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Psychological Interventions and the Immune System:
A Meta-Analytic Review and Critique
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This article reviews evidence for the hypotheéis that psychological interventions can modulate the
immune response in humans and presents a series of models depicting the psychobiological pathways
through which this might occur. Although more than 85 trials have been conducted, meta-analyses reveal
only modest evidence that interventions can reliably alter immune parameters. The most consistent
evidence emerges from hypnosis and conditioning trials. Disclosure and stress management show
scattered evidence of success. Relaxation demonstrates little capacity to elicit immune change. Although
these data provide only modest evidence of successful immune modulation, it would be premature to
conclude that the immune system is unresponsive to psychological interventions. This literature has
important conceptual and methodological issues that need to be resolved before any definitive conclu-

sions can be reached.
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Interest in the hypothesis that psychological interventions can
modulate the human immune response has grown dramatically in
recent years. More than 85 intervention studies have appeared in
peer-reviewed scientific journals to date, and the publication rate
has been climbing steadily since the middle of the 1980s. Much of
the enthusiasm for conducting intervention studies stems from
their potential clinical implications. There is now considerable
evidence documenting links between psychological stress and dys-
regulation of the immune response (Herbert & Cohen, 1993). To
the extent that this dysregulation contributes to excess morbidity
and mortality, it is conceivable that psychological interventions
could bring about positive health outcomes by altering immune
system processes. Of course, psychological interventions could
also influence health through a number of other pathways, but our
focus here is on the immune system.

Psychological intervention research also has important theoret-
ical implications for the field of psychoneuroimmunology. The
vast majority of studies in this area use correlational research
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methods because of the ethical problems associated with manipu-
lating psychological stress and clinical depression in human par-
ticipants. Although correlational studies can yield important infor-
mation about the links between psychosocial processes and
immunity, causal inferences cannot be drawn from them because
of the possibility of confounding variables and reverse-causation
errors. Experimental trials of psychological interventions present
investigators with a unique opportunity to circumvent these
problems.

Probably the most important impetus for the growth of inter-
vention research during recent years, however, has been excite-
ment generated by several extremely provocative studies. One of
the earliest published trials, for instance, found that people could
deliberately modify their immune response when directed to do so
under hypnosis (Black, 1963a). Another trial demonstrated that
writing about highly traumatic events could boost the immune
system’s response to a routine vaccination (Petrie, Booth, Penne-
baker, Davison, & Thomas, 1995). A third study found that relax-
ation training could heighten specific immune responses among
the elderly (Kiecolt-Glaser et al., 1985). And in perhaps the most
provocative trial to date, researchers reported that a stress-
management intervention could influence the immune responses of
patients with skin cancer as well as the course of their jllness
(Fawzy, Cousins, et al., 1990; Fawzy, Kemeny, et al.,, 1990;
Fawzy, et al., 1993).

These extremely provocative findings are unfortunately not rep-
resentative of the literature as a whole. A number of well-
conducted intervention trials have failed to document significant
changes in the immune system (Coates, McKusick, Kuno, &
Stites, 1989; Locke et al., 1987; Locke et al., 1994; Lutgendorf,
Antoni, Kumar, & Schneiderman, 1994 O'’Leary, Shoor, Lorig, &
Holman, 1988; Whitehouse et al., 1996). Many authors, especially
in the lay press, nonetheless fail to acknowledge the mixed nature
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of evidence in this area (Bock & Sabin, 1997; Epstein, 1989;
Levine, 1991). A few well-balanced review articles on this topic
have appeared in recent years (Hall & O’Grady, 1991; Halley,
1991; Kemeny & Miller, 1999; Kiecolt-Glaser & Glaser, 1992:
Van Rood, Bogaards, Goulmy, & Waletzky, 1993; Zakowski;
Hall, & Baum, 1992), but their coverage has either been limited to
a subset of trials or has been characterized by impressionistic
summaries of findings. To provide a more complete understanding
of the state of scientific affairs in this area, this article reports on
a comprehensive meta-analysis of the published literature on psy-
chological interventions and immunity,

What is the Immune System?

In this section we provide a brief introduction to the immune
system and the techniques that are used to measure its status.
Readers seeking a more comprehensive account of these issues are
encouraged to consult any of several resources available in the
field. The naive reader will find extensive, though nontechnical,
overviews of the immune system in articles by Cohen and Herbert
(1996), Kiecolt-Glaser and Glaser (1995), and O’Leary (1990).
Readers seeking more advanced treatments should consult texts by
Benjamini, Sunshine, and Leskowitz (1996) and Rabin (1999).

The immune system is the body’s chief defense against disease.
Its primary function is to eradicate foreign substances that make
contact with the body. These foreign substances are called patho-
gens and include bacteria, viruses,‘parasites, fungi, and other
bio-organic material. The immune system clears pathogens from
the body by generating responses to protein molecules that reside
on their surface. These molecules are known as antigens. The
immune system also eliminates bodily cells that have been trans-
formed from their normal state through infection or malignancy
and facilitates the repair of tissues that have been damaged through
injury.

The cells of the immune system are called white blood cells.
They are found predominantly in the bone marrow, thymus,
spleen, lymph nodes, and the tissues of the skin, lung, and gastro-
intestinal tract. Because gaining access to these compartments
requires invasive procedures, most research with humans assesses
immune system function as it occurs in circulating blood. Com-
ponents of the immune system are found in circulating blood
because it, along with the lymphatic system, transports them
between immune compartments and sites of infection and injury.

The immune system’s status can be assessed with either enu-
merative or functional measures. Enumerative measures involve
counting different immune system components. In the intervention
literature, these components include white blood cell populations
(granulocytes, monocytes, lymphocytes, NK cells, B-lymphocytes,
T-lymphocytes, helper T-lymphocytes, and suppressor/cytotoxic

T-lymphocytes), antibody populations in the blood (imrmuno--

globulins A, G, & M) and in saliva (secretory immunoglobulin A),
and antibodies to specific pathogens (the Epstein-Barr [EBV] and
herpes-simplex viruses [HSV]). Functional measures, in contrast,
assess how well a specific immune system process is performed. In
the intervention literature, functional assays are performed to as-
sess how effectively natural killer cells destroy laboratory grown
tumor cells, how much lymphocytes divide following stimulation
with a mitogen (a substance that induces mitosis or cell division),
and how effectively neutrophils can adhere to nylon fibers de-
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signed to simulate blood vessel walls. Other functional measures
assess people’s immune responses to antigens to which they are
highty sensitive. This technique involves placing a small piece of
antigen directly underneath the skin, a process that causes a local
inflammatory response that consists of induration (a swollen round
bump) and erythema (redness around the bump). The magnitude of
this response can be measured immediately (an immediate-type
hypersensitivity response) or 24—48 hr later (a delayed-type hy-
persensitivity response) depending on the antigen that is used.

Both enumerative and functional measures provide rough esti-
mates of specific processes rather than global indications of the
immune system’s capacity to resist disease. Each of the measures
used in this literature represents only a small facet of a complex,
highly redundant system. It would therefore be inappropriate to
conclude that intervention-related changes in any specific immune
parameter signal a state of “immune enhancement” or altered
susceptibility to immune-mediated disease. The normal function-
ing range for most immune measures is very broad, and psycho-
logical interventions typically do not induce changes of sufficient
magnitude to move people outside of these boundaries (Cohen &
Williamson, 1991; Rabin, 1999). Even if they did, it is not clear
whether the alterations would persist for a sufficient duration of
time to alter risk for disease. Despite these caveats, animal studies
have shown that behavioral interventions can yield immune
changes of sufficient magnitude to influence morbidity and mor-
tality (Ader & Cohen, 1991).

Psychological Interventions and the Immune System

In this section, we outline the major psychological interventions
that have appeared in the literature, By psychological interventions
we mean interventions designed to improve psychological and/or
physical well-being through the modification of emotion, cogni-
tion, or behavior (Cawley, 1983). We describe five broad classes
of intervention: stress-management, relaxation, disclosure, hypno-
sis, and conditioning. In each case, we also present a theoretical
model describing the major behavioral and biclogical pathways
through which the intervention might influence the immune sys-
tem. The overwhelming majority of existing trials have proceeded
without such explicit theoretical frameworks to guide them. This
represents a significant problem because, as we discuss later, such
frameworks have important implications for how studies are de-
signed, what participant populations are enrolled, which interven-
tions are implemented, which immune functions are measured,
which mediating pathways are tested, and to what situations they
can be generalized. We should note at the outset, however, that our
models are meant as organizing tools to guide work in this area.
Very little evidence exists at this point to substantiate or refute
them, and it is not our goal here to do so.

Stress-Management Interventions

Stress-management interventions attempt to alleviate the im-
mune system dysregulation that accompanies psychologicatl stress.
Although it would be theoretically appropriate to administer these
interventions to healthy persons in chronically stressful situations,
the existing stress-management trials focus exclusively on patients
undergoing treatment for medica! illnesses such as cancer, HIV
infection, and rheumatoid arthritis. This work is guided by the
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assumption that the illness represents a profound form of psycho-
logical stress. As we discuss later, this is not always a tenable
assumption, as many people successfully adjust to chronic illness
(Taylor, 1983; Taylor & Brown, 1988).

Stress-management trials typically consist of four major com-
ponents: illness education, cognitive restructuring, coping skills
training, and the provision of psychological support. Detailed
information about the content of these stress-management inter-
ventions can be found elsewhere (Antoni, 1993; Fawzy & Fawzy,
1994; Kemeny & Miller, 1999). How could an intervention of this
nature influence the immune system? To answer this question, we
outline a model positing that stress-management alleviates im:
mune dysregulation by modifying psychobiological processes set
into motion by stressful experience. This model begins with the
notion that people continuously appraise ongoing stressful circum-
stances along dimensions of threat and manageability (Lazarus &
Folkman, 1984). To the extent that circumstances are evaluated as
posing a significant threat and exceeding coping resources, they
elicit negative emotional responses. These emotional responses
give rise to coping efforts, which in some cases have direct effects
on immunity. For instance, distressed individuals might cope by
increasing tobacco or alcohol use, decreasing physical activity, or
altering sleep patterns. These behaviors could conceivably modify
immune responses (Cohen & Williamson, 1991; Kiecolt-Glaser &
Glaser, 1988; Miller, Cohen, & Herbert, 1999).

Negative emotional states also are hypothesized to modulate the
immune system by activating the sympathetic division of the
autonomic nervous system. Sympathetic fibers descend from the
brain into both primary (bone marrow and thymus) and secondary
(spleen and lymph nodes) lymphoid tissues. When activated by
distress, these fibers release a wide variety of substances that could
influence immune responses by binding to receptors on white
blood cells (Ader, Cohen, & Felten, 1995; Felten & Felten, 1994:
Kemeny, Solomon, Morley, & Herbert, 1992; Rabin, 1999). Ac-
tivation of hormonal systems constitutes another pathway through
which negative emotions could induce immune dysregulation.
Distress activates the hypothalamic-pituitary-adrenal axis, the
sympathetic adrenal-medullary axis, and the hypothalamic-
pituitary-ovarian axis. The hormonal products of these systems can
bind to specific receptors on white blood cells and induce changes
in their function (Blalock, 1994; Rabin, 1999). With repeated
exposure to these hormones, the immune response can become
dysregulated, with altered patterns of cell trafficking, proliferation,
and cytokine secretion.

A stress-management intervention could interrupt this process in
several ways. First, it could modify the way that stressful circum-
stances are appraised. To the extent that it helps people to view
their circumstances as less threatening, for example, cognitive
restructuring could diminish the negative emotional responses that
give rise to immune dysregulation, An intervention could also
larget negative emotions directly through activities like relaxation
and emotion-regulation training. The importance of this pathway
has been illustrated in several trials, each showing that the extent
of immune system change covaries with reductions in negative
emotion (Antoni et al., 1991; Fawzy, Cousins, et al., 1990; Lut-
gendorf et al., 1997). Apart from their stress-reducing functions,
interventions could also influence immunity by pfoviding people
with increased social contact or teaching them more adaptive
coping strategies. Both of these processes have been linked with

immune outcomes (Lutgendorf et al., 1994; Segerstrom, Taylor,
Kemeny, & Fahey, 1998).

The model assumes that a stress-management intervention will
be most successful at modulating immune responses when it meets
three conditions. The first is that participants have encountered an
immune-dysregulating stressful experience. Without such an im-
pairment, the intervention is likely to fail because complex ho-
meostatic mechanisms exist to prevent the immune system from
becoming overactive and initiating an attack on the self (Kiecolt-
Glaser & Glaser, 1992). The second condition is that the interven-
tion successfully reduces stress. This process would involve elic-
iting more benign appraisals of the precipitating experience,
reducing negative emotion, and modifying health-compromising
behavior. The final condition is that the intervention attempts to
modulate immune processes that are dysregulated by stressful
experience. Of the many immune processes measured in this
literature, only a subset have demonstrated sensitivity to stress and
hence might be expected to change in the context of a successful
intervention. Specifically, stress-related immune dysregulation is
characterized by declines in circulating counts of various lympho-
cyte subpopulations including total T-cells, helper/inducer T-cells
(Ty), suppressor/cytotoxic T-cells (T¢), natural killer cells (NK),
and B cells. Stress also elicits a reduction in total secretory
immunoglobulin IgA (sIgA) and an increase in antibody titers to
the herpesviruses EBV and HSV. (This change occurs because
antibodies levels fluctuate directly with viral replication; antibod-
ies are thus viewed as an indirect marker of viral activity.) Dys-
regulation of functional immune measures also accompanies stress
and includes downregulation of natural killer cell cytotoxicity
(NKCC) and lymphocyte proliferative responses to the mitogens
concanavalin A (ConA), phytohemagglutinin (PHA), and poke-
weed mitogen (PWM; Herbert & Cohen, 1993).

Relaxation Interventions

Although many studies seek to alleviate stress-induced immune
dysregulation through multifaceted stress-management interven-
tions, others have attempted to do so through relatively straight-
forward relaxation interventions. These studies have used a wide
variety of techniques including the relaxation response, progres-
sive muscle relaxation, and biofeedback-assisted relaxation (Ben-
son, 1993; Lehrer & Woolfolk, 1993). How could interventions
like these influence immune responses? We believe that the model
described above can answer this question. In that model, circum-
stances appraised as threatening and exceeding coping resources
elicit negative emotional states, which bring about immune dys-
regulation by activating hormonal systems and/or Sympathetic
fibers that innervate lymphoid organs. A relaxation intervention
could alleviate this dysregulation by reducing negative emotion
and consequently dampening activity in hormonal systems and/or
relevant descending sympathetic fibers. There is considerable ev-
idence that relaxation interventions are capable of yielding these
effects. Studies have demonstrated, for example, that states of
relaxation are accompanied by declines in negative mood states,
sympathetic nervous system activity, and circulating hormone
levels (Hoffman et al., 1982; Lehrer & Woolfolk, 1993; McGrady
et al., 1987). The model assumes that relaxation interventions will
be most successful when they meet the same conditions as stress-
management: enrolling participants who have encountered an
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immune-altering stressful experience, successfully altering the hy-
pothesized psychobiological mediators, and measuring immune
outcomes with demonstrated sensitivity to stress.

Disclosure Interventions

Theorists in the psychosomatic tradition have long maintained
that adverse health consequences can result from the inhibition of
psychologically significant thoughts and feelings (Pennebaker,
1995). Recently this view has given rise to studies examining
whether interventions aimed at helping people to disclose previ-
ously inhibited material can improve well-being. These studies
typically have participants write essays about a stressful experi-
ence that they have not discussed extensively with others (e.g.,
rape, incest, and personal failures). The writing takes place over a
relatively short period of time (e.g., 15-30 min) on several con-
secutive days. In some instances the participants are asked to
verbally disclose the experience rather than write about it (Ester-
ling, Antoni, Fletcher, Margulies, & Schneiderman, 1994; Lutgen-
dorf et al., 1994).

How could a disclosure intervention of this nature influence the
immune system? A model of this process begins with the assump-
tion that people cope with some stressful experiences through
psychological inhibition—the failure to express the thoughts, feel-
ings, and behaviors that surround the experience. Inhibition occurs
when people believe that they cannot easily discuss their €xperi-
ence with others, either because they do not trust them or fear that
a discussion might have unpleasant consequences (Lepore, Silver,
Wortman, & Wayment, 1996). This inhibition exacts a toll on the
immune system by activating hormonal systems and/or sympa-
thetic fibers that innervate lymphoid organs (Pennebaker & Beale,
1986). The disclosure process is hypothesized to alleviate the
resulting immune dysregulation by forcing the individual to im-
pose structure on the experience through words, a process that
facilitates a less threatening appraisal, a greater sense of personal
control, and the feeling that one can now successfully cope with
the experience’s personal or social ramifications. More benign
appraisals can reduce negative emotion and facilitate greater dis-
cussion of the stressful experience, both of which should dampen
hormonal and sympathetic activity and thereby restore immune
regulation. Disclosure has been shown to yield benefits of this
nature, including more benign appraisals, reduced negative affect,
and declines in sympathetic activity (Esterling et al., 1994; Pen-
nebaker, 1995; Smyth, 1998). Moreover, the extent of immune
change after disclosure has been shown to covary with people’s
capacity to adopt more benign appraisals (Esterling et al., 1994).

This model suggests that disclosure interventions will have the
greatest chance of successfully modulating immune responses
when they (a) are delivered to people who are coping with a
stressful life experience through psychological inhibition (b) bring
about more benign appraisals and reduced negative affect, and ©)
assess immune system parameters that become dysregulated with
psychological inhibition.

Hypnosis With Immune Suggestion Interventions

Hypnosis is an altered state of consciousness marked by deeply
focused attention and extreme sensitivity to suggestion. Its appli-
cation to the immune system grew out of the series of studies

performed in the early 1960s (Black, Humphrey, & Niven, 1963;
Black, 1963a, 1963b; Black & Friedman, 1965). In a typical
hypnosis with immune suggestion (HWIS) trial, the participant has
an antigen pricked into his or her skin. Next, a hypnotic state is
induced, followed by explicit suggestions that the immune system
will not respond to the antigen. The wording of the suggestion
varies across studies, with some suggesting that participants
“imagine themselves taking a guided tour inside their own bodies”
during which they “travel in the blood stream to their right arm”
and encounter white blood cells. The cells, “knowing that the
injected material only contained harmless proteins from dead
bacteria” would “check the site of the injection but not react much
further” (Zachariae, Bjerring, & Arendt-Nielsen, 1989, p. 539).
Others suggest that participants experience sensations of coolness,
numbness, and dissociation in the arm (Laidlaw, Richardson,
Booth, & Large, 1994). In some studies, suggestions direct par-
ticipants to enhance, rather than suppress, immune responses to the
antigen.

It is not immediately clear how an intervention of this nature
would operate. One possibility is that hypnosis interventions mod-
ulate the immune system by eliciting a state of relaxation. This
process might reduce negative emotion, dampen activity in hor-
monal systems and/or the sympathetic fibers that innervate lym-
phoid tissue, and alter immunity through the pathways described
earlier. If this were the case, we would expect hypnosis to yield the
same immune alterations as relaxation, that is, an alleviation of any
stress-induced immune dysregulation.

It is also conceivable that the hypnotic state enables people to
modify biological processes in a fashion that facilitates the sug-
gested immune alterations. Studies have shown that people can
follow hypnotic suggestions to alter autonomically mediated pro-
cesses such as heart rate, blood pressure, skin temperature, and
even regional blood flow (Lehrer & Woolfolk, 1993). Addition-
ally, studies have shown that rodents can learn to control many of
the visceral organs innervated by the autonomic nervous system,
including the heart, the salivary glands, the intestines, the kidney,
and the stomach (Miller, 1969). Collectively, these findings sug-
gest that humans may have the necessary biological hardware (i.e.,
connections between the frontal cortex, the autonomic nervous
system, the circulatory system, and visceral organs) to carry out
immune-related hypnotic suggestions. It remains unclear, how-
ever, whether they actually have the capacity to use this hardware.
It has not been shown, for example, that people can successfully
carry out hypnotic suggestions to modify circulating hormone
levels. Even if they could, it is not evident how a person would
“know” which biological mediators needed to be altered to facil-
itate a hypnotically suggested immune change.

Regardless of the specific mechanisms through which HWIS
interventions operate, their success is likely to depend heavily
on whether participants are susceptible to hypnotic induction.
People vary dramatically in their capacity to achieve hyprotic
states, and studies have shown that highly hypnotizable partic-
ipants show greater immune change with hypnotic interventions
than their low hypnotizable peers (Gregerson, Roberts, &
Amiri, 1996; Ruzyla-Smith, Barabasz, Barabasz, & Warner,
1995; Zachariae, Hansen, et al., 1994; Zachariae, Jorgensen,
Christensen, & Bjerring, 1997).
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Conditioning Interventions

The application of conditioning principles to the immune system
grew out of demonstrations that conditioned immunosuppression
could be induced in rodents (Ader & Cohen, 1975). Efforts to
apply conditioning to the human immune system have generally
involved administering an initially neutral, but highly salient,
stimulus to participants (e.g., sherbet sweet; Buske-Kirschbaum,
Kirschbaum, Stierle, Lehnert, & Hellhammer, 1992; Kirschbaum
et al., 1992) and then administering an immune-modulating agent
(e.g., epinephrine). This pairing is carried out for several consec-

utive days, after which the participant is presented with the neutral

stimulus alone, with the expectation that it will elicit the same
immune response as it did when presented in the context of the
immune-modulating agent.

A model of how this might occur can be generated on the basis
of principles of classical conditioning. An initially neutral stimulus
(called the conditional stimulus or CS) is paired with an immune-
modulating stimulus (called the unconditional stimulus or UCS).
With repeated presentation, the CS alone comes to elicit the same
immunologic response as the UCS. The principal mediators of this
phenomenon would probably be hormonal systems and/or the
sympathetic fibers that innervate lymphoid organs. In other words,
the initially neutral stimuli would come to elicit immune responses
on their own by first bringing about changes in hormone secretion
patterns and/or descending sympathetic fiber activity (Buske-
Kirschbaum et al., 1992). Studies have demonstrated that hormone
secretion and sympathetically mediated biological processes (e.g.,
blood pressure and heart) can both be successfully conditioned
(Lieberman, 1990; Stockhurst et al., 1999). On the basis of the
literature on conditioned immunosuppression in animals (Ader &
Cohen, 1991), we suspect that the success of human conditioning
interventions depends on having a sufficiently salient CS paired
with a UCS that activates the relevant descending sympathetic
fibers and/or hormonal systems, an adequate number of pairings of
the CS and UCS, and the appropriate sequencing and timing of the
stimulus presentations.

The Meta-Analysis

The major question our meta-analysis addresses is whether the
psychological interventions described above can reliably modulate
immune system parameters. When the necessary data are avail-
able, we also examine whether interventions show greater evi-
dence of success when delivered to participants who possess
theoretically important background characteristics. These back-
ground characteristics, identified on the basis of the models de-
scribed earlier, include whether the participant has recently en-
countered a stressful experience and .whether he/she has
demonstrated susceptibility to hypnotic suggestion. Finally, we
examine whether evidence exists for a dose-response relationship
between various psychological interventions and the immune re-
sponse. Such an effect might be especially likely to emerge in the
context of skill-building interventions like stress-management, re-
laxation training, and hypnosis, where participants must develop
proficiency with specialized techniques in order to successfully
alter the psychobiological pathways described above. It is impor-
tant to note that the moderator analyses we present here are
preliminary in nature because in some cases the trials we review

have only a modest degree of overlap in terms of the interventions
they administer, the designs they use to test them, the background
characteristics of the participants they enroll, and the immune
outcomes they measure.

Method :
Identification of Studies

The review was limited to studies of psychological interventions and the
immune system. We noted earlier that psychological interventions are

defined as efi::v to improve well-being through the modification of
behavior, cogn*: ~=, or emotion. Studies that aimed to improve well-being
by directly m:. -:lating anatomical and/or physiological processes (e.g.,

medication, n: - - ;e therapy, exercise therapy) were excluded from the
review. We aci. +ledge, however, that such interventions could operate,
in part, by mod: .ing psychological processes.

To identify sc:dies, we performed computerized literature searches of
the Medline and PsycINFO databases. The searches, performed in January,
2000, used combinations of the following keywords: intervention, psycho-
therapy, disclosure, hypnosis, relaxation, biofeedback, conditioning, stress-
management, leukocyte, lymphocyte, natural killer cell, psychoneuroim-
munology, and immune function. We then used the ancestry method to
compile lists of studies that had not been identified through initial com-
puterized searches. We also hand-searched through post-1960 issues of
seven journals that regularly publish research in the field of psychoneuro-
immunology. They were Biofeedback & Self-Regulation, Brain, Behavior
& Immunity, Health Psychology, International Journal of Behavioral Med-
icine, Journal of Consulting and Clinical Psychology, Psychosomatic
Medicine, and Psychotherapy & Psychosomatics. We included only those
articles published in English-language scientific journals,

The search procedures yielded a pool of 89 studies, which showed
considerable variability in methodological quality. Because the validity of
a meta-analysis rests on the quality of the studies it includes, we required
that all trials meet two methodological eligibility criteria. The first criterion
was that they were true experiments. To fulfill this criterion, a study was
required to randomly assign participants to either an intervention or control
condition in a between-groups design, or, in the context of a within-group
design, participation in the intervention and control conditions had to be
randomly ordered. The second criterion was that studies had to have
multiple-subject designs.

When we applied these criteria, 23 studies were excluded from the pool
for using nonexperimental designs (26%), and 3 were excluded for single-
subject designs (3%). Four other studies were subsequently excluded
because they failed to report enough data for an effect size to be computed
(Chapman, Goodell, & Wolff, 1959; Ikemi & Nakagawa, 1962) or had
summarized or performed secondary analyses on data that was described in
another report (Antoni, LaPerriere, Schneiderman, & Fletcher, 1991; Hall,
Minnes, & Olness, 1993). These factors were problematic because meta-
analysis proceeds on the assumption that each study contributing to the
analyses is independent of the others (Rosenthal, 1991). A pool of 59
studies was left for the meta-analysis, reported in 55 separate journal
articles. The Reference section lists all studies located in the search by
inclusion/exclusion status, reason for exclusion, and intervention class.

Meta-Analytic Procedures

Meta-analysis is a tool for synthesizing research findings. It proceeds in
two phases. In the first phase, effect sizes are computed for each study. An
effect size represents the magnitude of the relationship between two
variables, independent of sample size. In this context it can be viewed as
a measure of how much an intervention and control group differ on a
particular immune parameter at the end of treatment. In the second phase

W



by
43

2

P

52

of meta-analysis, effect sizes derived from individual studies are combined
1o arrive at an aggregate effect size for each outcome of interest.

We conducted the meta-analysis on the basis of a fixed-effects mode!
(Rosenthal, 1991; Shadish & Haddock, 1994). We calculated effect sizes
from individual studies using statistics published in the original reports.
When these statistics were not included, and could not be obtained from the
authors, we adopted a statistically conservative approach to estimation.
When a trial failed to report statistical data, for example, but indicated that
there were significant differences, we computed effect sizes assuming that
p values were equivalent to .05, This process represents a conservative
approach because the actual p values were probably much smaller. Simi-
larly, when a trial failed to report relevant statistics, but mentioned that
groups did not differ with respect to an outcome, we assumed that there
was no difference at all between the groups. Because there is seldom no
difference at all between two groups, this process also represents a very
conservative strategy.

The effect size estimates from individual studies were subsequently
aggregated using the weighted Stouffer method, with degrees of freedom
used as weights (Rosenthal, 1991; Shadish & Haddock, 1994). This method
yielded an aggregate weighted r statistic for each immune outcome in-
cluded in the meta-analysis. These statistics can be interpreted in the same
fashion as a correlation coefficient, and are weighted in the sense that
studies with larger samples contribute to the statistic to a greater extent
than those with smaller ones. Weighting by sample size is important
because larger studies provide more accurate estimates of true population
parameters (Shadish & Haddock, 1994).

After each aggregate effect size had been computed, we assessed
whether it was statistically significant, arose from a heterogeneous group of
trials, and stemmed from a publication bias toward positive findings.
Following convention, aggregate effects were considered statistically dif-
ferent from zero when (a) their corresponding z value was greater than zero
and (b) the 95% confidence intervals around them did not include the value
zero (Rosenthal, 1991; Shadish & Haddock, 1994). To determine whether
the studies contributing to each aggregate effect size shared a common
population value, we computed the heterogeneity statistic O (Shadish &
Haddock, 1994). This statistic is chi-square distributed with & — 1 degrees
of freedom, where k represents the number of independent effect sizes
included. When a statistically significant Q test emerged, we searched for
moderators (participant background characteristics) that could explain the
variability across studies. In some cases, however, the small number of
trials contributing to an effect precluded us from examining sources of
heterogeneity.

Because scientific journals have a strong bias toward publishing positive
findings, meta-analyses are generally thought to overestimate population
effect sizes because an unknown number of studies with null findings exist
and have not found their way into the published literature. We estimated
the magnitude of this “file-drawer problem” by calculating the fail-safe &
statistic, which reflects the number of unpublished studies with null find-
ings that would be needed to diminish an effect size from statistical
significance to marginal significance. Rosenthal (Rosenthal, 1994) sug-
gested that a file-drawer problem may exist when the fail-safe N is less than
five times the number of published studies plus ten. When this occurs, the
finding should be viewed as a promising trend that needs corroboration. It
is important to remember, however, that file-drawer problems will inevi-
tably arise in meta-analyses of relatively small literatures because the
statistic itself is computed on the basis of the number of published trials:

Results
Preliminary Findings

A total of 2,135 individuals participated in the 59 trials that
comprised the meta-analysis. The trials examined stress-
management (16%), relaxation (26%), disclosure (10%), HWIS
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(31%), and conditioning interventions (10%). Four trials :sed
multiple-group designs where both relaxation and HWIS inter-en-
tions were evaluated (7%).

In terms of background characteristics, only a minority of s=zss-
management interventions (44%) were delivered to populzzons
experiencing enduring psychological stressors. These stressoss in-
cluded bereavement (Goodkin et al., 1998), diagnosis with a cajor
medical illness (Antoni et al., 1991: Fawzy et al., 1990), anZ the
transition from the asymptomatic to symptomatic stage of HIV
infection (Lutgendorf et al., 1997). All stress-management t=als,
however, were delivered to people with a chronic medical ill-ess,
As we mentioned earlier, chronic illness can, in some cises,
represent a major source of psychological stress. The medical
illnesses included cancer (20%), HIV infection (60%), and —eu-
matoid arthritis (20%). A small minority of relaxation trials (13%)
were delivered to stressed populations, which in all cases were
medical students facing examinations (Kiecolt-Glaser et al., 1586;
Whitehouse et al.,, 1996). Another group of relaxation trials fo-
cused on medical populations including those with cancer (15%),
HIV infection (10%), and upper respiratory infections (5%). The
vast majority (73%) of HWIS trials were delivered to preselested
participants who scored high on measures of hypnotic suscep=bil-
ity or reported previous success with hypnosis.

Interpreting the Meta-Analytic Findings

Tables 1-5 describe the meta-analytic results for each intersen-
tion. As we mentioned, the aggregate effect size r can be i=ter-
preted in the same fashion as a correlation, with values raczing
from —1 to +1. A useful rule of thumb for Jjudging effect sizzs is
to consider values of .10, .30, and .50 as corresponding to small,
medium, and large-sized effects, respectively (Cohen & Cchen,
1983). Positive values indicate that an intervention increasss-a
particular immune measure relative to a control condition. The
only exception to this occurs in studies where participants are
instructed to deliberately blunt their immune response to an anti-
gen. For computational reasons, we had to assign these studies
positive values when they found participants could successZilly
carry out hypnotic suggestions. All of the meta-analytic finéings
we report reflect how psychological interventions relate to im—une
parameters immediately after treatment has ended; a meta-an2"ysis
of follow-up outcomes was not possible because too few tials
included assessments after the end of treatment. Finally, we stould
caution the reader that in some analyses (particularly those exam-
ining moderator variables and dose-response relationships), our
statistics are derived from as few as two independent studies.
Although analyses of this nature do not pose any major statiszical
problems, the relatively small number of studies involved matss it
difficult to appropriately evaluate statistical significance. Wrat a
meta-analysis can accurately provide in these instances, howzver,
is an estimate of how much a given intervention can influecce
particular immune outcome (i.e., an effect size estimate),

Meta-Analyses of Stress-Management Interventions

The meta-analyses of stress-management interventions are dis-
played in Table 1. Although a successful stress-managemec: in-
tervention might be expected to alleviate the immune dysregala-
tion that accompanies stress, the meta-analyses yield bnle




PSYCHOLOGICAL INTERVENTIONS AND IMMUNITY

Table 1
Meta-Analyses of Stress-Management Interventions

Aggregate 95% confidence Heterogeneity File-drawer
Immune parameter Studies N effect size r interval z statistic Fail-safe N issue?

Leukocyte numbers -

Lymphocytes 2 58 278 .01, .51 2.06* 10.09** 1 Yes

Ty lymphocytes 7 262 -.010 —.14,.11 -0.17 9.40

Te lymphocytes 3 115 077 —.11,.26 0.80 0.19

Ty/Tc ratio 4 267 —.035 —.16, .09 —0.56 0.92
Leukocyte percentages

Ty lymphocytes 2 77 .039 -.19, .27 0.33 0.16

Te Iymphocytes 2 77 —.010 —.24,.24 —0.06 0.05

Natural killer cells 2 77 -.100 —.32,.13 —0.85 221
Cellular functions

NKCC 5 192 010 —.13,.16 0.17 2.22

Proliferation to ConA 3 107 006 -.19,.20 0.06 6.82*

Proliferation to PHA 2 71 184 —.04, .40 1.57 1.35

Proliferation to PWM 3 100 .050 -.15,.25 0.51 0.61
Note. Ty = T-helper; T = T-cytotoxic/suppressor; NKCC = natural killer cell cytotoxicity; ConA = concanavalin A; PHA = phytohemagglutinin;
PWM = pokeweed mitogen.

*p<.05 *tp< 0

evidence of this. A reliable increase in total lymphocytes does
emerge; however, this finding is unexpected because lymphocyte
counts are generally not altered with stress. This finding also is
subject to a file-drawer problem and is accompanied by a signif-
icant heterogeneity statistic. Contrary to expectations, the meta-
analyses provide no evidence that stress-management interven-
tions can modulate a variety of enumerative (cell numbers and
percentages) or functional (NKCC and lymphocyte proliferative
responses) outcomes that are known to decline with stressful
experience.

The theoretical model we presented earlier suggests that stress-
management may have the greatest success at modulating the

Table 2
Meta-Analyses of Relaxation Interventions

immunity when delivered to people experiencing an enduring
psychological stressor. To examine whether stress-management
interventions perform better under these circumstances, we recom-
puted meta-analyses after stratifying participants by the presence/
absence of an enduring stressor. Unfortunately, only four trials
actually enrolled stressed populations. Although these trials did not
have a sufficient degree of overlap in immune outcomes to permit
a meta-analysis, each of them documented reliable immune alter-
ations in the expected direction. These included increases in nat-
ural killer cell cytotoxicity (NKCC; Fawzy et al., 1990), the
lymphocyte proliferative response to PHA (Antoni et al., 1991),
and Ty, counts (Antoni et al., 1991; Goodkin et al,, 1998), as well

Aggregate

95% confidence

Heterogeneity File-drawer
Immune parameter Studies N effect size r interval z statistic Fail-safe N issue?
Leukocyte numbers .
White blood cells 4 108 —-.166 —-.35,.03 —1.64 4.81
Granulocytes 4 108 —.189 —.39,.03 -1.72 4.66
Monocytes 4 108 —.124 —-.31, .08 —1.22 3.67
Lymphocytes 5 138 -.086 —.26, .08 —1.04 1.35
Ty lymphocytes 2 104 125 -.07, .31 1.25 0.64
Tw/T¢ lymphocytes 3 138 .068 -.12,.12 0.71 0.53
Natural killer cells 2 104 -.047 . —.24,.14 047 0.16
Total immunoglobulin levels
Total secretory IgA 6 259 .366 25, 47 5.97%** 30.55%** 73 No
Total serum IgA 2 64 .000 —.25,.25 0.00 0.01
Cellular functions
NKCC ) 5 154 135 -.02,.29 1.65 6.01
Proliferation to ConA 4 86 —.050 —.24, .16 —0.48 2].55%*x*
Proliferation to PHA 5 155 130 —.03, .29 1.55 8.17
Proliferation to PWM 3 100 .000 —.22,.22 0.00 0.01
Hypersensitivity responses
DTH induration 2 113 —.091 -.26, .09 -1.17 2.03

Note. Ty = T-helper; Te = T-cytotoxic/suppressor; IgA = immunoglobulin A; NKCC

PHA = phytohemagglutinin; PWM = pokeweed mitogen; DTH
***p < 001,

= natural killer cell cytotoxicity; ConA = concanavalin A;

= delayed-type hypersensitivity.
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Table 3
Meta-Analyses of Disclosure Interventions
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Aggregate

95% confidence

Heterogeneity File-drawer
Immune parameter Studies N effect size r interval zZ statistic Fail-safe ¥ issue?
Leukocyte numbers
Ty lymphocytes 2 78 —.309 -.50, —.08 —2.71*x* 041 3 Yes
T lymphocytes 2 78 -.157 -.37, 07 —1.34 0.40
Herpesvirus antibody titers
Epstein-Barr virus 2 116 —.285 —.44, —.10 —2.99** 9.90** 4 Yes

Note. Ty = T-helper; T, = T-cytotoxic/suppressor.
**p < 0l

as a decline in antibody titers to the HSV (Lutgendorf et al., 1994).
These effects were small to medium-sized, with rs ranging from
.15 to .40,

It is also possible that stress-management interventions are most
successful in the context of certain medical illnesses. They might
be especially beneficial for people suffering from HIV infection,
for instance, given the significant financial, medical, legal, and
treatment-compliance challenges this illness poses. When we ex-
amined this hypothesis, however, meta-analyses yielded no evi-
dence that the efficacy of stress management varied across cancer,
HIV infection, or rheumatoid arthritis (data not shown). In fact,
there was no indication that stress-management elicited any reli-
able immune system alterations in any of these medical popula-
tions (data not shown).

A final possibility is that stress management has dose-dependent
effects on the immune system. If, for instance, proficiency with
cognitive restructuring and relaxation is a prerequisite for success-
ful distress reduction, trials that provide the most exposure to these
techniques could conceivably have the greatest chance of docu-
menting immune modulation. To examine this, we recomputed the
meta-analyses after stratifying trials according to the number of
hours of treatment they provided (less than 10 vs. 10-20 vs. 20 or
more). These analyses provided no evidence, however, of a dose-
response relationship between the length of time spent in stress-
management and any immune outcome (data not shown). We also
performed analyses treating hours of treatment as a continuous

Table 4

variable and again found no support for a dose-dependent effect
(data not shown).

Meta-Analyses of Relaxation Interventions

The meta-analyses addressing the impact of relaxation interven-
tions on immune responses are presented in Table 2. Although a
successful relaxation intervention might be expected to elicit a
wide variety of immune alterations, the meta-analyses find very
little evidence of this. Relaxation shows a reliable positive asso-
ciation with total sIgA concentration but is unrelated to a variety of
stress-sensitive enumerative (T, Ty, and natural killer cells) and
functional (NKCC and lymphocyte proliferation) outcomes.-The
sIgA effect is also accompanied by a significant heterogeneity
statistic.

The relaxation model we presented suggests that these interven-
tions should show the greatest evidence of success when delivered
to stressed populations. We were not able to examine this hypoth-
esis meta-analytically, however, because only two of the relaxation
trials enrolled stressed individuals, and they had insufficient over-
lap on immune outcomes. Neither trial showed evidence of elic-
iting reliable immune changes, however (Kiecolt-Glaser et al.,
1986; Whitehouse et al., 1996). When the definition of psycho-
logical stress was broadened to include people with chronic med-
ical illness, there was no evidence that relaxation had a differential
impact among the broadly versus nonstressed participants (data not

Meta-Analyses of Hypnosis With Immune Suggestion Interventions

Aggregate 95% confidence Heterogeneity : File-drawer
Immune parameter Studies N effect size r interval VA statistic Fail-safe N issue?

Total immunoglobulin levels .

Total secretory IgA 4 200 .147 .01, .28 2.03* 1.73 2 Yes
Cellular functions
- Proliferation to PHA 3 93 022 -.19,.23 0.22 0.10

Proliferation to VZ 2 77 .000 —.24,.24 0.00 0.01

Neutrophil adherence 2 55 503 27, .68 3.86%** 6.17* 3 Yes
Hypersensitivity responses

ITH erythema 8 123 231 .04, 41 2.34* 9.11 12 Yes

ITH induration 6 103 165 —.04, .36 1.54 8.39

DTH erythema 2 34 257 —.11, .56 1.39 0.01

DTH induration 7 176 .080 ~.07,.23 1.02 223

Note. ITH = immediate-type hypersensitivity; IgA = immunoglobulin A; PHA
hypersensitivity.

¥ p < 001

*p < .05.

= phytohemagglutinin; VZ = varicella zoster: DTH = delayed-type
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Table S
Meta-Analysis of Conditioning Interventions

Aggregate 95% confidence Heterogeneity File-drawer
Immune parameter Studies N effect size r interval ¥4 statistic Fail-safe N issue?
Cellular functions ;
NKCC 4 62 574 .36,.73 4.62%** 148 18 Yes

Note.  NKCC = natural killer cell cytotoxicity.
¥k p < 001.

shown). When meta-analyses were stratified by illness, we also '

found no evidence that the efficacy of relaxation differed across
cancer versus HIV or that reliable immune alterations occurred in
either disease setting (data not shown).

Despite the fact that there was considerable variability across
trials in the amount of time participants practiced relaxation (rang-
ing from less than 1 hr to 23 hr), analyses provided no support for

a dose-response relationship with any of the immune outcomes
(data not shown).

Meta-Analyses of Disclosure Interventions

Table 3 describes the meta-analyses of disclosure interventions.
Only three outcomes were examined in these analyses: Ty; cell
counts, T¢ cell counts, and antibodies to EBV, Given findings in
the stress and immunity literature (Herbert & Cohen, 1993), we
would expect a successful disclosure trial to elicit higher cell
counts and a reduction in antibody titers. The meta-analyses pro-
vide mixed evidence for this prediction. A reliable decline in EBV
antibody titers emerges following disclosure, but this effect must
be viewed as preliminary because it is subject to a file-drawer
problem and is accompanied by a significant heterogeneity statis-
tic. The meta-analyses also document a reliable Ty cell decline
following disclosure. - However, this finding is subject to a file-
drawer problem and is in the opposite direction of what would be
expected from the stress literature. Contrary to expectations, the
meta-analysis finds no evidence that disclosure alters T, counts.
With regard to dose-response effects, there was not sufficient
variability across trials in the amount of time spent disclosing to
permit a test of this hypothesis.

Meta-Analyses of Hypnosis With Immune Suggestion
Interventions

The meta-analyses examining HWIS interventions are displayed
in Table 4. When interpreting these findings, it is important to
remember that participants were given hypnotic instructions to
modify their immune response in a specified direction. Significant
findings, therefore, reflect success at carrying out these instruc-
tions. The meta-analysis finds that HWIS interventions are asso-
ciated with a reliable increase in both secretory IgA and neutrophil
adherence. These findings should be viewed as preliminary, how-
ever, because they are subject to file-drawer problems. The effect
for neutrophil adherence also is accompanied by a significant
heterogeneiry statistic.

The meta-analyses also document a reliable change in the mag-
nitude of erythema associated with the immediate-type hypersen-
sitivity (ITH) response. This effect derives primarily from situa-

tions where participants are hypnotically instructed to suppress the
immune response (r = 271, z = 2.66, p < .01), and not from
situations where they are instructed to enhance it (r = .00, ns). The
difference in effect-size magnitude for suppression VErsus en-
hancement manipulations is statistically reliable, z = 1.99, p <
.05. These effects, however, are subject to file-drawer problems.
No evidence emerges that HWIS interventions can modulate in-
duration associated with ITH, regardless of whether the manipu-
lation involves suppression or enhancement. The meta-analyses
also provide no evidence that delayed-type hypersensitivity (DTH)
can be reliably altered, irrespective of the manipulation (suppress
vs. enhance), and whether the response is measured in terms of
erythema or induration.

We suggested earlier that the success of HWIS interventions
would depend on hypnotizability status. To examine this predic-
tion, we recomputed meta-analyses after stratifying participants
according to whether they were low versus high in hypnotizability.
Sufficient data for this analysis was available for only two immune
outcomes, the ITH and DTH responses. With respect to ITH, we
found that highly hypnotizable participants modulated both ery-
thema (r = .388, z = 3.03, p < .01) and induration (r = .319,
z = 2.12, p < .05) in a reliable fashion. These effects emerged
during attempts to carry out suppression rather than enhancement
manipulations (for erythema, suppression r = .419, 7 = 3.09, p<
.01, enhancement r = .000, ns; for induration, suppression r =
.321, z = 2.13, p < .05, enhancement r = .000, ns). Low hypno-
tizable participants, in contrast, showed no evidence of modulating
these parameters (erythema r = .020, ns.; induration r = .010, ns).
With respect to DTH, there was no evidence that hi gh hypnotizable
status was linked with the capacity to modulate induration or
erythema (rs < .030, ns).

HWIS trials differed considerably in the amount of time they
required participants to practice before a hypnotic instruction to
alter the immune response was provided (from no time at all up
to 6 hr). However, meta-analyses provided no support for a dose-
dependent relationship between practice time and successful im-
mune modulation (data not shown).

Meta-Analyses of Conditioning Interventions

Table 5 displays findings for the conditioning interventions. The
meta-analysis indicates that conditioning interventions can reliably
increase NKCC. Although this finding is in the expected direction
(the interventions were all designed to increase NKCQ), it is
subject to a file-drawer problem and should be viewed as prelim-
inary. There was not sufficient variability across trials in exposure
to conditioning procedures to allow a test of the dose-response
relationship.

s rnry
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Discussion

Summary and Integration of Findings

Stress-management interventions. Although stress-manage-
ment interventions were expected to alleviate the immune dysregu-
lation that accompanies psychological stress, little evidence of this
emerged from the meta-analysis. Aside from an unexpected posi-
tive association with lymphocyte counts, these interventions
showed no evidence of reliably altering immune outcomes, even
those with known sensitivity to psychological stress. The model
we presented earlier provides a clear explanation for these null
findings, suggesting that stress-management interventions will
only modulate immunity when delivered to people experiencing
enduring psychological stress. Only a small minority of the trials
actually enrolled populations of this nature, and perhaps not sur-
prisingly, they elicited reliable immune alterations in expected
directions (Antoni et al., 1991; Fawzy et al., 1990; Goodkin et al.,
1998; Lutgendorf et al., 1997).

Relaxation interventions. Relaxation interventions also were
expected to ameliorate stress-induced immune dysregulation. They
showed little evidence of doing so, however, aside from eliciting a
medium-sized increase in total sIgA concentration. The model we
presented suggests that these modest effects may be attributable to
the fact that only a small minority of the relaxation trials were
administered to stressed populations. Even these trials did not yield
evidence of reliable immune change, however, suggesting that
people undergoing medical school examinations and chronic ill-
ness may not be a good candidate for future trials in this area.

Disclosure interventions. Disclosure interventions showed
some evidence of success in the meta-analysis, yielding a reduc-
tion in antibody titers to EBV. This finding provides indirect
evidence that disclosure can enhance the body’s control over latent
HSV production. A reliable decline in Ty cell counts also occurred
with disclosure interventions. However, this finding was in the
opposite direction of what might be expected on the basis of the
stress literature.

Hypnosis with immune suggestion interventions. The meta-
analysis yielded some evidence that participants could successfully
carry out hypnotic suggestions to modulate immune responses. It
documented reliable increases in total sIgA concentration and
neutrophil adherence, effects that were medium- and large-sized,
respectively. A small effect for ITH erythema also emerged, show-
ing that pedple could follow hypnotic suggestions to suppress this
response. When analyses were restricted to participants scoring
high in hypnotizability, the erythema effect became even more
pronounced, and a parallel finding emerged for induration. Despite
their success at altering the ITH response, hypnotic interventions
showed no evidence of modulating DTH. An intervention would
not necessarily be expected to have- identical effects on these
responses, however, as they are mediated by different immuno-
logic processes. ITH is an antibody-mediated response, whereas
DTH is a cell-mediated process that involves Ty and T¢
lymphocytes.

These findings may shed preliminary light on the mechanisms
underlying hypnosis. Earlier we suggested that HWIS interven-
tions could operate by eliciting relaxation. To the extent that this
was correct, we argued that they should elicit the same pattern of
immune system changes that emerges with relaxation, that is, a
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reversal of stress-induced immune dysregulation. The meta-
analyses yielded evidence to support this prediction, as participants
demonstrated the capacity to suppress, but not enhance, the ITH
response. Given that acute psychological stress enhances the hy-
persensitivity response (Dhabar & McEwen, 1997), these findings
can be viewed as consistent with the notion that HWIS interven-
tions influence the immune system through relaxation. However,
stress-induced enhancement of the hypersensitivity response has
only been demonstrated in the context of DTH, and further work
will be needed to determine whether this phenomenon occurs with
ITH.

Conditioning interventions. The meta-analysis demonstrated
that conditioning interventions can enhance NKCC. This finding
constitutes preliminary evidence that the robust conditioning ef-
fects observed in animals (Ader & Cohen, 1991) can be extended
to human beings. It will be important for future trials to substan-
tiate this finding by examining functional immune parameters
other than NKCC, and determining whether conditioning trials can
be used to both increase and decrease immune functions, as the-
oretical models suggest they should.

Dose-response relationships. We expected a dose-response
relationship to emerge between psychological interventions and
immune outcomes, particularly in the context of treatments that
required the acquisition of skills. The meta-analyses, however, did
not yield evidence of such a relationship. It is possible that the
small number of trials that had overlapping intervention strategies
and immune outcomes precluded us from adequately testing this
hypothesis. However, there has generally been mixed support for
dose-response effects in this literature, with some studies finding
more pronounced immune alterations among participants who
practice relaxation more frequently (Antoni et al., 1991; Kiecolt-
Glaser et al., 1986) and others finding no such association (Lut-
gendorf et al., 1997; O’Leary, Shoor, Lorig, & Holman, 1988;
Whitehouse et al., 1996). It is not clear what accounts for these
discrepancies, or for our failure to document dose-response rela-
tions. It may be that the measure of dose used in this literature (the
number of hours spent practicing or in treatment) does not capture
whether participants have actually mastered the relevant skills.

Where Do We Go From Here? Shaping the Next Wave
of Trials

Although the meta-analyses show that psychological interven-
tions can modulate certain features of the immune response, their
findings are considerably more narrow than might have been
anticipated. Many enumerative and functional immune outcomes
with documented sensitivity to stress showed no pattern of asso-
ciation with any intervention. Of the immune alterations that were
observed, sIgA was the only outcome to change across two dif-
ferent interventions. And finally, the meta-analyses yielded no
support for the claim that psychological interventions can induce
beneficial immune changes in medical populations (Bock & Sabin,
1997; Epstein, 1989; Levine, 1991). There was no evidence, for
example, that Ty cell counts could be increased in the context of
HIV infection.

Why have existing intervention trials yielded such modest ef-
fects? One possibility, of course, is that the immune system is
unresponsive to psychological interventions. Although the meta-
analytic findings are generally consistent with this conclusion, we
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believe that it is premature. This area has a number of important
conceptual and methodological issues that need to be resolved
before any definitive conclusions can be reached. In the upcoming
sections, we discuss these limitations and how they might best be
addressed in the next wave of trials,

Enrolling appropriate participant populations. Researchers
can substantially strengthen this literature by enrolling theoreti-
cally appropriate participant populations in the next wave of in-
tervention trials, The most promising candidates for stress-
management and relaxation interventions are people experiencing
ongoing, severe, and chronic stressors with a demonstrated impact
on the immune system. Several such groups have been identified,
including victims of natural disasters (Ironson et al., 1997: Mc-
Kinnon, Weisse, Reynolds, Bowles, & Baum, 1989; Solomon, Seg-
erstrom, Grohr, Kemeny, & Fahey, 1997); the bereaved (Bartrop,
Luckhurst, Lazarus, Kiloh, & Penny, 1977; Irwin, Daniels, Smith,
Bloom, & Weiner, 1987; Schileifer, Keller, Camerino, Thomton, &
Stein, 1983); spouses experiencing chronic marital distress, separa-
tion, or divorce (Kiecolt-Glaser et al, 1987; Kiecolt-Glaser et al.,
1988); and family caregivers for patients with neurological disease
(Kiecolt-Glaser, Dura, Speicher, Trask, & Glaser, 1991).

The vast majority of stress-management and relaxation inter-
ventions to date have been administered to medically ill patients.
Although chronic illness can represent a powerful stressor, there
are two potentially important limitations of this approach. The first
is the risk that intervention-related immune changes will be ob-
scured by more powerful biological forces (e.g., disease exacer-
bations, treatment protocols) acting on patients’ immune systems.
The second is the risk that not all patients will view illness as a
significant stressor. Many people successfully adjust to chronic
medical illness and even achieve a quality of life that exceeds their
premorbid level (Taylor, 1983; Taylor & Brown, 1988). For these
reasons, it may be most fruitful to deliver the next wave of
stress-management and relaxation trials to healthy individuals ex-
periencing the stressors described above. If these interventions can
reliably ameliorate immune dysregulation in healthy persons,
follow-up trials in the context of medical illness would be appro-
priate. When such trials are conducted, however, they should be
planned around stressful transitions in the disease process such as
diagnosis, the onset of disfiguring and painful treatments, or the
progression from clinically latent disease to full-blown AIDS.
Studies adopting this approach have had much greater success
documenting immune changes (Antoni et al., 1991; Fawzy et al.,
1990; Lutgendorf et al., 1997) than those enrolling heterogeneous
groups of patients at different disease stages (Richardson et al.,
1997; Taylor, 1995). .

We do not view people undergoing acutely stressful experiences
as promising candidates for the next wave of stress-management
and relaxation trials. These experiences induce transient immune
alterations in only a subset of people (Whitehouse et al., 1996), and
as a result, it may be difficult for trals to detect stress-buffering
effects even when they do occur. The few trials planned around
acute stressors have bome this out, failing to produce immune
alterations in medical students taking exams (Kiecolt-Glaser et al.,
1986; Whitehouse et al., 1996).

The disclosure model we presented suggests that such interven-
tions will stand the best chance of modulating the immune systemn
when they are delivered to individuals who are using psycholog-
ical inhibition to cope with a personally stressful experience. To

facilitate this, investigators should instruct participants to disclose
experiences they have not previously shared with others. This
approach was effective in an early study, which showed that the
greatest improvements in lymphocyte proliferation occurred
among individuals who had not previously shared their experience
with others (Pennebaker, Kiecolt-Glaser, & Glaser, 1988). -

HWIS trials can clearly maximize their chances of success by
enrolling highly hypnotizable participants. This fact has been
documented in numerous studies (Gregerson et al., 1996; Ruzyla-
Smith et al., 1995; Zachariae, Hansen, et al., 1994; Zachariae et al,
1997) and was confirmed in our meta-analysis.

On the basis of the promising data for conditioning interven-
tions, we encourage researchers to extend this work into the
clinical domain. A provocative case study with a pediatric lupus
patient suggests that such efforts may have the potential to be
clinically useful (Olness & Ader, 1992). Aside from lupus, other
immune-mediated conditions that seem promising to explore in-
clude dermatological and allergic diseases of mild severity.

Choosing appropriate immune System measures.  Another way
researchers can strengthen this literature is to select appropriate
measures of immunity. Appropriate measures are those that have a
straightforward directional interpretation, are sensitive to psycho-
logical modulation, have kinetics that match those of the interven-
tion, and when collected in context of a medical illness, have
demonstrated relevance for health. Generally speaking, we view
functional immune measures as more appropriate choices than
enumerative ones because we have a better understanding of what
they represent. An important exception to this point occurs in HIV
infection, where Ty, lymphocyte counts are a recognized marker of
disease progression. Although several of the functional measures
we discuss in this article have documented sensitivity to stress
(NKCC, mitogen-stimulated lymphocyte proliferative response), it
will be important for future trials to increase the use of in vivo
measures. This research could be accomplished by examining
antibody responses to vaccination (e.g., Petrie et al., 1995), ITTH
and DTH responses, or wound healing. The latter measure assesses
the immune system’s capacity to repair experimentally adminis-
tered wounds (Kiecolt-Glaser, Marucha, Malarkey, Mercado, &
Glaser, 1995; Marucha, Kiecolt-Glaser, & Favagehi, 1998). With
hypersensitivity and wound-healing measures, it is possible to
biopsy tissue sections where the response is unfolding and exam-
ine them for the presence of hormones and immune components.
Studying these processes in local environments can yield valuable
information that would not be available from peripheral blood (see
Cohen, Doyle, & Skoner, 1999; Glaser et al,, 1999). Even though
our meta-analyses found that total sIgA can be modulated by both
relaxation and HWIS interventions, we do not recommend using
this measure in the next wave of trals, Interpreting it is very
difficult because sIgA concentration tends to be confounded with
salivary flow rate. Also, because antibodies operate in an antigen-
specific fashion, the meaning of total (nonspecific) immunoglob-
ulin measures is unclear (Stone, Cox, Valdimarsdottir, & Neale,
1987).

Another issue that investigators must consider when selecting
immune outcomes is how well the temporal kinetics of potential
measure match those of the intervention being delivered. Trials
examining the acute effects of relaxation, for example, will max-
imize their chances of success by selecting rapidly changing im-
mune processes (e.g., NKCC, immediate-type hypersensitivity).
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Trials studying longer-term interventions such as stress-
management, however, would profit from selecting processes that
unfold over a longer period of time, and are not susceptible to
short-term perturbations (e.g., antibody responses to vaccinations:
see review by Cohen, Miller, & Rabin, in press).

Finally, the selection of immune measures should depend, to a
large extent, on the subject population being studied. Trials with
medical populations should use measures with demonstrated rel-
evance for disease progression. Concentrations of proinflamma-
tory cytokines, for instance, could have implications for infectious
disease, atherosclerosis, wound healing, and autoimmune disease
(Cohen et al., 1999; Glaser et al., 1999; Luster, 1998; Mendall et
al., 1997; Rabin, 1999). There is also evidence that specific pat-
terns of cytokine secretion (such as those that promote antibody-
mediated responses) play an important role in the exacerbation of
asthma and allergic conditions, whereas others (such as those that
promote cell-mediated responses) have relevance for the course of
multiple sclerosis and rheumatoid arthritis (Luster, 1998; Rabin,
1999; Whitacre, Reingold, & O’Looney, 1999; Wright, Rodriquez,
& Cohen, 1998). Investigators should consider these issues care-
fully as they select immune outcomes for intervention trials.

Designing methodologically rigorous studies. A number of
steps could be taken to methodologically strengthen the next wave
of intervention trials. These include using appropriate experimen-
tal designs, incorporating follow-up assessments after treatment
has ended, ensuring that interventions have the intended effects on
relevant psychological outcomes, and maximizing statistical power
by increasing sample sizes and enhancing the reliability of immune
measures. The most appropriate design for intervention trials is the
completely randomized experiment. It has a straightforward inter-
pretation and provides the field with a much-needed opportunity to
test causal hypotheses about relations between psychological pro-
cesses and the immune system. Future trials also should incorpo-
rate follow-up assessments, as stress-management and disclosure
studies have found that intervention-related immurne system dif-
ferences become more pronounced with time (Fawzy et al., 1990;
Petrie et al., 1995). These findings have potentially important
implications because they suggest that immune changes may per-
sist months after the formal intervention has ended.

The next wave of interventions also needs to routinely examine
whether they are having the intended impact on psychological
outcomes. This strategy will be especially important in the context
of stress-management, relaxation, and disclosure trials, where im-
mune alterations are hypothesized to stem from changes in the way
that people appraise stress, experience negative emotion, and cope
with difficulties in their lives. Several trials have demonstrated this
empirically, showing that immune alterations only emerge to the
extent that people display relevant changes in cognition (Esterling
et al., 1994) and emotion (Antoni et al., 1991; Fawzy et al., 1990;
Lutgendorf et al., 1997). ’

Statistical power represents another design feature that warrants
careful consideration. To achieve a sense of the sample size needed
for an intervention trial, let us examine a medium-sized effect of
r = .30. This value corresponds roughly to the significant effects
seen in the meta-analysis and thus can be viewed as a likely
upper-bound estimate of the extent to which interventions might
alter the immune response. Assuming effects of this magnitude, a
trial would need 90 participants (45 per group) to have sufficient
statistical power (.80) to detect posttreatment immune differences

between an intervention and control group. Only three of the trials
we reviewed enrolled this many participants, and each documented
reliable immune changes (Goodkin et al., 1998: Gregerson et al.,
1996; Hewson-Bower & Drummond, 1996). The average sample
size of trials we reviewed, in fact, was 36. This translates into
statistical power of approximately .42, suggesting that future trials
will need to substantially boost enrollment if they wish to have
adequate power to detect immune effects.

Another strategy for boosting statistical power involves enhanc-
ing the reliability of immune measures. Functional measures like
the lymphocyte proliferation assay are plagued by notoriously high
levels of measurement error. This problem can be circumvented to
some extent by aggregating immune values across multiple assess-
ments. This strategy works by minimizing the random error that
arises from both natural biological variation and laboratory vari-
ance (Miller et al., 1999). Statistical power also can be enhanced
by reducing laboratory variance. To accomplish this, laboratory
control samples can be run alongside experimental samples. The
effects of measurement error can then be covaried out in statistical
analyses (Schleifer, Eckholdt, Cohen, & Keller, 1993). Investiga-
tors also can collect samples from intervention and control group
members simultaneously (Kiecolt-Glaser & Glaser, 1988). These
strategies will have a less profound influence on power, however,
as they do not minimize the error associated with natural biological
variation.

Hypersensitivity measurements are also plagued by high levels
of measurement error. A variety of factors can influence the extent
of induration and erythema that develops following antigen injec-
tion, including history of exposure, mood, arousal, and even the
ambient temperature (Laidlaw et al., 1994; Laidlaw, Booth, &
Large, 1994). Controlling these factors, either through design or
statistical analysis, can increase statistical power substantially.
Because a considerable amount of measurement error is introduced
when hypersensitivity is assessed from a single reaction, trials can
also boost statistical power by assessing multiple reactions simul-
taneously. This process can be accomplished by administering
multiple doses of a single antigen, or alternatively, multiple anti-
gens (Laidlaw et al., 1994; Laidlaw, Booth, & Large, 1996; Locke
et al., 1987; Locke et al., 1994).

Testing mediational pathways. Researchers could also sub-
stantially strengthen this literature by assessing hypothesized
mechanisms and conducting appropriate tests of statistical medi-
ation. The models presented earlier suggest the appropriate path-
ways for each model. Readers can find an extensive discussion of
measurement issues involved in assessing these pathways in a
recent text (Cohen, Kessler, & Underwood, 1995) and nontechni-
cal overviews of statistical techniques for testing mediation in any

- of several articles (Baron & Kenny, 1985; Hoyle & Smith, 1994;

Stone, 1992).

Conclusions

This article began with a description of the immune changes
seen in several provocative intervention studies (Black, 1963a;
Fawzy et al., 1990; Fawzy et al., 1993; Kiecolt-Glaser et al., 1985;
Petrie et al., 1995). Although the meta-analyses show that these
trials are not representative of the literature as a whole, we view
them as an indication that, under the appropriate conditions, inter-
ventions may have the capacity to bring about reliable immune
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alterations. We cannot be certain of this, of course, and the
‘analyses we report do not provide much cause for optimism.
Nevertheless, we anticipate that if the next wave of trials can
address the conceptual and methodological issues we have identi-
fied, they will be in an excellent position to document any clinical,

theoretical, or practical implications of research on psychological
interventions and the immune system.
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