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Marital disruption is associated with significant increases in a variety of psychologic and
physical disorders. In order to examine psychologic and physiologic mediators, self-report data
and blood samples were obtained from 38 married women and 38 separated/divorced women.
Among married subjects, poorer marital quality was associated with greater depression and a
poorer response on three qualitative measures of immune function. Women who had been
separated 1 year or less had significantly poorer qualitative and quantitative immune function
than their sociodemographically matched married counterparts. Among the separated/divorced
cohort, shorter separation periods and greater attachment to the (ex)husband were associated
with poorer immune function and greater depression. These data are consistent with epide-
miologic evidence linking marital disruption with increased morbidity and mortality.

INTRODUCTION

Marital quality appears to be an impor-
tant factor in psychologic well-being. Data
from national surveys suggest that marital
happiness contributes far more to global
happiness than any other variable, includ-
ing satisfaction with work and friendships
(1). Persistent problems within marriages
are reliably associated with increased dis-
tress, and unmarried people are happier
on the average than those in troubled mar-
iages (1, 2).

However, even the end of a troubled re-
lationship may have significant conse-
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quences: marital disruption is one of the
most stressful life events (3). Divorced and
separated individuals have poorer mental
and physical health than comparable mar-
ried, widowed, or single adults (3-5). Sep-
arated and divorced adults are dispropor-
tionately represented in both inpatient and
outpatient psychiatric populations (5, 6),
with admission rates approximately six
times as high as married individuals (3).
This population also shows a higher in-
cidence of clinical depression (7).

In addition to greater psychologic
symptomatology, marital disruption is also
strongly associated with increased health
risks. Marital disruption is the single most
powerful sociodemographic predictor of
stress-related physical illness, with sepa-
rated individuals having about 30% more
acute illnesses and physician visits than
married adults (8). Separated/divorced
adults have the highest rates of acute med-
ical problems, of chronic medical condi-
tions that limit social activity, and of dis-
ability, even when age, race, and income
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are controlled (9); of particular relevance
to the present study is the fact that sepa-
rated/divorced individuals have higher
rates of mortality from certain infectious
diseases, including up to six times as many
deaths from pneumonia (10).

Attachment theory (11) is the primary
conceptual framework used in the divorce
literature to explain postseparation in-
creases in physical and psychologic symp-
tomatology. Defining attachment as a
bonding to the other [similar to Bowlby
(12)], Weiss suggests that such bonds, once
formed, are extremely difficult to break.
Within this framework, the intensely am-
bivalent feelings toward the spouse are a
function of the persistence of attachment
despite the erosion of love; the inacces-
sibility of the spouse following marital
disruption leads to "separation distress"
characterized by increased symptomatol-
ogy (13). Since such bonds are normally
formed within the first 2 years of marriage
(11), length of marriage is neither a good
predictor of attachment nor a good pre-
dictor of adjustment following divorce (14).
Although attachment and distress are both
related to a variety of situational changes
produced by marital disruption, attach-
ment feelings appear to cause distress,
rather than vice versa (15). Factors that are
associated with less attachment include
greater time since separation, the devel-
opment of a new relationship (15), and
being the initiator of the separation (15-18).

Available data indicate that psychologic
adaptation following separation occurs over
a several-year period. Weiss (11) suggests
that the establishment of a more resilient
and stable identity may take 2-4 years. In
their longitudinal sample, Wallerstein and
Kelly (19) found that it was 3.3 years after
separation before the average woman's life
assumed a sense of coherence and stabil-
ity; however, it is noteworthy that 5 years

after separation 42% of their female sub-
jects had not fully adjusted to their di-
vorce. Data from Cartwright (20) show
depression-related alterations in REM sleep
that persisted 2 years after divorce in a
sample of women. We were interested in
the possibility that there were distress-
related alterations in immune function as-
sociated with marital disruption, espe-
cially in view of the prolonged elevations
in distress found across studies.

Health-related epidemiologic studies on
marital disruption have most often aggre-
gated individuals without considering the
time lapse since marital separation or pos-
sible psychologic mediators of underlying
physiologic changes. This study addresses
the psychologic and immunologic con-
comitants of marital quality and marital
disruption. We chose to examine immune
function because research on the interre-
latedness of the immune and neuroendo-
crine systems provides evidence of path-
ways through which distress-producing
events may modulate immune function and
health (21-23).

In order to study the psychologic and
immunologic concomitants of marital
quality and marital disruption, we col-
lected self-report data and blood samples
from 38 married women and 38 separated/
divorced women. A battery of six immu-
nologic assays provided information on
both qualitative or functional and quan-
titative aspects of cellular immunity.

We tested three hypotheses concerning
marital quality and marital disruption in
this cross-sectional study: 1) Among mar-
ried subjects, higher marital satisfaction
was expected to be associated with better
mental health and immunologic function-
ing (24, 25). 2) Within the separated/di-
vorced subject group, it was expected that
attachment to the (ex)husband would be
inversely related to psychologic and im-
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munologic functioning. 3) It was expected
that the short-term consequences of mar-
ital disruption would be increased distress
and physical symptomatology, i.e., women
who had been separated for 1 year or less
would, as a group, have poorer immuno-
logic and psychologic functioning than an
age- and sociodemographically matched
married comparison sample.

METHOD

Subjects

Data were collected from 38 separated/divorced
women and 38 married women. Both married and
separated/divorced subjects were recruited in several
ways to provide a heterogeneous sample. We placed
ads in a suburban newspaper distributed free of charge
to households in Columbus. A pastor recruited eight
subjects from his congregation (four married and four
separated/divorced). We recruited a total of eight
women from Parents Without Partners (PWP). These
subjects were paid $10 for the blood draw and com-
pletion of questionnaires, with the exception of the
subjects from Parents Without Partners, where the
organizational bylaws require that the money be paid
to the chapter treasury. We also recruited a quarter
of the sample (10 married women and 8 separated/
divorced women) from the psychology undergradu-
ate subject pool by making announcements in the
evening classes that had older students. For these
subjects experimental participation was one method
of fulfilling a course research requirement. The data
were collected from groups of 2 to 20 subjects at a
time, with concurrent data collection from married
and separated/divorced individuals. During the latter
phase of the study we had more separated/divorced
women than married women; to be sure that we would
have matched groups, we selectively recruited mar-
ried women of the appropriate age and SES from
responses to further newspaper ads. Thus, with the
exception of the PWP group, the two groups of sub-
jects were recruited from similar sources.

As the study progressed we attempted to balance
the two groups on certain interrelated sociodemo-
graphic dimensions, including age, education, socio-
economic status of the (ex)husband, length of mar-
riage, relative number of childless marriages, and
number of children. Other studies have emphasized

the importance of these variables as mediators of
postdivorce adjustment (16, 19, 26, 27). The educa-
tion of the (ex)wife and the SES of the (ex)husband
have been important variables in past divorce re-
search because they are both related to change (or
lack thereof) in the financial circumstances of women
after divorce. Women most frequently experience
downward mobility on the economic ladder follow-
ing a divorce, and more severe financial strains are
associated with poorer divorce adjustment (26). In
addition, women who have more education have less
restricted occupational choices, and may suffer less
economic hardship (14).

Subjects were screened by telephone prior to par-
ticipation, and the same health-related questions were
also included in their questionnaire packet. Potential
subjects could not be using any prescription or non-
prescription medication with possible immunologic
consequences, nor could they have any acute or
chronic health problems that might have an immu-
nologic or endocrinologic component. Subjects who
were pregnant or who had recently given birth or had
recent surgeries were excluded, as were those who
reported drinking more than ten alcoholic drinks per
week.

The separated/divorced group was limited to women
who had separated from their husbands within the
previous 6 years. We used the date of the actual sep-
aration, rather than the divorce date for those who
had completed formal court proceedings, because
evidence suggests that distress is maximal within the
first year after separation (27).

The divorce literature clearly indicates that marital
disruption may be quite different for men and women
for a variety of reasons (27), including a more pro-
longed period of adjustment for certain subgroups of
women. Since we were not able to double our sample
to adequately study both sexes, we chose to use only
female subjects.

Self-Report Data

History and Demographic Data. Questions in-
cluded length of marriage, timing of separation and
divorce, and frequency and degree of satisfaction with
dating relationships since the separation. Following
Pettit and Bloom (18), initiator status was determined
by the response to the question of who made the
decision to separate, with possible responses of 1) it
was completely my decision, 2) it was mostly my
decision, 3) it was a mutual decision, 4) it was mostly
my husband's decision, and 5) it was completely my
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husband's decision. Subjects were classified as ini-
tiators if they said that the decision was completely
or mostly theirs or a mutual one.

Health status data included medication usage and
recent alcohol intake. Subjects were asked how many
hours of sleep they had had in the previous 3 days,
as well as the amount of any weight changes in the
previous week. They were asked the number of days
they had been unable to perform their normal daily
activities in the previous 2 months due to acute ill-
ness, and the number of physician visits during the
same period.

Distress/Depression. The 53-item Brief Symptom
Inventory (BSI; 28) provided information on nine
symptom indices and three global scales. The scales
of particular interest for the present study were the
depression scale and the global severity index (GSI),
with the latter providing a summary distress mea-
sure. Subjects rated the degree of associated discom-
fort during the past week for each item from 0 [not
at all) to 4 (extremely). The BSI raw scores for sub-
jects were converted to T-scores values, using the
normative tables for nonpsychiatric subject samples,
so that the values can be compared to the normal
population mean of 50 (SD = 10).

Marital Quality. The 32-item Dyadic Adjustment
Scale (DAS; 29) was given to married subjects. The
DAS is one of the most commonly used scales in
marital research, and there are good data supporting
its reliability and validity (30-32). Married subjects
were asked to respond based on their relationship
with their husband over the previous 6 months.

Attachment. The Attachment Scale was devel-
oped by Kitson (15) to operationalize attachment af-
ter separation and divorce. The items assess preoc-
cupation with the (ex)spouse, and disbelief about the
separation/divorce. Responses on the 4-point scale
range from "not at all" to "very much," with higher
scores indicating greater attachment. Although at-
tachment and distress are both related to a variety of
situational changes produced by marital disruption,
attachment feelings appear to cause distress, rather
than vice versa (13, 15). Research with the scale has
provided evidence of its reliability and validity (13,
15, 30).

Loneliness. Loneliness has frequently been re-
ported as a problem for separated/divorced individ-
uals (17, 26, 33). In particular, loneliness may be a
longer-term problem for adults after divorce (34).
Loneliness is also of interest because of its theoretical

ties to the absence of attachment figures (35) and its
association with depressed cellular immunity in
medical students (1, 11) and psychiatric inpatients
(36). Therefore, we gave all subjects the four-item
survey version of the UCLA Loneliness Scale (37,38).

Life Changes. The Psychiatric Epidemiological
Research Inventory Life Events Scale (PERI; 39) was
used to assess the number of major life changes over
the previous year. We were interested in the number
of negative events, since health changes appear to be
reliably associated only with negative events (40),
and the number of such events is as good a predictor
as the weighted sum (41). The PERI data were also
included to help discriminate the contribution of at-
tachment from more global distress related to life
changes, as has been done in previous research (13).

Immunologic Assays. The three functional as-
says included blastogenesis with two different mi-
togens, concanavalin A (Con A) and phytohemagglu-
tinin (PHA), as well as antibody titers to the latent
herpesvirus Epstein-Barr virus (EBV), the infectious
agent for infectious mononucleosis. Blastogenesis
measures the proliferative response of lymphocytes,
since cellular proliferation following mitogen ex-
posure is thought to provide an in vitro model of the
body's response to challenge by infectious agents such
as bacteria or viruses. Bereaved individuals and de-
pressed psychiatric patients have lower proliferative
responses than controls (42, 43), and the respon-
siveness of lymphocytes is poorer in blood samples
taken from medical students on examination days,
compared to lower-stress baseline days (44).

We measured antibody to EBV because antibody
titers to latent herpesviruses appear to provide an
indirect measure of cellular immune system com-
petency (45). For example, patients on lmmunosup-
pressive therapies like chemotherapy or patients with
immunosuppressive diseases (e.g., AIDS) have char-
acteristic elevated herpesvirus antibody titers; ces-
sation of an immunosuppressive drug therapy is ul-
timately followed by a drop in antibody titers to latent
herpesviruses. The increased herpesvirus antibody
production in immunosuppressive conditions is
thought to reflect the humoral immune system's re-
sponse to an increased load of viral antigens. We have
previously shown large and reliable stress-related
changes in antibody titers to EBV and herpes simplex
virus using a Type 1 antigen (HSV-1) in medical stu-
dents (46) as well as decrements in HSV-1 antibody
titers in elderly adults following a relaxation inter-
vention (47).

Monoclonal antibodies were used to provide data
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on certain quantitative aspects of immune function.
Natural killer (NK) cell percentages were assessed
because NK cells are thought to be an important an-
tiviral and antitumor defense. Distress-related changes
in NK cell percentages have been found previously
in medical students (46). Reliable stress-related
changes in a functional NK measure, NK cell lysis,
have been shown with two different target cells
(48-50).

Data on the relative percentages of helper and sup-
pressor T lymphocytes were also collected. Helper T
cells stimulate important immunologic activities, in-
cluding the production of antibody by B lympho-
cytes, an important defense against bacterial infec-
tions. Suppressor T cells act to shut off the activity
of helper cells when sufficient antibody has been
produced. Low helper/suppressor cell ratios are as-
sociated with immunodeficient conditions (51). Al-
terations in the percentages of helper and suppressor
cells have been associated with examination stress
(44, 49).

NK and T Lymphocyte Subset Assay. The per-
centages of helper/inducer T cells, suppressor/cyto-
toxic T cells, and helper-to-suppressor cell ratios were
determined using the monoclonal antibodies OKT-4
and OKT-8, respectively (Ortho), as previously de-
scribed (49). The Leu-llb monoclonal antibody (Bec-
ton-Dickerson) was used to measure the percentage
of NK cells.

Briefly, lymphocytes isolated on Hypaque-Ficoll
gradients were washed with trypsin diluent, then
resuspended in complete RPMI 1640 medium sup-
plemented with 20% fetal bovine serum. Monocytes
were removed by placing the cell suspensions in
plastic tissue culture flasks and incubating at 37°C
in a CO2 incubator for 2 hr. The nonadherent cells
were washed off and used to determine percentage
of T-cell subsets. Lymphocytes (106) were incubated
in 0.01 ml of Leu-llb, OKT-4, or OKT-8 monoclonal
antibody for 30 min on ice. Cells were washed with
cold RPMI 1640/PBS (1:1), resuspended in goat an-
timouse IgG conjugated to fluorescein isothiocyanate
(Cappel Laboratories), and incubated for an addi-
tional 30 min on ice. The cells were washed and
assayed, using an Ortho System 50 fluorescence ac-
tivated cell sorter (FACS).

BJastogenesis. Mitogens were used at a final con-
centration of 2.5, 5.0, and 10.0 (xg/ml for concana-
valin (Con A) and 0.25, 0.5, 1.0 and 2.0 |xg/ml for
phytohemagglutinin (PHA). Each assay was per-
formed in triplicate. Complete medium supple-
mented with 20% fetal bovine serum was used for

baseline controls. One-tenth of a milliliter of mitogen
was added to 1 x 105 lymphocytes (in 0.1 ml com-
plete medium) in 96 well plates, and incubated at
37°C for 48 hr. Fifty microliters of tritiated thymidine
(10 (j.Ci/ml, specific activity 83 Ci/mM) were added
to each well and the plates incubated at 37°C for 4
hr. Cells were harvested onto GF/A filters. Radioac-
tivity was measured using a Beckman LS7000 scin-
tillation counter. The data are presented as the counts
per minute (cpm) in the stimulated samples minus
the cpm of the unstimulated samples (A cpm). A
logarithmic transformation was performed on the re-
sulting values.

Immuno/luorescence Assay. The indirect im-
munofluorescence (IF) assay was used to measure
antibodies to EBV virus capsid antigen (VCA) (46).
Antibody titers were assayed using smears of HR-l
cells. Cells were fixed in acetone at room temperature
for 10 min, adsorbed with twofold dilutions of plasma
prepared in phosphate-buffered saline (PBS) pH 7.4,
for 30 min at 37°C. The cells were washed with PBS
and readsorbed with goat antihuman IgG conjugated
to fluorescein isothiocyanate (FITC) for 30 min at
37°C. The cells were washed with PBS, counter-
stained with Evans blue, mounted in Protex, and ex-
amined with a Zeiss UV microscope. Antibody titers
were determined by the highest dilution of plasma
still able to demonstrate IF positive cells. All slides
were read blind coded.

Nutritional Assays

Albumin and transferrin, two nutritional assays
with relatively shorter and longer half-lives, were
included to provide objective information on the nu-
tritional status of subjects. There are well-docu-
mented impairments in various aspects of immune
function in undernourished individuals, and mod-
erate to severe protein-caloric malnutrition is asso-
ciated with increased frequency and severity of in-
fection (52).

Protein assays provide better information on global
nutritional status than those for carbohydrates and
fats, since the former have varied nutritional building
blocks, as well as very complex synthetic pathways.
Different protein markers were used because of the
differences in their half-lives; the half-life of albumin
is 2-3 weeks, in comparison to 8 days for transferrin.

The procedure used to measure albumin is an ad-
aptation of the bromcresol green dye-binding method
of Rodkey (53), later modified by Doumas (54). This
procedure is recognized as a particularly good pro-
cedure as compared to other dye-binding techniques
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because of its specificity and freedom from interfer-
ence.

Transferrin is an iron-transporting protein. Con-
centration in plasma is affected by dietary intake of
iron. Nutritionally deficient but calorie-rich diets are
generally lacking in iron, and, as a result, plasma
iron levels tend to be low and transferrin levels high.
It has been shown that estimation of transferrin levels
may be used to assess the effectiveness of total par-
enteral nutrition (55).

A rate nephelometry procedure using a Beckman
human immunoglobulin reagent kit and a Beckman
immunochemistry analyzer system was used to ana-
lyze transferrin levels. Antibody to human transfer-
rin was used in the assay, in which the peak rate
signal caused by the antigen/antibody complex is
proportional to the increase in light scatter that is
read by the instrument (56).

RESULTS

Table 1 provides sociodemographic in-
formation on married and separated/di-
vorced cohorts. The two groups do not dif-
fer reliably on age F(l,75) = 1.30, education
F(l,75) = 1.11, or occupation, F < 1, the
(ex)husband's education, F(l,75) = 1.30,
or occupation, F < 1, number of years mar-
ried, F < 1, or number of children, F < 1.

We do not have data on all immunologic
assays for all subjects due to occasional
technical problems, e.g., insufficient num-
bers of cells for assays, or technical diffi-
culties with an assay. In addition, con-
sistent with seroepidemiologic studies (57),
89% of our subjects were EBV seroposi-
tive, i.e., had previously been exposed to
the virus and thereafter were latently in-
fected. Thus, those subjects who were not
previously infected did not have antibody
data.

Marital Quality

The mean DAS score for the 38 married
subjects was 110.98 (SD = 13.00). For
comparison purposes, Spanier (29) re-

ported that the mean score on the DAS in
a normative married sample that included
both men and women was 114.8 (SD =
14.8).

Marital quality was not significantly dif-
ferent for those subjects who had children
(DAS mean = 109.92, SD = 14.27) and
those who did not (mean = 112.67, F <
1. DAS scores did not correlate signifi-
cantly with number of children, r = - 0.08.
There were not significant correlations be-
tween marital quality and a number of
variables, including age (r = -0.15), sub-
jects' education (r = - 0.08), or years mar-
ried (-0.15).

Multiple regression equations were used
to evaluate the contribution of marital
quality to psychologic and immunologic
functioning. Using a hierarchical proce-
dure, the subject's educational level and
the husband's Hollingshead SES were en-
tered on the first step, the number of neg-
ative life changes in the previous year was
entered on the second step, and marital
quality was entered on the third step. This
analysis provides a fairly strict evaluation
of the contribution of marital quality, since
lower socioeconomic status and greater
numbers of negative life changes have been
associated with greater distress and poorer
health. It also provides information on the
extent to which this set of variables pre-
dicts certain immunologic and psycho-
logic indices.

As can be seen in Table 2, poorer marital
adjustment was a strong and significant
predictor of BSI depression and GSI scores,
as well as loneliness, even after taking out
the significant contribution of recent neg-
ative life changes. Poorer marital quality
was also strongly and positively related to
EBV VCA antibody titers, or poorer cel-
lular immune system control of virus la-
tency. None of the variables significantly
predicted the three quantitative assays, or
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TABLE 1. Subjects' Sociodemographic Characteristics

Married women Separated/divorced women

Education
High school
Partial college
College graduate
Graduate professional training

Occupation
Major and lesser professionals

and business managers
Administrative personnel, minor

professionals, clerical, sales
Skilled, semi-skilled, and

unskilled
Housewife
College student

Years married

Number of children

Number of childless marriages

(Ex) Husband's Education
Partial high school
High school
Partial college
College graduate
Graduate professional training

(Ex) Husband's Occupation
Major and lesser professionals,

and business managers
Administrative personnel, minor

professionals, clerical, sales
Skilled, semi-skilled, and

unskilled
College student

29.94 (6.53)

6
18
9
5

7

12

2

7
10

8.05 (6.39)

1.49 (1.24)

31.47(6.85)

5

17

4

2
10

7.65 (6.78)

1 30(1.29)

14/38

the helper-to-suppressor ratio (data not
shown for these latter analyses).

Blastogenesis data, shown in Figure 1,
were analyzed using repeated measures
analyses of variance (ANOVA), with one
within-subjects variable (change over mi-
togen concentrations) and one between-
subjects variable (high versus low marital

quality), in order to examine possible
dose-response interactions between mar-
ital quality and the proliferative response
of lymphocytes to different mitogen con-
centrations. Low marital quality was op-
erationalized as scores below 100 (n = 9),
based on research with the DAS that sug-
gests that scores below 100 reliably reflect
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Fig. 1. Mean (± SEM) proliferative response of lymphocytes to stimulation by Con A and PHA, as a function
of marital quality.

poorer marital adjustment (58). Correla-
tions were computed between the values
for the different mitogen concentrations and
subjects' educational level, husband's SES,
and number of negative life events. The
only variable that produced reliable and
significant correlations across concentra-
tions was husband's SES with Con A, and
thus it was the only covariate included in
these analyses.

As shown in Figure 1, there was not a
significant difference in the blastogenic re-
sponse in lymphocytes obtained from high
and low marital quality subgroups follow-
ing Con A stimulation, F < 1. However,
there was greater responsiveness across
groups at higher concentrations of Con A,
F(2,56) = 9.31, p < 0.004, and the inter-
action between group membership and
change over concentrations was signifi-
cant, F(2,56) = 3.64, p < 0.004.

Analysis of PHA data, also shown in
Figure 1, showed a significant difference
between high- and low-marital quality
groups, F(l,32) = 4.15, p < 0.05, and a
significant main effect for change across
concentrations, F(3,96) = 15.36, p <

0.0001. There was not a significant inter-
action between these variables, F < 1.

Marital Disruption and Attachment

Scores on the attachment scale (15) were
not significantly correlated with age (r =
-0.21), years married (r = -0.01), edu-
cation (r = -0.02), number of children (r
= -0.07), occupation (r = 0.18), or the
(ex)spouse's education (r = 0.06) or oc-
cupation (r = 0.18). However, consistent
with previous research, greater attachment
for separated/divorced women was signif-
icantly and inversely related to the amount
of time women had been separated from
their husbands, r = -0.35, p < 0.01, the
frequency of dating since separation, r =
- .27, p < 0.01, and rated satisfaction with
their current social life, r = -0.40, p <
0.01. In addition, those women who re-
ported having a currently satisfying rela-
tionship with a man reported significantly
lower attachment, F(l,37) = 9.79, p <
0.005.

The length of marital separation ranged
from 3 months to 6 years. Sixteen women
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had been separated 1 year or less. The mean
separation length was 1.72 years (SD =
1.43), and the median was 1.26 years. Seven
subjects were separated but not divorced.
Nine of the 38 subjects said they did not
have primary responsibility for the sepa-
ration, a percentage consistent with pre-
vious research (18).

It was possible that the PWP groups and
those who attended church regularly might
differ systematically as a function of greater
social support. The four groups of subjects
recruited from the newspaper ads, PWP,
the church, and the evening psychology
classes were compared on loneliness, the
BSI depression, and GSI scales. There were
no significant differences within the sep-
arated/divorced population on any of the
three dimensions as a function of recruit-
ment source, F < 1.

Length of time since separation was en-
tered on the first step of the multiple
regression equations, since it appears to
be an extremely important factor in ad-
justment (e.g., 11,19). Education and hus-
band's SES were also entered on the first

step, since education and husband's SES
have been shown to be associated with
postseparation adjustment, as previously
described. The number of negative life
events was entered on the second step of
the equation, to help discriminate the con-
tribution of attachment from more global
distress related to life changes, as has been
done in previous research (13). Subjects'
scores on the attachment scale were en-
tered on the third step. Thus, the analyses
provide a fairly stringent test of the con-
tribution of attachment to the total vari-
ance, while concurrently providing infor-
mation on the contributions of time since
separation, relevant socio demographic
variables, and negative life changes to total
variance.

Consistent with our conceptual frame-
work, time since separation and greater at-
tachment to the (ex)spouse were inversely
related to both psychologic and physio-
logic function, as shown in Tables 3 and
4. The BSI depression and GSI scales were
both significantly and positively related to
attachment, whereas the percentage of

_ 30 •

Low Attachment

£ J High Attachment
Low Attachment

2 002 5 5 0 100 0 25 0 50 100
Con A./iq/ Culture PHA./iq/Culture

Fig. 2. Mean (± SEM) proliferative response of lymphocytes to stimulation by Con A and PHA, as a function
of attachment.
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TABLE 3. Length of Separation and Attachment as Predictors of Psychological Functioning

BSI Depression

(n = 38)

Step 1:
Time separated
Education

Spouse's SES
Step 2.
Negative

life events
Step 3:
Attachment

BSI CSI

(n = 38)

Step 1:
Time separated
Education
Spouse's SES
Step 2:
Negative

life events
Step 3:
Attachment

UCLA Loneliness Scores
(n = 38)

Step 1:
Time separated
Education
Spouses's SES
Step 2:
Negative

life events
Step 3:
Attachment

Simple
r

-0 .16
0.01
0.04

0.40

0.56

Simple
r

-0 .01
-0.22

0.08

0.34

0.64

Simple
r

0.06
0.06
0.02

0.34

0.31

Multiple
r

0.16
0.16
0.17

0.43

0.62

Multiple
r

0.01
0.22
0 22

0.44

0.73

Multiple
r

0.06
0.08
0.08

0.36

0.45

r2

0.03
0.03
0.03

0.19

0.38

r2

0
0.05
0.05

0.20

0.53

r2

0
0

0.01

0.13

0.21

Beta

0.03
0.02
0.02

0.27

0.50

Beta

0.21
-0.18

0.09

0.21

0.65

Beta

0.18
0.06
0.04

0.27

0.31

F

Entries

0.05
0.01
0.09

3.61a

10.636

F

Entries

2.61
2.00
0.55

2.90

24.40"

F

Entries

1.26
0.13
0.08

2.84

3.21a

F

Steps

0.32

2.00

4.176

F

Steps

0.61

2.12

7.726

F

Steps

0.08

1.36

1.77
3p <0.05.
bp<0.01.

Psychosomatic Medicine Vol. 49, No. 1 (Jan./Feb. 1987) 23



T
A
B
L
E
 4

. 
L

en
gt

h 
of

 S
ep

ar
at

io
n

 a
n

d
 A

tt
ac

hm
en

t 
as

 P
re

d
ic

to
rs

 o
f 

Im
m

un
e 

F
u

n
ct

io
n

 

E
B

V
 V

C
A

 A
nt

ib
od

y 
T

ite
rs

 (
n

 =
 3

4
) 

N
K

 C
el

ls
 (

n
 =

 3
4
) 

S
im

pl
e 

M
u

lti
p

le
 

F 
F

 
S

im
pl

e 
M

u
lt

ip
le

 
F 

F 
r 

r 
rZ

 
B

et
a 

E
nt

rie
s 

S
te

ps
 

r 
r 

r2
 

B
et

a 
E

nt
rie

s 
St

ew
s 

S
te

p 
1
: 

S
te

p 
1

 : 
T

im
e 

-0
.2

3
 

0
.2

3
 

0
.0

6
 

-0
.4

4
 

6.
14

" 
T

im
e 

0
.3

2
 

0
.3

1
 

0
.1

0
 

0
.3

7
 

3
.5

5
" 

se
pa

ra
te

d 
se

pa
ra

te
d 

E
du

ca
tio

n 
-0

.1
9
 

0
.5

0
 

0
.2

5
 

-0
.4

5
 

6
.1

0
a 

E
du

ca
t~

on
 

0
.0

5
 

0
.3

2
 

0
.1

0
 

0
.0

6
 

0
.0

9
 

S
po

us
e'

s 
SE

S 
-0

.3
3
 

0
.6

8
 

0
.4

7
 

-0
.5

0
 

8
.

3
5

b
4

.
8

6
d

 S
po

us
e'

s 
SE

S 
0
.1

4
 

0
.4

0
 

0
.1

6
 

0
.2

2
 

1 .
O

3 
1.

42
 

S
te

p 
2:

 
N

eg
at

iv
e 

0.
11

 
0
.7

0
 

0
.4

9
 

0
.1

4
 

0
.7

2
 

4.
00

" 
N

eg
at

iv
e 

lif
e

 
-0

 
12

 
0
.4

0
 

0
.1

6
 

-0
.0

7
 

0
.1

3
 

1
.0

3
 

lif
e

 e
ve

nt
s 

ev
en

ts
 

-
 

S
te

p 
3

. 
S

te
p 

3:
 

A
tta

ch
m

en
t 

0
.1

7
 

0
.7

0
 

0
.4

9
 

0
 0

1 
0.

01
 

3
.3

7
a 

A
tta

ch
m

en
t 

-0
.0

7
 

0.
41

 
0

.1
7

 
-0

.1
0

 
0

.1
9

 
0
.8

3
 

7C
 

5
 

H
el

pe
r 

T
-L

ym
ph

oc
yt

es
 (n

 =
 3

6
) 

S
up

pr
es

so
r T

-L
ym

ph
oc

yt
es

 (
n 

=
 3

6
) 

$;
 

S
im

pl
e 

M
u

lt
~

p
le

 
F

 
F

 
S

im
pl

e 
M

u
lt

ip
le

 
r 

r 
rZ

 
B

et
a 

E
nt

rie
s 

S
te

ps
 

r 
r 

r2
 

e
ta

 
i

s
 st:ps
 

S
te

p 
1:

 
S

te
p 

1 :
 

P 
T

im
e 

-0
.1

1
 

0.
11

 
0
.0

1
 

-0
.0

3
 

0.
10

 
T

im
e 

0
.6

4
 

0
.6

4
 

0
.4

1
 

0
.7

4
 

2
0
.1

4
b
 

R rn
 

se
pa

ra
te

d 
se

pa
ra

te
d 

7
~

 
E

du
ca

t~
on

 
0
.0

8
 

0
.1

 1
 

0
.0

2
 

0
.0

1
 

0
.1

0
 

E
du

ca
tio

n 
-0

.0
7
 

0
.6

5
 

0
.4

2
 

-0
.1

7
 

1
.0

5
 

2
 

S
po

us
e'

s 
SE

S 
0
.0

8
 

0
.1

2
 

0.
02

 
0
.0

2
 

0.
11

 
0
.1

7
 

S
po

us
e'

s 
SE

S 
-0

.0
2

 
0
.6

9
 

0
.4

8
 

-0
.2

9
 

0
.2

2
 

5
.5

7
d
 



MARRIAGE, DIVORCE, AND IMMUNITY

Q. S)^= Q. rg

.11
Q. DO "^ Cl.

o o
d d
V V

Psychosomatic Medicine Vol. 49, No. 1 (Jan./Feb. 1987) 25



J. K. KIECOLT-GLASERetal.

helper T lymphocytes and the helper-sup-
pressor ratio were inversely related to at-
tachment. The percentage of suppressor T
lymphocytes showed a strong positive cor-
relation with length of separation, whereas
the percentage of NK cells was inversely
related to length of separation.

Attachment scores were divided at the
median, 8.5, to form high- and low-attach-
ment subgroups for blastogenesis anal-
yses. There were significant differences re-
lated to attachment in the proliferative
response of lymphocytes exposed to Con
A. The difference between groups was sig-
nificant, F(l,26) = 4.47, p < 0.05, as was
the usual increase in responsiveness with
different mitogen concentrations, F(2,62)
= 10.17, p < 0.0002, whereas the inter-
action between these two variables was not
significant, F < 1. Response of lympho-
cytes to PHA stimulation produced a non-
significant difference between groups, F <
1, and a significant change over concen-
trations, F(3,78) = 21.69, p < 0.0001. The
interaction between these two variables was
significant, however, with greater differ-
ences at higher concentrations, F(3,78) =
3.77, p < 0.01. Correlations were com-
puted between the values obtained at dif-
ferent mitogen concentrations and length
of separation, education, husband's SES,
and number of negative life events. Only
length of separation showed a reliably sig-

nificant relationship across PHA signifi-
cant correlations, so it was the only co-
variate used in the analyses (Fig. 2).

Comparisons Between Recently
Separated Women and
Married Women

The mean BSI depression T-score (58.25,
SD = 9.80) in the newly separated subjects
was not significantly different from that of
their married counterparts (54.47, SD =
5.59), F(l,31) = 2.14, p < 0.15. Similarly,
there was not a significant difference on
the GSI, F < 1. Data from the UCLA did
not discriminate between the two groups,
F < 1.

Comparisons of sociodemographic data
did not show significant differences be-
tween the 16 women who had separated
within the previous year and the 16
matched married women. They did not
differ in age, number of children, or the
Hollingshead education or occupational
status of themselves or their spouse, with
all Fs < 1. The two groups did not differ
significantly in their distribution across
stages of the menstrual cycle.

As predicted, there were reliable im-
munologic differences between the women
who had been separated 1 year or less and
their married counterparts, as shown in
Table 5. The separated/divorced women

TABLE 5. Mean (± SDS) for the 16 Women Who Were Separated 1 Year or Less
and 16 Matched Married Women

Separated/
Divorced Women Married Women

EBV VCAa

Percentage of helper T lymphocytes"
Percentage of suppressor T lymphocytes
Helper-suppressor ratio
Percentage of NK cellsa

520.50
26.43
20.01

1.49
7.50

(706.84)
(7.59)
(6.70)
(0.66)
(5.05)

147.12
32.91
22.66

1.69
12.79

(191.88)
(7.03)
(7.76)
(1.47)
(8.05)

'p <0.05.
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30 -

20 -

10 -

Married

Separated / Divorced

2 5 50
ConA,>iq/Culture

3 0

10 0

Separated / Divorced

0 50 100
PHA,/iq/ Culture

Fig. 3. Mean (± SEM) proliferative response of lymphocytes to stimulation by Con A and PHA for 16
women who were separated one year or less and 16 matched married women.

had significantly higher EBV VCA titers,
F(l,31) = 4.17, p < 0.05, and significantly
lower percentages of NK cells, F(l,27) =
3.98, p < 0.05, than the married women.
Married women had significantly higher
percentages of helper T lymphocytes than
separated/divorced women, F(l,31) = 4.08,
p < 0.05. There were not significant dif-
ferences between the two groups in the
percentage of suppressor T lymphocytes,
F(l,31) = 1.07, or in the helper-suppres-
sor ratio, F(l,31) = 1.40.

Blastogenesis data are shown in Figure
3. While the global response of lympho-
cytes to Con A stimulation did not signif-
icantly discriminate between the two
groups, F < 1, there was a significant in-
teraction between group membership and
the three concentrations of Con A, F(2,48)
= 2.95, p < 0.05, with greater differences
at higher concentrations. In contrast, there
was a significant difference between groups
in their response to PHA, F(l,22) = 3.89,
p < 0.05, and a significant change across
concentrations, F(3,66) = 15.20, p < 0.001.
The interaction between the two variables

was not significant, F(3,66) = 2.09, p <
0.10.

All subjects were in the normal range
on both nutritional assays. Albumin levels
did not discriminate between the two
groups, F(l,31) = 1.10, with a mean of
4.24 g/dl (SD = 0.39) in the newly sepa-
rated group, compared to 4.38 g/dl (SD =
0.25) in the married cohort. The normal
range for albumin is 3.8 to 5.1 g/dl. There
was, however, a significant difference in
transferrin between the two groups, F(l,31)
= 5.13, p < 0.05, with the separated/di-
vorced women having a mean of 347.38
mg/dl (SD = 59.96), compared to 303.30
mg/dl (SD = 37.43) in the married group.
However, the normal range for transferrin
is between 178 and 410 mg/dl, so both
groups were still well within the normal
range.

There was a marginally significant dif-
ference in weight change in the last week
between the groups, F(l,31) = 3.89, F <
0.06. The difference did not parallel the
immunologic differences; the mean loss was
0.82 pounds (SD = 1.85) in the married
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group, compared to a mean gain of 0.43
(SD = 1.82) in the newly separated group.

The two groups did not differ in amount
of sleep in the previous 3 days, F < 1. Both
reported about 23 hr of sleep, or an average
deficit of 1 hr. There were not significant
differences between the newly separated
subjects in the number of days they were
ill during the previous 2 months, or in the
number of physician visits for the treat-
ment of acute illness, Fs < 1.

Overall Group Comparisons:
Separated/Divorced vs. Married

We did not predict overall differences
between the separated/divorced and the
married cohorts, since our separated/di-
vorced subjects, as a group, had been sep-
arated for some period of time. However,
comparisons between the entire married
and separated/divorced cohorts showed
some significant differences on the psy-
chologic variables, and on the functional
assays, blastogenesis and EBV antibody ti-
ters, as well as in NK cell percentages.

There was a strong significant differ-
ence between married and separated/di-
vorced subjects on depression, F(l,75) =
12.11, p < 0.001, but not for the GSI, F(l,75]
= 1.45. The means for depression were
59.65 (SD = 9.02) in the separated di-
vorced group and 53.11 (SD = 7.27) in the
married group. Scores on the short form
of the UCLA did not discriminate between
the groups, F(l,75) = 1.53, with a mean
of 7.75 (SD = 2.29) in the separated/di-
vorced group, compared to 7.13 (SD = 2.06)
among married women. For comparison
purposes, in a telephone survey of work-
ing adults in a large city, the mean score
for adults in the same age range as our
subjects was 7.99 (SD = 1.96) (38).

The difference in antibody titers to EBV
was significant, F(l,68) = 4.01, p < 0.05,

with married subjects having significantly
lower antibody titers (mean = 149.23, SD
= 233.46) than the separated/divorced
group (mean = 462.05, SD = 513.96). The
separated/divorced subjects had signifi-
cantly lower percentages of NK cells than
married subjects. F(l,65) = 8.96, p < 0.01,
with a mean of 7.31 (SD = 6.10) in the
former and 11.93 (SD = 6.42) in the latter.
There were not significant differences in
the percentages of helper or suppressor T
lymphocytes, or the helper-suppressor
ratio, Fs < 1.

The separated/divorced and married
subjects were also significantly different
in their lymphocytes' response to PHA
stimulation, F(l,58) = 4.28, p < 0.05, and
in the interaction between group mem-
bership and change over concentrations,
F(3,74) = 7.00, p < 0.0003. The main ef-
fect for change over concentrations was
significant as well, F(3,174) = 58.65, p <
0.0001. For separated/divorced subjects the
means for the four concentrations of PHA
were 1.14 (SD = 1.24), 0.82 (SD = 1.11),
1.53 (SD = 1.25), and 2.16 (SD = 1.32).
The comparable means for married sub-
jects were 0.90 (SD = 1.17), 1.11 (SD =
1.15), 2.45 (SD = 0.76), and 3.05 (SD =
0.65).

There was neither a significant differ-
ence between these groups on response to
Con A, nor a significant interaction be-
tween group membership and change over
concentrations, Fs < 1.

The two groups did not differ signifi-
cantly in amount of sleep in the last three
days, F < 1. Weight change data paralleled
the newly separated group, with an aver-
age loss of 0.86 lb (SD = 2.51) in the mar-
ried subjects, compared to a mean gain of
0.14 lb (SD = 1.93) in the separated/di-
vorced group, F(l,75) = 4.08, p < 0.05.
Although there were not significant dif-
ferences in albumin, F < 1, there was a
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significant difference in transferrin, F(l,64)
= 5.39, p < 0.02, with a mean of 335.22
(SD = 62.26) in the separated/divorced
group, compared to 302.20 (SD - 49.51)
for married subjects, with all values falling
within normal limits. There were not dif-
ferences in days ill or physician visits, Fs
< 1.

The two groups did not show differ-
ences in smoking behavior, either on packs
per week, F < 1, or in the relative pro-
portion of smokers to nonsmokers; roughly
20% of each group were smokers. The two
groups did differ significantly in alcohol
use over the previous week, F(l,75) = 7.73,
p < 0.01, with a mean of 1.92 drinks per
week (SD = 2.44) in the separated/di-
vorced group, compared to 0.70 in the
married group (SD = 1.18). No subject re-
ported more than ten drinks in the pre-
vious week, and only two subjects re-
ported having had more than seven drinks.
Subjects in the two groups did not differ
significantly in their distribution across
stages of the menstrual cycle.

DISCUSSION

Poorer marital quality in the married co-
hort was a significant predictor of depres-
sion and poorer response on the functional
immunologic assays. These data are con-
sistent with previous reports linking the
quality of the marital relationship with
mental and physical health (25), and they
provide further evidence for the impor-
tance of satisfactory marital relationships.

Data from Levinson and Gottman (59,
60) provide evidence of one physiologic
pathway through which chronically ab-
rasive relationships might mediate im-
mune function. They found that greater
autonomic arousal in interacting married
couples was strongly predictive of subse-

quent declines in marital satisfaction 3
years later. Moreover, they also reported
that greater declines in marital satisfaction
were strongly correlated with poorer health
ratings at follow-up. If there is consistent
physiologic arousal associated with the
presence of a spouse in a disturbed rela-
tionship, then it is quite possible that there
are concurrent persistant alterations in en-
docrine function that mediate immuno-
logic changes (e.g., 61, 62)

We also found that more recent marital
separation and greater attachment to the
(ex)husband were significant predictors of
both psychologic symptoms and certain
aspects of immune function in separated/
divorced women. In addition, as pre-
dicted, those women who had separated
from their husbands within the previous
year had poorer immune function than so-
ciodemographically matched married
women, with significantly poorer prolif-
eration in response to two mitogens, sig-
nificantly lower percentages of NK cells
and helper cells, and significantly higher
antibody titers to EBV VCA. These data are
consistent with evidence from epidemio-
logic studies indicating that separated in-
dividuals have the greatest incidence of
health impairments, followed in turn by
divorced adults (9).

It has been suggested that nonmarried
individuals may have riskier life-styles than
married adults, e.g., they may drink, smoke,
or use drugs more, thus exposing them-
selves to more chronic risks; nutrition and
sleep might also differ by marital status
(9). We chose a sample that did not abuse
drugs or alcohol, so these factors do not
differentiate between our married and sep-
arated/divorced subjects. Although we did
not select our sample by nutrition or sleep
criteria, we find no evidence of consistent
differences of a magnitude that would ac-
count for the immunologic differences.
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Thus, although it is certainly possible that
risk-related life-style factors may influ-
ence health status, our data suggest that
there may also be persistent immunologic
alterations in certain individuals.

There are also data suggesting that mar-
ital disruption is associated with a signif-
icantly higher incidence of cancer (64).
Speculatively, it is possible that the per-
sistence of distress or dysphoria following
separation and divorce in some more vul-
nerable individuals (34) could have ad-
verse physiologic consequences that would
increase cancer risk, including the lower
percentages of NK cells in the separated/
divorced group. In addition, persistent
depression may have consequences at the
molecular level in the speed and quality
of DNA repair that could mediate in-
creased cancer risk (65, 66).

It should be noted that although the im-
munologic changes are not large, these data
do provide evidence of longer-term changes
in immune function related to psychoso-
cial stressors. Evidence consistent with
more chronic stress-related changes in im-
munity has only been described in one other
study (63). The actual health impact of these
relatively small but presumably persistent
changes in immune function are not known.
Although it is possible that these changes
may make some contribution to the greater
incidence of infectious and malignant dis-
ease in separated/divorced adults that has
been well-documented by others (9-11),
the causal links have not been demon-
strated.

There are problems with inferences about
the direction of causality in cross-sec-
tional studies such as this. For example,
in the separated/divorced group of women
it is possible that preexisting depressive
symptoms were an underlying cause for
the divorce (e.g., 3); moreover, such symp-
toms might have subsequently hampered

the formation of alternative relationships,
a factor associated with lower attachment.
Similarly, those married women who are
more depressed may view their marital re-
lationship as less supportive, and/or their
depressive symptoms might have adverse
effects on the quality of the marital rela-
tionship (67). Although we cannot ex-
clude these possibilities, evidence from
other research supports alternative expla-
nations.

Using longitudinal survey data, Men-
aghan (68) controlled for level of depres-
sion prior to marital termination and found
that depression appeared more likely to be
the result of marital disruption, and of-
fered no support for the argument that
preexisting depression was an important
precipitant of changes in marital status.
Similarly, a 1-year longitudinal study from
Monroe et al. (69) showed that subsequent
depressive symptoms were predicted by
lower marital support in 473 women who
were initially relatively asymptomatic and
had nonconflicted marriages. Moreover,
other work provides evidence that another
form of separation distress is a potent me-
diator of immune and endocrine function
in nonhuman primates (70).

Turning to the immunologic data, it ap-
pears that the three qualitative assays were
more consistently related to the psycho-
logic variables than were the three quan-
titative assays. In particular, EBV VCA an-
tibody titers were significantly related to
the psychologic variables in all four sets
of analyses. Herpesvirus antibody titers
appear to be quite sensitive to psychologic
stressors (71).

Values from the mitogen assays, partic-
ularly PHA, were somewhat low; in our
protocol we used a 48-hr incubation pe-
riod in order to minimize variability. The
mitogens we used presumably had low po-
tency and, in combination with the 48-hr
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incubation period, resulted in low counts.
Once the data collection had begun, we
were committed to using the same mito-
gens across all subjects so that meaningful
comparisons could be made. Thus, the re-
sultant values are lower than some of those
reported elsewhere. However, although the
values are low, the differences between
groups are consistent and significant, re-
flecting differences in the proliferative re-
sponses of the groups.

Finally, the data from this study are rel-
evant for the growing literature on social
support and health. The data linking poorer
marital quality with depression and poorer
immune function suggest that the simple
presence of a partner is not equivalent to
a supportive relationship. Moreover, in
separated/divorced women, greater attach-
ment to a man who is no longer present is
also linked to adverse psychologic and im-
munologic consequences; a new and sat-
isfying relationship is associated with lower
attachment. We have previously found that
loneliness is associated with poorer im-
mune function (36, 46, 48). Taken to-
gether, it appears that the quality of one's
interpersonal relationships may have
health-related consequences.

SUMMARY

Marital disruption is associated with
significant increases in a number of psy-
chologic and physical disorders. In order

to examine psychologic and physiologic
mediators, self-report data and blood sam-
ples were obtained from 38 married women
and 38 separated/divorced women. Among
the married subjects, poorer marital qual-
ity was associated with greater depression
and a poorer response on the three qual-
itative immunologic assays, lymphocyte
proliferation in response to two mitogens
and antibody titers to EBV VCA. The 16
women who had been separated 1 year or
less had significantly poorer immune
function than a sociodemographically-
matched married group, including lower
percentages of NK and helper cells, poorer
blastogenic responsiveness, and higher
antibody titers to EBV VCA. Within the
separated/divorced group shorter separa-
tion times and greater attachment to the
(ex)husband were associated with poorer
immune function and greater depression.
These data are consistent with epidemio-
logic data linking marital disruption with
increased morbidity and mortality.
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