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This article provides a selected overview of 20 years of research on the role of
psychosocial factors in susceptibility to upper respiratory infections. We present evi-
dence from our laboratory that psychological stress is associated with increased risk
for developing respiratory illness for persons intentionally exposed to a common cold
virus, that the longer the duration of the stressor the greater the risk, and that stress
association with susceptibility may be mediated by stress-induced disruption of the
regulation of proinflammatory cytokines. We further provide evidence that social re-
lationships (social integration and social support) are also associated with risk for re-
spiratory illness: Social integration is associated with reduced risk irrespective of
stress level and social support protects persons from the pathogenic influences of
stress. Finally, we report recent evidence that lower levels of early childhood socio-
economic status (SES) are associated with greater risk of viral-induced illness during
adulthood, independent of adult SES.

Key words: psychoneuroimmunology, socioeconomic status, stress buffering, social
integration, social rank, social support, infectious illness susceptibility, respiratory
infections, common cold, influenza, cytokine regulation, cortisol regulation

Over the last 20 years, our laboratory has been inter-
ested in the extent to which social and psychological
factors may influence susceptibility to infectious ill-
ness. In particular, we have employed a unique pro-
spective design in which healthy participants are evalu-
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likely culprit is the hormone cortisol. Cortisol release
is triggered by psychological stress. Moreover, one of
the functions of cortisol is to regulate (turn off)
cytokine production. This picture is complicated, how-
ever, under chronic stressful conditions, because a
feedback system often turns off the release of cortisol
when there is too much in circulation. Moreover, re-
ceptors for cortisol on immune cells downregulate
(turn in and become less sticky) when flooded with
cortisol. In short, chronic stress may impair the im-
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mune system’s capacity to respond to hormonal signals
that terminate inflammation (Avitsur, Stark, &
Sheridan, 2001; Stark et al., 2001).

To investigate this hypothesis, we studied a group of
50 healthy adults—25 parents of a young child with
cancer and 25 matched control parents of healthy chil-
dren (EPIS; Miller, Cohen, & Ritchey, 2002). We
chose parents of cancer patients because they were ex-
periencing a chronic and extremely stressful life event.
When compared to control parents, parents of cancer
patients reported more psychological distress and had
lower cortisol levels (most notable during the morning
hours). We also treated a blood sample from each par-
ticipant with dexamethasone (dex)—a synthetic
glucocorticoid (cortisol-like substance)—and then
stimulated the cells to produce cytokine. When we
added the dex to the blood samples from control sam-
ple, as expected, their cells produced less IL-6 than
cells that were not treated with dex. The dex was turn-
ing off the cells’ production of cytokine. When we
added dex to the blood samples from the parents of
cancer patients, the dex was significantly less effective
in turning off cytokine production. These findings sug-
gest that prolonged stress alters the course of inflam-
matory disease by decreasing cortisol’s effectiveness
in regulating proinflammatory cytokine response. This
is consistent with our finding in VCS3 that stress was
associated with increased production of IL-6 (suggest-
ing decreased effectiveness of cortisol) and increased
illness expression.

In sum, our work on stress and upper respiratory
symptoms has led us to a somewhat unexpected con-
clusion. Stress effects may not be due to stress-elicited
suppression of immune function. Instead, chronic
stress may influence resistance to respiratory viruses
by interfering with the immune system’s ability to re-
spond to hormonal signals that turn off the release of
proinflammatory cytokines. Consequently, persons
under stress produce too much cytokine (the immune
system overresponds) that in turn triggers and prolongs
the symptoms of upper respiratory infections.
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In VCS2, we found that enduring interpersonal
problems with family and friends were associated with
greater susceptibility to disease. Interpersonal conflict
was presumed to be detrimental to health because itis a
potent source of psychological stress (Cohen, 2004;
Rook, 1984). However, there is also substantial evi-
dence that our social networks can be beneficial to our
health. We have distinguished between two types of
models that describe how social relationships might
benefit health outcomes: the stress-buffering model
and the main effect model (Cohen, 1988, 2004; Cohen



& Wills, 1985). The stress-buffering model suggests
that the benefits of social relationships derive from
their role in protecting people from the pathogenic in-
fluences of stress. The main effect model predicts that
the social environment’s influence on health is inde-
pendent of current stress level.

We have also emphasized the need to distinguish
between different conceptions of social networks and
supports (Cohen, 1988, 2004; Cohen & Wills, 1985).
The relevant literature consists primarily of studies us-
ing limited numbers of structural measures of social
groups such as network size and social integration and
those using functional measures of social support such
as availability or receipt of emotional, informational,
and tangible support. Correlations between and within
structural and functional groupings of measures tend to
be small to moderate (Cohen, 1991). The two measures
with the most consistent relations with health are so-
cial integration (having a diverse social network; e.g.,
being married, belonging to church and social groups,
having close family and friends) and social support
(the availability of social resources to help one cope in
stressful situations). Social integration has consistently
been associated with more positive health outcomes ir-
respective of whether persons are facing adversity or
not, whereas measures of social support tend to be ben-
eficial only in the presence of stress (Cohen, 2004; Co-
hen & Wills, 1985). In the following, we discuss some
of our research on the role of social integration and so-
cial support in susceptibility to colds as well as in
changes in physiological mechanisms that play a role
in host resistance.
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There is substantial evidence that those who are so-
cially integrated, that is, those having multiple social
roles (e.g., marriage, work, neighbors, friends, social
groups, religious groups) are healthier and live longer
than those who are not (Berkman, 1995; Cohen, 2004;
Cohen, Gottlieb, & Underwood, 2000; Helgeson, Co-
hen, & Fritz, 1998; Seeman, 1996). Unfortunately, the
mechanisms linking diverse networks to a broad range
of diseases have not been identified. Infectious agents
have recently been implicated in the development of a
range of diseases not traditionally thought to have in-
fectious etiologies such as coronary artery disease
(Gupta & Camm, 1998), asthma (Kraft, Cassell, Pak,
& Martin, 2002), and some cancers (Butel, 2000). We
hypothesized that persons who had multiple social
roles might be less susceptible to infectious disease
and that this increase in host resistance might help ex-
plain associations between social integration and total
morbidity and mortality. In VCS2, we assessed the role
of social integration in susceptibility (Cohen, Doyle, et
al., 1997). We used a scale we developed, the Social

Network Index (Cohen, 1991), at baseline to assess so-
cial integration—the number of social roles (domains)
in which a person has social contacts. As described ear-
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study addressed the question of whether close relation-
ships buffer the effects of chronic stress on cellular im-
mune response (ANEXS; Cohen, Kaplan, Cunnick,
Manuck, & Rabin, 1992). There, 43 male cynomolgus
monkeys were randomly assigned to stable or unstable
social conditions for 26 months. Animals in the stable
social condition remained in a cage with the same four
animals over the course of the entire study. Those in the
unstable condition were rotated every month so that at
least three animals with whom they had not been housed
in the previous month were substituted for animals pre-
viously in the cage. The proportion of time spent in
affiliative behaviors was assessed by observations made
twice weekly. T-cell immune response (mitogen stimu-
lated proliferation) was assessed weekly for 3weeks im-
mediately following the 26 months of manipulation. Al-
though immune response was relatively suppressed
amonganimalsinthe unstable social condition, this sup-
pression occurred primarily among animals with low
levels of affiliation (stress by affiliation interaction; Fig-
ure 6). Asimilar stress-buffering analysiswas applied in
our study of parents of cancer patients (EPIS; Miller et
al., 2002). In that case, we found that parents of children
with cancer who reported the availability of material aid
were protected from stress-associated effects (showed
little glucocorticoid resistance; Figure 7). Both studies
are consistentwith the hypothesis that social support op-
erates as a stress-buffer, protecting people (and mon-
keys) fromthe potential pathogenic influences of stress.
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SES during childhood as measured by living condi-
tions, family income, and parental education and em-
ployment has been repeatedly associated with adult
health status (Aber, Bennett, Conley, & Li, 1997;
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Note. Data from “Chronic Social Stress, Affiliation and Cellular
Immune Response in Nonhuman Primates,” by S. Cohen etal., 1992,
Psychological Science, 3, p. 303.
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Gissler, Rahkonen, Jarvelin, & Hemminki, 1998; Nel-
son, 1992; Roberts & Power, 1996). Lower childhood
SES has been reported to be a risk factor for mortality
(Davey-Smith, Hart, Blane, Gillis, & Hawthorne,
1997; Davey-Smith, McCarron, Okasha, & McEwen,
2001; Nystrom, 1994; Vagero & Leon, 1994) primarily
resulting from cardiovascular disease (Davey-Smith,
Hart, Blane, & Hole, 1998; Frankel, Davey-Smith, &
Gunnell, 1999; Heslop, Davey-Smith, Macleod, &
Hart, 2001) but also from respiratory disease, stroke,
and stomach and lung cancer (Davey-Smith et al.,
1998). There is also evidence relating lower childhood
SES to increased risk for adult cardiovascular disease
(Poulton, Caspi, Milne, Thomson, Taylor, Sears, et al.,
2002; Wannamethee, Whincup, Shaper, & Walker,
1996), chronic bronchitis (Marmot, Shipley, Brunner,
& Hemingway, 2001), and periodontal disease
(Poulton et al., 2002).

As mentioned earlier, infectious agents have re-
cently been implicated in the development of a range of
diseases not traditionally thought to have infectious
etiologies. Hence, an association between childhood
SES and adult host resistance would suggest a hypo-
thetical pathway through which childhood experiences
might influence a broad range of health outcomes. To
pursue this possibility, we conducted a preliminary
study using the viral-challenge paradigm to determine
if childhood SES is associated with adult susceptibility
to infectious illness, and, if so, whether the effect is
limited to a critical period of low SES exposure, can be
undone by changes in childhood SES, and is explained
by adult SES.

In VCS4, prior to being exposed to the virus, we
had volunteers report their own and their parents’
level of education and the ages during their childhood
when their parents owned their homes (Cohen, Doyle,
Turner, Alper, & Skoner, 2004). Volunteers’ current
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of Pro-Inflammatory Cytokines: A Glucocorticoid Resistance
Model,” by G. E. Miller etal., 2002, Health Psychology, 21, p. 537.
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greater susceptibility to colds and influenza, that this
risk increased with the duration of major stressful
events, and that the increased risk is probably attribut-
able to stress-induced and endocrine mediated disrup-
tion of the regulation of proinflammatory cytokines. In
our work on social environments, we found that social
integration predicted susceptibility with persons with
more diverse social networks less susceptible to dis-
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