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Immunological consequences of acute and
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This review presents recent studies examining the relationship between acute and
chronic stressors, changes in immune function, and interpersonal relationships.
Data are given which document immunosuppressive effects of commonplace, short-
term stressors, as well as more prolonged stressors, such as marital disruption and
caregiving for a relative with Alzheimer’s disease. Immune changes included both
quantitative and qualitative changes in immune cells, including changes in
herpes virus latency, decreases in the percentages of T-helper lymphocytes and
decreases in the numbers and function of natural killer cells. These effects occurred
independently of changes in nutrition. Psychological variables, including loneliness,
attachment and depression were related to the immune changes. The data are
discussed in a framework in which quality interpersonal relationships may serve to
attenuate the adverse immunological changes associated wtih psychological distress,
and may have consequences for disease susceptibility and health.

Basic concepts

It is becoming increasingly apparent that psychological variables may influence the
body’s ability to combat disease. Indeed, in the last several years, there has been a
growing body of literature, both human and animal, aimed at linking psychological
events with changes in immune function. This has lead to the birth of a highly
interdisciplinary field, psychoneuroimmunology.

The immune system is comprised of a variety of cell types having complex
interactions among them. A brief overview of immunological functions will be given
that will serve as a base for the studies described in this paper.

Unlike autonomic responses (the ‘fight or flight’ response, for example) which
occur very quickly, immune responses may take several days or weeks to occur;
immune changes are assessed using qualitative (functional) or quantitative (numeric)
assays. Some of these assays will be briefly described below.

The immune system can be divided into two general classifications. Cellular
immunity refers to responses of cells that combat viral infection and bacteria, and are
involved in reactions against transplanted tissue and tumours. T-lymphocytes are
white blood cells that are involved in the cellular immune response; they are

* Requests for reprints.



78 ' Susan Kennedy, Janice K. Kiecolt-Glaser and Ronald Glaser

subdivided on the basis of function into several classes, including T-helper/inducer
lymphocytes and T-suppressor/cytotoxic lymphocytes. T-helper lymphocytes
stimulate the production of antibody from B-lymphocytes, and also produce several
important substances called lymphokines, which enhance the immune response and
promote the replication of T-helper cells. T-helper cell function is critical for the
immune response; deficiencies in their function can result in immunodeficiency. T-
suppressor lymphocytes down-regulate the immune response and inhibit antibody
production through their influence on T-helper cells. The helper/suppressor cell
ratio is sometimes used as a global index of immune function. For example, low
helper/suppressor cell ratios are often found in AIDS patients or other populations
of immunosuppressed individuals. The relative percentages of T-helper and T-
suppressor lymphocytes are measured using specific monoclonal antibodies.

Blastogenesis is a functional assay used to assess the ability of lymphocytes to
proliferate in response to mitogens, substances that stimulate cell proliferation in
vitro. Mitogens are thought to mimic naturally occurring antigens in the environment,
and therefore provide information as to the cell’s response to such agents as bacteria
or viruses. Decreased blastogenic responsiveness, for example, is believed to reflect
poorer ability of cells to divide in the presence of foreign invaders. The more
commonly used mitogens are concanavilin A (Con A), which stimulates both helper
and suppressor T-lymphdcytes and phytohemmaglutinin (PHA), which stimulates T-
helper cells and, to a lesser degree, suppressor cells (Reinherz & Schlossman,
1980).

In contrast to cellular immunity, humoral immunity refers to the production of
antibody by B-lymphocytes. Antibody molecules are synthesized against foreign
proteins or antigens, and trigger the immune response. They bind to antigens, foreign
substances which may trigger an immune response.

Examination stress and immunity

Our laboratory has been involved in examining the effects of various psychological
stressots on the immune system in several populations since 1982. For example, we
found transient immunosuppressive effects associated with academic examinations in
first- and second-year medical students relative to one month prior to exams (Glaset,
Kiecolt-Glaser, Speicher & Holliday, 19854; Glaser, Kiecolt-Glaser, Stout, Tarr,
Speicher & Holliday, 19854; Glaser, Rice, Speicher, Stout & Kiecolt-Glaser, 1986;
Kiecolt-Glaser, Garner, Speicher, Penn, Holliday & Glaser, 1984 4; Kiecolt-Glaser,
Glaser, Strain, Stout, Tarr, Holliday & Speicher, 1986). Examinations were
associated with several qualitative and quantitative changes in lymphocytes. These
included decreases in the percentages of T-helper lymphocytes and decreases in the
ability of T-lymphocytes to respond to mitogens. In addition, decreases in the
number and function of natural killer (NK) cells were found during examinations.
NK cells are thought to be involved in the surveillance and destruction of virus-
infected cells and tumor cells, ‘and therefore may have a role in anti-tumour
surveillance (Glaser ef /. 1986; Herberman, 1982; Herberman, Ortaldo, Riccardi,
Timonen, Schmidt, Maluish & Djeu, 1982). Changes in antibody levels to latent
herpes viruses were also associated with examinations, suggesting virus reactivation,
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probably as a result of poorer cellular immune system competence. Self-report data
collected during examinations and one month eatlier confirmed that examination
periods were associated with greater distress than baseline periods. Moreover, the
immunological changes did not appear to be a function of alterations in nutritional
status, as measured by plasma protein markers.

We also investigated the possibility that immune changes were related to loneliness
in our medical students (Kiecolt-Glaser e a4/, 19844). Loneliness is typically
perceived as distressing (Peplau & Perlman, 1982), and is associated with feelings of
dissatisfaction in terms of one’s interpersonal relationships (Jones, Freemon &
Goswick, 1981). We found that students who reported being more lonely (as
indicated by their responses on the UCLA Loneliness Scale; Russell, Peplau &
Cutrona, 1980) had poorer immune function across several assays relative to students
who described themselves as less lonely.

Similar data were obtained with psychiatric patients (Kiecolt-Glaser, Ricker,
Messick, Speicher, Garner & Glaser, 19845); lonelier patients had lower NK
activity, lower T-lymphocytes proliferation in response to PHA and higher urinary
cortisol levels. Taken together, these data suggest that satisfaction with one’s
interpersonal relationships may be related to certain aspects of immunity.

These data have been confirmed across several studies with medical students, and
offer evidence regarding the relationship between distress and changes in the immune
system. Moreover, these studies have led us to consider some important questions
concerning the immune system’s response to more chronic environmental stressors in
other populations. Data from one animal study suggest that the immune system may
show adaptation following chronic stress (Monjan & Collector, 1977); therefore, we
were interested in what the effects of such chronic stressors would be in humans. In
the remainder of this review, we will focus on data from studies that examined
chronic environmental stressors in separated/divorced (S/D) men and women and
caregivers of individuals with Alzheimer’s disease (AD).

Marital disruption and immune function

Marital satisfaction is one of the most significant variables for happiness and
psychological well-being (Glenn & Weaver, 1981). Indeed, the disruption of a
marriage has been found to be one of the most distressing events expetienced by an
individual (Bloom, Asher & White, 1978). Separated or divorced persons constitute
a significantly greater percentage of the psychiatric population than do martied
persons (Bloom e# 4/., 1978); moreover, alcoholism, clinical depression and suicides
are more prevalent in S/D populations (Blumenthal, 1967).

In addition to the psychological effects of marital disruption, there appeat to be
well-documented, health-related consequences of separation and divorce. For
example, S/D persons suffer more acute and chronic illnesses that limit their daily
activities (Verbrugge, 1979), and visit physicians 30 per cent more frequently than do
their married or single counterparts (Somers, 1979). In addition, S/D individuals
have significantly greater mortality rates from certain diseases, including pneumonia,
tuberculosis, heart disease, and some types of cancer (data described in Bloom ef 4/.,
1978). Although the distress associated with marital disruption is perhaps greatest
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within the first year following separation (Bloom, Hodges, Kern & McFadden,
1985), it is critical to note that the stress-related health changes due to separation or
divorce may be quite prolonged, as psychological adjustment after divorce may take
several years (Wallerstein & Kelly, 1980; Weiss, 1975).

Similarly, it has been found that bereaved spouses are at a high risk for certain
diseases and have higher mortality rates than non-bereaved comparison subjects
(Windholz, Marman & Horowitz, 1985); significant deficits in immune function
have also been documented in individuals following the death of a spouse (Bartrop,
Luckhurst, Lazarus, Kiloh & Penny, 1977; Schleifer, Keller, Camerino, Thornton &
Stein, 1983).

Our laboratory was interested in assessing the effects of marital disruption on the
immune system. Since more prolonged psychological distress and physical effects
have been associated with separation and divorce as determined in epidemiological
studies, it is important to understand the mechanisms through which these changes
might occur.

In our first study 38 S/D women and 38 socio-demographically matched married
comparison women were given a battery of psychological measures (Kiecolt-Glaser,
Fisher, Ogrocki, Stout, Speicher & Glaser, 1987). These included the Brief Symptom
Inventory to provide data on level of distress (Derogatis & Spencer, 1982), the
Dyadic Adjustment Scale, a measure of marital quality given to the married subjects
(Spanier, 1976), Kitson’s Attachment Scale (Kitson, 1982) and the UCLA Loneliness
Scale (Russell e# a/., 1980).

In addition to the self-report data, blood samples were obtained from each subject
and a battery of immunological and nutritional assays were performed. Since deficits
in nutrition can have an impact on the effectiveness of the immune response, plasma
albumin levels were determined in each of our studies; all subjects fell within normal
ranges for this nutritional marker.

Immunological data obtained from the S/D and married women revealed
significant differences in several immune measures in the S/D group. S/D women
showed a lowered blastogenic response to two mitogens, Con A and PHA. In
addition, women who had been separated within a year of being tested showed the
most pronounced differences (Table 1); in these women, there were significantly
lower percentages of T-helper lymphocytes and NK cells, as well as higher antibody
titres to Epstein-Barr virus viral capsid antigen (VCA). The EBV, a human herpes
virus, is the aetiologic agent for infectious mononucleosis. Once infected with EBV
or any of the other herpes viruses, a person carries the virus in a latent state for life.
Antibody changes to EBV are thought to reflect changes in the cellular immune
system’s control over this latent herpes virus, most often without any subsequent
illness symptoms after the initial clinical episode. These data suggest, therefore, that
there is poorer cellular immunity in the S/D women, relative to well-matched
comparison subjects.

Within the married group, poorer marital quality was related to greater depression,
and to a poorer immune response to two mitogens. Moreover, pooter marital quality
was also related to higher titres to EBV VCA, suggesting that the cellular immune
response was less competent in controlling virus latency.

For the S/D women, shorter separation times and continued attachment to the
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(ex)spouse were associated with poorer immune function. As shown in Fig. 1,
women who were more attached to the husband (i.e. more preoccupied with him)
had poorer blastogenic responsiveness when compared to those women who were
not as attached to the spouse. Moreover, women who were more attached were also
more distressed and lonelier.

Table 1. Mean (£ SDs) for the 16 women who were separated one year or less
and 16 matched married women

$/D women Married women
EBV VCA* 520.50 (706.84) 147.12 (191.88)
Percentage of helper T-lymphocytes* 26.43 (7.59) 32.91 (7.03)
Percentage of suppressor T-lymphocytes 20.01 (6.70) 22.66 (7.76)
Helper—suppressor ratio 1.49 (0.66) 1.69 (1.47)
Percentage of NK cells* 7.50 (5.05) 12.79 (8.05)

* P <0.05

Source: reprinted by permission of Elsevier Science Publishing Co., Inc. from ‘ Marital quality,
matital disruption, and immune function’, by Kiecolt-Glaser, J. K., Fisher, L. D., Ogrocki,
P., Stout, ]. C., Speicher, C. E. & Glaser, R. Psychosomatic Medicine, 49, 13—34. Copyright 1987
by The American Psychosomatic Society, Inc.
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Figure 1. Mean (+SEM) proliferative response of lymphocytes to stimulation by Con A and PHA,
as a function of attachment. Source: reprinted by permission of Elsevier Science Publishing Co., Inc.
from ‘Marital quality, marital disruption, and immune function’, by Kiecolt-Glaser, J. K., Fisher L.
D., Ogrocki, P., Stout, J. C., Speicher, C. E. & Glaser, R. Psychosomatic Medicine, 49, 13-34. Copyright
1987 by The American Psychosomatic Society, Inc.

These data suggest that one’s interpersonal relationships can significantly influence
both psychological as well as physiological responses. Furthermore, the data provide
evidence that the psychological distress associated with marital disruption may have
negative consequences in terms of health.

There is evidence in the literature that males and females react somewhat
differently in terms of their reactions and adjustment patterns following a divorce
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(Albrecht, 1980; Bloom ¢# a/., 1985). In a follow-up study we compared psychological
and immunological data from S/D men and socio-demographically matched married
males (Kiecolt-Glaser, Kennedy, Malkoff, Fisher, Speicher & Glaser, in press). Self-
report data revealed significantly more distress in the S/D males compared to
matried men. In addition, there was more self-reported illness in the S/D men
compared to married men in the two months prior to testing.

The most striking differences between S/D and married men were in plasma
antibody titres to EBV VCA and Herpes Simplex-Type 1 (HSV-1). S/D males
exhibited a tenfold increase in HSV-1 titres and a two-and-a-half fold increase in
antibody titres to EBV VCA. These results again imply poorer cellular immune
competency in the S/D males.

Verbrugge (1979) has suggested that S/D individuals may engage in ‘riskier’
behaviours such as smoking, drinking or using drugs that may make them more
susceptible to possible health changes. In both of the studies described above,
subjects who reported using drugs or drinking alcohol in excess of 10 drinks per
week were not included in the study. In addition, no differences in sleep, weight
change or nutrition were found between the married and S/D groups.

Collectively, these data are consistent with epidemiological evidence suggesting
that there may be health consequences following the disruption of a marriage, and
that risk for increased illness could be associated with down regulation of the
immune response. In addition to the changes experienced in other areas of daily life
(e.g. changes in economic status, changes in living quartets, changes in social
contact; Albrecht, 1980), there appear to be significant stress-related consequences
for the body’s immune system that may alter one’s susceptibility to disease.

Immune function and care giving

In addition to the adverse immunological changes associated with marital disruption,
we have recently examined stress-related alterations in immune function associated
with caregiving for a relative with Alzheimer’s disease (AD; Kiecolt-Glaser, Glaser,
Dyer, Shuttleworth, Ogrocki & Speicher, in press). AD is characterized by a
progressive degeneration of brain tissue, eventually resulting in severe dementia,
incontinence and the need for total care. Because the modal survival time for AD
patients is eight years (Heston, Mastri, Anderson & White, 1981), caregiving can be
considered a chronic stressor (Fiore, Becker & Coppel, 1983). Indeed, caregivers
must cope not only with the gradual cognitive deterioration of the loved one, but
must also adjust to stressors associated with the caregiving role, including financial
changes and limited social interactions due to the time demands of caregiving.

As is the case for individuals experiencing marital separation or divorce, care-
givers of AD victims may also face substantial changes in their interpersonal
relationships. In addition to the progressive changes in the impaired loved one, care
givers often become increasingly restricted in terms of their activities and interactions
with friends and usual social contacts (Geotge & Gwyther, 1984). These alterations
may make these individuals more susceptible to the deleterious effects of distress.

Concurrent with these changes, caregivers may experience significant decrements
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in psychological well-being and mental health. For example, AD caregivers are at
high risk for depression (Eisdorfer, Kennedy, Wisnieski & Cohen, 1983); in one
recent study, over 80 per cent of caregivers were found to meet the DSM-III criteria
for clinical depression (Drinka & Smith, 1983). In addition, caregivers have
reported decreased life satisfaction and increased psychiatric symptoms related to the
progressive deterioration of the loved one (George & Gwyther, 1984).

Despite these findings, there are relatively few studies examining health-related
changes related to the caregiving role. Our focus was the immunological
consequences associated with caregiving (Kiecolt-Glaser e¢f 4/, in press). We
obtained psychological data and blood samples for immunological assays from 34
AD caregivers and 34 socio-demographically matched comparison subjects.

Self-report data revealed greater distress in caregivers than comparison subjects.
In addition, caregivers showed significant immunological differences relative to
comparison subjects on several immune measures. These included lower percentages
of total T-lymphocytes and helper T-lymphocytes, lower helper/suppressor ratios
and higher antibody levels to EBV VCA in the caregiving group, with the latter
suggesting poor cellular immunity.

These data imply that the chronic distress associated with caregiving may have
negative psychological and immunological changes. Furthermore, these changes may
be relatively resistant to adaptation, at least to the level of their well-matched
community counterparts.

Distress, immunity and interpersonal relationships

Cleatly, chronic stressors such as marital disruption and caregiving have negative
consequences for immune function. These immune changes may potentially impact
on risk for illness.

Kiecolt-Glaser & Glaser (in press) have suggested one pathway through which
interpersonal relationships may affect immune function. They suggest that
immunological changes associated with psychological distress may increase one’s
susceptibility to infectious disease, and perhaps cancer; actual health changes are
most likely to occur in individuals who are already more vulnerable, because of prior
problems or deficits in immune function, e.g. individuals with an immunosuppressive
disease like AIDS (Glaser & Kiecolt-Glaser, in press), or older adults who have age-
related decrements in immunity. Distress-related changes in immunity are more
likely to have consequences for morbidity and mortality in these and other at-risk
individuals.

Consistent with the research described in this article, interpersonal resources such
as supportive interpersonal relationships may attenuate distress-related declines in
immune function, and thus may have an impact on health. One recent study suggests
that self-disclosure may be a particularly important facet of relationships (Pennebaker,
Kiecolt-Glaser & Glaser, in press). Fifty undergraduates wrote for 20 minutes on four
consecutive days about either traumatic and difficult events, or trivial topics such as
the shoes they were wearing, depending on the group to which they were randomly
assigned. The students in the ‘trauma’ condition showed better blastogenic
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responsiveness and had fewer health centre visits following the writing exercise.
Moreovert, those students in the ‘trauma’ condition who wrote about things they had
not previously disclosed to others showed the greatest differences in blastogenesis.
Taken together, the data from these studies suggest that certain facets of
interpersonal relationships may have consequences for immune function. Studies
such as these are consistent with the growing evidence linking the quality of
interpersonal relationships with actual health outcomes (Cohen & Syme, 1985).
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