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Abstract During the 40 years since the Yale conference
on Behavioral Medicine and the founding of the Journal of
Behavioral Medicine considerable progress has been made
in understanding the role of psychosocial risk and man-
agement of physical diseases. We here describe the
development of these fundamental concepts from early
research on stress through studies of the Type A behavior
pattern to more contemporary approaches to the relation-
ship between psychosocial risks and benefits in relation to
disease processes. This includes the relationship of psy-
chosocial risk to cancers, cardiovascular diseases (CVD),
cardiometabolic disorders, Human Immunodeficiency
Virus (HIV)/Acquired Human Immune Deficiency Syn-
drome. During the past 40 years the effects of prolonged
distress responses in the pathogenesis of some cancers and
CVD have been well-established and modifiable behav-
ioral, cognitive and social factors have been shown to
produce favorable outcome components in the manage-
ment of such diseases as breast cancer, coronary heart
disease and HIV.
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Introduction

As early as 1865, Bernard (1865—-1965) pointed out that the
maintenance of life depends upon keeping our internal
milieu constant in the face of a changing environment,
which Cannon later termed “homeostasis”. Selye later
used the term stress to indicate the effects of things that
threaten homeostasis. Although stress responses evolved as
adaptive processes, Selye (1956) pointed out that severe,
prolonged stress responses can lead to tissue damage and
disease. Based upon the appraisal of perceived threat,
humans and other animals invoke coping responses
(Lazarus & Folkman, 1984). Thus, when fight or flight
appears feasible, mammals tend to show autonomic and
hormonal activities that maximize the possibility for
muscular exertion (Cannon, 1929). In contrast, during
aversive situations in which an active coping response is
not available, mammals engage in a vigilance response that
involves sympathetic nervous system (SNS) arousal
accompanied by an active inhibition of movement and the
shunting of blood away from the body periphery (Adams
et al., 1968). The extent to which various situations elicit
different patterns of biologic responses is called situational
stereotypy (Lacey, 1967). Although diverse situations tend
to elicit different patterns of stress responses, there are also
individual differences in stress responses to the same sit-
uation, which has been termed response stereotypy (Lacey
& Lacey, 1958).

Because evolution has provided mammals with reason-
ably effective homeostatic mechanisms such as the
baroreceptor reflex for dealing with short term stressors,
such stressors typically do not impose a health burden.
Conversely, if threat is chronic and persistent, particularly
in older or unhealthy individuals, the long-term effects of
stress responses may damage health (Schneiderman, 1983).
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This is particularly the case in humans, because our high
capacity for symbolic thought may elicit persistent stress
responses to a broad range of living conditions.

The purpose of this paper is to provide salient examples
of how progress has been made during the past 40 years
relating psychosocial risks and management to multiple
chronic diseases. Because some of the early biobehavioral
research involving psychosocial risk focused on its ante-
cedents, we will begin with a discussion of lifestyle
interventions in persons at elevated CVD risk. This will be
followed by a brief description of psychosocial/behavioral
interventions that have been developed in response to
major adverse coronary events, and a discussion of
underlying pathogenic mechanisms involving stress, the
social environment and atherosclerosis, which are impor-
tant precursors of CVD.

Another important disease in which psychosocial risk
and behavioral management have played important roles
has been Human Immunodeficiency Virus (HIV)/Acquired
Human Immunodeficiency Syndrome (AIDS). Within the
past quarter century we have seen psychosocial risk and
management of HIV/AIDS go from palliative concerns to
chronic disease management. The improved management
of HIV/AIDS in the past two decades has left an unfortu-
nate byproduct since CVD has become the leading cause of
mortality in these patients (Islam et al., 2012; Mottillo
et al., 2010). This has led to growing interest in studying
psychosocial risk factors for CVD progression in these
patients.

Although psychosocial risk and behavioral management
have played important roles in research into CVD and HIV/
AIDS, psychosocial risk and behavioral management have
arguably played as important a role in research into psy-
chological adaptations to various cancers. Psychosocial
risk factors (e.g., distress, negative affect, depressive
symptoms) have been associated with physiological pro-
cesses related to poor clinical outcomes (Antoni, 2013;
Lutgendorf et al., 2010). Conversely, there is some evi-
dence from major randomized clinical trials (RCT)
involving cognitive behavioral therapy (CBT)-based psy-
chosocial interventions in non-metastatic breast cancer
patients that show improved adaptation, cellular immune
and inflammatory processes, better disease course and
better mortality rate across an 11-year median follow-up
period (Andersen et al., 2008; Stagl et al., 2015). Based on
research evidence it appears clear that psychosocial stres-
sors can have adverse effects on CVD, HIV and cancer risk
and that carefully designed behavioral intervention studies
can improve health outcomes in these same chronic dis-
eases. We begin our discussion with an examination of
psychosocial risk and lifestyle interventions related to
CVD.

Cardiovascular disease and psychosocial risk
Lifestyle interventions in persons at high risk

Type 2 diabetes mellitus is a major risk factor for coronary
heart disease (CHD) in both men and women (AHA, 2010).
People with diabetes have at least twice the risk of devel-
oping CHD than people without diabetes, and equal to that
of persons who have had a previous myocardial infarction
(Haffner et al., 1998). Two major RCT’s were therefore
conducted to determine whether lifestyle interventions
targeting weight loss and an increase in physical activity
could reduce the incidence of diabetes in persons at high
risk for developing Type 2 diabetes (Knowler et al., 2002;
Tuomilehto et al., 2001). After 4 years the cumulative
incidence of diabetes in the Tuomilehto et al., 2001 Finish
Diabetes Prevention Study was significantly lower in the
intervention group compared to the control group. In the
United States, the Diabetes Research Group (Knowler
et al., 2002) randomly assigned pre-diabetic persons with
elevated fasting and post-glucose-load plasma glucose
concentrations to either a placebo, metformin (an anti-hy-
perglycemic agent) or lifestyle intervention group. After an
average of 2.8 years, the lifestyle intervention reduced the
incidence of diabetes by 58%, whereas metformin reduced
the incidence by 31% compared to the placebo control
group.

Based on the success of the Diabetes Prevention
Research Program and the Finnish Diabetes Prevention
Trial, the Look AHEAD (Action for Health in Diabetes)
RCT compared the effects of an intensive lifestyle (diet,
exercise) intervention versus a diabetes support and edu-
cation control group on major CHD events in overweight
or obese participants with Type 2 diabetes (Wing et al.,
2010). After 4 years, intervention participants showed
greater improvement than control participants in terms of
weight loss, fitness, hemoglobin Alc, systolic blood pres-
sure and high-density and low-density lipoprotein choles-
terol than control participants. However, after a median
follow-up of 9.6 years, the incidence of cardiovascular
events was not reduced in the intensive lifestyle interven-
tion group relative to the control group although weight
loss remained greater in the intensive lifestyle intervention
group throughout the study (Wing et al., 2013). Although
Look AHEAD demonstrated that overweight or obese
adults with Type 2 diabetes can lose weight and maintain
modest weight loss over a 10-year period, the lack of sig-
nificant difference in the rates of cardiovascular events
between groups has not been fully explained. One possi-
bility is that the study may have been over-controlled
insofar as both groups received comprehensive medical
management. Thus, for example, the educational sessions

@ Springer



18

J Behav Med (2019) 42:16-33

in the control group and increased use of statins compared
with the intervention group may have lessened the health
differences between groups. Another possibility to consider
is that the amount of weight loss between conditions, that
included a differential of only 2.5% at the end, was too
small to account for differences in clinical outcomes.

Psychosocial interventions after major adverse
coronary events

Three relatively large-scale RCTs concentrating on life-
style interventions after major adverse coronary events
showed positive results in terms of morbidity or mortality
in the lifestyle intervention group (Friedman et al., 1986;
Gulliksson et al., 2011; Orth-Gomér et al., 2009). In con-
trast, 3 other relatively large-scale trials reported null
results (Berkman et al., 2003; Frasure-Smith et al., 1997,
Jones & West, 1996). The Recurrent Coronary Prevention
Project (RCPP) conducted by Friedman et al. (1986) ran-
domized 862 post-MI patients in the ratio of 2:1 into a
psychosocial-behavioral condition or a health education
control condition. Patients in the psychosocial intervention
condition received the same risk factor reduction infor-
mation as those in the control condition, but also had
relaxation training to decrease behavioral arousal as well as
group based cognitive behavior therapy intended to
decrease Type A behaviors (i.e., hostility, impatience, time
urgency). The intervention participants, who attended both
the cardiac counseling (control) sessions as well as the
psychosocial-behavioral sessions, participated in a mean of
38 sessions (61%) over 4.5 years, whereas control partic-
ipants attended a mean of 25 sessions (76%) during the
same time period. Rate of recurrent myocardial infarction
(MI) was significantly lower in the intervention (6.6%)
than in the control (17.2%) condition. Compared to the
control condition, intervention participants also revealed
significant reductions in hostility, impatience, time urgency
and depressed mood (Mendes de Leon et al., 1991).

The second major RCT reporting a positive outcome
was the Stockholm Women’s Intervention Trial for Cor-
onary Heart Disease (SWITCHD), which was conducted on
women who had suffered a major adverse coronary event,
primarily an MI (Orth-Gomér et al., 2009). This trial ran-
domized 237 women into either a group-based cognitive
behavior therapy program or into usual care and followed
them for a mean duration of 7.1 years. Content of the
intervention focused on women’s specific psychosocial risk
profile, controlling behavioral risk factors, attenuating
negative emotions, developing coping skills, reducing
stress and improving social support. The intervention was
provided during 20 sessions over the course of a year.
Three quarters of the women in the intervention arm
attended 15-20 sessions. From randomization until the end
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of follow-up (mean duration 7.1 years) the intervention
compared with the control group showed an almost three-
fold protective effect on mortality rate (OR 0.33; 95% CI
0.1-.74).

The third major RCT that provided a psychosocial-be-
havioral intervention and reported a positive outcome was
the Secondary Prevention in Uppsala Primary Health Care
Project (SUPRIM), which was conducted on women and
men in Sweden who had suffered a major adverse coronary
event (Gullikesson et al., 2011). The patients in the inter-
vention condition were run in same sex groups. Patients
received either usual care or traditional (usual) care plus a
cognitive behavior therapy intervention highly similar to
that conducted by Orth-Gomér et al. (2009). During a mean
follow-up period of 7.8 years the intervention group had
45% fewer recurrent acute MIs than the control group (OR
0.55; 95% CI 0.36-0.85).

In contrast to the psychosocial lifestyle intervention
studies that provided positive results after a major adverse
coronary event, Jones and West (1996) randomized 2328
post-MI patients into either an intervention condition
receiving 7 weekly counseling, relaxation and stress-man-
agement sessions or into a usual care condition. According
to Jones and West, 25% of the randomized participants did
not attend any sessions. Based upon the published paper, it
appears that many of the no-shows may never have agreed
to participate in the trial, but were included in the “intent-
to-treat” analysis. Data were not provided on how many
sessions were attended by other participants. The investi-
gators found no significant differences within or between
groups in reported anxiety and depression at baseline and
6 months, indicating that although attempts to elicit chan-
ges in these variables were secondary objectives of the
trial, the psychosocial intervention was ineffective. Finally,
the investigators found no differences between conditions
in terms of recurrent MI mortality or other clinical com-
plications.

In another psychosocial-behavioral intervention study,
Frasure-Smith et al. (1997) randomized 1376 post-MI men
and women into an intervention program or a usual care
condition for a year in the Montreal Heart Attack Read-
justment Trial (M-HART). A week after hospital discharge
for the initial MI a research assistant telephoned each
intervention participant and then monthly after that. The
assistant administered a 20-item General Health Ques-
tionnaire that assesses psychological distress (Goldberg,
1972). If a patient scored 5 or higher on the scale or was
readmitted to the hospital, the research assistant contacted
the nurse responsible for that patient. The nurse then
arranged to visit the patient as soon as possible. During the
initial 1-h visit, the nurse evaluated the patient’s psy-
chosocial difficulties, needs and cardiac status. Immediate
needs were addressed, and if the patient agreed, the nurse
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scheduled a second visit within a month. Further inter-
vention visits continued as required until the project team
decided that further contact was not needed. Approxi-
mately 75% of intervention condition participants received
five to six 1-h nursing visits. The program had no dis-
cernible influence on psychological outcomes (e.g.,
depressive symptoms anxiety, anger or perceived social
support) between conditions nor upon mortality. Interven-
tion treated women, however showed marginally greater
all-cause mortality (10.3% intervention vs. 5.4% usual
care, p = 0.051) suggesting that the intervention may have
been harmful to women. The reasons for this marginal
finding are speculative.

The third major RCT with a null result that examined
the effects of psychosocial-behavioral treatment in post-MI
patients was the Enhancing Recovery in Coronary Heart
Disease (ENRICHD) Trial that randomized 2481 post-MI
patients (44% women; 34% racial- or ethnic-minority
participants) into a cognitive-behavioral intervention con-
dition or into usual care (Berkman et al., 2003).

The goal of ENRICHD was to determine whether soon
after MI in patients who were clinically depressed and/or
had low perceived social support, cognitive-behavioral
treatment for the depression and/or low social support
could reduce the combined endpoint of recurrent MI and/or
mortality. Cognitive-behavioral therapy was initiated at the
median of 17 days after the index MI for a median of 11
individual sessions throughout 6 months. The major find-
ing in ENRICHD was that after an average follow-up of
2.4 years, there was no significant differences in event-free
survival between usual care (75.9%) and the psychosocial
intervention (75.9%). The intervention, however, did pro-
duce a modest decrease in depression and feelings of low
social support.

Because ENRICHD enrolled large numbers of women
and minority participants, it was possible to conduct a post
hoc secondary analysis examining the outcome of sex by
race/ethnicity subgroups (Schneiderman et al., 2004). All
of the participants were examined in a 2 x 2 factorial
design with one dimension divided by men and women and
the other dimension divided by majority Whites and
minorities. Analyses indicated that among White men,
those in the intervention group had both lower cardiac
mortality and nonfatal MI; whereas, the differences
between the intervention and control conditions were not
significant among either minority men or White or minority
women. Although the results of the re-analysis of the
ENRICHD data are exploratory, they raise the issue of the
extent to which interventions are culturally appropriate.
Recall that in M-HART (Frasure-Smith et al., 1997)
women, but not men may have been harmed by the inter-
vention. Based on such concerns, SWITCHD (Orth-Gomér
et al., 2009) and SUPRIM (Gullikesson et al., 2011) were

conducted on same-sex groups and specifically addressed
issues relevant to women or men. It remains speculative
that differences in gender issues accounted for the differ-
ences in biomedical outcomes between ENRICHD versus
SWITCHD and SUPRIM, but the differences in results
suggest that attention to gender as well as other cultural
factors need to be considered in future clinical trials.

Exercise training in patients with chronic heart
failure

Substantial evidence exists that moderate regular exercise
is cardioprotective in most people (Lavie et al., 2001).
However, monitoring during exercise is indicated in CHD
patients at moderate to high risk (e.g., significant left
ventricular dysfunction). Heart failure, for example, is
associated with increased morbidity and mortality, which is
exacerbated when accompanied by major depression
(Blumenthal et al., 2012). In the Heart Failure-A Con-
trolled Trial Investigating Outcomes of Exercise Training
(HF-Action), Blumenthal and colleagues conducted an
RCT involving 2322 stable heart failure patients in the
U.S., Canada and France. After 30 months of follow-up,
789 patients (68%) died or were hospitalized in the usual
care group compared with 759 (66%) in the aerobic exer-
cise group OR 0.89; 95% CI 0.81-0.99 (p = .03). The
aerobic exercise group revealed significantly lower mean
Beck Depression Inventory-II scores at 3 months
(p = .002) and at 12 months (p = .01) than the usual care
control group. Thus, compared with the control group, the
exercise training group showed a modest reduction in
depressive symptoms and composite death/or hospitaliza-
tion outcome.

Stress, social environment, neurocognitive processes
and atherosclerosis

The relationships between psychosocial stress and CVD
risk have been explored extensively during the past
40 years. In addition to a large number of studies
describing the association in humans, an impressive body
of work by Clarkson, Kaplan, Manuck, Adams and their
collaborators have successfully demonstrated a causal link
between social hostility and coronary artery atherosclerosis
in a cholesterol-fed (40% of calories from fat) cynomolgus
monkey model of CVD (e.g., Clarkson et al., 1987).
Cynomolgus macaques are highly social animals that live
in tightly knit groups having well-developed networks of
affiliation and clearly defined social status hierarchies.
Introduction of strangers into these social groups provides a
threat to existing relationships and is accompanied by
intense fighting as animals attempt to re-establish social
relationships (Manuck et al., 1986). The experimental
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approach to studying this disruption is to have groups of
4-6 animals living together. Once status hierarchies are
established, a stable environment is created by maintaining
the housing arrangements intact. Conversely, a stressful
environment can be created by periodically reorganizing
the membership of existing groups. In studies carried out in
male animals, high status, dominant animals living in
unstable social groups developed significantly more coro-
nary atherosclerosis than less dominant animals housed in
either stable or unstable conditions (Kaplan et al., 1983).
The investigators further found that SNS activation in
response to the psychosocial stress of social reorganization
was associated with increased atherosclerosis (Manuck
et al., 1983) and that blocking SNS activity with the non-
specific beta-adrenoceptor antagonist propranolol protected
dominant male monkeys from developing increased
atherosclerosis (Kaplan et al., 1987).

Other studies using the cholesterol-fed cynomolgus
monkey have explicated how psychosocial factors can lead
to increased atherosclerosis in females. These studies have
shown that subordination is associated with hypercorti-
solism, ovarian dysfunction and, increased coronary artery
atherosclerosis (Clarkson et al., 1989). Social isolation also
influences the progression of atherosclerosis in cholesterol-
fed females, through increased SNS activation as indexed
by elevated resting heart rate (Watson et al., 1998).

While studies in cynomolgus monkeys have demon-
strated that disruption of the social environment or domi-
nance hierarchy can promote coronary  artery
atherosclerosis, studies in the Watanabe heritable hyper-
lipidemic rabbit have shown that manipulation of the social
environment can dramatically influence the progression of
atherosclerosis. Briefly, the Watanabe heritable hyperlipi-
demic rabbit is an inbred strain that exhibits profound
hypercholesterolemia, severely elevated plasma LDL
cholesterol levels and hypertriglyceridemia from birth due
to a single gene mutation. This leads to aberrant LDL
receptors (Buja et al., 1983) similar to those observed in
familial hypercholesterolemia, which affects approxi-
mately 0.2% of the human population (Buja et al., 1990).
The Watanabe rabbits develop severe atherosclerosis
within the first 6 months of life. In an initial behavioral
study conducted on the Watanabe rabbit, McCabe et al.
(2002) assigned 3 month old male animals to 1 of 3 social/
behavioral groups: an unstable group, in which unfamiliar
rabbits were paired for 4 h daily, with the pairing switched
each week; a stable group in which littermates were paired
daily for the entire study; and an individually caged group,
in which animals did not have physical contact with other
rabbits. The social conditions were maintained for
4 months and the study terminated when the animals were
7 months old. Over the course of the study, the stable ani-
mals exhibited significantly more affiliative social behavior
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and less agonistic behavior than the unstable group. The
stable group also developed less than half the amount of
aortic atherosclerosis than the unstable or individually
caged groups. Thus, the major finding of the study was that
a stable social environment characterized by increased
affiliative behavior and little agonistic behavior can slow
the progression of atherosclerosis in relation to unsta-
ble social conditions or individual cages. Subsequent
studies indicated that microdialysis of oxytocin from the
paraventricular nucleus of the hypothalamus resulted in
significant increases in oxytocin in the microdialysate of
animals in a stable group compared with individually caged
animals or members of an unstable group and this was
associated with lower levels of plasma catecholamines
(Paredes et al., 2006). Still other studies have shown that
incubating human aortic vascular cells with physiological
levels of oxytocin can attenuate vascular oxidative stress
and inflammation (Szeto et al., 2008).

In addition to the animal studies relating stress, social
environment and atherosclerosis, studies conducted on
humans have shown that subclinical vascular disease is
also associated with cognitive impairment in humans
(Gorelick et al., 2011). Thus, biomarkers of atherosclerosis
have been associated with impaired executive function and
working memory (Smith et al., 2007) as well as magnetic
imaging markers of microvascular dysfunction (Smith
et al., 2010). Subsequently, Smith et al. (2018) found that
greater microvascular dysfunction in the form of impaired
hyperemic velocity during flow mediated dilation of the
brachial artery in older adults with major depressive dis-
order was associated with poorer neurocognition, particu-
larly working memory and executive function. The links
among psychological functioning, brain activity and car-
diovascular risk are likely to become increasingly impor-
tant in the study of psychosocial risk and the management
of physical diseases.

Psychosocial risk in human immunodeficiency virus
(HIV)

Major research advances in our understanding of psy-
chosocial risk factors and disease management in persons
living with HIV or AIDS (PLHA) have largely occurred
during the past 30 years. Most of the advances have
occurred in conjunction with highly active anti-retroviral
therapy (HAART). In the decade preceding the widespread
availability of HAART the primary psychosocial research
interests related to survival and palliative care. During the
decade that introduced HAART the psychosocial emphases
were on suppression of the virus and factors related to
HAART adherence. In the past 10 years research
addressing psychosocial risk in PLHA have also dealt with
syndemic issues associated with advancing age and disease
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comorbidity with the greatest focus on CVD outcomes in
this population.

Psychosocial correlates of cell-mediated immunity
in the survival era of HIV/AIDS

In the beginning of the HIV epidemic CD4+ T-lymphocyte
cell count was the immune marker of focus as it was most
closely linked to the clinical consequences of HIV infec-
tion (i.e., progression to AIDS-defining illness and AIDS-
related mortality). Prior to the HIV epidemic clinical and
experimental research began demonstrating cell- and
humoral-mediated immune suppression were linked to
adverse psychological processes (Kiecolt-Glaser & Glaser,
1981). As the effects of perceived psychological stress,
depressive symptomology, and traumatic life events on the
immune system were of increasing interest at the time,
these factors were quickly adopted to studies on HIV dis-
ease progression (Antoni et al., 1990). The earliest longi-
tudinal studies nearly exclusively targeted men who have
sex with men (MSM) and provided little evidence for the
effect of psychosocial functioning (e.g., psychological
distress, social support and coping) on change in CD4+
lymphocyte counts out to 12 months (Kessler & Foster,
1991; Patterson et al., 1996; Perry et al., 1992; Rabkin
et al., 1991; Vassend et al., 1997), but rather severity of
physical symptoms. Comparatively larger effect sizes
were, however, evinced over 3—4 year intervals for low
social support, concealment of HIV status and AIDS-re-
lated bereavement suggesting factors related to the avail-
ability of social attachment impact cell-mediated immunity
in MSM (Cole et al., 1996; Kemeny & Dean, 1995; The-
orell et al., 1995). Stronger evidence has been garnered in
support of psychological distress (including traumatic life
events and depression), lack of hardiness and low accep-
tance/high denial coping on accelerated progression to
AIDS in MSM from 6 months out to 9 years (Cole et al.,
1996; Ironson et al., 1994; Mulder et al., 1995a, 1995b;
Page-Shafer et al., 1996; Rabkin et al., 1991; Thornton
et al., 2000).

During this period advancements were also made in
understanding the role of stress hormones such as cortisol
in the elevated symptom burden and disease progression
with particular focus on the glucocorticoid-mediated shift
from Thl-like to Th2-like T cell activation (Clerici et al.,
1997; Kumar et al., 1993). Commensurate with these
efforts and the focus on disease progression and CD4+
T-cell decline was an emphasis on cognitive and behavioral
stress management (CBSM) interventions. These inter-
ventions were designed to equip HIV+ individuals with the
physiological (e.g., deep breathing and muscle relaxation)
and cognitive (e.g., restructuring) strategies to manage the
chronic physical and psychological burden of HIV by

mitigating cortisol-related immune suppression. The over-
all efficacy for these interventions on immune outcomes,
based upon intent-to-treat analyses, is provocative with
effects evident for 10-week CBSM on buffering CD4+
T-cell decline (Antoni et al., 1991; Goodkin et al., 1998)
compared to equivocal findings for 6-week (Cleary et al.,
1995), 8-week (Coates et al., 1989), and 15-week (Mulder
et al.,, 1995a, 1995b) interventions. At the time, these
studies suggest efficacy of CBSM on CD4+ T-cell counts
were in part dependent upon time of exposure and parallel
decrements in levels of psychological distress. Neverthe-
less, these studies were able to provide support for 10-week
CBSM or relaxation interventions on the reduction of
anxious and depressive symptomology in persons living
with HIV/AIDS (for review see Carrico and Antoni, 2008).

Psychosocial predictors of viral load suppression
in the ERA of HAART

With the widespread availability of HAART during the late
1990s came a dramatic decline in mortality attributed to
AIDS complications throughout North America and Eur-
ope (Hogg et al., 1997; Mocroft et al., 2003). Prior to this
era medical records provided the main source of informa-
tion regarding disease progression. However, advances in
the development of HIV-1 viral load assays and reductions
in cost for reverse transcription-polymerase chain reaction
(PCR)-based testing made HIV surveillance accessible to
basic researchers, particularly those within resource-lim-
ited settings (Fiscus et al., 2006; Greengrass et al., 2005;
Rouet et al., 2005). With decreasing rates of AIDS mor-
tality came increased attention to biobehavioral mediators
of the psychosocial risk for disease progression. Specifi-
cally, experimental and prospective evidence have been
levied in support of bi-directional effects of SNS and
hypothalamic pituitary adrenal (HPA) neuromodulators
with clinical markers of HIV disease progression (for
review see Cole, 2008). For example, a prospective study
on data collected during this period revealed elevated
norepinephrine (NE), urinary cortisol (CORT), depression
and avoidant coping independently predicted decline in
CD4+ count and/or increases in viral load (Ironson et al.,
2015). The second decade of HIV research saw a contin-
uation in the study of psychosocial factors implicated in
disease progression; albeit with greater representation of
women and ethnic minorities. This work revealed greater
risk for depression on AIDS-related mortality in women
versus men controlling for HAART (Anastos et al., 2005;
Antelman et al., 2007; Bouhnik et al., 2005; Cook et al.,
2004; Ickovics et al., 2001; Leserman et al., 2007; Villes
et al., 2007). Importantly, depressive symptomology (re-
viewed in (Gonzalez et al., 2011) and antidepressant
treatment (Horberg et al., 2008; Kumar & Encinosa, 2009;
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Yun et al., 2005) were found to predict poorer HAART
adherence in men and women suggesting strong relation-
ships between psychosocial and behavioral risk factors for
HIV-disease progression.

Antiretroviral medications also changed the psychoso-
cial landscape in HIV treatment wherein positive immune
and health outcomes were now attainable, thus reducing
pre-occupation with thoughts of death (Taylor et al., 2000).
As a result of this shift in perspective from terminal illness
to chronic disease the field of positive psychology began to
see expansion in research examining the immune conse-
quence of positive psychosocial factors. Although longi-
tudinal studies citing effects for positive psychosocial
outlook, including future-oriented plans (Blomkvist et al.,
1994; Mulder et al., 1995a, 1995b) and hardiness (Solano
et al.,, 1993) in AIDS-related mortality among men were
noted in the pre-HAART era, the field has since experi-
enced considerable expansion in this line of research. In
particular, positive cognitive coping strategies such as
finding meaning (Bower et al., 1998; Ickovics et al., 2006)
and active/problem-focused/acceptance coping (Thornton
et al., 2000; Vassend & Eskild, 1998) were linked to slower
disease progression in men after adjusting for immunologic
and treatment-related factors. Work from this decade also
provided evidence for the effects of various forms of social
support on increased survival, CD4+ count, and viral
suppression controlling for HAART treatment (Ashton
et al., 2005; Burgoyne, 2005; Young et al., 2004). Similar
patterns were observed amongst what were considered
novel psychosocial constructs. For example, higher levels
of spirituality were linked to reduction of CD4+ cell
decline and viral suppression in both men and women after
controlling for HAART (Fitzpatrick et al., 2007; Ironson
et al., 2006). With regard to stress management interven-
tions during this period, several were found efficacious in
reducing mood disturbance and improving quality of life,
yet remained generally inconclusive with regards to viral
suppression, buffering of CD4+ T-cell decline, and
reduction in HPA-axis activity (for reviews see: Brown &
Vanable, 2008; Carrico & Antoni, 2008; Scott-Sheldon
et al., 2008).

Syndemic and psychosocial factors related
to immune senescence and CVD in HIV

As we enter the 3rd decade of anti-retroviral therapy a
“graying” of HIV has become evident with close to 50% of
the seropositive U.S. population estimated over the age of
50, a number that was close to 15% in the early 2000’s
(Justice, 2010; Part, 2012). This follows with global trends
as in 2013, an estimated 4.2 million (4.0-4.5 million)
people aged 50 years and older were living with HIV
across the globe, a number which has more than doubled
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since 1995 (Mahy et al., 2014). With advancing age comes
the pursuit of medical care for typical age-related com-
plications ranging from menopause and rheumatoid
arthritis to cognitive decline. Research in older adults with
HIV suggest psychosocial factors such as stigma and
depression might delay the seeking-out of health care,
hamper appointment attendance (Emlet, 2006; Grov et al.,
2010; Havlik et al., 2011; Pence et al., 2018; Rodriguez-
Penney et al., 2013; Rubtsova et al., 2017; Sankar et al.,
2011; Shippy & Karpiak, 2005). While negative psy-
chosocial interactions for aging are expected, a meta-
analysis highlighting a dozen studies of older adults with
HIV revealed decreased short- and long-term risk for non-
adherence to HAART, suggesting that some aspects of HIV
self-care may be enhanced with older age (Ghidei et al.,
2013).

Perhaps the greatest shift in HIV surveillance in recent
years is the emergence of cardiovascular disease (CVD) as
the leading cause of mortality in people living with HIV/
AIDS (PLWHA) (Islam et al., 2012; Mottillo et al., 2010);
and that this may be partially attributable to chronic
exposure to HAART (Bavinger et al., 2013). In particular,
HIV+ individuals are shown to have a 50% increased risk
for sudden cardiac death due to acute myocardial infarction
beyond that explained by recognized risk factors (Freiberg
et al.,, 2013). Concomitantly, there has been growing
interest in psychosocial risk factors for CVD progression in
PLWHA. For example, trait alexithymia has been linked to
greater intima-media thickness, presence of carotid plaques
and vascular events in HIV+ individuals and SNS/HPA
function, indexed by the ratio of NE to CORT (McIntosh
et al., 2014; Parruti et al., 2013; Vadini et al., 2010). Levels
of depression also predict increase in risk for CHD over
9.5 years in HIV+ women (Schwartz et al., 2012). Another
study found that 12-month change in 24-h urinary CORT
output mediated the effect of anger on diastolic but not
systolic blood pressure in HIV+ adults (MclIntosh et al.,
2017). In one of the largest studies of date conducted on
over 25,000 HIV+ veterans, diagnosis of major depressive
disorder predicted increased risk for heart failure after
adjusting for non-HIV related confounders (White et al.,
2015). It has also become evident that elevated rates of
depression in PLWHA may contribute to cardiometabolic
disease through an erosion in health behaviors such as
physical activity (Quiles et al., 2017). Thus, the interactive
effect of psychosocial factors and health behaviors may
become a fruitful area of research to address the burden of
disease comorbidity in older adults living with HIV/AIDS.

It is important to note that interventions for HIV-related
disease outcomes have also evolved over recent years with
respect to mind-body practice and mobile technology. For
instance, structured 6—8-week mindfulness based stress
reduction (MBSR) interventions aimed at increasing levels
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of dispositional mindfulness predicted increases in CD4+
count (Creswell et al., 2009; Gonzalez-Garcia et al., 2014,
SeyedAlinaghi et al., 2012), elevations in natural killer cell
activity (Robinson et al., 2003) and decreases in psycho-
logical distress (Duncan et al., 2012; Gayner et al., 2012;
Parhoon et al., 2017; SeyedAlinaghi et al., 2012). However,
as with CBSM interventions in prior decades MBSR is
limited by factors relating to implementation and scala-
bility. Emergent studies are, however, showing potential
efficacy for telephone-delivered mindfulness training in
PLWH (Rosen et al., 2017). While these telephone, text,
and computer-based interventions for behavioral stress
management and medication adherence have shown pro-
mise (Jongbloed et al., 2015; Kempf et al., 2015; Pellowski
& Kalichman, 2012), there is still ground to cover in terms
of understanding the neuro-immune mechanisms that lead
to CVD comorbidity in PLWHA and the psychosocial
factors that mitigate these processes. While psychosocial
and behavioral interventions may not substitute for tradi-
tional treatment of the virus, research into effects on dif-
ferent biomarkers is needed as these interventions may play
a pivotal role in reducing the burden of chronic HIV-CVD
comorbidity with advancing age.

Psychosocial risk factors and cancer progression
and clinical health outcomes

Cancer is actually a group of many different diseases and
subtypes characterized by the abnormal and uncontrolled
growth of cells, and is among the most common causes of
death and morbidity worldwide. In 2018, there were
roughly 18 million cancer cases worldwide, with 9.5 mil-
lion in men and 8.5 million in women. Worldwide it has
been estimated that there will be 23.6 million new cases of
cancer each year by 2030 (Bray et al., 2018). Within the
U.S. the annual incidence of cancer is estimated to be over
1.7 million with over 600,000 deaths in 2018. However,
from 2006 to 2015 cancer death rates in the U.S. decreased
by 1.8% in men and 1.4% in women, owing to advances in
screening and early detection, as well as emerging models
of precision cancer care propelled by a better understand-
ing of the role of the human genome in the development
and course of different cancers. By 2016, there were an
estimated 15.5 million cancer survivors in the U.S. with the
number of survivors expected to rise to 20.3 million by
2026 (Noone et al., 2018). This clearly establishes the
many types of cancer as chronic diseases affecting a large
population of patients and families living with its burden.
Importantly, multiple biological and behavioral factors
have been shown to contribute to differences in disease
recurrence and mortality, and many of these have been the
target of behavioral medicine research over the past 4

decades (Antoni et al., 2006a, 2006b, 2006c; Lutgendorf
et al., 2010).

Multiple models linking psychosocial factors to negative
health outcomes in cancer patients have been proposed and
tested to date. Psychosocial adversity factors during and
after a cancer diagnosis relate to poorer quality of life and
health outcomes by way of biobehavioral processes (An-
dersen et al., 1994; Antoni et al., 2006a, 2006b, 2006c).
Conversely, psychosocial interventions have decreased
psychosocial adversity, modulated biobehavioral processes
and improved health outcomes in diagnosed cancer patients
(for reviews see Antoni, 2013; Lutgendorf & Andersen,
2015).

Stress of cancer and its treatment: psychological
adaptation and physiological responses

Receiving a cancer diagnosis and undergoing treatment
generates multiple stressors and intense demands on a
patient’s psychological adaptation (Antoni, 2013). This set
of experiences occurs initially over a period of curative
(surgical) and adjuvant treatments (primary treatment),
followed by an extended monitoring throughout disease-
free survivorship, and possibly a later diagnosis of recur-
rence and subsequent rounds of treatment. The most widely
cited concerns of patients diagnosed with cancer involve
fears of recurrence, physical effects of adjuvant therapy,
not seeing children grow-up, premature death, and loss of
social ties and activities (Stanton, 2006; Spencer et al.,
1999). Difficulties in adapting to the challenges of primary
treatment may result in increased anxiety and intrusive
thoughts, depressive symptoms and negative affect, and
social disruption, among others (Ganz et al., 2002; Stanton,
2006). Poorer psychological adaptation after diagnosis and
during treatment predicts diminished quality of life (QoL)
many years later (Carver et al., 2005; Steginga et al., 2009;
Wenzel et al., 2005).

A variety of psychosocial factors play a major role in
shaping patients’ adaptation. Cognitive factors such as
maintaining optimistic rational stressor appraisals and
using specific coping strategies (e.g., restructuring
thoughts, active coping) may enhance adaptation and QoL
during treatment and years later (Brothers & Andersen,
2009; Carver et al., 2005). Behavioral factors (e.g., using
relaxation, practicing meditation and remaining physically
active during treatment) are associated with less distress
and better adaptation during and after cancer treatment
(Fisher et al., 2017, in press; Andersen et al., 2007a, 2007b;
McGregor & Antoni, 2009). Social/interpersonal factors
such as social support and interpersonal skills are associ-
ated with better psychological adaptation (Talley et al.,
2010; Figueiredo et al., 2004; Friedman et al., 2005;
Wimberly et al., 2005). Thus, cancer patients may psy-
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chologically adapt better or worse to the stressors of cancer
diagnosis and treatment as a function of the cognitive,
behavioral and social skills and resources they possess to
navigate them. A wide variety of other psychosocial factors
may also be at play (e.g., health literacy, health and illness
beliefs, cultural factors, socioeconomic factors, access to
healthcare).

Psychosocial risk factors and clinical health
outcomes in cancer

Many psychosocial risk factors signaling poor psycholog-
ical adaptation to cancer (e.g., chronic stress, depression,
social isolation) have been associated with poorer clinical
outcomes in breast (Antoni et al., 2017a, 2017b; Giese-
Davis et al.,, 2011; Pinquart & Duberstein, 2010), skin
(Dhabhar et al., 2012), ovarian (Lutgendorf et al., 2012;
Schrepf et al., 2015), renal (Cohen et al., 2012), hepato-
cellular (Steel et al., 2007), colorectal (Ben-Eliyahu 2015)
and hematologic cancers (El-Jawarhi et al., 2017; Knight
et al., 2015). While the bulk of the literature tying psy-
chosocial factors to poorer cancer outcomes focuses on
stress factors (Chida et al., 2008) and depression (Pinquart
& Duberstein, 2010), there is also evidence that positive
psychosocial characteristics such as social support and
social well-being are related to better longer-term health
outcomes (Kroenke et al., 2017; Nausheen et al., 2009;
Pinquart & Duberstein, 2010; Weihs et al., 2008).

Psychosocial risk factors, and biobehavioral
processes in cancer

Physiological processes (e.g., SNS and HPA signaling)
may change in parallel with changes in psychological
adaptation occurring as the stress of cancer is experienced.
Importantly, poorer adaptation following stress (e.g., dis-
tress states, negative affect, social adversity) may alter the
behavior of immune and tumor cells via neuroendocrine
signaling in ways that can enhance tumor growth and
increase the odds of metastasis, thereby affecting long-term
quality of life and health outcomes (Antoni, 2013; Lut-
gendorf et al., 2010). Specifically, cortisol and nore-
pinephrine have been shown to modulate immune cells
(e.g., increasing inflammatory signaling), which may act as
stromal cells influencing processes in circulating tumor
cells and specifically in the tumor microenvironment (e.g.,
increased angiogenesis to enhance access to blood supply
and energy, and propagating endothelial-to-mesenchymal
transition [EMT] tumor cells as part of a wound-healing
response) (Cole et al., 2015). These changes can facilitate
cancer cell growth, invasion and survival in the blood and
lymph circulation, and ultimately metastasis to distant
sites, which is often fatal (Antoni et al., 2006a, 2006b,
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2006c; Cole et al., 2015; Lutgendorf et al., 2010). The past
decade has witnessed evidence that several adversity fac-
tors (distress, negative affect, depressive symptoms, social
disruption) are associated with many of these biological
processes in many types of cancer, which could begin to
explain links between these psychosocial factors and clin-
ical outcomes. Here we provide a sample of this evidence,
though more extensive reviews on the topic are available
(Antoni, 2013; Lutgendorf & Andersen, 2015; Lutgendorf
et al., 2010).

Breast cancer

Multiple indicators of adversity (cancer-specific distress/
intrusive thoughts, negative affect, depressive symptoms,
social adversity) relate to inflammation (serum cytokines,
and leukocyte gene expression) in breast cancer patients
(Antoni et al., 2012; Bouchard et al., 2016; Hughes et al.,
2014). For instance, greater depressive symptoms and
negative affect related to greater serum TNF-a, IL-1f3 and
IL-6 in breast cancer patients in the weeks after surgery
(Bouchard et al., 2016). Greater negative affect and less
positive affect related to greater leukocyte gene expression
for pro-inflammatory cytokines (TNFA, IL6), inflammatory
chemokines and related receptors, prostaglandin—synthesis
enzyme COX2 (PTGS2), and tissue remodeling and
epithelial-mesenchymal transition-related genes (e.g.,
MMP-9) (Antoni et al., 2012). Bioinformatics analyses
confirmed that these genes upregulated with greater nega-
tive affect were disproportionately associated with pro-in-
flammatory and wound healing activities, implicating
nuclear factor-kappa B (NFkB) and STAT family tran-
scriptional pathways. In that cohort, greater post-surgical
depressive symptoms predicted shorter 11-year overall
survival (Antoni et al., 2017b). Thus, greater psychosocial
adversity is related to immune cell behavior in ways that
can influence inflammatory signaling and possibly clinical
outcomes in women under treatment for breast cancer.

Renal cancer

Remarkably similar associations have been identified in
other cancers. For instance, greater depressive symptoms
were associated with greater leukocyte pro-inflammatory
(cytokine, chemokine, COX2/prostaglandin E [PGE]), and
pro-metastatic gene expression in patients with metastatic
renal cell carcinoma, consistent with increased activity of
NFkB and STATI transcription factors and factors
involved in myeloid cell activation and differentiation
(Cohen et al., 2012). Analyses of the tumor microenvi-
ronment showed that patients with greater depressive
symptoms had greater numbers of CD68+ tumor associated
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macrophages and greater pro-inflammatory (COX2/PGE)
and pro-metastatic (MMP2, MMP9) gene expression in
tumor tissue (Cohen et al., 2012). Greater depressive
symptoms also predicted shorter survival time in this
cohort. Thus in a second major cancer type, greater
adversity was associated with greater concurrent inflam-
matory signaling and poorer clinical disease outcomes over
time.

Ovarian cancer

In ovarian cancer, adversity indicators (depression, low
social support, social isolation) have been related to greater
inflammatory gene expression in ovarian tissue, (Lutgen-
dorf et al., 2008); greater levels of tumor promoters [vas-
cular endothelial growth factor (VEGF) and IL-6
(Lutgendorf et al., 2002, 2008); greater tumor-infiltrating
macrophage expression for these tumor promoters (Lut-
gendorf et al., 2008); and shorter survival (Lutgendorf
et al., 2012). In a recent study providing in vivo analysis of
dynamic changes in circulating tumor cells (exosomes)
prior to surgery, advanced ovarian cancer patients with low
social support (vs. high social support) showed a gene
expression pattern favoring up-regulated EMT (Lutgendorf
et al.,, 2017). Secondary analyses implicated upregulation
of genes associated with heightened SNS activity (cyclic
adenosine monophosphate response element [CREB]) and
NFxB family transcription factors (Lutgendorf et al.,
2017). This work supports the hypothesis that greater
adversity in the peri-surgical period for ovarian cancer, as
in the case of breast cancer, and in renal cancer, is asso-
ciated with greater inflammatory signaling, molecular
processes favoring metastasis, and poorer clinical out-
comes.

These findings are not limited to the cancers reviewed
here. For example, lower socioeconomic status (SES) has
been related to greater leukocyte pro-inflammatory and
pro-metastatic and lower anti-viral gene expression, and to
predict increased relapse risk and decreased leukemia-free
survival in recipients of hematopoietic stem cell transplant
for acute myelogenous leukemia (Knight et al., 2015).
These studies support the need for interventions to reduce
adversity early in the cancer experience (i.e., during pri-
mary treatment) to modulate immune and inflammatory
activities in order to improve the trajectory of disease.

Effects of psychosocial interventions in cancer
patients

Despite an impressive number of psychological interven-
tions tested in randomized trials with cancer patients to
date (Antoni, 2013; McGregor & Antoni, 2009; Newell

et al.,, 2002) very few studies have been shown to
(a) modulate psychological adaptation (decrease distress
and adversity states) in cancer patients in parallel with
(b) changes in indicators of stress physiology, (c) alter-
ations in immune activity, and (d) long-term effects on
quality of life and disease course (recurrence, mortality).
Such studies require investigators to recruit cancer patients
into an intervention trial at a critical juncture in the cancer
continuum (e.g., time of primary treatment or at the point
of disease recurrence); induce improvements in psycho-
logical (e.g., mood) and neuroendocrine (SNS and HPA)
activity and immune cells (inflammation, cellular immu-
nity) and possibly circulating tumor cells; and follow
cohorts for several years for clinical outcomes.

It has been 30 years since the publication of a landmark
study reported that women with metastatic breast cancer
who received a 12-month group-based supportive expres-
sion therapy (SET) intervention lived 1.5 years longer than
patients assigned to standard cancer care (Spiegel et al.,
1989). Among three clinical trials (Goodwin et al., 2001;
Kissane et al., 2007; Spiegel et al., 2007) published over
the past 17 years, evaluating the effects of 12-month SET
interventions on disease recurrence and survival in women
with metastatic disease, two (Goodwin et al., 2001; Kissane
et al., 2007) showed no survival advantage for women
assigned to SET, while the third (Spiegel et al., 2007) did
not show an overall survival effect for SET, although
secondary analyses showed that women with estrogen
receptor (ER) negative tumors assigned to SET had greater
survival. There is also some evidence that palliative care
interventions to improve symptom management are asso-
ciated with greater survival in lung cancer patients (Temel
et al., 2010). Although these interventions have shown to
produce significant improvements in psychological and
health outcomes, any biobehavioral processes underlying
their effects on clinical disease outcomes remain unknown.

One meta-analysis of 15 randomized trials meeting
stringent Cochrane criteria for methodological quality
involving nearly 3000 cancer patients indicated that while
psychosocial interventions did not provide an overall sur-
vival benefit, those interventions delivered early in disease
(in 6 trials with 1448 patients with non-metastatic disease)
were associated with a reduced risk of cancer mortality (Oh
et al., 2016). This pattern of results and the lack of con-
sistent effects for the SET studies noted above may be due
to the fact that testing the effects of psychosocial inter-
ventions on disease course in patients with metastatic dis-
ease may be complicated by variability in time since
diagnosis, multi-organ involvement, and heterogeneous
treatment regimens, among others. But is there any evi-
dence that psychosocial interventions delivered early in the
treatment of non-metastatic cancer patients (i.e., in the
post-surgical period) are associated with stress/distress
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reduction, changes in biobehavioral parameters, and better
survival and recurrence outcomes?

Because modifiable cognitive, behavioral, and social
factors can facilitate adaptation during active treatment,
clinical trials have tested the effects of various cognitive
behavioral therapy (CBT)-based psychosocial interventions
designed to improve these factors at various points along
the cancer continuum, which appear to improve psycho-
logical adaptation and clinical health outcomes, and mod-
ulate biobehavioral processes known to be related to cancer
disease progression (Antoni, 2013; Lutgendorf & Ander-
sen, 2015). Two studies completing survival analyses in the
last 10 years have, in fact, shown in post-surgical non-
metastatic breast cancer patients that group CBT-based
stress management interventions improve psychological
adaptation (reduced distress, negative affect, depressive
symptoms, social adversity) (Andersen et al., 2004; Antoni
et al.,, 2006a, 2006b), modulate cellular immune and/or
inflammatory processes in salubrious ways (Andersen
et al.,, 2004; Antoni et al., 2009, 2012, 2016), and show
better disease course (greater disease-free intervention and
survival time over 11-year median follow-up) (Andersen
et al, 2008; Stagl et al., 2015). Secondary analyses
revealed that immunologic changes occurring during the
first year of primary treatment (decreased leukocyte
inflammatory and increased anti-viral gene expression,
Antoni et al., 2016) and later in cancer survivorship (lower
total white blood cell and neutrophil counts, Thornton
et al., 2008/2009; Andersen et al., 2010) predict better
long-term clinical outcomes (e.g., longer time to recur-
rence) in these cohorts.

Neuroendocrine changes observed in one of these trials
may provide insights into the physiological processes that
may underlie intervention effects (Phillips et al., 2008).
Women assigned to the 10-week CBSM intervention
revealed decreases in afternoon serum cortisol levels over a
1-year follow-up (Phillips et al., 2008) that paralleled
decreases in negative affect, cancer-specific intrusive
thoughts, and social disruption (Antoni et al., 2006a,
2006b). Transcriptional analyses revealed that these
women also showed decreased leukocyte pro-inflammatory
and pro-metastatic gene expression in tandem with
increased glucocorticoid (GC) receptor gene expression,
implicating reduced GC resistance as a possible mediator
of intervention effects on decreased inflammatory signaling
(Antoni et al., 2012). The finding that increased leukocyte
GC sensitivity occurred in breast cancer patients demon-
strating decreasing circulating cortisol levels suggests that
stress management interventions capable of decreasing
circulating GC ligands may over time improve leukocyte
sensitivity to anti-inflammatory signals. This notion is
supported by evidence that distress, depression and other
states of adversity may contribute to inflammatory signal-

@ Springer

ing by way of GC resistance (Miller et al., 2002) and
provides some of the first evidence that a CBT-based
intervention may reverse both HPA axis dysregulation and
inflammatory signaling in cancer patients.

Thus, CBT-based stress management interventions may
improve long-term health outcomes in non-metastatic
breast cancer patients by modulating immune cell behav-
iors (e.g., inflammation, anti-viral immune signaling and
function), which in turn may communicate with cancer
cells in order to promote their survival, progression and
metastasis. Since neuroendocrine and immunological/in-
flammatory changes are known to relate to stress processes
on the one hand and breast cancer disease progression on
the other (Antoni et al., 2006a, 2006b, 2006c¢) it follows
that stress reduction may reverse neuroendocrine dysreg-
ulation (e.g., by decreasing SNS-and HPA-mediated pro-
duction of neuroendocrines, and decreasing GC receptor
resistance in circulating immune cells, Miller et al., 2002).
Immunologic effects of these changes may lead to a
restoration of cellular and antiviral immunity (increased
lymphocyte proliferative responses, Type I and II inter-
feron signaling, Thl cytokine production), and a decrease
in inflammatory expression patterns (decreased leukocyte
pro-inflammatory and pro-metastatic signaling, and circu-
lating cytokines) (Cole et al., 2015). Together these
immunologic changes could contribute to improved long-
term (e.g., time to recurrence) health effects in breast
cancer patients. For instance, stress-induced SNS activa-
tion, which can accompany many adverse conditions, may
promote a myeloid-mediated “metastatic switch” within a
growing primary tumor to increase the odds of distant
metastases (Sloan et al., 2010).

Despite being conducted by separate laboratories the
two CBT-based stress management trials (Andersen et al.,
2008; Stagl et al., 2015) were comparable in terms of
sampling approach (recruiting approximately equal num-
bers post-surgical patients), intervention format and con-
tent, and follow-up intervals (psychological and immune
measures over 12 months; disease outcomes over 8-15
years (median = 11 years). In each trial, distress and/or
cortisol decreases were paralleled by either increased fre-
quency of relaxation practice (Andersen et al., 2007b) or
increased confidence in using relaxation to manage stress
(Antoni et al., 2006a, 2006b, 2006c; Phillips et al., 2011).
This provides some insight into one of the possible medi-
ators of these interventions (i.e., anxiety-tension reduction)
that may explain their effects on biobehavioral processes
and health outcomes. Although the disease stage range of
the samples did differ, when stage was matched between
the two trials (i.e., using Stage II-III cases only) very
similar results for each trial emerged for intervention
effects on survival and recurrence. Differences in the trials
did include a longer period of continuous intervention
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(12 months for Andersen et al. vs. 10 weeks of Stagl et al.),
and an additional focus on heath behavior change in
Andersen et al. It may thus be possible to achieve long-
term health benefits in the briefer program with a sole focus
on stress management skills training.

Exciting new developments in cancer treatments include
various forms of neoadjuvant (pre-surgical) chemotherapy,
radiotherapy and immunotherapy; less toxic adjuvant
chemotherapy regimens, minimal dose radiation therapies,
and immunotherapies using chimeric antigen receptor
(CAR) T-cells and checkpoint inhibitor therapies; and the
application of these and other treatment approaches on the
basis of the genetic characteristics of tumor cells, often
referred to as “precision” approaches. Estimated national
expenditures for cancer care in the US in 2017 were nearly
$150 billion. The National Cancer Institute has noted that
in future years, costs are likely to increase as the population
ages, cancer prevalence increases, and some of the new,
and often more expensive, treatments noted above are
adopted as standards of care. Many of these cutting edge
approaches remain quite expensive and out of reach of the
majority of patients, who must rely instead on standardized
and higher burden surgical, chemotherapy and radiation
therapies, which will create or exacerbate cancer health
disparities. The work presented in this review provides
preliminary support for the value of using psychosocial
interventions as adjunctive strategies to modulate psycho-
logical and physiological adaptation early in treatment,
monitoring changes in biobehavioral processes reflecting
cellular immune functioning, inflammation and other
tumor-promoting processes during cancer survivorship, and
following cohorts systematically for effects on clinical
outcomes. Future work should use community-based
approaches, culturally adapted interventions, and advances
in remote technologies to increase the reach of these
research findings.

Summary and conclusions

During the past 40 years since the Yale conference on
Behavioral Medicine and the founding of the Journal of
Behavioral Medicine considerable progress has been made
in understanding the role of psychosocial risk and man-
agement of a number of chronic physical diseases. The
effects of prolonged distress responses in the pathogenesis
of some cancers and cardiovascular diseases have become
well-established and modifiable cognitive, behavioral and
social factors have been shown to produce some favorable
outcomes in the management of such diseases as breast
cancer, CHD and HIV. It should be noted that psychosocial
interventions such as CBT-based stress management have
been successful in improving long-term clinical disease

endpoints including survival. Emerging work is identifying
the active ingredients of these interventions in order to
refine them and determine the optimal timing and duration
of their delivery, while incorporating technological
advances to increase their reach. It is important to note that
the psychosocial-behavioral interventions have not been a
substitute for traditional medical care including surgery
and medications, but instead have become an important
part of the armamentarium of modern health care.
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