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Abstract

Purpose—Activation of the hypothalamic—pituitary—adrenal axis, assessed in terms of cortisol
levels, may enhance the ability of HIV to infect lymphocytes and downregulate the immune
system, accelerating disease progression. This study sought to determine the effects of relaxation
techniques on cortisol levels in HIV-sero-positive women.

Methods—Women (n = 150) were randomized to a group cognitive—behavioral stress
management (CBSM) condition or an individual information condition and underwent 3 types of
relaxation training (progressive muscle relaxation, imagery, and autogenic training). Cortisol
levels were obtained pre- and postrelaxation.

Results—Guided imagery was effective in reducing cortisol in the group condition (t = 3.90, P
<.001), and muscle relaxation reduced cortisol in the individual condition (t = 3.11, P =.012).
Among participants in the group condition attending all sessions, the magnitude of pre- to
postsession reduction became greater over time.

Conclusions—Results suggest that specific relaxation techniques may be partially responsible

for cortisol decreases associated with relaxation and CBSM.
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Introduction

Stress is the result of a state of real or perceived threat to homeostasis. Maintenance of
homeostasis in the presence of stressors requires activation of a complex range of responses
involving the endocrine, nervous, and immune systems, which are collectively referred to as
the stress response.1-3 The principal effector of the stress response lies in the hypothalamic—
pituitary—adrenal (HPA) axis. The activity of HPA axis is initiated by pulsatile secretion of
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corticotrophin-releasing hormone (CRH) from the hypothalamus. The CRH stimulates
secretion of adrenocorticotropin hormone (ACTH) from the anterior pituitary. The ACTH
acts as a stimulus to the zona fasciculata of the adrenal cortex to produce glucocorticoids
(cortisol in humans). Glucocorticoids represent the downstream effectors of the HPA axis
and regulate biological changes.*° Activation of the HPA axis, commonly assessed in terms
of cortisol levels, may contribute to the development of pathologies*® and has been
recognized as one of the major pathways linking psychological stress to negative systemic
outcomes in human beings.’

Many individuals living with HIV infection are confronted with chronic psychosocial
stressors8 (eg, stigma, illness) that may lead to chronic cortisol dysregulation and HPA axis
activation. Psychosocial factors, for example, anxiety, have been associated with accelerated
disease progression among individuals with HIV-1 infection,® including those on
antiretroviral therapy and when controlling for rates of adherence.10 Stress hormones,
particularly cortisol, may be a link between stress and HIV-related health outcomes.11:12
Cortisol is capable of enhancing the ability of HIV to infect human lymphocytes and can
downregulate the immune system, thereby accelerating the progression of HIV.913.14
Several studies have demonstrated abnormalities of the HPA axis in HIV-1 infection15-18
and basal cortisol levels have been inversely related to CD4 counts among HIV-infected
men.19

Cognitive—behavioral stress management (CBSM) interventions among HIV-sero-positive
men and women have been found to reduce distress,29-25 improve quality of life,2® decrease
viral load associated with disease progression,2’ improve immune functioning,8 and
decrease free testosterone?® and cortisol?3 in men. As CBSM interventions typically consist
of several components, that is, cognitive—behavioral skill training, coping and problem-
solving strategies and relaxation training, the specific mechanism by which these outcomes
are achieved is unclear. This substudy of a CBSM intervention found to reduce distress and
viral load in women living with HIVV20.21.30 examines the specific effects of 3 types of
relaxation techniques used in the intervention on cortisol levels in HIVV-sero-positive
women. It was hypothesized that all 3 relaxation techniques, when administered in a
facilitator-led group setting, would significantly reduce stress as measured by a reduction in
cortisol.

Materials and Methods

Institutional Review Board (IRB) clearance was obtained from the University of Miami
Miller School of Medicine prior to study onset. HIVV-sero-positive women (n = 328) aged 18
and above were recruited from hospital outpatient clinics, participant referral and
community health centers/agencies in Miami-Dade County in South Florida, to participate in
the Stress Management And Relaxation Training/Expressive-Supportive Therapy (SMART/
EST) Women’s Project. Following provision of informed consent in English, Spanish, or
Haitian-Creole, participants were administered baseline assessments. Women were
randomized into 1 of the 2 conditions: (1) a CBSM+ group or (2) an individual video
presentation. Conditions were time and information equivalent. Data presented in this article
represent women (n = 150) drawn from the SMART/EST project who agreed to participate
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in a substudy examining the effects of the relaxation component of the intervention on
cortisol levels.

Treatment Conditions

The CBSM+ group intervention condition consisted of 10 weekly 120-minute sessions (90-
minute stress management and 30-minute relaxation components). Intervention sessions
included didactic components explaining the physiological effects of stress, cognitive—
behavioral interpretation of stress and emotions, identification of cognitive distortions and
automatic thoughts, rational thought replacement, coping skills training, cognitive
reframing, assertiveness training, anger management, identification of social support, and
relaxation.30

The individual condition consisted of videotapes presenting the same relaxation strategies,
in combination with videotapes on strategies for stress management and coping with HIV/
AIDS.

Relaxation Training

Three widely used relaxation techniques were introduced: sessions 1 to 3, progressive
muscle relaxation (PMR)3: sessions 4 to 6, diaphragmatic breathing and guided imagery32;
sessions 7 to 9, diaphragmatic breathing and autogenic training33; session 10, participants’
engaged in their own preferred technique. All participants were asked to practice their
relaxation skills at home, between sessions.

Assessments

Participants provided demographic information including age, ethnicity, employment status
and language. Additionally, participants provided information about their HIV status,
including mode of infection, time since HIV diagnosis, and antiretroviral (ARV) medication
prescription status.

Salivary Cortisol Assay

Protocol—Saliva samples were collected during sessions 1, 4, 7 and 10 of the group and
individual intervention. Sessions were conducted between 10 am and 2 »v; times of collection
were equivalent across study conditions. Saliva was collected preand postrelaxation
component of the sessions. In order to minimize the impact of the collection procedures on
the cortisol end point, saliva samples, rather than blood samples, were collected. In the
group condition, saliva samples were collected by the group therapists just before the
relaxation exercise and immediately after the relaxation exercise was completed. Saliva
samples were collected from participants in the individual condition by research staff just
before viewing the relaxation videotape and at the end of the 30-minute videotape.

Assay—Salivary samples were frozen at —20°C until assayed; cortisol was assayed using
radioimmunoassay (RIA) method. Frozen samples were thawed and centrifuged to remove
the insoluble mucin. The supernatant was used to carry out the assay for free saliva cortisol
using an RIA method (Kkits were obtained from DSL, Webster, Texas). 50 pL of
appropriately diluted standards, control, or sample were pipetted at the bottom of glass
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tubes. Immediately, 500 uL of the cortisol was added to each tube, vortexed, and incubated
for 3 hours at room temperature and covered with parafilm. Tubes were centrifuged,
decanted, and radioactivity was counted in a gamma counter. Sensitivity of this method is
0.01ug/dL; the intra- and intercoefficient of variance was 6% to 9%. A log transformation
was applied to cortisol levels to stabilize the variance, and values are presented as log pg/dL.

Statistical Analyses

This study utilized univariate analyses (frequencies, means, standard deviations) to examine
demographic characteristics. Pearson r correlations were used to assess nonindependence in
cortisol levels over time. Paired sample t tests were used to compare the effects of each
relaxation strategy and condition independently, utilizing false discovery rate (experiment-
wide a = .05) to adjust for multiple comparisons. For longitudinal analyses, mixed modeling
was used, with repeated pre- and postsession cortisol measurements nested within
individuals. Longitudinal mixed models included main effects of condition and time as well
as interactions. To assess the impact of ARV medication, main effects of ARV drug status
and interactions were included. If any significant main or interaction effects were detected,
pairwise comparisons were conducted to examine the differences at each session using
Bonferronicorrected significance levels.

Due to the limited number of participants attending all 4 sessions, Mann-Kendal v tests were
utilized to analyze the dose—response relationship. The Mann-Kendal v test is a special case
of Kendall’s nonparametric rank correlation in which the variable of interest is a time series.
Following this analysis, sessions were compared using the Wilcoxin Signed Rank test for
related samples to detect significant changes within groups. Statistical analyses were
performed using SPSS v20 and SAS v9.3 at a 2-tailed level of significance of P = .05.

Results

Participants had been diagnosed with HIV an average of 8 + 5 years and were an average of
41 + 8 years of age. In all 73% reported being infected with HIV through sexual contact, 8%
were infected through drug use, and 19% were unsure of the source of their infection. They
were primarily African American (83%), 6% were Hispanic, 5% were white non-Hispanic,
and the reminder self-classified as Haitian or other. Most participants were unemployed
(84%). Nearly half (46%) of participants reported completing less than 12 years of
education. No differences between group and individual conditions were observed in
demographic variables. There were no associations between cortisol levels and ethnicity,
language, age, or time since diagnosis. Presession cortisol levels were correlated across time
points; Pearson r correlation statistics and associated significance levels are presented in
Table 1.

In order to examine the effects of each relaxation strategy and condition separately, sessions
were analyzed independently (session 1, PMR; session 4, diaphragmatic breathing and
guided imagery; session 7 diaphragmatic breathing and autogenic training; and session 10,
participants utilized their most preferred relaxation technique). For each session, differences
in cortisol levels pre- and postsession were assessed within each group. The group condition
showed a decrease in cortisol levels in session 4 (t = 3.86, P < .001) and a trend toward

JInt Assoc Provid AIDS Care. Author manuscript; available in PMC 2016 January 28.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jones et al.

Page 5

decrease in session 10 (t = 2.18, P = .088). Within the individual condition, there was a
significant decrease in cortisol levels at session 1 (t = 3.11, P =.012; see Table 2).

To evaluate the longitudinal effects of the relaxation strategies on cortisol levels by
condition, mean cortisol over time was examined using mixed modeling. Two analyses were
conducted, the first comparing presession cortisol levels between conditions over time and
the second comparing postsession levels. For presession levels, there was no significant
main effect of condition (F1 140 = .95, P = .33) or time (F3 206 = .92, P = .43), but there was
a significant time by condition interaction (F3 206 = 2.65, P = .050). Using a Bonferonni
correction to control type 1 error (corrected a = .0125), examination of mean differences
between conditions at each time point revealed a difference only at baseline (F1 506 = 6.66,
P =.01). Longitudinal examination of postsession levels did not reveal any significant main
effects for condition (Fq 139 = 2.43, P = .12), time (F3 207 = 46, P = .23) or a significant
interaction effect (F3:297= .26, P = .85). Thus, neither the group nor individual condition
demonstrated longitudinal changes in pre- or postsession cortisol levels. Figure 1 displays
mean cortisol at each time point.

To account for the potential differences between participants on ARV drugs and those not
on ARV drugs, ARV status was added to models with time and condition. Significant main
effects of ARV status were detected in both presession (F 13g = 2.63, P < .001) and
postsession (Fq 137 = 17.3, P < .001) cortisol levels, but there was no interaction with
condition or time. Using a Bonferonni adjustment (a = .0125), time points were examined
individually. Presession cortisol levels were higher in those on ARV medication at sessions
2 and 3 (F1,200 = 07, P=.001 and F = 7.41, P = .01), and postsession levels were higher at
sessions 1 and 2 (F1 201 = 18.63, P <.001 and F = 8.31, P = .004).

In order to assess the dose—response of relaxation training sessions on change in cortisol,
cortisol change from pre- to postsession was compared over time. Only those participants
who attended all sessions (ie, 1, 4, 7, and 10) were examined (n = 26 group condition and n
= 9 individual condition). There were no differences in any demographic characteristics or
prerelaxation cortisol levels between this participant subset and those not included. Due to
the low number of participants attending all sessions, testing of dose—response was
conducted using nonparametric tests (ie, Mann-Kendall trend test and Wilcoxon Signed
Rank test) on nontransformed cortisol differences.

Evidence of a monotonic trend over time was detected in group condition participants
(Mann-Kendall v = -1, P =.089) but not in individual condition participants (Mann-Kendal
© = —.816, P = .245), although small sample size precluded definitive statistical conclusions.
As suggested by the value of the test statistic in the group condition (t = —1), the reduction
in cortisol level from pre- to postsession increases at each time point. Comparisons between
time points using the Wilcoxon Signed Rank test revealed a significant difference between
the reduction in cortisol from session 1 to session 4 in the group condition (P = .05) but no
other significant changes. Figure 2 presents median cortisol changes at each session for each
condition.
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Discussion

This study sought to determine the specific effects of 3 types of facilitator-administered
relaxation techniques contained within a CBSM intervention, that is, PMR, guided imagery
with diaphragmatic breathing and autogenic training with diaphragmatic breathing, and
participants” most preferred technique, on cortisol levels in HIV-sero-positive women.
While it was hypothesized that all 3 relaxation techniques would significantly reduce
cortisol, guided imagery with diaphragmatic breathing was the most effective in cortisol
reduction in the group intervention condition. PMR was the most effective strategy in the
individual condition, while having no effect on the intervention condition. These findings
suggest that specific techniques and delivery methods may be more effective in decreasing
cortisol.

Longitudinally, participants’ pre- or postrelaxation cortisol levels did not decrease in either
condition. This finding contrasts with an earlier study3* utilizing relaxation in a group
intervention with HIV-sero-positive gay men in which presession cortisol levels decreased
over a 10-week CBSM intervention. Failure to reduce longitudinal cortisol levels suggests
cortisol levels may reflect situational stressors, and it may be difficult to maintain reductions
achieved in sessions. This finding implies that there may be a need to maintain a regular
pattern of relaxation practice, as session effects may not persist over time in the absence of
regular practice. However, no data were collected with regard to relaxation practice outside
the formal sessions. In addition, this series of sessions may also have been insufficient to
demonstrate a cumulative effect.

Although it is well established that ARV drugs have been instrumental in significantly
reducing morbidity and mortality associated with HIV/AIDS, biological side-effects from
these powerful agents have been associated with increased risk for other metabolic and
cardiovascular risk factors. Consistent with other reasearch,3® our study found that cortisol
levels were higher among participants on ARV drugs as compared to those not on ARV
drugs, suggesting that one of the mechanisms associated with these risk factors may involve
neurohormones such as cortisol. Cortisol is released from the adrenal glands in response to
high stress levels and can significantly affect neuroplasticity.38 The hippocampus is
particularly sensitive to the acute and chronic effects of circulating cortisol and these effects
can be alleviated if the levels of cortisol are reduced by any intervention. It is also well
established that cortisol administration can lead to stress induction. However these studies
may not be generalized to naturalistic situations with elevated cortisol levels.3” The obtained
findings suggest that not all interventions may reduce cortisol levels, as guided imagery and
PMR were found to be more efficacious. As noted earlier, the use of relaxation and
associated concomitant reductions in cortisol are linked with the central nervous system. The
exact mechanism for this effect is unclear. In order to investigate additional mechanisms
involved in cortisol reduction, further studies are needed since cortisol can bring about its
effects both via genomic and via nongenomic mechanisms.

Dose-response analyses indicated that for those group condition participants attending all of
the sessions, the magnitude of cortisol reduction became greater over time, suggesting that a
learning effect may have occurred over the course of the intervention. However, the very
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limited sample of participants attending all sessions, especially in the individual condition,
precluded more powerful statistical testing and group comparisons. Extended longitudinal
studies would be necessary to confirm whether or not “biobehavioral” learning may occur
with repeated practice sessions. Future studies are needed to determine whether extended
practice would have more distal, long-lasting effects that could conceivably impact other
health indicators for persons living with HIV/AIDS.

There were several limitations to this substudy, including small sample size, duration of
relaxation practice, limited follow-up and time-of-day variations in the sampling protocol,
and a lack of data regarding relaxation practice outside of study sessions. In addition, the
participant’s menstrual cycle in relation to the saliva sample was not recorded, which may
have impacted cortisol levels. Finally, the introduction of relaxation types was not
counterbalanced; future studies should apply counterbalancing to reduce the potential for a
position effect.

Conclusion

The CBSM interventions typically consist of several components, that is, cognitive—
behavioral skill training, coping and problem-solving strategies, and relaxation training, yet
the mechanisms underlying the salutary effects of CBSM interventions are unclear.
Although not maintained over time, the effects of the cortisol reductions obtained in this
study were pronounced and proximal to the relaxation session. Due to its association with
disruptions in sleep, overall mood, and quality of life, relaxation practices to reduce cortisol
in this population remain especially valuable in this patient population. For women living
with HIV/AIDS, practicing relaxation on a daily basis may have salutary health effects
through reducing levels of cortisol with its putative negative effects on an already
compromised immune system.
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Figure 1.
Mean pre- and postsession cortisol levels by condition over time.
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Table 1

Pearson Correlations of Presession Cortisol Levels across Time Points.

Time Point r (n)

4 7 10

1 420" (51) 377" (58) 392" (61)

4 526" (58) 365 (61)

7 431" (66)
*P <.01.
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