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The Human Connectome

The brain as a large network:
« 10 neurons
» 101° synaptic connections

e hittp://humanconnectome.org/
e http://13pt.com/projects/nyt110621/

HUMANCONNECTOME,.ORG
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Biological networks: Food webs
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Soclal networks

ENOTIONS MAPPED
BY NEW GEOGRAPHY

Charts Seek to Portray the
Psychological Currents of -
Human Relationghips.
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Organizational networks: LGBT Tobacco Control Network
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What is the connection between social networks and health?

CONCEPTUAL MODEL



Social-structural
Conditions
(Macro)

Culture:

« norms and values

+ social cohesion

« racism

«  sexism

« competition/cooperation

Socioeconomic
factors:

- relations of production
« inequality

«+ discrimination

- conflict

« labor market structure
+ poverty

Politics:

« laws

+  public policy

. differential political
enfranchisement/
participation

«+ political culture

Social change:

« urbanization

«  war/civil unrest

« economic “depression”

.

Social
Networks
(Mezzo)

Social network

structure:
size

+  range

« density

« boundedness

«  proximity

« homogeneity
+ reachability

Characteristics of
network ties:

« frequency of face-to-face
contact

- frequency of nonvisual
contact
frequency of organizational
participation (attendance)

« reciprocity of ties

- multiplexity

» duration
intimacy

Social network
dynamics:
network formation

« network growth
tie formation

Adapted from Berkman, et al, 2000, SSM

Psychosocial
Mechanisms
(Micro)

-

Social support:

«+ instrumental & financial
« informational

« appraisal

- emotional

Social influence:

« constraining/enabling
influences on health
behaviors

- norms toward help-
seeking/adherence

«  peer pressure

- social comparison process

Social engagement:

« physical/cognitive exercise

« reinforcement of
meaningful social roles

« bonding/interpersonal
attachment

«  “handling” effects (children)

- ‘“grooming” effects (adults)

Person-to-person
contact:
« close personal contact

- intimate contact (sexual,
DU, etc.)

Person-to-person
communication:

- informal word-of-mouth
«  professional
communication

Access to resources &
material goods:

« jobs/economic opportunity

« access to health care

«  housing

- human capital

« referrals/institutional
contacts

Social networks and human disease conceptual model

-

Pathways

Health behavioral

pathways:

« smoking

« alcohol consumption

« diet

« exercise

« adherence to medical
treatments

« help-seeking behavior

Psychological
pathways:

- self-efficacy

«  self-esteem

- coping effectiveness
« depression/distress
« sense of well-being

Physiologic

pathways:

«  HPA axis response

«+ allostatic load

« immune system function

- cardiovascular reactivity

« cardiopulmonary fitness

« transmission of infectious
disease



Dynamic version of model

o e e e e 1 |

[ — |

Interventions on social Interventions based on
networks-these network information-
interventions influence or these interventions use
transform social networks information and data
to prevent the likelihood of obtained from social networks
disease or reduce its impact to enhance disease prevention

and reduction efforts



Social networks as environments that promote or inhibit health
behavior and disease risk

HEALTH BEHAVIOR



Social networks implicated In
chronic disease

e Primary prevention

e Social networks related to wide variety of behavioral
risk factors

e Smoking, drinking, exercise, breast-feeding, etc.

e Secondary prevention
e Peer and family networks can influence cancer
screening
e Tertiary prevention

e Numerous studies show that social support and size
of social network increase life expectancy after
cancer, heart disease, stroke



First HIV/AIDS network graphic

0 = Index patient

1-21 = Sequence of onset

Kaposi sarcoma

Pneumocystis carinil pneumonia
Other opportunistic infection

Multiple diagnoses (KS and PCP)

LA-Los Angeles, NY-New York City, SF-San Francisco
FL-Florida, GA-Georgia, NJ-New Jersey, PA-Pennsylvania, TX-Texas

~+ <
M

(Auerbach et al, 1984; Luke & Stamatakis, 2012)



High school romantic contacts

Peter S. Bearman,
James Moody, and
Katherine Stovel,
Chains of affection:

The structure of
adolescent
romantic and
sexual networks,
American Journal
of Sociology 110,
44-91 (2004).



http://www.soc.washington.edu/users/stovel/Chains.pdf
http://www.soc.washington.edu/users/stovel/Chains.pdf
http://www.soc.washington.edu/users/stovel/Chains.pdf
http://www.soc.washington.edu/users/stovel/Chains.pdf
http://www.soc.washington.edu/users/stovel/Chains.pdf
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Social Networks, Social Support, and Survival After Breast

Cancer Diagnosis
Candyce H. Kroenke, Laura D. Kubzansky, Eva S. Schernhamumer, Michelle D. Holmes, and Ichiro Kawachi

Table 2. Relative Risk of Mortality by Category of Social Networks Prior to Diagnosis Among 2,835 Women With Breast Cancer From the Nurses' Health Study

Category of Social Networks

Socially Integrated Moderately Integrated Moderately Isolated Socially Isolated

Variables (N =1,315) (N = 496) (N = 826) (N =198) p*
All-cause mortality 106 28 66 24
Age-adjusted A7
No. 1.00 0.73 1.00 1.76
95% ClI 0.48to1.12 0.73t0 1.36 1.13t02.74
Multivariate-adjustedt 40
No. 1.00 0.73 0.93 1.66
95% ClI 0.481t0 1.11 0.68t0 1.28 1.04t0 2.65
Breast cancer deaths 46 15 33 13
Age-adjusted .06
No. 1.00 0.87 1.22 2.04
95% ClI 0.48 10 1.55 0.78 to 1.91 1.10t0 3.78
Multivariate-adjusted .06
No. 1.00 0.91 1.24 2.14
95% ClI 0.50t0 1.68 0.78t0 1.98 1.11t04.12

From Kroenke, 2006, JCO
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Peer Group Structure and Adolescent Cigarette Smoking:
A Social Network Analysis*

SUSAN T. ENNETT

Research Triangle Institute

KARL E.

BAUMAN

Universiry of North Carolina, Chapel Hill

Figure 1. Social Network Positions

®

Clique #‘1

@@

O

Cligque 13

o@&.

TABLE 3. Results of Logistic Regression Anal-

Clique #2 ysis of Current Smoking Status on
Social Position, By School
Adjusted
Odds Ratin® 05% CI
School A (N=164)
Network Isolate® 6.46%== 2,08, 20.04
School B (N=164)
Network [solate 3 6G*F= 1.67, 8.03
School C (N=25T)
Metwork Tsolate 2.92%w= 1.54, 5.54
School E (NV=288)
Network Isolate and Male 6058 81, 45.51
MNetwork Isolate and
Low Mother's
Education 4, HBq# 1.37, 17.09

" Reference is cligue member/liaison.
“p< .05 **p< 0l **p=< 00l

Cligue Members: A-E, I-N
R-W

Liaisons: F, G, H

Isolates: O, P, Q, X, Y

* Adjusted for gender, race, and mother's education,

From Ennett & Bauman, 1993, JHSB



ORIGINAL ARTICLE

Peers, Schools, and Adolescent Cigarette Smoking

CHERYL ALEXANDER, Ph.D., MARINA PIAZZA, Sc.D., DEBRA MEKOS, Ph.D., AND

THOMAS VALENTE, Ph.D.

Table 2. Logistic Regression Analyses of Peer Variables Associated With Cigarette Smoking Among Adolescents*

Model 17 Model 24
Wariable Odds Ratio Adjusted SE 95% (1 Odds Ratio Adjusted SE 05% Cl1

Peer network smoking (<50%) 1.07 on 0.88, 1.30 1.03 on 0.87, 1.30

Peer network smoking (=50%) 1911 036 132, 2.78 1.891 036 130, 2.75

Best friend smoking (one or both) 2007 0.19 167, 241 2m1 0.19 1.66, 2.42

Popularity 1.02 0.07 090, 1.16 l , 1.03

School smoking prevalence® 1.73% 0.15 1.46, 2.05

Popularity? school smoking

prevalence
{1
:'E‘ L * - -
2
: '
. — _

L —#— 1% Echool Prevalescs
o 1 —8—15% School Prevalence
E \ | —#—ditts Schoal Prevalence
&
B
<
H
L%

From Alexander, et al., 2001, JAH

.1

2nd 3rd 41k

Popularity (Quartiles)

Figure 1. Interactive effect of popularity and school smoking prevalence on current smoking. (* Logarithmic scale.)



Theoretical challenge -
Homophily

e Homophily — tendency for people who are
connected in a network (e.qg., friends) to be
more similar to each other (e.g., smoking
status); Birds of a feather flock together

e Challenge is to disentangle two potential
causes of homophily

e Social selection
e Socilal influence



Underlying cause of homophily:
Selection vs. influence

Time 1 Time 2

Social .
Selection

Social

Influence

® Smokers
@ Non-smokers




Disentangling peer influence and
selection-obesity

Clustering of obesity (yellow circles) in a social
network (Christakis & Fowler, 2007)



Smoking-based selection and influence in
gender-segregated friendship networks: a social
network analysis of adolescent smoking

Liesbeth Mercken'?, Tom A.B. Snijders®*, Christian Steglich®, Erkki Vertiainen® &
Hein de Vries'?

100% "

B0%

Average 60% -
proportion

smoking behaviour

similarity 40%

20% -

0%

Males (Average Females (Average
autocorrelation = 0.35) autocorrelation = 0.40)

0O Smoking-based selection of fiends

O Indeterminate (selection or influence)

m Influence of an adolescent's friendship network

m Control: altemative explaining selection and influence mechanisms

m Trend: consequences of previous network state and smoking behaviour

Figure | The relative contribution of smoking-based selection and influence on similarities in smoking. Mote: the model explained 82% of
smoking behaviour similarity among males, 87% among fernales

From Mercken, et al., 2010, Addiction



Developing more effective interventions and treatments that
operate on social networks or use social network information

BEHAVIOR INTERVENTIONS



Disease Interventions

e Conceptual model

e Two types
e Direct intervention to the social network itself (1)

e Use social network information to enhance an
Intervention or disease treatment (2)

g K

| [T T T T T T T T 1 I

R ] | |

YVY ! , [
Social-structural o Social Psychosocial Disease
Conditions Networks Mechanisms Pathways O ——

(Macro) (Mezzo) (Micro)
Culture Social network Health behavioral

Socioeconomic
factors

Politics

Social change

Interventions on social

networks-these
interventions influence or
transform social netwarks
to prevent the likelihood of
disease or reduce its impact

structure

Characteristics of
network ties

Social network
dynamics

Interventions based on

network information-
these interventions use
information and data
obtained from social networks
to enhance disease prevention
and reduction efforts

Social support

Social influence

Social engagement

Person-to-person
contact

Person-to-person
communication

Access to resources &
material goods

pathways
Chronic diseases

Psychological
pathways

Infectious diseases

Physiologic pathways



Specific network intervention
approaches (Valente)

|dentification of champions or
opinion leaders

Network segmentation

e deliver intervention in specific
network subgroups

Network induction

e use network to stimulate peer to
peer interaction (e.g., word-of-
mouth campaign)

Network alteration

e transform the network to promote
health behavior

From Valente, 2012, Science.

Original graphic by Jan Willem Tulp.
Based on Isella, 2011, PLOS One.



Can disease Time 1 Time 2
networks be
modified?

NiBt

Social network dynamics and HIV transmission

Richard B. Rothenberg, John ). Potterat*, Donald E. Woodhouse*,
Stephen Q. Muth*, William W. Darrow' and Alden S. Klovdahl*

Objective: To prospectively study changes in the social networks of persons at
presumably high risk for HIV in a community with low prevalence and little
endogenous transmission

Methods: From a cohort of 595 persons at high risk (prostitutes, injecting drug users,
and sexual partners of these persons) and nearly 6000 identified contacts, we
examined the social networks of a subset of 96 persons who were interviewed once
per year for 3 years. We assessed their network configuration, network stability, and
changes in risk configuration and risk behavior using epidemiologic and social
network analysis, and visualization techniques.

Results: Some significant decrease in personal risk-taking was documented during
the course of the study, particularly with regard to needle-sharing. The size and
number of connected components (groups that are completely connected) declined

Microstructures (small subgroups of persons that interact intensely) were either not
present, or declined appreciably during the period of observation.

Conclusions: In this area of low prevalence, the lack of endogenous transmission of
HIV may be related in part to the lack of a network structure that fosters active
propagation, despite the continued presence of risky behaviors. Although the
relative contribution of network structure and personal behavior cannot be
ascertained from these data, the study suggests an important role for network
configuration in the transmission dynamics of HIV 1998 Lippincott-Raven Publishers

AIDS 1998, 12:1529-1536

Keywords: HIV, social networks, transmission dynamics,
injecting drug user, sexual activity

Fig. 2. Change in needle-sharing network of the 52 persons in cohort 2, each interviewed three times at 1-year intervals,
demonstrating marked diminution in needle-sharing activity. At each interaction, the same 52 people were interviewed, and
these diagrams depict those who said they shared needles and the contacts with whom they shared them.



Alcoholics Anonymous - best example of
an effective network disease intervention

SOCIAL NETWORK
VARIABLES (4-9m)

Ad ATTENDANCE (0-3m) ALCOHOL OUTCOMES 20
{12-15m)

10 |

CONTROL VARIABLES u I
{Treaiment entry)

Fig. 1. Lagged mediational model.

% Change (Outpatient)

60 | : :
<1x/week 1=/week 3= week

M Pro-Abstinent Others ' 1.49 ' 13.96 ! 14.98
i Pro-Drinking Others -22.22 -32.69 -51.96

From Kel |y, et al , 2011, DAD Fig. 2. Relationship between frequencies of AA attendance and changes in pro-abstinent and pro-drinking network ties,
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Harnessing Peer Networks as an
Instrument for AIDS Prevention:

Results from a Peer-Driven

Intervention
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Figure 2. Recruitment network in a respondent-driven sample, beginning from a single “seed”
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Effects of a Social-Network Method for Group Assignment
Strategies on Peer-Led Tobacco Prevention Programs in Schools

| Thomas W. Valente, PhD, Beth R. Hoffman, MPH, Annamara Ritt-Olson, MA, Kara Lichtman, MA, and C. Anderson Johnson, PhD
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Note. One hundred ninateen links are not shown because they did not result in group assignments.

FIGURE 1—Group assignments for 1 class.

From Valente, et al., 2003, AJPH

7 TABLE 5—Classroom-Level Impact Estimates (£ Coefficients) of Demographic, Smoking,

and Study Condition Variables on Average Classroom Levels of Nonsmoking Attitudes,
Self-Efficacy, Social Consequences of Smoking, and Intention to Smoke After Control for
Precurriculum Levels (n=84)

Mean Smoking Mean Mean Social Intention

Attrtude Self-Eficacy Consequences to Smoke

Pretest class average Q.GT*** D434 ) R 0.40%4+
Male 0.03 -0.10 -0.19 -0.09
Smoking prevalence -0.02 0.19 013 .05
Hispanic;/Latino 0464+ 0.23 0274 0.1a
MAzian Amenican 0.19 -0.01 -0.04 0.2
Ever puffed a cigarette 0154+ 0.12 o7 009
Bazeline data only -0.26* -0.15 008 -0.14

Tailored cumiculum 0.1z
i-,'-'- ULl =

Network condition
Metwork condition = tailored curriculum
R 7% 16% 56% 5T%

-0.12 022 01

Note. Regression controls for intraschonl covanation.
P 05; ¥4P< 01; *+*P< 001
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