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Abstract Researchers have reported that network char-

acteristics are associated with substance use behavior.

Considering that social interactions within online networks

are increasingly common, we examined the relationship

between online network characteristics and substance use

in a sample of emerging adults (ages 18–24) from across

the United States (N = 2,153; M = 21 years old; 47 %

female; 70 % White). We used regression analyses to

examine the relationship between online ego network

characteristics (i.e., characteristics of individuals directly

related to the focal participant plus the relationships shared

among individuals within the online network) and alcohol

use and substance use, respectively. Alcohol use was

associated with network density (i.e., interconnectedness

between individuals in a network), total number of peer

ties, and a greater proportion of emotionally close ties. In

sex-stratified models, density was related to alcohol use for

males but not females. Drug use was associated with an

increased number of peer ties, and the increased proportion

of network members’ discussion and acceptance of drug

use, respectively. We also found that online network den-

sity and total numbers of ties were associated with more

personal drug use for males but not females. Conversely,

we noted that social norms were related to increased drug

use and this relationship was stronger for females than

males. We discuss the implications of our findings for

substance use and online network research.

Keywords Substance use � Networks � Internet �
Emerging adulthood

Introduction: Peer Relationships and Substance Use

Substance use (e.g., alcohol, illicit drug use) among adults

increased from 2008 to 2010, with 18–21 year olds and

21–25 year olds reporting the two highest rates of use

(Johnston et al. 2009). Substance use is associated with

poor health outcomes during emerging adulthood including

psychological distress, risk behaviors, school achievement,

and job performance (Bauermeister et al. 2007; Braun et al.

2000; Bray et al. 2011; CDC 2010; Cerwonka et al. 2000;

Rokach and Orzeck 2003; Stone et al. 2012). Researchers

consistently have found that social network characteristics

(Pearson and Michell 2000) and social norms about the

perceived (injunctive norms) or actual use (descriptive

norms) of peer network members are the greatest predictors

of personal substance use during emerging adulthood

(Donato et al. 1994; Rai et al. 2003; Windle 2000). LaBrie

et al. (2010), for example, found that college students’

social norms concerning peer use were associated with

alcohol use. Given recent interest in delivering substance
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use interventions online, it is crucial to understand how

online networks may influence young adult use. Thus, we

contribute to this literature by examining the relationship

between online social network characteristics and young

adult substance use.

Online Social Networks and Substance Use

Emerging adults increasingly interact with their peers

online, but few researchers have examined the relationship

between online social networks and substance use. Madden

and Zickuhr (2011) reported that 83 % of young adults

aged 18–29 had used a social networking site in their

lifetime. As a newer way of interacting with peers,

emerging adults spend a large amount of time communi-

cating with peers online (Lenhart et al. 2010), and dis-

cussing potentially sensitive issues, such as substance use

(Moreno et al. 2009). These online exchanges have resulted

in the formation of online social networks and norms, with

recent evidence suggesting that substance use discussions

in online social networks may be related to personal sub-

stance use among emerging adults (Stoddard et al. 2012).

Given that online social networks have become an impor-

tant component of emerging adult life, it is necessary to

understand how the characteristics of online social net-

works are related to personal substance use among

emerging adults.

Peer Influences, Social Network Analysis,

and Emerging Adult Substance Use

Peer relationships play an important role in substance use

behaviors during adolescence and emerging adulthood

(Borsari and Carey 2001, 2006; Giordano 2003; Stone et al.

2012). Researchers have used social network analysis to

understand the context of peer relationships and the path-

ways of peer influence on emerging adult substance use

(Bauman and Ennett 1996; Kobus and Henry 2010; Valente

et al. 2004). A social network refers to the linkages or ties

between people in terms of individual position in the net-

work, similarities between individuals, and the character-

istics of the individuals within the network (Israel 1988;

Smith and Christakis 2008). Social network theory assumes

that the pattern of people’s ties and interactions will affect

their decision-making and behaviors (Kobus 2003). Net-

work analysis allows researchers to examine a number of

characteristics related to interpersonal relationships and

determine how these characteristics are associated with

health outcomes (Israel 1988). Israel (1988) identified three

distinct social network characteristics—structural, interac-

tional, and functional. We describe each of these charac-

teristics below, highlighting prior findings on network

characteristics and substance use.

Structural Network Characteristics

Structural characteristic refers to how people are linked in

their networks, and are often characterized by size (i.e., the

number of direct ties an individual has to other network

members) and density (i.e., the proportion of ties that

network members have with one another in the network).

The size of one’s network may speak to the availability of

connections while density may explain how behaviors

diffuse across network members (Valente et al. 2004).

Researchers have noted mixed findings concerning the

relationship between network density and substance use.

Some researchers have found that individuals who are not

part of a peer social network use substances more than

those in more dense networks (Ennett and Bauman 1993;

Fang et al. 2003; Pearson and West 2003), whereas others

found that individuals in dense networks report more

substance use than individuals in less dense networks

(Henry and Kobus 2007). Thus, density seems to be a key

component to understanding substance use among emerg-

ing adults, though the extent to which this relationship

exists is unclear. One possible explanation for the divergent

findings between density and substance use may be

attributable to different network sizes; that is, the size of an

individuals’ network may influence the likelihood that

other ties in the same network know each other. Conse-

quently, it may be important to account for network size

when examining the relationship between density and

substance use. We examine the association between online

network density and substance use among emerging adults,

after taking the total number of peer ties into consideration.

Interactional Network Characteristics

Interactional characteristics describe the nature of ties in a

network (Israel 1988), including content (i.e., the charac-

teristics of ties in a network), intensity (i.e., the emotional

bond between ties), and homophily (i.e., the extent to which

network members are similar on certain attributes such as

sex, age, and race). When situated in the substance use

literature, peer-based relationships are the strongest and

most consistent predictors of personal substance use (Va-

lente et al. 2004). These relationships are further influenced

by perceptions of emotional closeness with social network

members. Closely bonded friends exert a greater influence

on substance use behaviors than do friends with whom

individuals feel less closeness (Fujimoto and Valente 2012;

Hussong 2002). Cox and Bates (2011), for example, found

that college students were more likely to drink alcohol when

they perceived that close friends drank alcohol. The current

study sought to examine how perceptions of closeness with

online ties influenced alcohol and drug use.
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Homophily theory asserts that individuals tend to

interact with other people like themselves (McPherson

et al. 2001). Researchers have indicated that having hom-

ophilous peers was associated with personal substance use

(Ennett and Bauman 1994; Fergusson and Horwood 1997;

Urberg et al. 1997). Further, Andrews et al. (2002) found

that emerging adult males with more same gender friend-

ships used more substances overall than female emerging

adults with same gender friends. In the context of online

networks, however, we know little about the role of online

homophily in substance use behaviors. This is particularly

intriguing given that online interactions enable emerging

adults to interact with peers who may not share sociode-

mographic similarities and/or live in close geographic

proximity. In a recent study examining the relationship

between online social networking and homophily, for

example, Mazur and Richards (2011) found that emerging

adults were less likely to report having network members

of similar age, race, and geographic location than adoles-

cents. Consistent with our goal of examining how online

characteristics influence alcohol and drug use behaviors,

we assessed the relationship between the interactional

characteristics of online peer networks and substance use.

Functional Network Characteristics

Functional characteristics refer to the social influence of

ties in a social network. Descriptive and injunctive norms

are one characterization of the influence of ties in a social

network. Descriptive norms (or behavioral norms) refer to

an individual’s perceived prevalence of a behavior in a

given social group, whereas injunctive norms (or perceived

norms) refer to an individual’s perception of their group’s

approval of a behavior (Cialdini et al. 1990). These two

social norms play a significant role in predicting individual

substance use; for example, researchers have noted that

college students overestimate the degree to which their

peers use marijuana and alcohol (LaBrie et al. 2010; Per-

kins et al. 1999; Wolfson 2000). This skewed descriptive

norm has been noted to be associated with greater use of

marijuana and other drugs (Kilmer et al. 2006; Page and

Roland 2004; Simons et al. 2006; White et al. 2006).

Similarly, (Neighbors et al. 2008) found that injunctive

norms relating to close friends’ marijuana use were asso-

ciated with personal substance use. Given the literature, it

is important to understand the relationship between sub-

stance use and social norms in online networks because

repeated exposure to drug use messaging within offline and

online peer networks may increase the likelihood of per-

sonal substance use (Moreno et al. 2011; Ridout et al.

2012; Stoddard et al. 2012). As a contribution to this

growing body of work, we examined whether descriptive

and injunctive norms were associated with substance use.

Sex Differences: Substance Use and the Composition

of Social Networks

Substance use prevalence is unequal in the population by

age, race/ethnicity, and gender (Galea et al. 2004). Data

from the National Survey on Drug Use and Health indicate

that, among emerging adults aged 18–25 years old, 65.3 %

of males reported alcohol use compared to 57.1 % of

females. Differences in the characteristics of female and

male social networks may contribute to observed differ-

ences in substance use behavior. The literature on peer

influences on substance use suggests that young women

may be more sensitive to what others think than young men

(Giordano 2003), which may contribute to differences in

rates of male and female substance use. Thus, social norms

concerning alcohol and drug consumption for emerging

adult females may be more salient than for emerging adult

males. For instance, Lewis and Neighbors (2004) found

that perceived same sex drinking norms were a predictor of

personal alcohol use for college females, but not for males.

In addition, researchers have shown that emerging adult

females are less likely to participate in high-risk behaviors,

such as substance use, than emerging adult males (Cubbins

and Tanfer 2000; Netting and Burnett 2004; Randolph

et al. 2009).

Sex differences also may influence the relationship

between social networks and substance use. Researchers

using a social network approach have found that females,

more often than males, derive psychologically relevant

information from their relationships and show increases in

substance use due to disturbances in social relationships

with peers (Mennis and Mason 2012). In addition, pro-

tective networks that prevent use appear to be stronger for

females than for males (Mason et al. 2010). Emerging

adult males tend to self-disclose less (Franken et al. 1990;

Henrich et al. 2000), openly express feelings less, confide

in friends within their peer network less (Banks et al.

2000; Williams 1985) and place demands on their friends

less (Felmlee 1999) than females. Yet, because males tend

to bond through activities (Barbee et al. 1990), such as

sports and drinking, social drinking with network mem-

bers may be a way in which young men receive support

from friends (Karwacki and Bradley 1996). Therefore,

males are more likely than females to develop networks

of friends that drink alcohol (Nezlek et al. 1994; Thombs

et al. 1993). In contrast, emerging adult females are less

likely than males to develop social networks of friends

that drink alcohol (Hartzler and Fromme 2003; Wiggins

and Wiggins 1992). Given these gender differences, we

sought to understand how online social network charac-

teristics might differ by sex and, in turn, moderate the

relationship between network characteristics and personal

drug use.
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The Current Study

Using a social network framework, we sought to under-

stand how online social network characteristics—struc-

tural, interactional, and functional—influence personal

substance use. Given the paucity of research specifically

examining the relationship between online social network

characteristics and emerging adult drug use, we used the

offline social network research literature to guide our

hypotheses. We focused on two outcomes (alcohol use and

illicit drug use) in developing these hypotheses. In terms of

alcohol use, we hypothesized that the structural charac-

teristics (i.e., number of network ties and network density)

and interactional characteristics (i.e., content—average age

of network ties and offline contact with network ties,

intensity—emotional closeness, and homophily) would be

associated positively with emerging adult alcohol use. We

also hypothesized that the relationships between both the

structural and interactional online network characteristics

and alcohol use would be stronger for males than females.

In terms of drug use, we hypothesized that the structural

characteristics (i.e., number of network ties and network

density) and interactional characteristics (i.e., content—

average age of network ties and offline contact with net-

work ties, intensity—emotional closeness, and homophily)

would be associated positively with drug use. We also

examined whether drug use was associated with the net-

works’ functional characteristics (i.e., proportion of net-

work ties in which the individual values their opinion on

drug use, the proportion of network ties in which the

individual discusses drug use, and the proportion of net-

work ties who are accepting of drug use). Given the stigma

associated with illicit drug use, we hypothesized that drug

use would be greater for participants who discussed drugs

with peers and felt that peers were accepting of their use.

Furthermore, consistent with prior findings, we hypothe-

sized that network influences on drug use would be more

pronounced for males than females.

Methods

Sampling and Sample Characteristics

Data for the current study were collected as part of the

Virtual Networks Study (VNS), a cross-sectional observa-

tional study examining emerging adults’ interpersonal

relationships online. To be eligible for participation, youth

had to be between the ages of 18 and 24, live in the United

States, and have access to the Internet. We used an adapted

web-version of Respondent-Driven Sampling (webRDS) to

recruit participants (Bauermeister et al. 2012). The first

wave of participants (i.e., seeds) were recruited through an

online Facebook advertisement, and selected based on race/

ethnicity and region of the U.S. to ensure that initial net-

work seeds were diverse and that we would not concentrate

recruitment in a single region in the United States. In

recognition of varying substance use in the population by

race/ethnicity (Galea et al. 2004), we recruited 22 racially

diverse seeds from across the U.S. (5 African-American, 8

Latino/Hispanic, 9 White; 7 from the Northeast, 6 from the

South, 4 from the West and 5 from the Midwest). The

remainder of the sample (N = 3,426) was recruited

through referral chains from the original 22 seeds. The full

sample (N = 3,447) was 52 % male with a racial compo-

sition of 70 % White, 12 % Asian/Pacific Islander, 9 %

Hispanic/Latino and 5 % African-American. The average

age of participants was 20 years (SD = 1.77) and 96 %

had completed high school. Sixty-five percent of the

sample used alcohol in the past 30 days and twenty-five

percent of the sample reported using one or more sub-

stances in the past 30 days. The current study utilized data

from individuals who provided peer network data only.

Table 1 provides information on the sample character-

istics for the current study. After selecting only cases that

provided information for all study variables, the final

sample size was 2,153. Fifty-three percent of the sample

was male. Ninety-six percent of the sample completed high

school; we found slight differences between male and

female had completion rates (95 and 97 %, respectively).

The racial/ethnic composition of the sample was majority

white (70 %). The sample ranged in age from 18 to 25

(M = 21 years, SD = 1.74). Participants reported an

average of four peer ties (M = 3.85, SD = 1.30).

Overall, 75 % of the sample had offline contact with the

ties in their networks. Males had a slightly higher propor-

tion of ties that they interacted with offline than females,

t(2,151) = 3.76, p \ .05. Females had a slightly higher

mean network age than males, t(2,151) = -3.01, p \ .05.

Females had a higher proportion of network ties with whom

they felt close than males, t(2,151) = -3.61, p \ .05.

Males had denser networks than females, t(2,151) = 2.86,

p \ .05. In terms of the injunctive norms, female had a

higher proportion of drug use opinion importance ties

(t(2,151) = -5.22, p \ .05), but had a lower proportion of

ties who they felt were accepting of drug use

(t(2,151) = 9.14, p \ .05) than males. Overall, alcohol was

more prevalent in our sample than were illicit drugs. Males

used more alcohol, t(2,151) = 2.81, p \ .05, and drugs in

the last 30 days than females, t(2,151) = 4.22, p \ .05.

Missing Data

We had 2,845 participants with peer network data—this

included the peer and family network data. The following

analysis examines differences in reporting of the network
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data. Sixteen percent of participants did not provide net-

work data (n = 566). A greater percentage of males

(19.4 %) did not provide network data compared to females

(13.2 %; v2(1) = 21.4, p \ .05). A greater percentage of

those who did not complete high school (26.5 %) were

missing network data compared to those who did complete

high school (15.4 %; v2(1) = 11.8, p \ .05). Whites were

more likely than other races to have provided network data

(v2(4) = 36.7, p \ .05). Older participants (ages 21–24)

were less likely to provide network data than younger

counterparts (t(3,390) = 2.1, p \ .05). We found no dif-

ferences by substance use (alcohol or illicit drug use), and

no differences between participants with peers in their

networks and those participants who only listed family

members in their networks (n = 36).

Data Collection

Each prospective participant logged into the survey portal

using a unique identifying number (UID) and completed a

short eligibility screener. Eligible participants consented to

the study and completed the survey. On average, the ques-

tionnaire took 37 min to complete. Emerging adults

received $20 for their participation and were offered an

additional $10 each for up to 5 additional participants who

were referred and completed the questionnaire. Incentives

were paid with a VISA e-gift card. Study data were pro-

tected with a 128-bit SSL encryption and kept on a secure

firewalled server at the University of Michigan. Data quality

checks were conducted to circumvent duplicate and fraud-

ulent entries (Bauermeister et al. 2012). The University of

Michigan’s Institutional Review Board approved the study.

Measures

Alcohol Use

Frequency of alcohol use was determined by assessing the

amount of alcohol consumption in the last 30 days. Response

options ranged from 1 = Never/None to 7 = More than once

a day. The variable was approximately normally distributed.

Drug Use

Participants were asked about their substance use in the last

30 days. Responses were recorded on a scale with ‘‘0’’

indicating no drug use and ‘‘6’’ indicating substance use

more than once a day. Substances included marijuana,

cocaine, ecstasy, methamphetamine, ketamine, GHB, pop-

pers, crack, heroin, hallucinogens, non-prescription ste-

roids, and other non-prescription drugs. All of the

substances were coded into dichotomous variables (i.e.,

Table 1 Descriptive statistics

for male and female emerging

adults

* p \ .05
a Drug use is presented in its

raw form in the above table for

descriptive purposes. Due to the

skewed distribution of this

variable, we used the log10

transformation in the

multivariate analysis

Variable Males (N = 1,132)

M (SD)/N (%)

Females (N = 1,018)

M (SD)/N (%)

Total (N = 2,150)

M (SD)/N (%)

t/v2

Female – – 1,018 (47.3 %) –

Race 1.54

Black 50 (4.4 %) 54 (5.3 %) 104 (4.8 %)

White 805 (71.1 %) 712 (69.9 %) 1,517 (70.6 %)

Asian 129 (11.4 %) 118 (11.6 %) 247 (11.5 %)

Hispanic/Latino 99 (8.7 %) 84 (8.3 %) 183 (8.5 %)

Other 49 (4.3 %) 50 (4.9 %) 99 (4.6 %)

Age 20.69 (1.73) 20.70 (1.76) 20.7 (1.74) -0.22

Completed high school 1,080 (95.4 %) 990 (97.2 %) 2,070 (96.3 %) 5.08*

Density 0.84 (0.18) 0.82 (0.18) 0.83 (0.18) 2.86*

Total peer ties 3.85 (1.30) 3.76 (1.20) 3.81 (1.26) 1.63

Emotional closeness 2.57 (0.39) 2.63 (0.36) 2.60 (0.38) -3.61*

Race homophily -0.53 (0.68) -0.52 (0.68) -0.53 (0.68) -0.20

Sex homophily -0.32 (0.59) -0.34 (0.57) -0.33 (0.58) 1.16

Avg. age of ties 20.45 (2.63) 20.80 (2.73) 20.62 (2.69) -3.01*

Offline contact w/ties 0.78 (0.30) 0.74 (0.30) 0.76 (0.30) 3.76*

Injunctive drug norms

Opinion ties 0.59 (0.42) 0.69 (0.38) 0.64 (0.41) -5.22*

Discuss ties 0.48 (0.44) 0.51 (0.43) 0.50 (0.43) -1.37

Accept ties 0.65 (0.39) 0.49 (0.40) 0.58 (0.40) 9.14*

Drug usea 0.45 (0.85) 0.31 (0.67) 0.38 (0.77) 4.22*

Alcohol use 2.88 (1.62) 2.70 (1.40) 2.80 (1.52) 2.81*
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0 = no use, 1 = use) and then summed to obtain a variable

that assessed the number of drugs used in the past 30 days.

The range of the index was 0–6. The resulting variable was

skewed; therefore a ‘‘1’’ was added to each value of drug

use to maintain ‘‘0’’ values and then log10 transformed. The

resulting variable was approximately normally distribution.

Density

We asked participants to indicate if the people they listed

knew each other (i.e., 1 = know each other well,

2 = acquaintances, 3 = no relationship, 4 = I don’t know).

Relationships where ties knew each other well or were

acquaintances were coded as ‘‘connections’’; no relationship

or I don’t know responses were coded as ‘‘no connection’’.

We calculated density by taking the proportion of connec-

tions in the network divided by all possible connections.

Total Peer Ties

We employed egocentric network techniques, which pro-

vide information on the relationship of individuals to the

participant (Borgatti et al. 2009). The participants (i.e., the

ego) were asked to list the 5 people (i.e., the alters) who

they interacted with most frequently online. The link

between the ‘ego’ and the ‘alter’ is called the ‘tie’ in social

network terminology. For each of the 5 people listed data

were collected from the participant on demographic char-

acteristics for each of the ties, the participants relationship

with each of the ties, the ties’ relationship to one another,

and information concerning the ties’ norms surrounding

sexual health and drug use. Ties who were family members

were excluded from this analysis. In addition, only par-

ticipants who listed 1 or more peer ties were included in the

analysis. We calculated a sum of each participant’s peer

ties to create a measure of their total number of ties.

Emotional Closeness

Participants were asked how close they felt to each of the 5

ties. Possible response options were, 1 = very close,

2 = somewhat close, and 3 = not close. We reverse coded

these items and calculated the mean closeness score for

each participant’s network.

Race Homophily

We calculated race homophily in the same way we cal-

culated sex homophily. We subtracted the ties of similar

races and the ties of different races then divide this number

by total number of network ties. The scores are on a scale

from -1 (indicating network ties similar) to ?1 (indicating

network times not similar).

Sex Homophily

We calculated sex homophily using the Krackhardt and

Stern homophily index (1988). We subtracted the ties of

similar sexes and the ties of different sexes then divide this

number by total number of network ties. The scores are on

a scale from -1 (indicating network ties similar) to ?1

(indicating network times not similar).

Age of Network Ties

Participants were asked the age of each tie. Using these

entries, we calculated the mean age of the ties in each

participant’s network.

Offline Contact with Ties

Participants were asked on average how many times a

week they communicated with a tie over the phone, face-

to-face, and via text message. If a participant and tie

communicated through 1 or more of these modes of com-

munication, the tie was coded as 1 = offline contact and

0 = no offline contact. We calculated the proportion of ties

with offline contact for each participant.

Importance of Ties’ Opinion

Participants were asked if each tie’s opinion about drugs

was important to them. Respondents were able to answer

‘‘yes’’ or ‘‘no’’ to this question. We then divided the

number of ‘‘yes’’ ties by the number of ‘‘no’’ ties for each

participant. The resulting variable establishes the propor-

tion of opinion importance across ties for each participant.

Proportion of Discussion Ties

Participants were asked if they ever discussed using drugs

with each of the online network ties they listed. Respon-

dents were able to answer ‘‘yes’’ or ‘‘no’’ to this question.

We then divided the number of ‘‘yes’’ ties by the number of

‘‘no’’ ties for each participant. The resulting variable

establishes the proportion of discussion ties for each

participant.

Proportion of Accepting Ties

Participants were asked, ‘‘How accepting do you think this

person would be if you used drugs.’’ Response options

ranged from 1 = completely accepting to 5 = not accept-

ing at all. We computed a dichotomous acceptance variable

(Very accepting, accepting and neutral = yes; Not

accepting, Not accepting at all = no). We then divided the

number of ‘‘yes’’ ties by the number of ‘‘no’’ ties for each
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participant. The resulting variable establishes the propor-

tion of accepting ties for each participant.

Demographic Information

Participants reported their race/ethnicity, age, sex and

highest education level completed. We calculated partici-

pant’s age by subtracting their month and year of birth from

the date of study participation. We identified four racial/

ethnic categories (i.e., White, Black, Asian, Latino, Other).

Education was collapsed into two categories—‘‘Completed

high school’’ and ‘‘Didn’t complete high school’’.

Data Analytic Strategy

We analyzed the data in three steps. We ran descriptive

analyses for study variables and attrition analyses for those

not included in the peer network data set. After examining

the correlations between variables, we found no multicol-

linearity in our multivariate analysis. Consequently, we

then used multivariate regression to examine the relation-

ship between ego-network characteristics and alcohol and

the log-transformed variable for drug use, respectively.

Third, we stratified the regression models by sex and tested

for sex differences in the regression parameters using

independent sample t tests. This allowed us to compare the

unstandardized beta coefficients (Cohen et al. 2003). We

present standardized beta coefficients (b) in the text, and

unstandardized beta coefficients and corresponding stan-

dard errors in tables. For brevity, only statistically signifi-

cant (p \ .05) findings are discussed in text.

Results

Alcohol Use in the Last 30 days

Table 2 reports the results for the multivariate linear

regression models predicting the frequency of alcohol use.

Females reported less alcohol use than males (b = -.06,

p \ .05). Compared to White participants, Black (b =

-.08, p \ .05), Asian (b = -.15, p \ .05) and Latino

(b = -.07, p \ .05) participants reported less alcohol use.

Age was associated positively with alcohol use (b = .16,

p \ .05). High school completion was also associated

positively with alcohol use (b = .08, p \ .05). In terms of

structural characteristics, we found that those emerging

adults with denser networks (b = .05, p \ .05) and more

peer ties (b = .09, p \ .05) had more alcohol use than

those with less dense networks and fewer peer ties. Alcohol

use was associated positively with the number of reported

ties with whom participants interacted offline (b = .08,

p \ .05). In terms of the interactional characteristics,

emotional closeness was associated positively with alcohol

use (b = .11, p \ .05). Other interactional network char-

acteristics (i.e., race homophily, sex homophily, average

age of ties, or offline contact with ties) were not associated

with alcohol use in the full sample.

When we stratified by sex, we found that White males

participants reported greater alcohol use frequency than

Black (b = -.08, p \ .05), Asian (b = -.14, p \ .05),

and Latino (b = -.06, p \ .05) males. Age (b = .18,

p \ .05) and high school completion (b = .09, p \ .05)

were associated positively with alcohol use for male

Table 2 Multivariate regression predicting frequency of alcohol use in the last 30 days

Network characteristics Variable Full sample (n = 2,150) Male (N = 1,132) Female (N = 1,018) TDb

b SE b SE b SE

Participant demographics Female -0.19* 0.06 – – – – –

Black -0.55* 0.15 -0.60* 0.23 -0.53* 0.20 -0.23

Asian -0.74* 0.10 -0.73* 0.15 -0.76* 0.14 0.15

Latino -0.38* 0.13 -0.34 0.18 -0.42 0.17 -

Other 0.15 0.33 0.37 0.47 0.02 0.48 -

Age 0.14* 0.02 0.17* 0.03 0.11* 0.03 1.41

Completed high school 0.62* 0.17 0.66* 0.22 0.45* 0.26 0.67

Structural Density 0.46* 0.20 0.60* 0.29 0.29 0.27 –

Total peer ties 0.11* 0.03 0.09* 0.04 0.13* 0.04 -0.71

Interactional Emotional closeness 0.44* 0.09 0.48* 0.13 0.39* 0.13 0.49

Race homophily -0.01 0.05 -0.01 0.08 0.11 0.07 –

Sex homophily -0.03 0.05 -0.04 0.08 -0.07 0.08 –

Avg. age of ties 0.03 0.01 0.04 0.02 -0.01 0.02 -

Offline contact w/ties 0.42* 0.12 0.35* 0.16 0.43* 0.16 -0.35

R2 0.10 0.12 0.08

* p \ .05
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participants. For the structural characteristics, we found

that density (b = .07, p \ .05) and total peer ties (b = .07,

p \ .05) were associated positively with male alcohol use.

Alcohol use was associated positively with the number of

reported ties with whom participants interacted offline

(b = .07, p \ .05). We found a positive relationship

between emotional closeness and alcohol use for males

(b = .12, p \ .05), but no relationship between other

interactional characteristics (i.e., race homophily, sex

homophily, average age of ties, and offline contact with

ties) and alcohol use for males.

In comparison to White females participants, Black

(b = -.08, p \ .05) and Asian (b = -.17, p \ .05)

females reported less alcohol use. Age (b = .13, p \ .05)

and high school completion (b = .07, p \ .05) was asso-

ciated positively with alcohol use for female participants.

For the structural characteristics, we found that total peer

ties (b = .10, p \ .05) was associated with more alcohol

use. Alcohol use was associated positively with the number

of reported ties with whom participants interacted offline

(b = .10, p \ .05). Females who felt more emotionally

close with network ties reported more frequent alcohol use

(b = .11, p \ .05). We found no relationship between

other interactional characteristics (i.e., race homophily, sex

homophily, average age of ties, and offline contact with

ties) and alcohol use for females.

When we compared the female and male regression

models, we found that density was a predictor of alcohol

use for males but not for females. Sex did not moderate any

other relationship in the alcohol model.

Drug Use in the Last 30 Days

Table 3 reports the results of the multivariate linear

regression model predicting the number of drugs used in

the last 30 days. Females reported less drug use when

compared to males (b = -.06, p \ .05). Compared to

White participants, Asian participants (b = -.06,

p \ .05) reported less drug use while participants in the

‘‘Other’’ race/ethnicity category (b = .15, p \ .05)

reported more drug use. We found no relationship

between Latino ethnicity, age or education and drug use.

In terms of structural characteristics, we found that den-

sity was not related to drug use. We found that the total

number of peer ties was associated positively with drug

use (b = .06, p \ .05). Drug use was associated posi-

tively with the number of reported ties with whom par-

ticipants interacted offline (b = .06, p \ .05). None of the

interactional network characteristics (i.e., emotional

closeness, race homophily, sex homophily, average age of

ties, or offline contact with ties) were associated with

drug use in the full sample.

We found a positive relationship between reported drug

use and the proportion of network ties with whom partic-

ipants discussed drugs (b = .29, p \ .05) and perceived to

be accepting of drug use (b = .21, p \ .05), respectively.

Table 3 Multivariate regression predicting number of drugs used in the last 30 days log transformed

Network characteristics Variable Full sample (n = 2,150) Male (N = 1,132) Female (N = 1,018) TDb

b SE b SE b SE

Participant demographics Female -0.02* 0.01 – – – – –

Black -0.03 0.02 -0.01 0.02 -0.05 0.02 –

Asian -0.03* 0.01 -0.02 0.02 -0.04* 0.01 –

Latino 0.01 0 0.01 0.02 -0.01 0.02 –

Other 0.27* 0.04 0.24* 0.05 0.32* 0.05 -1.13

Age 0.01 0.01 0.01 0.01 -0.01 0 -

Completed high school 0.01 0.02 0.02 0.02 -0.03 0.03 –

Structural Density 0.01 0.02 0.07* 0.03 -0.05 0.03 –

Total peer ties 0.01* 0.01 0.01* 0.01 0.01 0.01 –

Interactional Emotional closeness 0.01 0.01 0.01 0.01 0.01 0.01 –

Race homophily 0.01 0.01 0.01 0.01 0.02* 0.02 –

Sex homophily 0.01 0.01 0.01 0.01 -0.01 .01 –

Avg. age of ties 0.01 0.01 0.01 0.01 0.01 0.01 –

Offline contact w/ties 0.02 0.01 0.02 0.02 0.01 0.02 –

Functional Opinion ties 0.01 0.01 0.01 0.01 0.02 0.01 –

Discuss ties 0.12* 0.01 0.14* 0.01 0.09* 0.01 3.54*

Accepting ties 0.09* 0.01 0.12* 0.01 0.06* 0.01 4.24*

R2 0.23 0.26 0.18

* p \ .05
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We did not find a relationship between ties’ opinion

importance and personal drug use.

For males, participants who identified racially/ethnically

as ‘‘Other’’ (b = .13, p \ .05) reported more drug use

compared to Whites. For the structural characteristics, we

found that density (b = .06, p \ .05) and total peer ties

(b = .06, p \ .05) were associated positively with drug

use. We found no relationship between interactional char-

acteristics (i.e., Emotional closeness, Race homophily, Sex

homophily, Average age of ties, and Offline contact with

ties) and drug use for males. We found that the proportions

of ties with whom males had discussed drug use with was

positively related to drug use (b = .32, p \ .05). We also

found that the proportion of drug accepting network ties

was associated positively with drug use (b = .25, p \ .05).

We found no relationship between drug use opinion

importance and drug use.

Female participants who identified as Asian reported

less drug use (b = -.08, p \ .05) than White females,

while those who identified as ‘‘Other’’ reported more drug

use (b = .18, p \ .05) than White females. Density and

total peer ties were not related to drug use. Race homophily

was associated positively with drug use (b = .07, p \ .05).

We did not find a relationship between any other interac-

tional network characteristics (i.e., emotional closeness,

sex homophily, average age of ties, or offline contact with

ties) and drug use. Similar to males, we found that dis-

cussion of drugs with network ties (b = .25, p \ .05) and

drug accepting network ties (b = .17, p \ .05) was related

positively to drug use among female participants. We

found no relationship between drug use opinion importance

and drug use for female participants.

When we compared the observed associations between

the male and female models, we found that the relationship

between the proportion of ties discussing drug use and

personal drug use was stronger for males than for females

(t(2,146) = 3.54, p \ .05). This result also was found for

the relationship between accepting drug use ties and drug

use (t(2,146) = 4.24, p \ .05). We noted no other differ-

ences by sex in the drug use model.

Discussion

Emerging adults spend a large amount of their day com-

municating with peers online (Lenhart 2010). Prior

research has noted that, as part of these conversations,

emerging adults may discuss potentially sensitive issues,

such as substance use (Moreno et al. 2009). These online

exchanges have resulted in the formation of online social

networks and norms, with recent evidence suggesting that

substance use discussions in online social networks may be

related to personal substance use among emerging adults

(Stoddard et al. 2012). Given that online social networks

have become an important component of emerging adult

life, we sought to examine whether emerging adults’ online

networks were related to personal substance use. Overall,

our findings are consistent with the literature on substance

use and offline social networks, suggesting that structural,

interactional and functional characteristics of online social

networks are associated with substance use during emerg-

ing adulthood. The influence of emerging adults’ online

networks on their substance use, however, varied by the

type of substance used (alcohol versus illicit drug use) and

sex (male/female) of the participant.

Our findings indicate that for alcohol use, dense and

emotionally close online networks are associated with

more use. Researchers have noted that network density

(Haynie 2001), close friend drinking (Larimer et al. 2004)

and a drinking buddy culture (Reifman et al. 2006) are

associated with alcohol use. In the context of online

interactions, researchers have found that emerging adults

post pictures and discussions of alcohol on social net-

working sites indicating that the social experience of

alcohol use may extend to online networks (Moreno et al.

2010). These online discussions also have been found to

encourage permissive norms regarding alcohol use (Stod-

dard et al. 2012). Extending this work, we find that online

networks’ structural characteristics may also influence

emerging adults’ alcohol use. Youth in dense networks

were more likely to report greater alcohol use in the past

30 days, even after accounting for network size.

Interestingly, our sex-specific analyses indicated that

network density was associated with alcohol use for males

but not for females. This finding is consistent with prior

evidence reporting that males use social drinking as a way

to bond more often than females, and more likely to

develop networks of friends who drink alcohol (Barbee

et al. 1990; Nezlek et al. 1994; Thombs et al. 1993).

Female youth, on the other hand, reported more frequent

alcohol use if they nominated a greater number of online

ties. One plausible interpretation for this finding is that

females with larger social networks may be more likely to

be invited to social activities where alcohol is present. This

interpretation is further supported by the relationship

between alcohol use and participants’ in-person contact

with online network ties. Though many of the individuals

in our sample interact with network members both online

and offline, we do not know how often their online and

offline communication occurs. Thus, the dynamics of who

is in an emerging adult online social network and the extent

to which they interact with these network members online

and offline is important to consider when thinking about

the relationship between interactional network character-

istics and alcohol use among emerging adults. Future

research that examines more closely the compositions and
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interactions of on- and off line networks may be useful to

better understand how social networks influence alcohol

use. From an intervention standpoint, our results concern-

ing alcohol use align with the larger body of literature on

offline social networks and emerging adult alcohol con-

sumption, and suggest that online networks also may be a

suitable venue to implement alcohol abuse prevention

programs, particularly given its overlaps with emerging

adults’ offline networks.

When we examined emerging adults’ drug use behav-

iors, we found that the structure (i.e., total proportion of

peer ties) and function of their online network (i.e., drug

use discussion ties and accepting ties) were associated with

personal drug use. This is consistent with the literature on

offline networks and substance use (Bauman and Ennett

1996; Kobus and Henry 2010; Valente et al. 2004). Denser

networks are associated with more individual substance use

(Ennett and Bauman 1993; Pearson and Michell 2000);

however, these results only were supported for males. This

result is consistent with prior findings indicating that

emerging adult females tend to have less risky peer net-

works than males (Cubbins and Tanfer 2000). Although

these previous findings focus on face-to-face social net-

works, their applicability to our findings is remarkably

similar. Nevertheless, it appears from our results that

males’ online networks are either more influential on their

drug use than females’, or they select online network

relationships that match their behavior more often than

females. Regardless, these results suggest that online

interventions for emerging adult substance use prevention

may need to be tailored differently for males and females.

Interestingly, when we examined participants’ interac-

tional network characteristics, we found no association

between drug use and the content (i.e., average age of online

network ties and the proportion of online ties with whom

participants interact offline), intensity (i.e., emotional

closeness) and sex homophily components. In sex-stratified

models, we found some evidence that race homophily was

associated with drug use for female participants; however, it

remains unclear how having a greater racially diverse net-

work may increase female youth’s substance use. Future

research examining whether this finding is attributable to

confounding may be warranted; for example, racial heter-

ogeneity in this context may serve as a proxy for partici-

pants’ living situation and physical closeness to network

ties (e.g., living in an urban area, where both drug preva-

lence and racial diversity are more common, may influence

participants’ social network composition and likelihood of

being exposed to substances).

Functional characteristics were associated with drug use.

These relationships, however, varied by sex, with the

influence of ties’ discussions and acceptance of drug use on

participants’ behavior being greater for males than for

females. Consistent with prior evidence indicating that

females tend to drink less than males and have peer net-

works that use less alcohol than males (Adams and

Nagoshi 1999; Lewis and Neighbors 2004; Nagoshi et al.

1994), our results indicate that the influence of norms on

drug use may operate in a similar manner. One possible

interpretation for these findings may be that females are

criticized and/or stigmatized more heavily than males for

using drugs. As a result, they may be more cautious about

discussing substance use issues in their social networks

(Felmlee 1999). Furthermore, it is also plausible that

females engage in fewer conversations regarding personal

drug use with peers given that they are less likely than

males to use substances in general. Future research that

examines the differences between dynamic online net-

works and bounded social networks for emerging adults

may help tease apart factors contributing to emerging adult

substance use and tailor prevention programs accordingly.

Although our study provides one of the first national

samples using a systematic online sampling strategy and

examining online network influences on emerging adult

substance use, several study limitations require attention.

First, because the design of the study was cross-sectional,

causal inference cannot be established. A longitudinal design

could help researchers better understand the temporal

ordering between social norms and drug use in online social

networks. Second, we used ego social networks, which can

provide vital information regarding social norms and

emerging adult drug use; however, the use of socio-centric

networks, which examines all linkages within a bounded area

(e.g., school or neighborhood), could provide us with addi-

tional information regarding the location of an individual

within a social network (e.g., social position, distance, cen-

trality) and how online social norms may effect drug use.

Third, missing data was a limitation of this study. We found

some differences between respondents with missing data

compared to those included in the study, but many of the key

study variables did not differ and our attrition was not large.

Finally, we did not measure functional characteristics

regarding alcohol use (e.g., discussion, acceptance, impor-

tance of opinion) in our survey given its prevalence and

permissiveness in this population. Considering the noted

relationships for substance use, however, it may be useful to

test and evaluate explicitly whether online functional net-

work characteristics influence youth alcohol use.

These limitations notwithstanding, this study provides

useful insight on the relationship between online networks

characteristics and emerging adult drug use. The completely

online format of the study allowed us to utilize a national

sample of emerging adults from across the country, which

has provided a better understanding of substance use

behavior more broadly. In addition, due to the increased use

of social network sites among emerging adults, the use of
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this format for data collection and educational interventions

may be an effective way to reach the emerging adult pop-

ulation. To this end, future studies may want to examine the

features of online networks that may be particularly effec-

tive for substance use intervention design.

This study contributes to our understanding of social

influences on emerging adult substance use in several critical

ways. First, this study is one of the only to study specifically

online social network characteristics and substance use

among emerging adults. Interestingly, we found that online

networks may contribute to individual drug use among

emerging adults. Second, our sample included a more rep-

resentative population of emerging adults than studies of

college students. Our sample also included emerging adults

working, attending post-secondary education in non-tradi-

tional ways, and pursuing alternative educational opportu-

nities. This allowed us to provide valuable information about

emerging adult social networks and substance use more

broadly. Third, we included information about drug and

alcohol use while many studies of emerging adult social

networks have focused only on alcohol use using college

samples. Finally, we used a completely online format to

recruit participants. Due to the increased use of social net-

work sites among emerging adults and the increasing diffi-

culty to conduct mail, telephone, and in-person survey data

collection methods, online data collection may become an

invaluable tool. Thus, our study not only provides a sub-

stantive contribution to the research literature, but also pro-

vides an example of an innovative survey methodology for

the 21st century. Our findings also suggest that social net-

working sites may be a place to consider substance use

prevention activities that can both focus on sub-populations

and address structural, interactional, and functional charac-

teristics of emerging adult online networks.
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