In 8. A. Shumaker & S. M. Czajkowski {(Eds.). Social Support and
Cardiovascular Disease. New York: Plenum Press, 1994.

CHAPTER 9

Social Support and
Coronary Heart Disease

Underlying Psychological and
Biological Mechanisms

Sheldon Cohen, Jay R. Kaplan,
and Stephen B. Manuck

Social support has been prospectively associated with mortality and impli-
cated in the etiology of coronary heart disease (CHD); see reviews by
Berkman, 1985; Broadhead et al, 1983; Cohen, 1988; House, Landis, &
Umberson, 1988; Wallston, Alagna, DeVellis, & DeVellis, 1983). Although
there has been a tremendous effort to establish a relation between support
and CHD, relatively little work has focused on how social support influ-
ences CHD pathogenesis. We feel that differentiation between conceptions
of social support and specification of pathways through which each type of
support influences CHD are requisite for understanding the role of sup-
port in the prevention of disease. In service of this goal, we review studies
of the role of social support in the etiology of CHD, suggest some distinc-
tions in social support based on existing research, argue for functionally
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distinct stages of CHD pathogenesis, and propose a series of psychological
and biological models linking different conceptualizations of social sup-
port to CHD. Our discussion is limited to the etiology of disease (onset
and progression, but not recovery) and focuses on disease end points
{morbidity and mortality) rather than illness behaviors such as symptom
reporting and use of medical services.

The major thrust of our argument is that in order to understand the
influence of social support on CHD, we must take into account both how
we conceptualize social support and the stage of disease under considera-
tion. The development of CHD subsumes numerous stages, each accom-
panied by a somewhat different set of pathophysiological processes.
Conditions that influence coronary artery atherogenesis, for instance, may
not be the same as those responsible for the various functional and clinical
expressions of CHD. Moreover, various conceptualizations of social net-
works and supports vary widely, and individual concepts may be plausible
predictors of some stages of disease but not of others.

Differentiating Social Support

There is little agreement among the scientific community in regard
to a precise definition of social support (Cohen & Syme, 1985; Shumaker &
Brownell, 1984; Wilcox & Vernberg, 1985). Moreover, existing studies apply
the term to a broad range of conceptualizations of social networks and the
functions that they provide. Rather than attempt an all-encompassing
definition, we propose broad categorical classifications of the concepts
commonly included under the social support rubric, and we define some
specific concepts that we feel may be linked with physical disease. Cohen
and his colleagues (Cohen & Syme, 1985; Cohen & Wills, 1985) proposed a
distinction between structural and functional support measures. Structural
measures describe the existence of and interconnections between social
ties; functional measures assess whether interpersonal relationships serve
particular functions (e.g., provide affection).

Only a small sample of possible conceptions of social support have
been used with any frequency in studies of CHD morbidity and mortality.
The most cornmon measure is a structural index of social ties that is often
termed social integration (SI). A prototypical SI index includes marital
status, closeness of family and friends, participation in group activities,
and church and religious affiliations. Functional measures used in the
physical disease literature include network satisfaction and perceived
availability of material aid or psychological support.
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Differentiating Stages of CHD

The Natural History of CHDD

Available research reveals much about the course of development of
coronary disease and about the risk factors that contribute to it. CHD is
usually the clinical manifestation of an underlying pathological process,
coronary artery atherosclerosis. Atherosclerosis refers to the development
of fibrofatty plaques (atheromas) within the inner lining, or intima, of the
artery. With the progression of atherosclerosis, plaques frequently change
in composition as well as size; other changes include calcification and,
fater, ulceration and hemorrhage (McGill, 1972). The progressive enlarge-
ment and complication of atherosclerotic plaques may narrow the arteries
and eventually obstruct blood flow to the heart, resulting in cardiac
electrical instability, damage or death of the heart tissue, or both. These
sequelae of coronary artery atherosclerosis ultimately affect the ability
of the heart to maintain its normal rhythmicity and essential function as a
pump. The usual clinical expressions of CHD include angina pectoris and
its variants (chest pain, generally resulting from insufficient coronary
blood flow), acute myocardial infarction (death of the heart tissue as a
result of interrupted coronary blood flow), cardiac arrhythmias (electrical
instability) and sudden death (often the consequence of arrhythmia;
Sokolow & Mcllroy, 1987).

Epidemiological and experimental studies of the origins of CHD have
advanced vigorously over the past several decades, and a variety of
physiological and environmental variables are clearly of etiological signifi-
cance. Elevated serum lipid concentrations, arterial hypertension, and
cigarette smoking account for much of the geographic distribution of
CHD, and within geographic areas, these variables act as risk factors for
extent and severity of the disease (Keys et al., 1972; McGill, 1968). There is
evidence that the behavioral characteristics of individuals (e.g., coronary-
prone behavior) also modulate risk for CHD, as do several attributes of
social support summarized elsewhere in this chapter (Manuck, Kaplan, &
Matthews, 1986). The mechanism(s) by which psychosocial variables con-
tribute to coronary disease risk remain unclear, however, and (unlike such
established risk factors as hypertension and elevated serum lipids) have
only recently become a subject of intensive investigation. Nevertheless, a
review of the sequence of events leading from development of the athero-
sclerotic lesion to the clinical manifestations of CHD helps identify a group
of biologic processes upon which psychosocial factors could exert signifi-
cant influence.
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Biological Processes underlying CHD

The first lesion usually observed in the arterial intima is the fatty
streak (Figure 1). Universally observed in children, such lesions are be-
lieved to be reversible and to have no physiological consequences (McGill,
1972). Although the process by which nonreversible, fibrous plaques
develop is not known with certainty, injury (or possibly repeated injury) to
the endothelial lining of the artery is believed to play an important
initiating role (Ross, 1981). Such injury may lead to the local adherence of
platelets and subsequent release of mitogenic (growth) substances, an
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Figure 1. Pathophysiological pathways thought to connect the various processes associated
with coronary artery atherogenesis and coronary heart disease
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increased infiltration of lipids into the artery wall, and intimal smooth
muscle cell proliferation, all of which are aspects of plaque formation
(Davies, 1986; Schwartz, Campbell, & Campbell, 1986)

Once formed, a progressing plaque may interfere with the ability of
the artery wall (particularly the endothelial lining) to dilate in response to
hemodynamic demands or to the presence of endogenous vasoactive
substances. Such vascular dysfunction may result in arterial spasm, pos-
sibly contributing to myocardial ischemia—an inadequate supply of oxy-
gen to the muscular tissue of the heart (Furchgott, 1983; Sokolow &
Mcllroy, 1987). The plaque may also induce aggregation and activation of
platelets and the release by platelets of thomboxane A,, a potent vaso-
constrictor (Neri-Serneri et al., 1981). Independently of effects on endo-
thelial or platelet function, the atherosclerotic plaque may progress
through various stages of complication. An enlarging plaque can impede
blood flow through the artery and thus cause ischemia, especially if
myocardial oxygen demand should increase (e.g., during exercise). Fi-
nally, the plaque may also hemorrhage within itself (or rupture), resulting
in thrombus formation, an interruption of blood flow to the heart, and
ischemia (Sokolow & Mcllroy, 1987).

Myocardial ischemia can have a number of consequences. If severe,
ischemnia may result in myocardial infarction and perhaps death of the
individual. When death occurs quickly, it is generally because the infarc-
tion has triggered a fatal arrhythmia (Segal, Kotler, & Iskandrian, 1985).
Post-infarction events include heart failure (impaired ability of the heart to
function as a pump because of muscle death), embolization of such organs
as the brain or gut (by thrombi found within the left ventricular cavity),
and heart rupture. Even if not severe, myocardial ischemia may disrupt the
electrical stability of the heart, thereby heightening its vulnerability to
arrhythmias (Lown, 1987), which may then be triggered independently of
such anatomical events as thrombosis, hemorrhage, and myocardial in-
farction. Arrhythmias triggered by ischemia-induced electrical instability,
often ventricular tachycardia or fibrillation, are believed to be a major
cause of sudden cardiac death (SCD; Segal, Kotler, & Iskandrian, 1985).

Research Suggesting a Link between Social Support
and the Etiology of Physical Disease

Below we present a select review of the studies linking various
conceptions of social support to the etiology of CHD. We focus on concep-
tions of social support that are examined across several studies.
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Mortality Studies

The best documented effects in this literature are the role of social
integration (SI) on all-cause mortality. In general, after controlling for
traditional risk factors such as blood pressure, cigarette smoking, and
serum cholesterol levels, healthy persons with higher 51 scores are at lower
risk for all-cause mortality than their more isolated counterparts (Berkman
& Syme, 1979; House, Robbins, & Metzner, 1982; G. Kaplan, Cohn, Cohen,
& Guralnik, 1988; G. Kaplan, Salonen, et al., 1988; Orth-Gomér & Johnson,
1987; Schoenbach, Kaplan, Fredman, & Kleinbaum, 1986; Seernan, Kaplan,
Knudsen, Cohen, & Guralnik, 1987; Welin et al,, 1985). SI deterioration
(loss of network contacts) has also been associated with higher all-cause
mortality risk (G. Kaplan & Hahn, 1989). Associations of SI and mortality
in this literature are generally weaker for women and nonwhites than for
white men (Berkman, 1986). Although there are also data on the role of satis-
faction with social support in total mortality, the limited number of studies
and lack of conceptual consistency across studies makes it difficult to draw
conclusions {see Berkman & Syme, 1979; Blazer, 1982; House et al., 1982).

Data on the role of 51 in mortality attributable to CHD are most
relevant to this discussion. The studies that provided these data report
beneficial effects of 51 similar to those found in all-cause analyses (House
etal, 1982; G Kaplan, 1985, for Alameda County data originally reported
by Berkman & Syme, 1979; G. Kaplan, Cohn, et al., 1988; G. Kaplan, Salo-
nen, et al,, 1988; Orth-Gomér & Johnson, 1987; Orth-Gomér, Undén, &
Edwards, 1988; Vogt, Mullooly, Ernst, Pope, & Hollis, 1992). There is also
evidence that 51 predicts CHD mortality for persons who are unhealthy at
the onset of the study—specifically, male survivors of acute myocardial
infarction (MI; Ruberman, Weinblatt, Goldberg, & Chaudhary, 1984}
These men were followed for 1to 3 years after their MI. After controlling for
traditional risk factors, relatively isolated survivors with low levels of
education were found to have more total deaths and more sudden cardiac
deaths than their less isolated, more educated counterparts.

Mortality studies of initially healthy persons do not clarify the stage of
the disease process at which support acts. Hence greater CHD mortality
for those with fewer social contacts may be accounted for by SI influences
on the development of early lesions, lesion progression, or functional
expressions of CHD such as ML These studies also fail to indicate when
in the course of diagnosed disease death occurs. Some specificity is
provided by the single study reporting SI prediction of mortality for
persons with serious disease (Ruberman et al., 1984). Because this study
predicts CHD mortality after an initial event, itsuggests that support plays
a role in processes involved in triggering MI, or possibly in processes
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leading to alterations in the rate of progression of coronary artery occlu-
sion. These results do not, however, eliminate the possibility of SI influ-
ences on early disease onset or progression.

Morbidity Studies

Although there are strong suggestions that various conceptions of
social support are associated with the onset of CHD, the results of the
morbidity studies are less consistent and generally more difficult to inter-
pret. There is evidence from two studies of Japanese-American men that 51
is associated with decreased prevalence of M1, angina pectoris (AP), and
total coronary heart disease (Joseph, 1980; Reed, McGee, Yano, & Feinlieb,
1983). A recent study of Swedish men similarly indicates an association
between S] and decreased incidence of CHD (Orth-Gomér, Rosengren, &
Withelmsen, 1993).

Evidence from three angiography studies, however, is less clear. In the
first, British valvular heart disease patients who felt they could rely on
family and friends were less likely to have histories of hypertension and
myocardial infarction, as well as ECG evidence of myocardial infarction
{Cooper, Faragher, Bray, & Ramsdale, 1985). Perceptions of support were
not, however, related to signs of peripheral vascular disease, mitral valve
disease, angina, or number of vessels with significant narrowing. In the
second, patients in six San Francisco Bay Area hospitals who reported
greater availability of instrumental support or feeling loved had less
coronary occlusion than their unsupported counterparts (Seeman &
Syme, 1987). Coronary occlusion was unrelated to Sl its structural compo-
nents, or emotional support from family or friends. In the third study, a
gronp at Duke University found that coronary occlusion was related to less
emotional support among Type A individuals, but to more emotional
support among Type Bs (Blumenthal et al., 1987). Although Seeman and
Syme also tested the Type A behavior pattern by emotional support
interaction, they did not find this effect.

Sample biases in angiography studies also suggest cautious inter-
pretation. Because angiography study samples are limited to symptomatic
and other high-risk patients, these investigations attempt to discriminate
between high-risk persons who have CAD and those who do not, which
differs substantially from distinguishing between the diseased and
healthy in the general population {Cohen & Matthews, 1987).

One of the studies of CHD in Japanese-American men, the Honolulu
Heart Study, examined Sl as a predictor of the onset (incidence) of CHD, as
well as the concurrent (prevalence) relations between SI and disease (Reed,
McGee, & Yano, 1984; Reed et al., 1983). Total CHD rates were higher
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among more isolated men when a SI scale developed through factor
analysis was used. This effect was accounted for primarily through the
prediction of nonfatal MI. This scale was not associated with the incidence
of angina or of fatal MI, however, and a conceptually developed SI scale
failed to predict any of these outcomes.

Several morbidity studies that examine the possible role of sodal
support as a buffer (or moderator) of the increased risk of CHD associated
with high levels of stress are also relevant. Johnson and Hall (1988) found
that degree of interaction with coworkers buffered work stress against
CHD prevalence for both males and ferales. Medalie and Goldbourt
(1976) found that men who reported that their wives loved and supported
them were buffered from the effects of high anxiety on the incidence of
angina pectoris. In contrast, the Honolulu Heart Study (Reed et al., 1984)
found no stress-buffering effect of an Sl-like index for men in predicting
CHD incidence.

Psychosocial Models Linking Social Support to CHD

At the most elementary level, it can be posited that social networks
and social supports are linked to CHD either through their influence on
behavioral patterns that decrease risk for disease or through effects on
biological responses that influence disease onset and progression. In the
following section, we discuss possible psychological and behavioral path-
ways through which social networks and supports could influence behav-
ioral and biological risk for CHD.

We alluded earlier to two generic models of the influence of sodal
support on CHD. The stress-buffering model proposes that support operates
by protecting people from the potentially pathogenic influence of stressful
events. The main effect model suggests that support has a beneficial
influence irrespective of whether persons are under stress. The epidemio-
logical data we reviewed are consistent with research on other health
outcomes indicating that social integration is the primary cause of main
effects of social support, and perceived availability of support is the
primary cause of stress-buffering effects (see Cohen & Wills, 1985; Kessler
& McLeod, 1985).

Social Integration and the Main Effect Model

Social integration has been conceptualized by Thoits (1983) as having
multiple identities or ties to members of the network with different roles.
Summaries of a number of psychological pathways through which sodal
integration may influence the susceptibility to disease follow.
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Information-Based Models

Having a wide range of network ties presumably provides multiple
sources of information and hence an increased probability of having ac-
cess to an appropriate information source. Information could influence
health-relevant behaviors or help one to avoid stressful or other high-risk
situations. For example, network members could provide information
regarding access to medical services or regarding the benefits of behaviors
that positively influence health and well-being. It is noteworthy, however,
that integration in a social network could also operate to the detriment of
health: discouraging use of medical services, providing inadequate alter-
native care, or influencing people to adopt behaviors inimical to health
{e.g., McKinlay, 1973; Sanders, 1982; Seeman, Seeman, & Sayles, 1985).

Identity- and Self-Esteem-Based Models

There are several theoretical perspectives suggesting that social inte-
gration increases feelings of self-esteem, of self-identity, and of control over
one’s environment that result in better health. Social integration is pre-
sumed to provide a source of generalized positive affect, a sense of
predictability and stability in one's life situation, and a recognition of self-
worth because of demonstrated ability to meet normative role expectations
(Cassel, 1976; Hammer, 1981, Thoits, 1983; Wills, 1985). These positive
psychological states are presumed to be facilitative because they lessen
psychological despair (Thoits, 1985), result in greater motivation to care for
oneself (Cohen & Syme, 1985), or result in a benign neurcendocrine
response (Bovard, 1959; Cassel, 1976).

A popular model in this category assumes that it is isolation that
causes disease, rather than social integration that enhances health. This
approach assumes that isolation increases negative affect and sense of
alienation, and decreases a sense of control. Alternatively, one can merely
view isolation as a stressor.

Social Influence Models

A socially integrated person is subject to social controls and peer
pressures that influence normative health behaviors. To the extent that
these pressures promote healthful behaviors (e.g., exercise, better diet, not
smoking, moderating alcohol intake), social integration would promote
better health. To the extent that normative behaviors within a social
network promote behaviors that are deleterious to health, social integra-
tion would result in poorer health and well-being.



204 SHELDON COHEN et a

Tangible Resource-Based Models

A network may operate to prevent disease by providing aid and
tangible and economic services that result in better health and better
health care for network members. For example, network members could
provide food, clothing, and housing that operate to prevent disease and
limit exposure to risk factors. Networks may also provide nonprofessional
health care that prevents minor illness from developing into more serious
disease.

Perceived Social Support and the Stress-Buffering Models

The stress-buffering model posits that support protects persons from
the potentially pathogenic influence of stressful events. The following
models focus on the perceived availability of social support because this
conception has been found to result in stress-buffering effects. We (Cohen
& McKay, 1984; Cohen & Wills, 1985) have also proposed that stress
buffering occurs only when there is a match between the needs elicited
by the stressful event and the functions of support that are perceived tobe
available. For example, having someone who would loan you money may
be useful in the event of a temporary job loss but useless when facing the
death of a friend. A matching of support with need is implied, although
not specified, in many of the models discussed below. We have also argued
that certain types of support may be useful in coping with all or many
stressors. Specifically, having people to talk to about problems (appraisal
support) and having people who make you feel better about yourself (self-
esteem support) may be generally useful, because these are coping re-
quirements elicited by most stressors.

All of the stress-buffering models we discuss assume that stress puts
persons under risk for CHD. This risk is presumed to occur either because
stress triggers neuroendocrine response or arterial flow disturbances, or
because behavioral adaptations to stress often include detrimental health
practices like smoking and poor diet. Perceived social support operates in
these models by decreasing the probability that situations will be ap-
praised as stressful, by directly dampening neuroendocrine responses to
stress, or by preventing persons from adepting unhealthy behaviors.

Information-Based Models

Stress may elicit network provision of information about the nature of
the potential stressful events or about ways of coping with those events
(see discussion of social comparison under stress by Cohen & McKay, 1984;
Wills, 1983). To the extent that this information reduces the evaluation of
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potential threat or harm in the context of existing coping resources, the
event would be appraised as less threatening and/or harmful, and hence
the risk of illness would be decreased (Lazarus & Folkman, 1984). It is also
likely that in many cases the perception of available support operates
without any actual support being provided, that is, believing that others will
provide needed information if it becomes necessary can similarly result in
potentially stressful events being appraised as benign (e.g., Wethington &
Kessler, 1986). In both cases, a reduction in stress appraisal would be
presumed to reduce negative affect, negative health behaviors, and con-
comitant physiological reactivity:

lentity- and Self-Esteem-Based Models

These models are minor twists on the information models described
above. They suggest that others’ willingness to help and/or the enhanced
ability to cope that results from receiving help increase feelings of personal
control and self-esteem. Such feelings may influence health through in-
creased motivation to perform health behaviors or through suppression of
neuroendocrine responses. Again, the mere perception that help is avail-
able may similarly trigger these processes.

Social Influence Models

Social controls and peer pressures could influence persons to cope
with stressors in particular normative manners. Such influence processes
would promote heaith to the extent that the normative coping behaviors
were effective in reducing perceptions of stress, nonadjustive behavioral
adaptations, and negative affective responses. Inappropriate norms, how-
ever, could lead to less effective coping and hence greater risk of stress-
elicited CHD To the extent that social coping norms were internalized, or
that persons expect others to pressure them to cope in a particular manner,
the mere perception of availability could influence the stress-disease
process in the same manner as actually receiving support.

Tangible Resource-Based Models

Network contribution of aid or of tangible or economic services could
reduce the probability of potentially stressful events being appraised as
threatening or harmful and hence reduce the behavioral and affective
concomitants of such an appraisal. Again, the mere perception of the
availability of aid may operate without actual receipt of help. Tangible
iesources could also help resolve specific tangible problems after a stress
appraisal is made.
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Biological Models Linking Social Support to CHD

The models discussed above link social support to CHD either
through influences on health practices or through neuroendocrine or
hemodynamic response. The stress-buffering models generally address
how perceived availability of support short-circuits the potential behav-
joral, hemodynamic, and neuroendocrine pathways that link stress to
CHD pathogenesis, and the main effect models suggest direct influences
of social integration on behavioral, neuroendocrine, and hemodynamic
pathways. We alluded to evidence of increased risk for CHD among those
with poor health practices (e.g., smoking), and these risks are discussed in
detail elsewhere in this volume (see Chapters 10 and 11). In this section, we
address the role that hemodynamic and neurcendocrine alterations ac-
companying or resulting from behavioral responses to provocative psycho-
social stimuli may play in various stages of disease progression.

Central to our analysis is the argument that to understand the role of
social support in CHD, it is necessary to consider the temporal courses of
both the support concept and the disease stage under investigation. In
short, some stages of the development of CHD extend over many years; to
influence these stages, a psychosocial factor must endure over a similar
period. Other stages of CHD develop very quickly, and as a consequerce,
a presumption of support endurance is not necessary for support to
influence such a stage. In general, we argue that temporally stable con-
cepts of support are plausible predictors of long-term stages of disease
development (e.g., lesion formation and progression), and that both stable
and unstable support concepts are plausibly involved in short-term stages
of disease expression (e.g., myocardial infarction or arrhythmia)

We assume that social integration is a relatively stable support concept
because it involves the existence of relationships (e.g., marriage and
friendship) that tend to last for prolonged periods. We also assume that
perceived availability of support is a relatively unstable concept because
it is responsive to changes in the quality of relationships and in social and
physical contexts. There is, however, little existing evidence on the stability
of these or other social support concepts, and we accept the possibility that
these stability assumptions may prove wholly or partly incorrect (see
conflicting evidence on the stability of perceived support in Coher,
Sherrod, & Clark, 1986; Sarason, Sarason, & Shearin, 1986). For example, it
is likely that the relative stability of support concepts vary across the life
course (see Chapters 2 and 11). The correctness of our current assumptions
about the stabilities of SI and perceived support, though, is not central to
our premise that temporal stability is a key issue in proposing plausible
models of the relations between social support and CHD.
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Behavioral Stimuli and Coronary Risk

Current speculation regarding the biological mediation of behavioral
influences on CHD is of a rather general nature, typically emphasizing the
potential effects that acute cardiovascular and neuroendocrine reactions to
stress might have on either atherogenesis or the precipitation of acute
clinical events (Manuck et al., 1986). This focus on hemodynamic and
neuroendocrine parameters derives in large measure from the frequent
observation that Type A individuals respond to diverse psychomotor,
cognitive, and interpersonal challenges with larger blood pressure and
catecholamine reactions than do their more placid Type B counterparts
(Houston, 1986; Wright, Contrada, & Glass, 1985). Additionally, there are
several reports that patients with histories of angina pectoris or previous
infarction show greater blood pressure responses to common laboratory
stressors than patients without CHD or nonpatient controls (Corse, Ma-
nuck, Cantwell, Giordani, & Matthews, 1982; Dembroski, MacDougall, &
Lushene, 1979; Shiffer, Hartley, Schulman, & Abelmann, 1976). In one
prospective investigation of initially healthy men, large diastolic blood
pressure reactions to cold immersion (the cold pressor test) predicted the
B-year incidence of CHD (Keys et al., 1971), Similarly, studies in cynomol-
gus monkeys show a significant positive association between the magni-
tude of animals’ heart rate responses to an experimental stressor and
extent of diet-induced coronary artery atherosclerosis (Manuck, Kaplan, &
Clarkson, 1983, 1985). Together these findings suggest that recurrent
episodes of acute cardiovascular and neuroendocrine reactivity evoked by
behavioral stimuli may contribute to risk for coronary disease, and that
such risk may be greatest among those individuals who exhibit the largest
magnitude of psychophysiclogical response.

It is unclear when in the natural history of coronary disease these
stress-induced cardiovascular or neuroendocrine adjustments would most
likely contribute to pathogenesis. Nevertheless, it may be useful to con-
sider what role such factors might play at successive stages in disease
progression and to summarize the relevant evidence that currently exists.

Influences on Atherogenesis
Early Lesion Development

We hypothesized previously that arterial flow disturbances (turbu-
lence, shear stress) that accompany marked cardiovascular reactions to
behavioral stimuli promote injury to arterial endothelium (Manuck et al.,
1986). Consistent with this hypothesis are experimental studies showing
that exposure to behavioral stressors (e.g., physical restraint, tail shock)
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produces several effects compatible with the development of early athero-
sclerotic lesions; these include structural changes in the arterial intima,
subendothelial accumulation of mononuclear leukocytes, and the rapid
turnover of endothelial cells in rat aorta (Gordon, Guyton, & Kamovsky,
1981; Hirsch Maksem, & Gagen, 1984). The further observation that beta-
adrenergic receptor blockade mitigates both the endothelial changes and
hemodynamic responses evoked by stress suggests that behaviorally
induced endothelial injury may stem in part from acute cardiovascular
adjustments associated with sympathetic nervous system activation
(Hirsch et al., 1984). Unfortunately the arterial endothelium is not directly
observable or amenable to imaging at the cellular level, and hence the
forgoing results of animal experiments are not currently confinmed by in
vivo studies of human beings.

Because stress is associated with biological responses that promote
the development of early lesions, it is possible that support concepts that
buffer stress might also enter into this phase of pathogenesis. This prem-
ise, however, is subject to several qualifications. Atherogenesis usually
proceeds slowly, with significant lesions developing during early adult-
hood but generally not culminating in clinical events until the fifth decade
of life. In order for a psychosocial factor to influence its development, we
must assume either that short-term exposure to the psychosocial factor is
sufficient to trigger a biological process with long-term implications or that
the psychosocial factor endures and actively influences the pathogenic
process over the course of the disease stage. The latter assumption is
usually thought to be reasonable for the various behavioral dispositions
previously implicated in coronary disease, such as Type A behavior and
personality traits relating to hostility and the expression of anger Hence
it can be assumed that in order to buffer the influences of chronic stress or
recurring acute stress, one would need to have perceptions of support that
endure over many years. Although there is little known about the stability
of support concepts, perceived support is generally thought to be only
moderately stable and would not meet the above criterion. The implica-
tions of this work for social integration are Jess ambiguous: Because 51 is
considered quite stable and has been found to be negatively associated
with negative affect and psychological distress, we expect that persons
with lower Sl are at greater risk for early lesion development.

Lesion Progression

Beyond the initiating events in atherogenesis, the progressing lesions
of atherosclerosis also appear to be influenced by behavioral factors. For
instance, there are now several demonstrations that Type A behavior, &
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well as aspects of anger and its expression, are correlated significantly
with coronary artery atherosclerosis in patients undergoing diagnostic
dneangiography (Dembroski, MacDougall, Williams, Haney, & Blumen-
thal, 1985; Frank, Heller, Kornfeld, Sporn, & Weiss, 1978; MacDougall,
Dembroski, Dimsdale, & Hackett, 1985; Williams et al., 1988; Williams et
al,, 1980). Yet there is no evidence that these associations are mediated by
hemodynamic or neuroendocrine mechanisms. In fact, in the one pub-
lished study germane to this question, no significant relationship was
observed between extent of angiographically documented atherosclerosis
and the magnitude of patients’ cardiovascular reactions to mental stress
(Krantz et al., 1981). Studies employing animal models, in contrast, offer
some support for the hypothesis that sympathetic nervous system arousal
or its hemodynamic manifestations) underlie behavioral influences on
plague development. We noted earlier that the coronary atherosclerosis of
cholesterol-fed cynomolgus monkeys was found, in two investigations, to
be greatest among animals that exhibited the largest cardiac responsivity
toa common laboratory stressor (Manuck et al., 1983, 1985). When males of
the same species are housed in small social groups subject to periodic
reorganization (i.e., an unstable social environment), the more dominant
animals develop more extensive coronary atherosclerosis than their less
competitive, subordinate counterparts (J. Kaplan, Manuck, Clarkson,
Lusso, & Taub, 1982). Moreover, the worsened atherosclerosis of socially
dominant monkeys can be prevented by long-term administration of a beta
receptor blocking agent {propranolol hydrochloride), further indicating
that sympathetic activation contributes to the behavioral exacerbation of
atherogenesis in this animal mode] (. Kaplan, Manuck, Adams, Wein-
gand, & Clarkson, 1987).

Whether elevations in sympathetic-adrenal medullary activity poten-
tiate atherogenesis through associated cardiovascular adjustments (e.g.,
furbulence accompanying an increased heart rate and blood pressure) or
via effects attributable to increased levels of circulating catecholamines is a
matter of some debate. Fluid dynamics are often invoked as contributing
factors in atherogenesis because of the nonuniform {or focal) distribution
of lesions within arteries. Atherosclerosis tends to predominate within
large arteries and in close proximity to bifurcations or bends in the
vessels—the same areas where flow disturbances (as might occur under
stress) are most readily propagated (Manuck, Muldoon, Kaplan, Adams,
& Polefrone, 1989). Elevated catecholamine concentrations have also been
implicated in the development of arterial lesions. Such associations could
reflect effects directly on the artery wall or influences of the catecholamines
on such other pathogenic processes as alterations in lipid metabolism and
Platelet aggregation (Herd, 1983; Schneiderman, 1977). Other neurocendo-
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crine substances may play a role in atherogenesis as well. For instance, the
release of corticosteroids is increased under stress. In one investigation
with coronary angiography, arterial occlusion was found to be greatest
among men having high plasma cortisol concentrations (Troxler, Sprague,
Albanese, Fuchs, & Thompson, 1977). The reproductive hormones are
similarly reactive to disruptions of the social environment. In animal
studies, impaired female reproductive function potentiates atherogenesis
In cynomolgus monkeys, for instance, loss of ovarian function following
surgical ovariectomy produces a corresponding loss of female “protection”
against diet-induced coronary artery atherosclerosis (Adams, Kapian,
Clarkson, & Koritnik, 1985). Interestingly, social subordination among
reproductively intact female cynomolgus monkeys is also associated with
impaired ovarian function (as evidenced by anovulation and low luteal-
Phase progesterone concentrations) and, in the presence of a cholesteral-
containing diet, with an increased severity of coronary artery athero-
sclerosis (Kaplan, Adams, Clarkson, & Koritnik, 1984).

The preceding paragraphs enumerate some of the ways that behav-
ioral variables might foster atherosclerosis. If perceived social supports
protect individuals against coronary disease by ameliorating the athero-
genic influences of predisposing psychosocial factors (e. g Type A behav-
ior or stress), this protection might be achieved by modulation of the same
hemodynamic or neuroendocrine mechanisms that underlie the behav-
joral exacerbation of atherosclerosis. To the extent that the direct influence
of 51 is mediated by decreases in chronic emotional distress, the neuro-
endocrine mechanisms outlined earlier may similarly provide indirect
evidence for the plausibility of the main effects of SI on lesion progression.
Because of the stability of S, we would expect that it could play arolein the
long-term development of lesion progression. Again, it is somewhat
unclear what duration of stress (or support) exposure is required to
influence lesion progression, and hence it is difficult to assess the potential
roles of stress and perceived support in these stages.

It should be cautioned that there is still little evidence that behav-
iorally evoked physiological reactions of any kind, whether cardiovascular
or neuroendocrine, contribute to atherogenesis. Additionally, what data
do support such an association are derived largely from experimental
studies employing animal models.

Functional Expressions of CHD

Several investigators have demonstrated that emotional arousal and
exposure to behavioral stressors can provoke transient and often painless
(or silent) myocardial ischemia in individuals with existing coronary
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artery disease (Sigler, 1967; Taggart, Gibbons, & Somnerville, 1969; Selwyn
et al., 1986; Rozanski et al., 1988). It is noteworthy that the ischemia
induced by emotional factors typically occurs at substantially lower heart
rates than those associated with exercise-induced ischemia in these same
individuals (Selwyn et al., 1986; Rozanski et al., 1988; Sung, Wilson,
Robinson, Thadani, & Lovallo, 1988). This observation suggests that
exercise and emotional factors may produce ischemia by somewhat differ-
ent mechanisms (Sung et al., 1988). It is most likely that exercise causes
ischernia in coronary patients by increasing myocardial oxygen demand to
a level that cannot be supplied by the individual’s atherosclerosis-laden
(and hence occluded or stenotic) arteries (Sokolow & Mcllroy, 1987).
Emotional arousal or stress, in contrast, may induce coronary artery
vasospasm or rapid thrombus formation within the artery, thereby reduc-
ing the supply of blood to the myocardium and creating an oxygen deficit
{and thus ischemia) in the absence of an increased myocardial oxygen
demand (Selwyn et al., 1986; Rozanski et al., 1988). An additional possi-
bility is that behavioral factors raise myocardial oxygen demand beyond
the individual's threshold for ischemia, but do so by increasing myocardial
contractility in the absence of a corresponding rise in heart rate (Sung et al.,
1988). Whatever the exact mechanism(s) of behaviorally induced ischemia,
this functional manifestation of CHD (unlike patients’ underlying athero-
sclerosis) is highly amenable to investigation because of the wide availabil-
ity of portable EKG monitoring devices and software for detection of
ischemic events, as well as the récent development of instrumentation
permitting ambulatory radionuclide ventriculography (for measurement
of left ventricular performance)

Myocardial infarction and electrical instability of the heart represent
further escalations in CHD severity (Sokolow & Mcllroy, 1987). It is
generally accepted that thrombosis in a stenotic coronary artery (possibly
associated with plaque rupture and hemorrhage) is a major cause of
myocardial infarction (Segal et al., 1985; Sokolow & MclIlroy, 1987). Al-
though behavioral stimuli have been shown to trigger myocardial ischemia
in individuals with existing coronary artery disease, it is not clear that
psychosocial factors similarly potentiate the anatomical events imme-
diately preceding myocardial infarction. Rather, it is likely that such events
are related more closely to slow developmental processes operating within
plaques (Bracket & Powell, 1988). Additionally, the occurrence and timing
of heart rupture, myocardial thrombotic embolism, and heart failure {all of
which are potential consequences of myocardial infarction and generally
result in death) appear to reflect the condition of the anatomical substrate
more than they do the prevailing hemodynamic and metabolic (i.e,,
neurogenic) milieu.
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Unlike myocardial infarction, which is usually associated with acute
anatomical changes, electrical instability of the heart represents an electro-
physiological abnormality (Lown, 1987). This instability predisposes to
arrhythmia and SCD (Gegal et al., 1985). It is difficult to overestimate the
importance of SCD (often defined as death occurring within 24 hours of
the onset of initial symptoms), as it accounts for 50% to 65% of all mortality
associated with CHD (Sokolow & Mcllroy, 1987). The terminal event in
most SCD cases is thought to be an arrhythmia that has degenerated to
ventricular fibrillation, and a large proportion of SCD appears not to be
associated with acute infarction or thrombosis (Friedman et al., 1973; Segal
et al., 1985). The hallmark of SCD is its occurrence without warning or
prodromal signs; thus there is no history of CHD in approximately half of
5CD cases, and most patients having a previous history evidence no signs
of worsening prior to their sudden demise (Lown, 1987; Segal et al., 1985).

Although the role of behavioral factors in myocardial infarction re-
main unclear, there is evidence linking emotional arousal and stress to
both electrical instability of the heart and its sequelae, arrhythmia and
SCD (Lown, 1987). It should be noted that the most common autopsy
finding in cases of SCD is severe, muitifocal coronary artery atheroscle-
rosis (Friedman et al., 1973; Segal et al., 1985). This underlying atheroscle-
rosis probably creates the ischemic environment within which electrical
instability develops. But although such instability may have an athero-
sclerotic origin, once present the electrophysiologic abnormality is appar-
ently independent of its anatomical substrate (Lown, 1987).

It has been hypothesized that in the electrically unstable heart,
momentary changes in myocardial excitability caused by transient stimuli
{e.g., neural traffic triggered by emotional arousal) provoke ventricular
fibrillation (Kuller, Talbott, & Robinson, 1987; Lown, 1987; Verrier, 1987).
Experimental studies in dogs have shown that various behavioral stimuli
(aversive stimulation, avoidance conditioning, and induced rage) reduce
thresholds for ventricular fibrillation (Verrier, 1987). Related experimental
work indicates that similar behavioral challenges also alter myocardial
perfusion, possibly acting as an arrhythmogenic stimulus (Billman &
Randall, 1981; Vatner et al, 1971). In human beings, it is known that
ventricular premature beats (VPBs) can initiate ventricular fibrillation and
that frequent or complex VPBs are associated with an increased risk of
SCD (Segal et al., 1985). Importantly, the incidence of VPBs in both cardiac
patients and normal individuals can be increased with exposure to a
variety of psychological challenges, including standard laboratory stres-
sors, public speaking, and automobile driving (Lown, 1987; Taggart,
Carruthers, & Sommerville, 1973; Taggart et al., 1969).

Among epidemiological evidence pertinent to the role of social sup-
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ports in SCD are results of the Health Insurance Plan ancillary study of the
Beta Blocker Heart Attack Trial (Ruberman et al,, 1984). Here, a 3-year
follow-up of individuals with previous myocardial infarction and complex
VPBs revealed that both stress and isolation were independently related to
elevated risk for SCD. A further and particularly striking example of
sudden death potentially associated with behaviorally induced arrhyth-
mia is that observed among young male Hmongs {members of a Laotian
mountain tribe) who recently emigrated to large cities in the United States.
Upward of 100 instances of unexplained nocturnal death have occurred
among this population since the early 1980s. These deaths are thought to
be the result of ventricular fibrillation (Baron et al., 1983; Otto, Janxe, &
Cobb, 1984) and have been linked to stress arising from the clash between
life in a primitive mountain culture and the demands of adapting to a
modern urban environment.

The mechanism(s) mediating behavioral influences on VPBs, ven-
tricular tachycardia, ventricular fibrillation, and SCD remain uncertain.
These effects could be attributable to such factors as acute stimulation of
the myocardium, alterations in coronary artery tone (and thus blood flow),
platelet activation (with consequent effects on blood flow), or modification
of the electrophysiological properties of the Purkinje fibers (Lown, 1987).
Whatever the exact mechanism, it is likely that sympathetic nervous
system stimulation plays a role. It has been shown experimentally, for
example, that surgical sympathectomy, beta-adrenergic blockade, and
relaxation can all reduce the profibrillatory effects of stress (Verrier, 1987)
and that beta antagonists reduce the incidence of arrhythmia in CHD
patients (Podrid & Lown, 1982). Moreover, the balance between vagal and
sympathetic tone also affects the cardiac predisposition to arrhythmia.
Hence the deletericus effects of stress on vulnerability to ventricular
fibrillation can be reduced by enhancement of vagal tone (as with mor-
phine); conversely, administration of the vagal antagonist atropine can
increase vulnerability to ventricular fibrillation in stressed animals (Kuller
et al, 1987; Lown, DeSilva, & Lenson, 1978).

We noted the distinction between sudden and nonsudden cardiac
death. This distinction is more than heuristic and may relate importantly
to behavioral influences in CHD (Friedman et al., 1973; Segal et al., 1985).
Relevant here is a prospective study of post-MI pati :nts in which SCD was
found to be predicted predominantly by psychosocial factors (e.g., Type A
behavior, low sociceconomic status, lack of a college education), whereas
nonsudden cardiac death was produced by biological characteristics of the
patients (e g., severity of preexisting disease, location of infarction; Brac-
kett & Powell, 1988). These findings are consistent with our understanding
of the biological processes underlying sudden and nonsudden cardiac
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death, inasmuch as the former is probably associated with arrhythmia
(and therefore subject to neurogenic influences) and the latter more
strongly related to acute anatomical alterations (which may be less suscep-
tible to autonomic and neurcendocrine reactions induced by behavioral
stimuli).

We have already suggested that only those dimensions of sodial
support that are stable over long periods of time are likely to affect the
decades-long processes of atherogenesis. The acute clinical manifestations
of coronary disease (e.g., myocardial ischemia and ventricular arrhyth-
mia), though, might be triggered by autonomic nervous system responses
associated with transient episodes of emotional arousal. Because per-
ceived social support has been found to operate as a stress buffer, and
because its modest temporal stability would probably be sufficient to
protect persons from ftransient stress-triggered events, we expect that
perceived support is an important predictor of arrhythmia and SCD
Although social integration’s stability is sufficient to operate in this con-
text, there is little empirical reason at this point to believe that SI operates
to protect persons from stress-induced coronary events.

Discussion and Summary

We provided evidence that different conceptions of social networks
and supports are related to CHD morbidity and mortality, and we dis-
cussed the psychological and behavioral underpinning of such relations.
The development of CHD, however, subsumes numerous stages, each
accompanied by a somewhat different set of pathophysiological processes.
Conditions that provoke endothelial injury and early plaque development,
for instance, may not be the same as those responsible for plaque rupture
and hemorrhage, outcomes associated with tissue necrosis, or the initia-
tion of ischemic events and precipitation of myocardial infarction or SCD.
It is plausible (and there is initial experimental evidence) that acute
hemodynamic or neuroendocrine responses to stress contribute to coro-
nary artery atherosclerosis and at least some of the functional expressions
of CHD, such as cardiac arrhythmia and SCD. In turn, these relationships
may mediate psychosocial influences on the development of CHD. Be-
cause of the differing temporal parameters that define events at each stage
of pathogenesis, though, the types of behavioral factors that may either
predispose or protect against coronary disease might also differ at varying
points in the natural history of CHD.

The primary characteristic in relating a support concept to a patho-
physiological process is the stability of the support concept over time. Plausible
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models assume either that (a) the support conception under examination is
relatively stable over the period of development of a disease stage, or (b) a
short-term exposure to a particular level of social support is sufficient to
influence the process underlying the disease stage. Social integration is a
temporally stable conceptualization of social support; hence it is plausible
that it could influence a process (e.g., development of atherosclerotic
plaques) that has a very long and slow course of development. Thus there
is a reasonable match here between stability of the support measure and
the temporal characteristics of a pathogenic process (i.e., exposure to
relatively lower levels of social integration lasts over the period of disease
stage development).

Conceptualizations of social support with much shorter temporal
stabilities, such as support satisfaction or perceived availability, would
not be plausible predictors of atherosclerosis (see Cohen & Matthews,
1987). It is possible, however, to propose plausible models of CHD patho-
genesis that focus on support measures with shorter stabilities. Consider,
for example, modeling sudden cardiac death incidence. Assume that
persons with undetected coronary artery disease (CAD) are more likely to
suffer SCD if they experience stress (e.g., Glass, 1977). A severe stressor
might trigger onset of the event. In this case, perceived available support
may be important if it is stable over the course of stressor exposure and
operates to buffer persons from stress at the trigger point.

In sum, the question of whether a particular stage of disease is
susceptible to support influence depends on (a) whether the conceptual-
ization of support under consideration affects processes that influence
disease pathogenesis, (b) the temporal stability of the support concept,
and {c) the nature and time course of the disease stage. The issue of
temporal stability is important methodologically as well as conceptually.
Consider a prospective study in which perceived support is measured at
the onset in healthy individuals who are followed for 10 years. Because
perceived support may not be a highly stable concept, the measure taken
at onset may provide a poor estimate of the level of support at a later point
when an acute stressor triggers an event. Hence, in order to study
prospectively the role of an unstable support concept, it is necessary to
repeatedly measure the concept over the course of the study at intervals
that guarantee stability. A similar problem applies to retrospective studies.
Consider, for example, the research on the relation between support and
toronary artery occlusion in persons undergoing angiography, Because
atherosclerosis emerges gradually over a lifetime, behavioral factors as-
sessed at the time of angiographic evaluation could only have contributed
to lesion development if the same factor also characterized that individual
over a substantial portion of his or her life. Again, an unstable measure
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may provide a poor estimate of the level of support over the course of
atherogenesis.

Our general message is to enter this work with clear hypotheses
regarding both the psychosocial and biological processes by which spe-
cific conceptualizations of support influence specific stages of coronary
heart disease. Choices of social support concepts and of disease stages
should be driven by theory specifying the psychological and biological
pathways by which such outcomes could occur. These choices must con-
sider the temporal parameters of both social and biological variables in
forming plausible hypotheses and designing valid tests of these hypotheses
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