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CHAPTER FOUR

Somatic responses to
psychological stress:
The reactivity hypothesis

John T. Cacioppo
The Ohio State University, Columbus, Ohio, USA

Traditionally, tonic autonomic or neuroendocrine states have been thought to pre-
dict if not mediate the effects of stress on health. Research is reviewed suggesting
that the nature and amount of reactivity to acute psychological stressors should not
be overlooked. The very concept of stress connotes the exposure of an individual
to a threatening stimulus or potentially overwhelming event. Autonomic and neuro-
endocrine activation in response to stressors is beneficial up to a point, but excessive
»; H activation may also have long-term costs. The metabolic requirements posed by
the psychological stressors to which people are typically exposed in contemporary
society are often minimal. Consequently, strong autonomic and neuroendocrine
activation to psychological stressors is often not needed for effective coping but
instead may affect cellular aging and health across time.

Traditionnellement, on pensait que les états toniques neuroendocrinien ou auto-
nomique pouvaient prédire, voire médier, les effets du stress sur la santé. Une
recension des recherches en ce domaine suggeére que la nature et la quantité de
réactivité a des stresseurs psychologiques aigus ne devraient pas étre négligées. Le
concept méme de stress inclut I’exposition de I'individu 2 un stimulus menacant
ou & un événement potenticllement accablant. L’activation autonomique ou neuro-
endocrinienne en réponse a des stresseurs est avantageuse jusqu’a un certain point,
mais une activation excessive peut également comporter des cofits a long terme.
Surtout que les exigences métaboliques des stresseurs psychologiques auxquels les
gens sont habituellement exposés sont minimales. En conséquence, une activation
autonomique et neuroendocrinienne forte a des stresseurs psychologiques n’est
souvent pas requise pour une adaptation efficace, mais peut, au contraire, avec le
temps, réduire la dégénérescence cellulaire et la santé.

Conflicting choices, unexpected obstacles, overwhelming challenges, and un-
Controllable events in contemporary society are an inescapable part of everyday
life. When demands are perceived to exceed our ability or willingness to cope,
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the experiences they evoke are labeled as stress (Lazarus & Folkman, 1984),
Whether or not one is able to cope, however, the demands, hassles, and irrita-
tions of daily life can activate autonomic and neuroendocrine responses. These
responses often provide more than enough metabolic support for the behaviora]
demands of the situation but may have hidden costs in the long run.

Anecdotal evidence abounds for the influence of social and psychological
stress on health. A supervisor on a construction crew exudes hostility, berating
everyone with whom he comes into contact. His hostility carries over into his
personal life, creating an atmosphere of animosity that reinforces his anger
and hostility. He dies of a heart attack as he gets up to go to work one morning
before his 50th birthday. A woman diagnosed as having breast cancer develops
feelings of helplessness and hopelessness. Although her cancer is detected at an
early stage, the disease progresses more quickly than in her more optimistic
counterparts. She fails to survive five years. An otherwise healthy widower
grieves over the loss of his long-time spouse. Within a year he dies, some say
of a broken heart. An individual, depressed and lonely over becoming unem-
ployed, engages in a series of predictably detrimental behaviors; she smokes
incessantly, lives on sweets and fast food, becomes sedentary, has poor hygiene,
and fails to comply with the prescribed medical regimens. She becomes vulner-
able to various infectious diseases and dies in her sleep of pneumonia.

As we approach the 21st century the world is increasingly burdened by
preventable illness, injury, and disability. Heart disease, for instance, accounts
for approximately three-quarters of a million deaths annually in the US, cancer
more than another half million, and respiratory and viral infections remain a
major cause of morbidity and mortality among older adults (Baum, Cacioppo,
Melamed, Gallant, & Travis, 1995; McGlone & Arden, 1987). In 1960, 5% of
the US Gross National Product (GNP) went to medical services; in 1990 this
share had grown to 12% (US Public Health Service, 1990). Injury now costs
more than $100 billion annually, cardiovascular disease about $135 billion, and
cancer over $70 billion.

Many of these health problems, and the consequent human, societal, and eco-
nomic costs, have affective bases ranging from anxiety, anger, and depression
to unrealistic or drug-induced feelings of euphoria and invulnerability. Accord-
ing to the US Public Health Service, of the 10 leading causes of death, at least
seven could be reduced substantially if people at risk would change just five
behaviors: compliance (e.g. use of anti-hypertensive medication), diet, smok-
ing, exercise, and alcohol and drug abuse. For instance, approximately 65% of
instances of cancer are thought to be caused by smoking, diet, and exposure
to sun; workplace carcinogens, chemical interactions among compounds like
tobacco, asbestos or alcohol, and viruses such as hepatitis B are thought to
account for another 20-30%. Epidemological studies have established a rela-
tionship between such social factors as social isolation and health. In a recent
review of prospective studies, for instance, House, Landis, and Umberson (1988)
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found social isolation to be a major risk factor for morbidity and mortality from
widely varying causes, even after statistically controlling for known biological
risk factors, social status, and baseline measures of health. The strength of social
isolation as a risk factor is comparable to health risk factors such as smoking,
blood pressure, obesity, and physical activity (House et al., 1988).

With the aging of the world population, the development of antibiotic-resistant
strains of bacteria and viruses, and the rising costs of health care, attention has
turned to identifying emotional and behavioral factors that may increase a person’s
resiliency to infectious diseases. Stress may actually promote health in some cir-
cumstances. The stress of learning of a friend’s demise may be a sobering experi-
ence that alters a wide range of health behaviors. Stress can foster adaptive actions
and stimulate autonomic, neuroendocrinological, and immunological reactions to
support these actions. It can enhance one’s sense of personal mastery or efficacy
and help individuals minimize the negative outcomes of future stress. Thus, new
challenges and demands can be a source of growth as well as a source of stress.

STRESS AND IMMUNE FUNCTION

Although stress may be necessary for survival, it can also alter susceptibility to
disease. Stress, particularly if prolonged or repeated, can produce cardiovascular
changes that can contribute to a narrowing of blood vessels and to heart attacks
or strokes and reduce the strength of immunological activities in the body (Baum,
1994). Stress may alter cardiovascular function, immune function, and health
through various pathways (Glaser & Kiecolt-Glaser, 1994; Rabin, Cohen, Ganguli,
Lyle, & Cunnick, 1989). Stress may obscure symptoms, increase appraisal and
patient delays and reduce medical compliance (Andersen & Cacioppo, 1990;
Andersen, Cacioppo, & Roberts, 1995; Cacioppo, Andersen, Turnquist, & Petty,
1986). Stress can activate maladaptive behaviors that reflect attempts to cope
with negative emotional responses. Persons experiencing psychological stress
may engage in unhealthy practices such as smoking, not eating or sleeping
properly, and not exercising, and these behaviors may foster accidents, cardio-
vascular disease, and suppressed immune function (Baum, 1994; Rabin et al.,
1989). Nerve fibers connecting the central nervous system and immune tissue
provide another path by which stress may influence immunity (Cohen, 1996).
Stress also evokes a variety of adaptational somatic responses, including stimu-
lation of the hypothalamic-pituitary-adrenal axis (HPA) and the sympathetic
adrenal medullary (SAM) system. The pituitary and adrenal hormones and other
neuropeptides play an important role in the modulation of the immune system
(Munck, Guyre, & Holbrook, 1984). Hormones such as epinephrine, norepine-
phrine, and cortisol circulate in the blood and can act on visceral as well as cellular
immune receptors. These neuroendocrines, therefore, are an important gateway

through which psychological stressors affect the cellular immune response (Ader,
Felton, & Cohen, 1991).
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The association between stress and immune function has received consider-
able attention in recent years. Spousal caregivers of dementia patients, relative
to control participants, report longer episodes of infectious illness, primarily
upper respiratory tract infections, and a diminished proliferative response to
the mitogens concanavalin A (Con A) and phytohemagglutinin (PHA) (Kiecolt-
Glaser, Dura, Speicher, Trask, & Glaser, 1991). In addition, caregivers show
higher levels of antibody titers to latent Epstein-Barr virus (EBV) than controls,
reflecting diminished control of the cellular immune response over the steady-
state expression of latent EBV (Kiecolt-Glaser et al., 1991). Caregivers of relat-
ives with a progressive dementia, compared to controls, also show a poorer
humoral and virus-specific T-cell response to influenza virus vaccination and
have lower in vitro interleukin-1f3 (IL-1B) (Kiecolt-Glaser, Glaser, Gravenstein,
Malarkey, & Sheridan, 1996). Because respiratory and viral infections remain a
major cause of morbidity and mortality among older adults (McGlone & Arden,
1987), these differences in immune response to influenza virus vaccination may
be significant. Furthermore, the health consequences of stress may extend bey-
ond infectious diseases. Recent research has shown that caregivers of relatives
with a progressive dementia are characterized by impaired wound-healing relat-
ive to controls matched for age and family income (Kiecolt-Glaser, Marucha,
Malarkey, Mercado, & Glaser, 1995). These results are not limited to the stress
of caregiving, as the suppression of immune function has also been observed
among persons in marital conflict (e.g. Kiecolt-Glaser et al., 1987), taking
important examinations (e.g. Kiecolt-Glaser et al., 1984), and living near the site
of a serious nuclear power plant accident (McKinnon, Weisse, Reynolds, Bowles,
& Baum, 1989). Clinical depression (Herbert & Cohen, 1993a) and psychological
distress (Herbert & Cohen, 1993b) have also been associated with decreased
immune function. Finally, psychological distress has been found to covary with
self-reported (Cohen & Williamson, 1991) and biologically verified (e.g. Graham,
Douglas, & Ryan, 1986) upper respiratory disease.

This research is consistent with stress-induced susceptibility to infectious
disease but much of it is not definitive. Self-report measures of illness episodes
may be unreliable, individuals who are more ill may also report higher levels
of stress, and individuals who are more stressed may increase their exposure
to infectious agents (Cohen, 1996). A recent study by Cohen and colleagues
is especially interesting in this regard. Cohen, Tyrrell, and Smith (1991, 1993)
quarantined 420 healthy volunteers, measured their level of stress, exposed them
to saline or one of five upper respiratory viruses, and monitored for the develop-
ment of disease. After seven days of quarantine, each participant was classified
as not infected, infected but not ill, or infected and ill. No participant who was
exposed to saline became ill, and about a third of the participants exposed to the
cold viruses became ill.

Three measures of stress were related to disease onset: (1) a stressful life
event scale to measure the cumulative event load; (2) a perceived stress scale to
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assess perceptions of overload-induced stress; and (3) a measure of negative
affect. For each measure, participants were categorized as under high or low
stress according to whether their score on each scale fell above or below the
median score. For all three measures, paticipants who reported high stress were
more likely to develop an infectious disease than those who reported low stress.

Although these data provide strong evidence for an association between stress
and infectious disease, the mechanism by which stress influenced health could
not be identified in this research (Cohen et al., 1991, 1993). Among the mechan-
isms examined were differences in health behaviors, white blood cell populations,
total (nonspecific) antibody levels, age, sex, education, and personality factors
such as self-esteem or personal control. Furthermore, Cohen and colleagues
found that more stressful life events were associated with greater susceptibility
to disease whether or not these stressors elicited perceptions of stress or negat-
ive affect. Indeed, perceptions of stress or negative affect were not required for
stressful life events to enhance susceptibility to disease. That is, people who
confronted many stressors recently were more likely to become ill whether or
not they rose to the challenge posed by the stressors.

The nature and amount of reactivity to acute psychological stressors may help
illuminate the effects of stress on immune function and health. As noted earlier,
the concept of stress implies the exposure of an individual to a threatening stimu-
lus or overwhelming event. Autonomic activation in response to stressors is bene-
ficial up to a point, but excessive autonomic activation may also have hidden
costs. Because the metabolic requirements posed by the psychological stressors
are often minimal (Cacioppo, 1994; Turner, 1989), the metabolic support pro-
vided by the differential physiological reactivity to stressors may not be needed
for effective coping and instead may take a toll on cellular aging and health
across time. '

In discussing general principles of behavior, Kimble (1990, p. 36) noted that
“up to a point, in obedience to Newton’s second law, the greater the irritation,
the greater the change”. This fundamental principle of the excitatory response of
the nervous system served as a basis for two postulates in our work on reactivity
within the context of our psychophysiological activation theory (Cacioppo et al.,
1992): (a) individuals are comprised of partially interacting neurophysiological
(e.g. HPA, SAM) systems, each with response potentialities that are stable until
ignited to action, and (b) the greater the stimulation of an excitatory neural
system, the greater the output from that system tends to be. Accordingly, prior
research on stress and health has tended to contrast individuals who are high

versus low in basal physiological activation or high versus low in their exposure
o a stressor.

The study of autonomic, neuroendocrine, and immune response as a function
of stress reactivity represents a complementary approach. The same excitatory
stimulus (e g. stressor) can have profoundly different effects on physiological
activation across individuals or life circumstances even when coping, performance,
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and perceived stress are comparable. That is, the gain, or increment of response
per quantum of stimulation, can vary dramatically across individuals or conditions,
with resulting differences in reactivity and profiles of physiological activation (see
Cacioppo et al., 1992). This heterogeneity in stress response may hold a key to
understanding what makes some individuals (or individuals in some circumstances)
susceptible to disease and others (or the same individuals at other times) resilient
to disease. That is, although higher levels of stress are associated with susceptibil-
ity to disease, it may also be the case that individuals who show relatively large
physiological stress responses to the threats and irritations of everyday life (high
stress reactivity) may be at greater risk for disease susceptibility even though
their affect and perceptions of coping and stress are comparable to individuals
who show relatively muted physiological stress responses (low stress reactivity).

INVESTIGATION OF STRESS REACTIVITY

To go beyond anecdotal evidence and investigate the effects of stress reactivity,
we developed a set of brief laboratory stressors representative of everyday events
that were tailored to hold performance constant and to be perceived as moderately
engaging and stressful by all participants (Saab, Matthews, Stoney, & McDonald,
1989; Turner, 1989; see review by Cacioppo, 1994). Briefly, participants in our
studies are exposed to speech and math stressors. In the math stressor, particip-
ants are asked to perform six 1-minute serial subtraction problems continuously
for 6 minutes. Participants are instructed that any error they made would be
corrected by the experimenter, and that they should continue from the correct
number. The minuend for minute 1, for instance, might be 297, for minute 2
might be 688, and so on. Results from our prior research on mental arithmetic
indicates that participants average approximately 10 serial subtractions per minute
when they are engaged in the task (Uchino, Kiecolt-Glaser, & Cacioppo, 1992).
Thus, the subtrahend for minute 1 might be 3, but to maintain maximal task
involvement and moderate task difficulty (i.e. approximately 10 correct answers
per minute), the subtrahend specified for each subsequent minute is contingent
on the participant’s performance during the preceding minute (see Table 4.1;
Cacioppo et al., 1995).

In the speech stressor, participants might be asked to imagine that they are
asking a new acquaintance for a date, or that they are in a department store
shopping when a security guard falsely accuses them of shoplifting (Saab et al.,
1989), or that a bill collector is pursuing them for a medical bill that they have
already paid (Cacioppo, Poehlmann, et al., in press). Participants are instructed
to give intelligent and well-thought out answers because their speech will be re-
corded and compared with the speeches of others. Participants are given 3 minutes
' to prepare and 3 minutes to present their speeches. Because we are interested in
the reactions to acute psychological stressors generally, the results are aggreg-
ated across these laboratory stressors.
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In an illustrative study, 44 healthy undergraduate men participated in a pre-
screening study in which heart rate (HR) reactivity to a brief speech stressor was
assessed (Sgoutas-Emch et al., 1994). Following adaptation to the lab, HR and
blood pressure were recorded continuously over a 3-minute baseline period and
in response to a speech stressor (Saab et al., 1989).

We first examined the internal consistency of HR, systolic blood pressure
(SBP), and diastolic blood pressure (DBP) from the pre-screening component.
The two sets of data included in the analyses were baseline and speech periods.
Cronbach alphas for the measure of HR, SBP, and DBP over these periods were
satisfactory, and a repeated measures ANOVA confirmed that the speech stressor
elevated HR. We identified individuals in the top or bottom quartiles in HR
reactivity (Myg reaciviy = 30.1 and 5.3 bpm, respectively) and conducted ancillary
analyses to ensure high and low HR reactors were comparable in terms of basal
HR and health-related behaviors. High and low HR reactors were then recruited
to participate in the follow-up study in the Ohio State University Hospital.

The main study was run in the morning and consisted of four components:
(1) informed consent, explanation of task, and insertion of an indwelling cath-
eter into the antecubital vein; (2) a 30-minute supine adaptation period followed
by a blood draw; (3) a 5-minute baseline period; and (4) a 12-minute mental
arithmetic task followed by a post-stress blood draw. During the last 6 minutes
of the stressor, participants were also exposed to random 100dB noise blasts.
The participants were told that the noise blasts were designed to make the task
more challenging. HR and blood pressure were recorded continuously during
the 5-minute resting baseline and during the 12-minute mental arithmetic task.
The blood draws prior to and following the experimental stressor provided the
materials for the neuroendocrine and immune assays.

Test-retest correlations showed that the HR reactivity to the speech stressor
in the prescreen predicted well the HR reactivity to the mental arithmetic stressor
3 weeks later (r = +.62, P < .01). Furthermore, high HR reactors—as defined by
their HR response to the speech stressor in the prescreening—displayed larger
HR increases to the mental arithmetic stressor in the subsequent session (Sgoutas-
Emch et al., 1994). Thus, participants differed reliably in terms of HR reactivity.

Intense physical and psychological stressors can activate the autonomic nervous
system (fight-or-flight response) and promote the release of pituitary and adrenal
hormones, reflecting the activation of the HPA and SAM systems, respectively
(cf. Cacioppo, Berntson, & Crites, 1996). These hormones have diverse effects
that aid the body in coping with stressors. These include promoting alertness,
enhancing muscular efficiency, elevating energy resources and cellular meta-
bolism, and reducing inflammatory and allergic responses.

As illustrated in Table 4.1, we replicated prior research showing that brief
psychological stressors increase norepinephrine and epinephrine activity but not
cortisol levels. It is this observation that has led others to suggest that brief
psychological stressors activate the SAM system but not the HPA system. A bit
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TABLE 4.1
Mean response as a function of
psychological stressor

Measure Baseline Post-stressor
Epinephrine 31.50 33.70
Norepinephrine 250.80 356.00
Cortisol 12.00 12.80
CD4+/CD8+ 2.81 2.29
Cell Proliferation to Con A 4.14 4.09
NK Cytotoxicity 47.50% 68.20%

more detective work, however, has revealed HPA activation, and its associated
glucocorticoid reactivity, to be present and important. I will return to this point
after summarizing the effects of stressors on immune function.

THE EFFECTS OF STRESSORS ON
IMMUNE FUNCTION

The immune system is comprised of different cell types, each with its own
effects, yet orchestrated to defend the body against antigens and pathogens. The
human immune response can be functionally divided into two categories: non-
specific and specific response (Kennedy, Kiecolt-Glaser, & Glaser, 1990). Non-
specific responses refer to the general bodily defenses that result from exposure
to a pathogen and include the activation of natural killer (NK) cells, which
monitor the body and destroy virally infected and tumor cells, and the activation
of macrophages, which engulf and destroy foreign substances. Specific immune
responses include T-lymphocyte-mediated responses involving helper/inducer and
suppressor/cytotoxic T-lymphocytes (i.e. cellular immune response) and antibody
production by B-lymphocytes (i.e. humoral immune response). A T-lymphocyte
gives rise to a large clone of cells when activated by an antigen. Suppressor/
cytotoxic T-cells and helper/inducer T-cells migrate to the site of infection
and act to destroy the invading pathogens. Among the actions of helper/inducer
T-lymphocytes are the activation of antibody production by B-lymphocytes,
stimulation (by the release of lymphokines) of T-helper cell and cytolytic T-cell
production, and enhancement (via the release of gamma-interferon) in the lytic
power of NK cells. Suppressor/cytotoxic T-cells help regulate the magnitude or
duration of an immune response by suppressing T-helper cells and antibody pro-
duction by B-lymphocytes. Because the cells of the immune system are pooled
in diverse locations throughout the body, circulating blood plays an important
role in transporting the immune cells between organs (e.g. spleen, thymus, bone
marrow) and sites of antigens.

The percentage of various kinds of blood cells can be quantified in vitro by
using commercially available monoclonal antibodies. For instance, the CD4+
marker on the cell surface identifies helper/inducer lymphocytes, whereas the
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CD8+ marker identifies suppressor/cytotoxic lymphocytes (Kennedy et al., 1990).
Because a balance of helper/inducer and suppressor/cytotoxic T-lymphocytes is
important in mounting an effective immune response (Herbert & Cohen, 1993a),
the ratio of CD4+/CD8+ cells is often of interest. The brief psychological stressor
resulted in more circulating suppressor/cytotoxic T (CD8+) cells, a reduction in
the ratio of circulating helper to suppressor/cytotoxic T cells (CD4+/CD8+), and
more circulating NK cells.

NK cell activity (cytotoxicity) can also be measured by incubating NK cells
with radioactively labeled target (e.g. tumor) cells and, following incubation and
harvesting, measuring the radioactivity released from the lysed cells (Kennedy
et al., 1990). The functional status of cellular immunity is typically examined by
measuring the lytic power of cells or by quantifying in vitro the cell prolifera-
tion to the mitogens concanavalin A (Con A) and phytohemagglutinin (PHA),
which can stimulate T-lymphocyte proliferation and is thought to model how cells
respond to antigens in vivo (Kennedy et al., 1990). Cancer cells, for instance,
develop daily in most individuals. These cells have different surface proteins than
normal body cells, and these proteins act as antigens and stimulate an immune re-
sponse that destroys these abnormal cells. Normally, suppressor/cytotoxic T-cells,
macrophages, and NK cells attack and destroy cancer cells. According to the
theory of immunosurveillance, immune cells sometimes fail to recognize cancer
cells as foreign, or are unable to destroy them as fast as they reproduce, resulting
in the uncontrolled growth of these abnormal cells. Patients with advanced cancer,
for instance, have diminished NK cell activity. Analyses in our study revealed
that the cell proliferation to Con A decreased and NK cell activity increased as
a result of exposure to the acute psychological stressors (see Table 4.1).

[n sum, autonomic and neuroendocrinological activation in response to stressors
serves to mobilize metabolic resources to support the requirements of fight or
flight. The stressors of contemporary society, however, often do not require or
even allow behavioral fight or flight, and the autonomic and neuroendocrine re-
actions shown in response to acute psychological stressors substantially exceed
metabolic requirements. Thus, although somatic activation in response to stressors
is beneficial up to a point, excessive autonomic and neuroendocrine activation
can diminish health across time. That is, a design for the brain and stress physi-
ology that worked well in human evolution may have maladaptive aspects that
manifest as life expectancy has increased well beyond the reproductive years.
Indeed, according to the disposable soma theory of aging, it may be “disadvant-
ageous to increase maintenance beyond a level sufficient to keep the organism
in good shape through its natural life expectancy in the wild, because the extra
cost will eat into resources that in terms of natural selection are better used to
boost other functions that will enhance fitness” (Lithgow & Kirkwood, 1996,
p. 80). Given the metabolic requirements posed by the psychological stressors
in today’s society are often minimal, the differential responses of high versus low
reactors may shed light on what these long-term costs might be and on possible
mechanisms underlying the effects of stress on cellular aging and health.
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LOW AND HIGH REACTORS TO STRESS

The pattern of neuroimmune responses described thus far, for instance, can be
explained in terms of the activation and immunoregulatory effects of the SAM
axis (e.g. Crary et al., 1983). However, when we contrasted the high and low
HR reactors’ neuroendocrine and immune Tesponse to stressors, another pattern
emerged. The stressor elevated plasma catecholamine levels comparably in high
and low HR reactors, but high HR reactors showed higher stress-related levels
of plasma cortisol than low HR reactors. As illustrated in Fig. 4.1, analyses also
indicated that the high HR reactors showed larger stress-related increases in NK
cell lysis. These data suggest that the HPA axis should not be ignored and that
variations in HPA activation by brief psychological stressors may help explain
why it is that daily irritations and stressors have greater health consequences
for some individuals than others, or for individuals in some life circumstances
but not in others. The finding that cortisol concentration was heightened in
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FIG. 4.1 Heart rate, plasma cortisol concentration, and natural killer cell response to acute psy-
chological stress in low and high reactors.
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high reactors is particularly provocative in view of the extensive literature link-
ing cortisol with the down-regulation of multiple aspects of cellular immune
function in vitro (Cohen, Evans, Stokols, & Krantz, 1986; Glaser & Kiecolt-Glaser,
1994).

Prior research has failed to find a relationship between cortisol and immune
response in vivo, but these studies have focused on tonic cortisol concentrations
(e.g. Glaser, Pearl, Kiecolt-Glaser, & Malarkey, 1994). We, too, found no relation-
ship between basal levels of cortisol and immune response; however, the observa-
tion that high reactors showed differential cortisol changes and NK cytotoxicity
to the acute psychological stressors suggests that stress reactivity may be an
important factor to consider. If the glucocorticoid receptors on immune cells are
sensitive to phasic changes in cortisol concentrations, short-term modulations of
plasma cortisol levels by daily psychological stressors may influence cellular
immune function even though these stress-induced changes in plasma cortisol
levels are more likely to occur repeatedly over the course of the day in only some
individuals and are relatively small.

Hypothalamic mechanisms and corticotropin-releasing hormone (CRH) not
only affect endocrine function but can affect heart rate (HR) reactivity by altering
the sympathetic and/or parasympathetic activation of the heart. An individual’s
classification as high or low in HR reactivity in a given situation ignores possible
differences in the autonomic origins of this reactivity, however. An individual’s
classification as high in HR reactivity in a given situation could originate in
elevated sympathetic reactivity, vagal withdrawal, or reciprocal activation of the
sympathetic and vagal outflows to the heart. Research on cardiac reactivity has
generally emphasized variations in HR reactivity rather than variations in the
autonomic origins of HR reactivity (Cacioppo, Uchino, & Berntson, 1994a).
This classification of participants in terms of HR reactivity relegates variations
in the autonomic orgins of HR reactivity to the error term, a practice that may
obscure the relationship between autonomic responses to stressors and behavioral,
humoral, or clinical outcomes.

INVESTIGATION OF HEART RATE REACTIVITY

Quantifying differences in the autonomic determinants of heart rate (HR) re-
activity across situations or individuals requires replacing the concept of HR
reactivity as being a unidimensional (e.g. sympathetic activation) vector with a
two-dimensional autonomic space. We recently outlined such an autonomic space
(Berntson, Cacioppo, & Quigley, 1991) and reviewed the evidence consistent
with the notion that HR reactivity can derive from multiple modes of autonomic
control (Berntson, Cacioppo, & Quigley, 1993). According to this concept, reliable
differences exist not only in HR reactivity to psychological stressors, but also in
sympathetic cardiac reactivity and in vagal cardiac reactivity. This concept also
requires a means of measuring the separable autonomic origins of HR reactivity.
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We have relied on the noninvasive measures of respiratory sinus arrhythmia
(RSA) and cardiac pre-ejection period (PEP) because both psychometric (e.g.
Cacioppo et al., 1994a) and autonomic blockade research (e.g. Berntson et al,,
1994; Cacioppo et al., 1994b) indicate that these measures represent noninvas-
ive indices of the autonomic control of the heart in the context of our stress-
reactivity protocol.

We have demonstrated in research on psychological stressors that the inter-
relationships among HR, RSA, and PEP reactivity measures are consistent with
the use of RSA and PEP reactivity as noninvasive indices of the vagal and sym-
pathetic determinants, respectively, of stress-induced HR reactivity (Cacioppo et al.,
1994a). We correlated basal HR, task HR, and HR reactivity (calculated as a simple
change score and as a residualized change score) during sitting with the corres-
ponding index during standing to determine test-retest reliabilities, and we per-
formed comparable analyses for the indices based on RSA and on PEP. Results
revealed that these test-retest correlations ranged from .53 to .82 (Ps < .01). The
finding that HR, RSA, and PEP reactivity indices during sitting were highly pre-

" dictive of the corresponding reactivity measures during standing provided support
for the use of PEP and RSA as indices of the autonomic substrates of cardiac
reactivity in our stress-reactivity paradigm. Subsequent analyses (whether we
used simple change scores or residualized change scores) provided additional
evidence. First, the correlations between stressed-induced changes in RSA and in
HR were all negative, reflecting the negative chronotropic effects of vagal input
to the heart. That is, individuals who displayed stress-induced increases in RSA
also were likely to show small increases in HR, whereas individuals who showed
stressed-induced decreases in RSA (reflecting vagal withdrawal) also displayed
large increases in HR. Furthermore. the median correlation among these meas-
ures was statistically significant (median r = —.53, P < .01). Second, the correla-

tions among stressed-induced changes in PEP and in HR were uniformly large

and negative, consistent with the notion that stress-induced sympathetic cardiac
activation shortens PEP and elevates HR. The median correlation among these
measures was also statistically significant (median r = —.54, P < .01). Third, the
correlations between the RSA and PEP reactivity measures revealed that these
indices did not consistently covary across individuals, and the median correlation
among these measures was not significant (median r = .29, n.s.). These results
are consistent with the notion that stress-induced changes in RSA and in PEP
can vary independently and that each predicts unique autonomic determinants of
HR reactivity (Cacioppo et al., 1994a).

Our psychometric and autonomic blockade studies of RSA and PEP (Bemtson
et al., 1994; Cacioppo et al., 1994a.b) also indicated that when high and low HR
reactors are identified based on extreme scores from the HR reactivity distribu-
tion, these group differ in both sympathetic cardiac reactivity and vagal cardiac
stress reactivity. However, if sympathetic cardiac reactivity is the better marker
of HPA activation by brief psychological stressors, then variations in sympathetic
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TABLE 4.2
Mean response as a function of
psychological stressor

Measure Baseline Post-stressor
HR 60.8 83.5
PEP 101.3 93.4
RSA 6.9 6.5
SBP 110.4 118.5
DBP 69.3 76.1
Epinephrine 24.5 29.5
Norepinephrine 280.3 404.1
ACTH 14.3 15.6

cardiac reactivity should be related more strongly to stress-induced changes in
plasma cortisol concentrations and cellular senescence than vagal reactivity.

In a test of this hypothesis, 24 healthy undergraduate women participated
in the study (Uchino, Cacioppo, Malarkey, & Glaser, 1995). The study was
run in the morning and consisted of a 30-minute adaptation period followed by
a blood draw, a 6-minute baseline (prestress) period, and a 12-minute mental
arithmetic task, during the last 6 minutes of which participants were exposed to
100dB noise blasts. Autonomic measurements were made during baseline and
stressor periods, and blood draws were obtained during baseline and following
the stressor.

Recall that the laboratory stressors were developed to assess reactions to
the irritations and stressors people face numerous times in their daily lives. The
psychological stressors evoked a large increase in HR that was accompanied by
a diminution of PEP and RSA. The analyses of blood pressure provided addi-
tional evidence that the brief psychological stressor activated the cardiovascular
system (Table 4.2). Together, these data suggest that, at least at the group level,
the stressors produced a reciprocal sympathetic activation and parasympathetic
withdrawal. Also summarized in Table 4.2 is our finding that the acute psycho-
logical stressor again produced an increase in the norepinephrine and epinephrine
plasma levels but appeared to have no effect on HPA activation.

When we focussed on stress reactivity in our prior study, we found evidence
for differential HPA activation by the stressor: SAM activation was comparable
for high and low HR reactors, but high reactors showed relative HPA activation.
Analyses of autonomic-neuroendocrine relationships in this study replicated these
results: HR reactivity was significantly correlated with stress-related changes in
plasma ACTH and cortisol (rs = +.50 and +.62, respectively, Ps < .02). Further-
more, and consistent with our hypothesis, it was sympathetic cardiac reactivity
that was underlying these relationships: PEP reactivity was significantly correl-
ated with cortisol reactivity (r = —.45, P < .05) but RSA reactivity was unrelated
to cortisol changes (r = —.18, n.s.), and none of these autonomic measures were
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correlated with plasma catecholamine reactivity to the psychological stressor
(=35 < rs < .20, n.s.).

Analyses of NK cell activity replicated the elevation in NK cytotoxicity that
was observed in response to the brief stressor. Analyses aimed at examining the
autonomic substrates of this association confirmed our expectation that stress-
induced PEP reactivity was a strong predictor of NK cell activity (r = —56,
P <.01) whereas RSA reactivity was uncorrelated with changes in NK cell activ-
ity (r=—.12, n.s.). As might be expected, we also observed a positive correlation
between cortisol and NK cell activity changes (r = .51, P < .02).

To examine directly potential mediational processes, we used ROMONA
PC (Browne & Mels, 1990) to test the the hypothesis that cardiac sympathetic
reactivity (as indexed by PEP changes) was having an effect on NK cell activity
via stress-related changes in SBP. Recall that a shortening of PEP is associated
with greater beta-adrenergic activation of the heart and an increase in both the
rate and force of contractility. SBP reactivity, in turn, may impact on short-term
NK cell activity through mechanical or soluble immune factors (Ottaway &
Husband, 1992). The increased vascular pressure, for instance, may lead to a
migration of NK cells from Iymphoid tissues into the peripheral circulation,
which may elevate overall NK cell activity. Results of the path analysis pro-
vided evidence for this mechanism of action: (a) PEP reactivity was a significant
predictor of SBP reactivity; (b) SBP reactivity was a significant predictor of NK
cell activity even after controlling for the effects of PEP; and (c) the direct path
between PEP and NK cell activity became nonsignificant when controlling for
the effects of SBP reactivity (i.e. the mediator).

Considerable evidence has now accumulated suggesting that sympathetic car-
diac reactivity marks HPA activation to brief psychological stressors (al’ Absi
etal., in press; Cacioppo, 1994; Cacioppo et al., 1995; Lovallo, Pincomb, Brackett,
& Wilson, 1990; Uchino et al., 1995). The health consequences of these differ-
ences may be more evident in older than in younger individuals, however. There-
fore, we studied 22 elderly women to examine the generalizability of this effect
and to explore possible differences in response to an influenza vaccine in high
and low reactors (Cacioppo et al., 1995). The study was run in the morning and
consisted of a 30-minute supine adaptation period followed by a blood draw, a
S-minute baseline period, and a 6-minute mental arithmetic task and a 6-minute
speech task. Our laboratory stressor was adapted slightly to investigate the typ-
ical reactions that these elderly individuals show to irritations and stressors in
their daily lives. Autonomic measurements were made during baseline and stressor
periods, and blood draws were obtained at baseline, mid-stressor, and post-stressor
periods. Immunological data were obtained from the pre- and post-stress blood
draws, and neuroendocrine measures were obtained from pre-, mid-, and post-stress
blood draws. That afternoon, a subset of the participants received an influenza
vaccine, and blood was drawn that afternoon, two weeks later, and 3 months
later to determine their response to the vaccine (Kiecolt-Glaser et al., 1996).
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TABLE 4.3

Mean response as a function of psychological stressor
Measure Baseline Mid-stressor Post-stressor
HR 68.0 79.0 80.4
PEP 95.5 85.8 86.2
RSA 5.0 43 4.2
SBP 128.5 141.0 136.4
DBP 78.3 85.0 83.1
Epinephrine 222 423 35.2
Norepinephrine 454.1 609.8 595.5
ACTH 1.2 16.3 14.8
Cortisol 12.2 12.1 11.7

As in our prior research, the psychological stressor evoked a large increase
in HR that was maintained across the 12-minute stress period. Furthermore, just
as we had observed in our prior studies, the psychological stressor resulted in
a diminution of PEP and RSA. Analyses of blood pressure again revealed sig-
nificant pressor responses, consistent with the notion that brief psychological
challenges that require active coping can produce a reciprocal sympathetic
activation and parasympathetic withdrawal. In addition, we again found that the
psychological stressor elevated epinephrine and norepinephrine plasma levels,
and we found that the stressor elevated ACTH levels. Cell means are summar-
ized in Table 4.3.

Analyses of the lymphocyte and NK cell numbers also revealed the same
pattern of results as found in our study of undergraduate men. The psychological
stressor increased the number of circulating T-cells and NK cells, elevated the
number of circulating suppressor/cytotoxic (CD8+) cells, and reduced the ratio
of circulating helper to suppressor/cytotoxic T-cells (CD4+/CD8+). Analyses of
the functional measures of cellular immune response also revealed a similar
pattern of results: The acute psychological stressor decreased the blastogenic
response to Con A and increased NK cell activity. The magnitude of the effects
of stress on cellular immune responses is especially impressive, given cellular
immune activity is diminished in the elderly.

Limited in vivo samples of cortisol may not be an optimal approach for
investigating the relationships among autonomic, neuroendocrine, and immune
function because cortisol varies in a pulsatile fashion and is subject to large
diurnal variations. Nevertheless, we conducted regression analyses to examine
whether the sympathetic substrate of HR reactivity (as indexed by PEP reactiv-
ity) might be more strongly related to stress-related neuroendocrine and immune
changes than the vagal substrate of HR reactivity. In our prior studies (Sgoutas-
Emch et al., 1994; Uchino et al., 1995), the pre- and post-stress levels of plasma
cortisol were comparable, but variations in cardiac reactivity predicted stress-
related changes in plasma cortisol levels. We again found that the higher the HR
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reactivity, the greater tended to be the stress-induced change in cortisol ( = .31),
More interestingly, sympathetic cardiac reactivity predicted the stress-induced
changes in plasma cortisol concentrations (r = —.62), whereas vagal cardiac re-
activity was unrelated to cortisol responses (r = .18). This is precisely the pattern
of results one would expect if sympathetic reactivity were underlying the relation-
ship between HR reactivity and cortisol, and is a relationship we replicated in a
study of undergraduate men (Uchino et al., 1995). To test this hypothesis further,
we conducted hierarchical regression analyses. Results confirmed that the rela-
tionship between stress-induced PEP and cortisol changes was highly significant
(P <.01), and that the relationship between HR reactivity and cortisol changes was
completely eliminated when statistically controlling for PEP reactivity (F < 1).
These data, therefore, indicate that brief psychological stressors have an impact
on the HPA axis in some situations and individuals—specifically, when sympath-
etic cardiac reactivity is also high.

OTHER NEUROENDOCRINE CHANGES

To examine what other neuroendocrine changes covaried with cardiac sympath-
etic reactivity, we conducted analyses based on a median split on stress-related
PEP changes. The results, depicted in Fig. 4.2, showed that both low and high
reactors showed stress-related elevations in epinephrine, but that low reactors
showed relatively muted SAM activation and no stress-related increases in
HPA activation. To the extent that catecholamines and glucocorticoids can have
long-term suppressive effects on the immune response to viral and infectious
agents, low reactors may show superior immunosurveillance.

In a pilot study headed by Jan Kiecolt-Glaser to examine this hypothesis, a
subset of these participants received an influenza vaccine the afternoon of their
participation in our reactivity protocol. The T-cell response to this vaccine was
measured by an influenza virus-specific interleuken-2 (IL-2) response in vitro.
Analyses of the IL-2 response revealed the expected inverted U-shaped cellular
immune response across time, with a decline in the T-cell response clearly
evident by 3 months following vaccination.

Differences in the maintenance of an immune response to an influenza vac-
cine may have health relevance because the elderly already exhibit diminished
immune function involving T-cells and cytokine response, and respiratory and
viral infections remain a major cause of morbidity and mortality among older
adults (McGlone & Arden, 1987). Consistent with the stress-reactivity hypothesis,
high sympathetic cardiac reactivity was associated with diminished immune
response in this pilot study. The T-cell response declined more completely
3 months after the vaccination in individuals who exhibited high sympathetic
cardiac reactivity to representative psychological hassles and challenges in our
laboratory stress-test ( = .68). HR and cardiac vagal reactivity, on the other
hand, did not predict IL-2 levels (rs = —.17 & —.12, respectively). These data
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FIG. 4.2 Heart rate, plasma epinephrine, ACTH. and cortisol concentration to acute psychological
stress in low and high reactors.

suggest that the autonomic and neuroendocrine changes we assessed in the lab
3 months earlier indexed how these individuals responded on a daily basis to
irritations and stressors, given their life circumstances over this period.

If sympathetic cardiac reactivity to brief laboratory stressors reflects differ-
ences in the impact of daily stressors on the activation of the HPA axis, then
stress-related variations in plasma cortisol may better predict the virus-specific
T-cell response (IL-2 production) to the vaccine 3 months later than changes
in plasma epinephrine. Although results should be considered preliminary, the
analyses provided support for this reasoning: Stress-induced changes in plasma
cortisol levels predicted IL-2 levels 3 months later, with individuals showing
stress-related increases in plasma cortisol characterized by lower IL-2 levels
(r = -.56); in contrast, stress-induced plasma epinephrine levels were positively
and nonsignificantly related to IL-2 levels (r = +.13). That is, the psychological
stressors activated the SAM system in the elderly participants generally, but these
stress-induced plasma epinephrine levels were unrelated to the virus-specific
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T-cell response to the influenza vaccine 3 months later; the activation of the
HPA system by acute psychological stressors, on the other hand, predicted
maintenance of the T-cell response to the viral antigen.

REACTIVITY AND EPSTEIN-BARR VIRUS

The studies presented thus far have demonstrated that psychological stressors
can activate the autonomic nervous system and promote the release of adrenal
and pituitary hormones. To the extent that catecholamines and glucocorticoids
can have long-term suppressive effects on the immune response to viral and
infectious agents, low reactors may show superior immunosurveillance. The res-
ults of our pilot study of responses to an influenza vaccine in an elderly popula-
tion were consistent with this hypothesis. In a follow-up test of our hypothesis
that high reactivity is associated with immunosuppression, we recently examined
the association between reactivity and antibody titers to EBV (Cacioppo et al.,
submitted).

The competence of the cellular immune response is a critical factor in con-
trolling primary herpes virus infections such as EBV and maintaining virus
latency (Glaser & Kiecolt-Glaser, 1994). Considerable evidence has accumu-
lated linking stress with the appearance, duration, and intensity of herpes virus
infections, and the modulation of the steady-state expression of latent EBV (e.g.
Glaser & Kiecolt-Glaser, 1994; Glaser et al., 1987). When latent EBV is re-
activated, the memory immune response reacts to the increased synthesis of viral
proteins resulting in heightened antibody levels to the virus. Reliable changes in
antibody titers to EBV virus capsid antigen (VCA) IgG have been found con-
comitant with the down-regulation of different aspects of the cellular immune
response (Glaser et al., 1991, 1987; Kiecolt-Glaser et al., 1984).

Data were obtained from 54 elderly women who participated in a larger
study. The study was run in the morning and consisted of a 30-minute adaptation
period followed by a blood draw, a 6-minute baseline (pre-stress) period, and a
12-minute psychological stressor that again consisted of a 6-minute mental arith-
metic task and a 6-minute speech task. Autonomic measurements were made
during baseline and stressor periods, and blood draws were obtained during base-
line, immediately following the stressor, and 30 minutes following the stressor.

As in the previous studies, the psychological stressors evoked a large increase
in HR that was accompanied by a diminution of PEP and RSA. The analyses of
blood pressure again provided converging evidence that the brief psychological
stressor activated the cardiovascular system, and analyses of the recovery period
showed that these changes were short-term (Table 4.4).

To examine what effects covaried with cardiac sympathetic reactivity, we
conducted a median split on stress-related PEP changes. Recall that the laboratory
stressors were designed to be comparably and moderately engaging for all par-
ticipants. Consistent with this design, high and low reactors rated the laboratory
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TABLE 4.4
Mean response as a function of psychological stressor
Measure Baseline Mid-stressor Post-stressor Recovery
HR 65.7 75.6 75.2 66.7
PEP 95.5 88.8 88.2 97.0
RSA 5.5 5.1 5.3 53
SBP 138.3 142.3 145.7 1324
DBP 81.5 82.8 824 79.1

stressor as equally unpleasant, mentally effortful, and frightening. High and low
reactors also expressed comparable basal levels in state anxiety and changes in
state anxiety following exposure to the laboratory stressor.

Because high and low reactors were defined based on a median split on PEP
reactivity, PEP reactivity was, of course, larger in the high reactors than low
reactors. High and low reactors did not differ in terms of basal cardiac sympath-
etic activation, as indexed by pre-stress PEP; basal cardiac parasympathetic
activation, as indexed by pre-stress RSA; or basal HR or blood pressure. More
interestingly, analyses of autonomic reactivity revealed that (a) the laboratory
stressor produced significant cardiac sympathetic activation (i.e. reduction of
PEP) in the high reactor group but no significant change in cardiac sympathetic
activation in the low reactor group; (b) these autonomic differences in high and
low reactors were also evident in HR reactivity, systolic blood pressure reactiv-
ity, and diastolic blood pressure reactivity; and (c) these autonomic differences
were not manifest in cardiac parasympathetic (RSA) activity. Together, these
results indicate that the laboratory stressor produced large and significant in-
creases in the sympathetic activation of the autonomic nervous system in high
reactors, whereas the stressor did not alter sympathetic activation in low reactors.
Furthermore, the effect of the stressors on parasympathetic activation was com-
parable for high and low reactors.

As can be seen in Fig. 4.3, cardiac sympathetic reactivity was associated
with elevated NK cell activity, an effect that as our prior research has shown is
transient and due largely to changes in cell trafficking (e.g. Uchino et al., 1995).
In earlier research, no relationship was found in vivo between EBV VCA IgG
antibody titers and basal plasma cortisol levels (Glaser, Kutz, MacCallum, &
Malarkey, 1995) even though glucocorticoids can reactivate EBV in vitro (Bauer,
1983; Glaser et al., 1994). Because cortisol fluctuates over 24 hours in the plasma,
we explored the possibility that the pulsing characteristic of glucocorticoid hor-
mones in high versus low reactive individuals might reveal the relationship of
these hormones and the steady-state expression of latent EBV in vivo. Results
confirmed that high reactors showed higher EBV antibody titers than low reac-
tors. Differences between low and high reactors in the steady-state expression of
latent EBV are likely to reflect biologically significant changes in the status of
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FIG. 4.3 Pre-ejectin period ( PEP), heart rate, NK cytotoxicity, and Epstein-Barr virus (EBV VCA)
IgG antibody titers in high and low reactors.

the latent EBV genome and differences in the cellular immune response in high
and low reactors rather than transient reactions to the laboratory stressor per se,
because EBV antibody titer levels were determined prior to the laboratory stressor.

Previous studies showing the induction of EBV from latently infected Daudi
cells have been performed using single concentrations of a given hormone over
time. Results showed that glucocorticoids but not catecholamines reactivated
latent EBV (Glaser et al., 1995). Given the prior work linking cortisol and
sympathetic cardiac reactivity to psychological stressors (al” Absi et al., in press;
Cacioppo et al., 1995: Lovallo et al., 1990; Sgoutas-Emch et al., 1994; Uchino
et al., 1995) and the association found in this study between sympathetic cardiac
reactivity and the steady-state expression of latent EBV, we explored the pos-
sibility that varying dexamethasone (a glucocorticoid) concentrations over a 72-
hour period might influence the expression of the latent EBV genome in Daudi
cells in a different way (Cacioppo et al., submitted). In one set of cultures run
in Ron Glaser’s laboratory, the concentration of dexamethasone was varied from
107°M to 107°M every 24 hours for 3 days. The control cells were exposed to
media or a single concentration of the hormone for 3 days.
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Confirming previous reports, we found cells grown in media without hor-
mone showed approximately 3~5% antigen positive cells, and an enhancement
of the percentage of EBV antigen positive cells when the cells were exposed to
10~°m dexamethasone, 10~’m dexamethasone, 107>m dexamethasone after 72 hours
of incubation. This dose-response curve replicates prior research. Extending this
research, we found that the cultures that were exposed to the varying concentra-
tions of dexamethasone over a 24-hour period for 3 days showed approximately
36% EBV antigen positive cells.

CONCLUSION

The effects of stress on health have traditionally been conceptualized as oper-
ating through tonic (e.g. basal) autonomic and neuroendocrine states. The thesis
outlined here is that stress reactivity represents an important but often over-
looked perspective in this area. The same stressor can have profoundly different
effects on physiological activation across individuals or in individuals across
different life circumstances even when comparable levels of coping, perform-
ance, and perceived stress are expressed. This heterogeneity in stress response
may help explain what makes some individuals susceptible and others resilient
to disease. Although higher levels of stress are associated with susceptibility to
disease, the series of studies described here suggest that individuals who show
relatively large physiological stress responses to the hassles, challenges, and
frustrations of everyday life (high stress reactivity) may be at higher risk for
disease susceptibility even though their affect and perceptions of coping and
stress are comparable to individuals who show relatively muted physiological
stress responses (low stress reactivity). These data also provide clues for under-
standing how the modulation of physiological responses induced by psycholo-
gical stress can mediate immune function and health. Both low and high reactors
exhibited stress-related elevations in SAM activity but the elevations shown by
low reactors tended to be smaller. More strikingly, low reactors showed little
or no stress-related change in HPA activation compared to high reactors. High
reactors may therefore show poorer immunosurveillance because of the long-
term suppressive effects of sympathetic activation and pituitary hormones on the
immune response to viral and infectious agents.

To summarize, the economic and social costs of health problems in society
today are staggering. With the aging of the world population and the rising
challenges and demands of contemporary civilization, these costs are expected
to become an increasingly heavy burden unless we can learn how to manage
better the negative impact of stress on health. Six misconceptions are now evid-
ent regarding the relationship between stress and health that may contribute to
this end-point. First, the notion that health/medical problems begin at disease
onset is incorrect. The processes that produce chronic as well as acute health
problems can be in place long before disease manifests itself. Second, the belief
that the detrimental effects of psychological stressors and the salubrious effects
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of social factors are minor relative to genetic and biological factors (e.g. obesity,
high blood pressure) is incorrect. As noted earlier, epidemiological studies have
found that loneliness is as big a risk factor for all-cause mortality as smoking,
obesity, and high blood pressure (House et al., 1988). Third, the notion that
autonomic responses to psychological stressors vary in a unidimensional manner
is incorrect. Our research indicates that psychological stressors can produce
cardiac activation via vagal withdrawal as well as sympathetic activation, and
that it is the latter rather than the former changes that are related most closely
to neuroendocrine and immune responses to stressors. Fourth, the notion that
the SAM and HPA systems respond similarly to acute psychological stressors,
except for differences in thresholds and response recovery, may be an over-
simplification. Evidence, including the results of our studies using dexamethasone
(Malarkey, Lipkus, & Cacioppo, 1995) indicate instead that the activation of the
SAM and HPA systems (and, presumably, the neural control of these responses)
differ for metabolic and psychological stressors. Fifth, the conception that the
heterogeneity of the stress response across individuals in a situation simply
reflects error variance may be misleading. Nomethetic analyses in our research
consistently indicated that psychological stressors produce reciprocal sympath-
etic activation, whether the stressor was metabolic (e.g. orthostasis) or psycho-
logical (e.g. mental arithmetic, speech stressor). Idiographic analyses revealed
different neural substrates for these types of stressors, however (e.g. see Berntson
et al., 1994), and further showed that measures of these neural substrates (e.g.
cardiac sympathetic activation) were more predictive of the neuroendocrine and
immune responses to stress than were the functional outcomes of these inputs
(e.g. heart rate reactivity). A final misconception is that it is only the tonic,
autonomic or neuroendocrine states that predict if not mediate the effects of
stress on health. The present research suggests that we should not overlook the
nature and amount of reactivity to acute psychological stressors. In retrospect,
this point seems obvious. The very concept of stress connotes a person’s re-
action to an threatening stimulus or potentially overwhelming event. Autonomic
and neuroendocrine activation in response to stressors is beneficial up to a point,
but excessive activation may also have long-term costs. The metabolic require-
ments posed by the psychological stressors to which people are typically exposed
in contemporary society are minimal. Consequently, strong autonomic and neuro-
endocrine activation to psychological stressors is often not needed for effective
coping but instead may affect cellular aging and health across time,
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