Table 2) and without corti-
sol in the model (stress beta=0.14, ¥?=6.09, df=1, p=0.01,
model df=7) to test whether the effects of stressful events
might be explained by cortisol level. To the contrary, the
effects of stressful life events were slightly augmented and
not diminished by the inclusion of cortisol. The inclusion
of cortisol in the equation also slightly increased the ef-
fects of the other psychosocial variables. Cortisol levels
were not significantly correlated with stressful life events
or depressive symptoms at most study visits. Furthermore,
there were no significant interactions between cortisol
levels and stressful events or between cortisol levels and
other psychosocial variables in predicting AIDS. Interac-
tions between all psychosocial variables were also not sig-
nificant in predicting progression to AIDS.

In order to display the effects of psychosocial variables
on disease progression, we plotted survival probabilities
based on Kaplan-Meier estimates of the distributions of
time until AIDS diagnosis, dividing subjects into those
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FIGURE 1. Effects of Stressful Life Events, Social Support
Satisfaction, and Denial Coping on Time Until AIDS Diagno-
sis for 82 Homosexual Men With HIV-1 Infection?

1.0
0.9
0.8
0.7
0.6
0.5
0.4

03 Stressful Life Events
0.2
------ Below median
0.1
Above median
0.0

Social Support Satisfaction

------ Below median

Above median

Probability of Continuing Without AIDS

Denial
0.2
------ Below median
0.1 i
Above median
0.0
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90

Time From Entry Into Study (months)

2 The median ratings for stressful events, social support satisfaction,
and denial coping were 5.67, 5.10, and 1.31, respectively.

above or below the median score on stressful life events
(5.67) and the median ratings for social support satisfac-
tion (5.10) and coping by means of denial (1.31). A higher
rate of progressing to AIDS was seen among subjects
above the median number of stressful events (47% versus
27% of those below the median; %2=8.69, df=1, p=0.003)
and coping by means of denial (45% versus 28%; %2=3.98,
df=1, p=0.05). In addition, more subjects who were below
the median for support satisfaction progressed to AIDS
than did those above the median (49% versus 24%, respec-
tively; y?=4.43, df=1, p=0.04). As seen in Figure 1, at 90
months, those below the median on stressful life events
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had a 36% higher probability of being free of AIDS com-
pared to those above the median. Likewise, those above
the median on support satisfaction had a 39% higher
probability of being free of AIDS compared to those below
the median at 90 months. Finally, those below the median
for coping by means of denial had a 14% higher probabil-
ity of being free of AIDS at 90 months than those above the
median.

Discussion

These findings extend our previous studies by showing
that men with higher average serum cortisol and those
who cope with the threat of AIDS by using strategies of de-
nial have faster disease progression when followed for up
to 7.5 years. Previously, we showed that cumulative stress-
ful life events and social support were predictive of disease
progression at 5.5 years. Two years later our data confirm
these original findings with additional controls for base-
line viral load (to approximate disease status at entry
along with CD4* count) and a more extensive list of health
habits. The risk of AIDS was about doubled for every cu-
mulative average increase in one severe stressful event, in-
crease in one unit of the coping strategy of denial, increase
in 5 pg/dl of cortisol, or decrease of 1.5 units of support
satisfaction. Almost half the men above the median for
stressful events and denial and below the median for so-
cial support satisfaction had progressed to AIDS during
the study, compared to about one-quarter of those with
fewer stressful events, less denial, and more support satis-
faction. Finally, in attempting to understand a possible
neuroendocrine mechanism underpinning the relation-
ship of stressful events and disease progression, we did
not find that cortisol levels were related to stressful events
or that cortisol levels mediated or modified the increased
risk of AIDS associated with stressful events (or any psy-
chosocial variable). There were also no significant interac-
tions between stressful events and coping or between any
of the psychosocial variables.

Although cortisol levels did not mediate or modify the
increased risk of AIDS due to stressful events, it is of inter-
est that cortisol levels independently predicted disease
progression. There are several pathways by which cortisol
could affect change in immune function and disease pro-
gression. Cortisol may stimulate HIV-1 viral replication (8),
modify programmed cell death, and alter the pattern of cy-
tokines secreted (8, 9, 37, 38). Such changes have been as-
sociated with HIV-1 disease progression (9, 16). Our find-
ings are consistent with those in depressed patients that
have shown a negative relationship between cortisol levels
and several measures of cellular immune status (39, 40). It
should be emphasized, however, that there are conflicting
reports throughout the literature regarding the neuroim-
munomodulatory effects of glucocorticoids.
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We must be cautious in interpreting the data from our
study. First, we do not know whether our findings on ho-
mosexual men in North Carolina are generalizable to
other populations (e.g., women, injecting drug users,
other geographic areas). African Americans had slower
disease progression, despite controlling for education and
a variety of health habits. The race effect in our study may
be limited to our group, since most other studies have not
shown that African Americans have slower HIV-1 progres-
sion (2, 41). Third, we could not control for length of time
with HIV-1 infection, since date of infection was unknown.
However, our findings remained after controlling for base-
line CD4* count and viral load (two approximations of dis-
ease stage). Consistent with other studies (2, 41), we found
that men with low CD4* count and high viral load at base-
line had faster disease progression. Neither poor health
habits or number of antiretroviral medications accounted
for the relationships evidenced in this study.

A fourth caution for interpreting the data is the problem
of establishing causal direction of relationships of psycho-
social variables and cortisol levels with disease progres-
sion. Do social support and denial contribute to disease
progression, or do these variables reflect response bias re-
sulting from disease progression? Is an increased cortisol
level a result of advancing HIV-1 disease? To address
causal direction, we used cumulative averages of predictor
variables 6 months before AIDS was assessed. We also ex-
amined predictor variables averaged 1 year before assess-
ing AIDS, and the results were similar. The measure of
stressful life events was less likely to be confounded with
disease progression because it was rated independently
from the subject’s ratings and excluded events that might
be caused by disease progression. Previously, we found
that this measure of stressful events was consistently re-
lated to many indicators of disease progression (1, 4, 12,
13) and thus may provide the best evidence for the impact
of psychosocial factors on morbidity in HIV-1.

In conclusion, these data provide prospective evidence
that psychosocial factors and neuroendocrine function
may accelerate HIV-1 disease progression. Men with more
cumulative stressful life events, greater use of denial as a
coping mechanism, less social support, and higher corti-
sol levels may be at greater risk for HIV-1 disease progres-
sion. Further research is needed to determine if psycho-
logical interventions (e.g., cognitive behavioral stress
management) and pharmacological treatments can mod-
ify the effects of stressful events, denial, poor social sup-
port, and elevated cortisol levels, thereby altering the
course of HIV-1 disease progression.
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