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THE HYPOTHESIS that multiple ties 
to friends, family, work, and community 
are beneficial in terms of physical health 
has gained substantial support over the 
last decade. Particularly provocative is 
epidemiologic evidence that those who 
participate in more diversified social net-
works—for example, are married, inter-
act with family members, friends, neigh-
bors, and fellow workers, and belong to 
social and religious groups—live longer 
than their counterparts with fewer types 
of social relationships.1"3 This association 
has been reported in multiple prospec-
tive studies,1"3 and the relative risk for 
mortality among those with less diverse 
networks is comparable in magnitude to 
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the relation between smoking and mor-
tality from all causes.3 Unfortunately, the 
behavioral and biological characteristics 
that link social networks of greater scope 
to longevity have not been identified. 
However, evidence implicating social 
network ties in the regulation of the im-
mune system suggests that social net-
works may play a role in the ability of 
the host to resist infection.4,5 

We report a prospective study assess-
ing the role of social network diversity 
in susceptibility to upper respiratory that 
infections. In theory, participation in a 
more diverse social network may influ-
ence the motivation to care for oneself by 
promoting feelings of self-worth, respon-
sibility, control, and meaning in life.6,7 This 
motivation would be manifest in an in-
crease in health promoting behaviors such 
as abstaining from smoking, moderat-
ing alcohol consumption, and improving 
diet, exercise regimens, and sleep qual-
ity.7'8 Greater network diversity has also 
been related to less anxiety, depression, 
and nonspecific psychological distress.9 

Lower levels of these negative mood 
states have been associated with lower 

basal levels of epinephrine, norepineph-
rine, and Cortisol.10 In turn, these hor-
mones are thought to influence both cel-
lular and humoral immune function and 
potentially to alter host resistance to in-
fection.11'12 

Although there is evidence for in-
creased susceptibility to common colds 
among smokers13 and decreased risk 
among moderate drinkers,13 little is 
known about the role of other health prac-
tices or about levels of catecholamines, 
Cortisol, or normal variations in cellular 
immune function in susceptibility to the 
common cold.14 The study reported Here 
examines the importance of network di-
versity for susceptibility, the importance 
of these behavioral and biological mark-
ers for susceptibility, and the possible role 
that these markers might play in linking 
social network diversity to colds. 

METHODS 
Subjects 

The subjects were 125 men and 151 
women from the Pittsburgh, Pa, area 
who responded to newspaper advertise-
ments and were judged to be in good 
health after a medical examination. Their 
ages ranged from 18 to 55 years. They 
were studied in 6 groups (4 in the spring 
and 2 in the fall) with 40 to 60 subjects in 
each. Subjects were paid $800 for their 
participation. The study was approved 
by the institutional review boards of 
Carnegie Mellon University, University 
of Pittsburgh, and Children's Hospital 
of Pittsburgh, and informed consent was 
obtained from each subject after the na-
ture and possible consequences of the 
study were fully explained. 
Experimental Plan 

All volunteers came to the hospital for 
medical eligibility screenings. They were 
not accepted into the study if they had 
previous nasal or otologic surgery; a his-
tory of asthma or cardiovascular disor-
ders; abnormal clinical profiles on uri-
nalysis, complete blood cell count, blood 
enzymes, or any of 3 nutritional markers 
(albumin, transferrin, or retinol binding 
protein); or were pregnant or currently 
lactating, seropositive for human immu-
nodeficiency virus, or on a regular medi-
cation regimen. Social networks, health 
practices (except diet), age, education, 
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race, sex, and body weight and height 
were also assessed at the screening and 
used as baseline data for those who were 
deemed eligible. 

Eligible subjects returned to the hos-
pital both 4 and 5 weeks after screening 
to have blood drawn for assessment of 
natural killer (NK) cell activity (based on 
both blood draws) and antibody to the 
challenge virus (based on the second blood 
draw). A personality questionnaire was 
administered twice, once at each blood 
draw. 

Subjects were quarantined within 1 
week following the second blood draw. 
During the first 24 hours of quarantine 
(before viral exposure), they received a 
nasal examination. They were excluded 
from the study at this point if a nasal wash 
culture indicated they were infected by a 
rhinovirus; the nasal examination showed 
congestion, mucosal edema, or nasal dis-
charge; or they reported symptomatic up-
per respiratory tract infections within the 
30 days before quarantine. Baseline res-
piratory symptoms, nasal mucociliary 
clearance, and nasal mucus production 
were assessed at this time. Urine samples 
for endocrine assessment and information 
on dietary intake were also collected. 

At the end of the first 24 hours of quar-
antine, subjects were given nasal drops 
containing a low infectious close (100-300 
tissue culture infectious close (TCID50)/ 
mL) of 1 of 2 types of rhinovirus—RV39 
(n=147) or Hanks (n=129). Two viruses 
were used to assess whether predictors 
of susceptibility are equivalent across 
different rhinovirus types. Rhinovirus 
type R V39 was used in the first 3 groups 
of subjects and rhinovirus strain Hanks 
in the last 3. 

The quarantine continued for 5 days 
after exposure. During this period, the 
subjects were housed individually but 
were allowed to interact with each other 
at a distance of 3 ft or more. Nasal se-
cretion samples for virus culture were 
collected on each of the 5 days. Subjects 
were also tested on each day for respi-
ratory symptoms, nasal mucociliary 
clearance, and nasal mucus production 
with the same procedures as used at 
baseline. Approximately 28 days after 
challenge, another blood sample was col-
lected for serological testing. All inves-
tigators were blinded to subjects' status 
on social network, personality, endo-
crine, health practice, immune, and pre-
challenge antibody measures. 
Standard Control Variables 

We used 8 control variables that might 
provide alternative explanations for the 
relation between network diversity and 
illness. Prechallenge antibody titer was 
categorized into approximate quartiles: 
less than 2,2 to 4,8 to 16, and greater than 

16. Age and body mass index (weight in 
kilograms divided by the square of height 
in meters) were scored as continuous vari-
ables. Whether the trial was conducted 
in the fall (November) or spring (April 
and May), race (white [81.2%] or not 
[18.8%]), sex, and viral type (RV39 or 
Hanks) were scored as clichotomous vari-
ables. Education levels were catego-
rized as high school graduate or less, some 
college, and bachelor's degree or greater. 
Social Network Diversity 

The Social Network Index assesses par-
ticipation in 12 types of social relation-
ships.15 These include relationships with a 
spouse, parents, parents-in-law, chil-
dren, other close family members, close 
neighbors, friends, workmates, school-
mates, fellow volunteers (eg, charity or 
community work), members of groups 
without religious affiliations (eg, social, 
recreational, or professional), and mem-
bers of religious groups. One point is as-
signed for each type of relationship (pos-
sible score of 12) for which respondents 
indicate that they speak (in person or on 
the phone) to someone in that relation-
ship at least once every 2 weeks. The total 
number of persons with whom they speak 
at least once every 2 weeks (number of 
network members) was also assessed. 
Pathways Linking Social Networks 
to Susceptibility 

Health practices and markers of endo-
crine and immune function were assessed 
before viral challenge as possible path-
ways linking network diversity to suscep-
tibility. Smokers were defined as those 
smoking cigarettes, cigars, or a pipe on a 
daily basis.13 In calculating the average 
number of alcoholic drinks per day, a bottle 
or can of beer, a glass of wine, or a shot of 
spirits were each treated as a single 
drink.13 Exercise was assessed by a ques-
tion asking the number of times per week 
that the subject engaged in an activity 
long enough to work up a sweat, get the 
heart thumping, or become out of breath.10 

Quality of sleep was assessed by scales 
assessing subjective sleep quality, sleep 
latency, disturbance, and efficiency (per-
centage of time in bed sleeping).17 Dietary 
intake of vitamin C and zinc was also as-
sessed by standard questionnaire.18 

Analyses including diet variables are lim-
ited to 228 subjects who completed the 
questionnaire according to standard cri-
teria.10 

Epinephrine, norepinephrine, and Cor-
tisol levels were assessed as markers of 
stress.10 These hormones were measured 
in 24-hour urine samples collected just 
prior to viral challenge. High-perfor-
mance liquid chromatography with elec-
trochemical detection was used for mea-
surement of the urinary catecholamines. 

Urinary Cortisol assays were performed 
by a double-antibody competitive radio-
immunoassay. 

Natural killer cell activity is thought to 
play an important role in limiting viral rep-
lication.20 We conducted a whole blood NK 
assay.21 The results of the 2 blood draws 
were averaged to estimate cytotoxicity. 
Personality as an Alternative 
Explanation 

We examined personality factors that 
might account for both greater network 
diversity and less susceptibility. We as-
sessed the "Big-Five". characteristics 
thought to represent the basic structure 
of personality.22 These factors are com-
monly described as extraversion, agree-
ableness, conscientiousness, emotional 
stability, and openness. To assess the 
Big-Five, we used a modified version of 
Goldberg's22 adjective scales. Our ver-
sion includes 50 adjectives, 10 for each 
factor. We used the average of the scores 
from the 2 administrations of the scales. 
Viral Cultures and 
Antibody Response 

Nasal washes were cultured for virus, 
and all positive specimens were quanti-
tated.23 Neutralizing antibody to the 
challenge virus was measured in serum 
collected before and 28 days after expo-
sure to the challenge virus.23 Serum an-
tibody titers are reported as reciprocals 
of the initial dilution of serum. 
Signs and Symptoms 

At the end of each day of quarantine, 
subjects rated the severity of 8 respira-
tory symptoms (congestion, runny nose, 
sneezing, cough, sore throat, malaise, 
headache, and chills) during the previ-
ous 24 hours.2-1 Ratings ranged from 0 
(none) to 4 (very severe) for each symp-
tom. The symptom scores were summed 
within each day. The score for the day 
before challenge was subtracted from 
each daily score after viral challenge. The 
adjusted postehallenge symptom scores 
were summed to create an adjusted to-
tal symptom score. Subjects were also 
asked each day if they had a cold. 

Mucus production was assessed by col-
lecting used tissues in sealed plastic 
bags.25 The bags were weighed and the 
weight of the tissues and bags sub-
tracted. To adjust for baseline, weight 
on the day before challenge was sub-
tracted from each daily weight after vi-
ral challenge. The adjusted postehal-
lenge weights were summed to create 
an adjusted total mucus weight score. 

Nasal mucociliary clearance function 
refers to the effectiveness of nasal cilia 
in clearing-mucus from the nasal passage 
toward the nasopharynx. Clearance 
function is assessed as the time required 
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Table 1 .—Rates and Numbers of Infected Persons and of Persons With Colds Stratified by Prechallenge Antibody Titer and Virus  
  Colds Defined as Infection and  
Prechallenge 
Antibody 
Titer 

 
 
 
 
Virus Type 

 
 
 
 

Challenge, 
No.

 
 
 
Infection, 
% (No.)

Objective 
Criterion, % 
(No.)

 
Self-reported 
Criterion, % 

(No.) 

1 
Jackson 
Criterion, 
% (No.) 

≤2 RV39 71 99 (70) 63 (45) 55 (39) 59 (42) . 
Hanks 73 99 (72) 53 (39) 52 (38) 56 (41) 
Total 144 99(142) 58 (84) 54 (77) 58 (83) 

≥4 RV39 76 82 (62) 25(19) 29 (22) 24 (18) 
Hanks 56 52 (29) 11(6) 11(6) 16(9) 

 Total 132 69(91) 19(25) 21 (28) 21 (27) 

       

for a dye administered in the nostrils to 
reach the nasopharynx.26 Each daily time 
was adjusted (by subtracting) for base-
line, and the adjusted average time in 
minutes was calculated across the 
postchallenge days of the trial. 
Infections and Colds 

Volunteers were considered to have a 
cold if they both were infected and met 
illness criteria. They were classified as in-
fected if the challenge virus was isolated 
on any of the 5 postchallenge study days 
or there was a 4-fold or greater rise in 
viral-specific serum neutralizing antibody 
titer from before exposure to 28 days af-
ter exposure. We examined colds using 3 
different illness criteria. The illness cri-
terion used in the primary analyses was 
based on objective indicators of illness—a 
total adjusted mucus weight of at least 10 
g or adjusted average mucociliary nasal 
clearance time of at least 7 minutes. The 
mean (±SD) total adjusted respiratory 
symptom score for those with colds de-
fined as infection plus the objective illness 
criterion was 19.28 (±14.7) vs 5.67 (±8.1) 
for those without colds (t[274]=-9.88; 
P<.001). The 2 other illness criteria we 
used in defining colds were based on sub-
ject self-report. The first required sub-
jects reporting (using their own defini-
tion) having a "cold." The second, the 
modified Jackson criterion, is previously 
validated and requires a total adjusted 
symptom score of 6 or more in addition to 
either reporting having a cold or report-
ing rhinorrhea on 3 or more days of the 
trial.17 
Statistical Analyses 

We used stepwise logistic regression 
to predict the binary outcome incidence 
of a cold26 and multiple linear regression 
to predict continuous outcomes.27 Social 
network diversity was initially treated 
as a continuous variable. In these cases, 
we report the regression coefficient for 
network diversity, its SE, and probabil-
ity level. However, to provide an esti-
mate of relative.risk, we also present odds 
ratios (ORs) and 95% confidence inter-
vals (CIs) based on network diversity cat-
egorized into low (1-3 types of relation-
ships), moderate (4-5 types), and high (s6 

types). We sequentially added variables 
to the first step of regression analyses to 
determine whether the association be-
tween network diversity (entered alone 
in the second step) and susceptibility to 
colds is substantially reduced after con-
trolling for the contribution of other vari-
ables. Finally, when we report mean lev-
els of continuous outcomes, we also report 
the SEM. 
RESULTS 

Rates of infections and colds stratified 
by prechallenge serostatus are present-
ed in Table 1. Rates of colds were similar 
for the objective, self-reported cold, and 
Jackson illness criteria. The greater pro-
tective effects of antibody for rhinovi-
rus strain Hanks is a new observation. 
Standard Controls and Susceptibility 

When examined as an individual pre-, 
clictor, increasing prechallenge antibody 
was associated with decreased incidence 
of colds (objective criterion for illness, 
P<.001). Education was also associated 
with incidence in an unexpected manner. 
The highest rate of colds was associated 
with those with high school degrees or less 
(52%), the next highest with those with 
college degrees or more (45%), and the 
lowest with those with some college (33%, 
P=.04). Other standard control variables 
were not individually associated with the 
incidence of colds. When the 8 standard 
controls were entered into the regression 
simultaneously to test the independent 
contribution of each control variable, as-
sociations with antibody titers (P<.001) 
and education (P=.04) remained the same. 
In addition, increasing age was associated 
with increased incidence (P=.03), as was 
being exposed to rhinovirus type 39 (44% 
colds) as opposed to rhinovirus strain 
Hanks (35% colds; P=.03). 
Social Networks and Susceptibility 

As apparent from the Figure, when we 
used the objective illness criterion, the 
rate of colds decreased with increased so-
cial network diversity (±SE)(b=-0.19 
[±0.08]; P=.01 for continuous variable; 
OR, 3.0 [95% CI, 1.23-7.44] for low, 1.5 
[95% CI, 0.87-2.46] for moderate, and 1.0 
for high social network diversity). Enter- 

ing the standard control variables into the 
equation before social network diversity 
strengthened this association (b=-0.29 
[±10], P=.01; adjusted OR, 4.2 [95% CI, 
1.34-13.29] for low, 1.9 [95%CI, 1.00-3.51] 
for moderate, and l.0 for high), There were 
no interactions between the standard con-
trol variables and social network diver-
sity in predicting colds. Hence, the rela-
tionships were similar for the 2 virus 
types, for different levels of serologic sta-
tus, age, sex, race, education, and body 
mass index, and across the 2 seasons. Of 
special note for interpretation of our data 
is that network diversity and rates of colds 
are similarly associated across virus types 
and across prechallenge seropositives and 
seronegatives (Table 2). 

Use of the self-reported cold criterion 
for illness resulted in adjusted ORs simi-
lar to those found with the objective ill-
ness criterion (adjusted OR, 3.5 [95% CI, 
1.18-10.20] for low, 1.9 [95% CI, 1.02-
3.50] for moderate, and 1.0 for high so-
cial network diversity groups) (Figure). 
In the case of the modified Jackson cri-
terion, there was no graded association 
between network diversity and colds but 
a difference between the low and high 
network diversity groups (adjusted OR, 
3.2 [95% CI, 1.04-9.77], 1.2 [95% CI, 0.66-
2.26], and 1.0) (Figure). In later analy-
ses, we use the objective criterion in de-
fining colds because this measure of 
illness is not subject to biases in sub-
jects' symptom reporting. 

We also examined whether social net-
work diversity was associated with con-
tinuous measures of the 2 objective signs 
of illness among infected people. Both 
analyses were adjusted for standard con-
trol variables. Increases in network di-
versity were associated with decreases 
in mucus weights (mean, 0.95 [±0.18] 
log10 grams for low, 0.73 [ ± 0.07] for mod-
erate, and 0.66 [±0.05] for high diver-
sity; F[l, 216]=7.65; P=.007) and in-
creases in mucociliary clearance function 
(mean, 6.3 [±1.4] minutes for low, 5.0 
[±0.6] for moderate, and 3.6 [±0.4] for 
high diversity; F[l, 218]=5.75; P=.02). 

In contrast to the diversity of the net-
work, the total number of networkmem-
bers was not associated with colds 
(P=.12). Moreover, entering the number 
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Objective    Seif-reported     Jackson  

Objective  Self-Reported     Jackson 
                 Illness Criteria 

 
Observed incidence of colds by social network 
diversity using 3 illness criteria. Low diversity is de-
fined as 1 to 3 types of social relationships; moder-
ate, 4 to 5; and high, 6 or more. Error bars indicate 
SEs. 
 
of network members into the first step 
of the regression equation along with 
standard controls did not reduce the as-
sociation between diversity and colds 
(b=-0.36[±0.13];P=.01). 
 
Social Networks and the Quantity of 
Viral Replication  

Because greater replication of virus 
during the 5 days following exposure was 
associated with greater likelihood of de-
veloping a cold (b=1.04 [±0.18], P<.001 
for all subjects; b=0.93 [±0.19], P<.001 
for infected subjects), we thought it might 
account for the relations between social 
network diversity and colds. Viral repli-
cation as measured by viral concentra-
tion in nasal washes decreased with in-
creases in network diversity (adjusted for 
standard controls, F[l, 263]=5.76; P=.02; 
for all subjects: mean, 2.23 [±0.30] login 
titers for low, 1.74 [±0.12] for moderate, 
and 1.51 [±0.10] for high; F[l, 220]=6.19; 
P=.02; for infected subjects: mean, 2.57 
[±0.28] logio titers for low, 2.00 [±0.12] 
for moderate, and 1.83 [±0.10] for high). 
However, the association between net-
work diversity and the incidence of colds 
was only slightly reduced when quantity 
of viral replication was added as a control 
variable (b=-0.24 [±0.11], P=.03 for all 
subjects; b=-0.25 [±0.10], P=.02 for in-
fected subjects; without viral replication 
in the equation, b=-0.29 [+0.10], P=.01 
for both infected and all subjects). Over-
all, these analyses suggest that the rela-
tionship between social network diver-
sity and colds was not primarily mediated 
by quantity of viral replication. 
 
Pathways Linking Social Networks to 
Susceptibility  

We began by testing whether each of 
the proposed health behavior endocrine 
and immune pathways was associated 

Table 2.—Rates and Numbers of Persons With 
Colds by Number of Types of Social Relationships, 
Stratified by Preohallenge Antibody Titer and Virus*  
 Number of Types of 

Social Relationships 
Preohallenge

 
1-5, ≥6, 

Antibody Virus No. (%) No. (%)
Titer Type With Colds With Colds 
≤2 RV39 25/33 (76) 20/38 (53) 

Hanks 18/30(60) 21/43 (49)
Total 43/63 (68) 41/81 (51)

≥4 RV39 11/34 (32) 8/42(19)
Hanks 3/26 (12) 3/30(10)

 Total 14/60(23) 11/72(15) 
"Low and moderate levels of social diversity have been 

combined Into 1 category (1-5) so that there are a suf-
ficient number of persons within each cell to provide a 
reliable estimate of the rates of colds. 
with susceptibility to colds. Each was 
tested individually and then simulta-
neously with other measures in their cat-
egory (eg, smoking independent of other 
health practices). In all cases, the stan-
dard control variables were entered in 
the first step of the regression, and the 
variables representing the proposed 
pathway were entered in the second step. 
Table 3 presents these data for factors 
that were individually associated with 
colds. 

Smokers, persons exercising 2 times or 
fewer a week, those with sleep efficiency 
of 0.80 or less, those drinking 1 drink or 
fewer per day, and those ingesting 85 mg 
or fewer of vitamin C a day were all at 
greater risk for developing colds. There 
were no associations between zinc and 
colds or between the other sleep measures 
and colds. When the health practices that 
were individually associated with colds 
were entered into the regression simul-
taneously, smoking, drinking 1 drink or 
fewer per day, and sleep efficiency all 
made independent contributions. 

Persons with levels of norepinephrine 
above the median level (175 nmol/cl) were 
at greater risk for developing colds than 
those below the median. A similar but 
weaker relation was found for epineph-
rine (median, 21 nmol/d). Neither Corti-
sol levels nor NK cell cytotoxicity was 
associated with colds. When epinephrine 
and norepinephrine were entered into 
the equation simultaneously, the contri-
butions of both were attenuated. 

We then conducted a series of logistic 
regressions to determine whether social 
network diversity was associated with 
each of the health practice and endocrine 
factors that we determined to be risks for 
colds. All analyses included the standard 
control variables. Lower levels of network 
diversity were associated with being a 
smoker (b=-0.22 [±0.09],P=.02) and with 
insufficient exercise (b=-0.28 [±0.08], 
P=.01). However, network diversity was 
not associated with alcohol consumption, 
dietary intake of vitamin C, or sleep effi-
ciency or with above-median levels of epi-
nephrine or norepinephrine. 

Table 3.—Adjusted Odds Ratios (95% Confidence 
Intervals) for Health Practices and Endocrine Mea-
sures Associated With the Incidence of Colds *  
 Potential Mediators 

Entered in Equation 

 Individually  
With 
Others 

Health practices   
Smoking 3.0(1.5-6.1) 3.3(1.5-7.0)

Exercising ≤2 
times/wk 1.8(1.0-3.2) 1.5(0.8-2.7)

Sleep efficiency of 
≤0.80 2.6(1.2-5.8) 2.8(1.2-4.8)

Drinking ≤1 
drink/d 2.0(1.0-3.8) 2.6(1.3-5.3)

Ingesting ≤0.85 mg 
vitamin C/d 2.0(1.0-3.8)† . . .‡ 

Endocrine measures  
Norepinephrine 1.9(1.0-3.5) 1.7(0.9-3.2)

Epinephrine 1.8(0.9-3.6) 1.5(0.8-3.1)

*Odds ratios are adjusted for standard control vari-
ables. Separate regressions were fit to examine the as-
sociation of each Individual mediator with colds and a 
single regression was fit to examine the association of 
each mediator independent of other variables in its group 
(simultaneous entry). 

†The table Is based on the entire sample for all but 
vitamin C, which is based on the subsample who com-
pleted diet questionnaires (n=228). 

‡Analyses of the subsample, controlling for vitamin C 
intake as well as the other health practices result in 
identical conclusions. In these analyses, diet is not re-
lated to colds after controlling for other health practices 
(odds ratio, 1.6; 95% confidence Interval, 0.80-3.23). 

Because smoking and exercise were as-
sociated with both social network diver-
sity and with colds, they are the only pro-
posed mediators that could operate as 
pathways linking network diversity to sus-
ceptibility. To determine whether these 
factors might operate as pathways, they 
were entered along with the standard con-
trols in the first step of the regression 
equation, with network diversity entered 
in the second step. Addition of these health 
practices to the equation slightly de-
creased the association between social net-
work diversity and susceptibility to colds 
(b=-0.24 [±0.10], P=.02 with smoking 
and exercise; b=-0.29 [±0.10], P=.01 
before adding smoking and exercise). 
Hence the health practices account for a 
small proportion of the relationship but 
do not act as primary pathways linking 
network diversity and colds in this study. 
Personality as an Alternative 
Explanation 

We entered each of the Big-Five per-
sonality factors into separate equations 
along with the standard controls predict-
ing colds. Only extraversion was associ-
ated with susceptibility with those with 
low scores(introverts—below the median 
of 28.5) at greater risk for colds (adjusted 
OR, 2.7; 95% CI, 1.45-4.92). Moreover, ex-
traversion was associated with higher lev-
els of social network diversity (b=0.25 
[±.08], P=.01). However, adding extra-
version to the regression equation includ-
ing standard controls does not substan- 
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tially alter the relation between network 
diversity and incidence of colds (b = -0.24 
[±0.10], P= .02 with extraversion; b=-0.29 
[±0.10], P=.01without extraversion). 
COMMENT 

The results indicate people who par-
ticipate in more types of social relation-
ships have less susceptibility to rhino-
virus-induced colds. This association is 
graded, although the risk increases most 
among those with the fewest types of 
relationships. Moreover, the adjusted 
OR is substantial, with those reporting 
1 to 3 types of relationships having more 
than 4 times the risk of those reporting 
6 or more types of relationships. The as-
sociation between network diversity and 
susceptibility held even after controlling 
for the number of people in the social 
network indicating that it is diversity of 
the network (having multiple types of 
relationships) that matters not the sheer 
number of network members. 

Although the quantity of viral repli-
cation decreased with increased network 
diversity, the quantity of replication did 
not act as a primary pathway linking net-
work diversity and the development of 
colds. These results suggest that social 
network diversity may be associated 
with more than 1 disease process, ie, ex-
tent of viral replication and a process or 
processes that modulate the production 
of signs and symptoms of illness. 

Several health practices and endocrine 
measures were associated with risk for 
colds, including replications of previously 
established risks of smoking,13 as well as 
benefits of moderate alcohol consump-
tion.13 Although not previously reported, 
the elevated risk associated with high 
basal levels of catecholamines is consis-
tent with previous reports of an associa-
tion between psychological stress and in-
creased susceptibility.28,20 We also found 
new evidence for increased risk among 
those exercising 2 times or fewer a week 
and among those with sleep efficiencies 
lower than 0.80. Intake of vitamin C be-
low 85 mg/d (this cutoff was empirically 
derived) were also associated with greater 
risk, but additional intake was not ben-
eficial. The relative risks associated with 
health practices ranged from 1.8 to 3.0, 
while the relative risk associated with el-
evated catecholamines ranged from 1.8 to 
1.9. However, only smoking and exercise 
met the criteria for pathways linking so-
cial network diversity to susceptibility, 
and together these could account for only 
a part of this relation. Finally, the person-
ality characteristic extraversion was ex-
amined as a factor that might account for 
increases in network diversity and de-
creases in susceptibility. Although those 
with low scores (introverts) had less di-
verse networks and were at greater risk 

for colds, this variable was unable to ac-
count for the relation between social net-
work diversity and susceptibility. 

We can only speculate on what other 
mechanisms might mediate the associa-
tion of network diversity and colds. Our 
data suggest eliminating a number of 
possibilities. At least for seronegative 
subjects, the relation was attributable 
to increased illness among infected per-
sons (99% were infected) and not in-
creased incidence of infection. The simi-
larity of the association across serostatus 
also suggests that the mechanism is not 
primarily mediated by serum antibody 
production in response to the virus 
among those previously exposed. In ad-
dition, we found little evidence for the 
role of NK cell activity. However, other 
characteristics of immune status may op-
erate as pathways. For example, there 
may be behavioral effects on the release 
of cytokines in the nasal passage that 
effect the triggering of symptoms.80 

A relation between network diversity 
and host resistance may provide a par-
tial explanation for the association be-
tween social network diversity and all-
cause mortality. Unfortunately, without 
a better understanding of the underly-
ing mechanisms linking network diver-
sity to colds, we cannot say whether our 
data have implication for host resistance 
to other infectious agents that may cause 
or contribute to mortality. 
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