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Abstract

Purpose: Alcohol use and handgun carrying are more prevalent among youth in rural than
urban areas and their association may be stronger among rural adolescents. Alcohol use may
be modifiable with implications for reducing handgun carrying and firearm-related harm. We
examined the association between lagged alcohol use and subsequent handgun carrying in rural
areas and examined variation in the association by developmental stages, hypothesizing that it
would be stronger among adolescents than youth adults.

Methods: We used a longitudinal sample of 2,002 adolescents from age 12—-26 growing up

in 12 rural communities in 7 states with surveys collected from 2004-2019. We estimated the
association of lagged past-month alcohol use on handgun carrying in the subsequent 12-months
using population-average generalized estimating equations with logistic regression on multiply-
imputed data.
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Findings: During adolescence (ages 12-18), those who drank heavily had 1.43 times the odds
(95%CI1=[1.01,2.03]) of subsequent handgun carrying compared to those who did not drink
alcohol, and those who consumed alcohol but did not drink heavily had 1.30 times the odds of
subsequent handgun carrying compared to those who did not drink (95%CI=[0.98,1.71]). During
young adulthood (ages 19-26), associations of alcohol use (OR=1.28;95%CI=[0.94,1.63]) and
heavy drinking (OR=1.38;95%CI=[1.08,1.68]) were similar to adolescence.

Conclusion: Alcohol use and subsequent handgun carrying were positively associated during
adolescence and young adulthood among individuals who grew up in rural areas, similar to
findings in urban areas. Reducing alcohol use may be an important strategy to prevent handgun
carrying and firearm-related harm among young people in rural areas.

In 2020, suicide and homicide were among leading causes of death among US individuals
aged 12-26 years.! About 91% of homicides and 52% of suicides among this population
involved a firearm.! Handgun carrying is associated with firearm-related harm, both
interpersonal and self-directed.?3 Recent evidence suggests that rural adolescents may
initiate handgun carrying earlier and carry with a higher frequency and duration than their
urban counterparts and is associated with bullying, physical violence, and other risk factors
for violence.#-8 Preventing or delaying handgun carrying among rural adolescents may be an
important strategy for preventing firearm-related harm.

Prior research suggests that alcohol use may be an antecedent of handgun carrying.
Alcohol use has numerous acute and long-term pharmacological effects that may contribute
to handgun carrying among adolescents and young adults.”~19 Alcohol use disrupts

brain function, impairs information processing, and narrows attention. It may contribute

to handgun carrying through several pathways, including by reducing impulse control,
which helps regulate behavior, intensifying overreactions to perceived threats, or reducing
the accuracy of cognitive assessments of health risk behaviors. Given pharmacological
influences on the adolescent brain, alcohol may preceed handgun carrying. Further, problem
behavior theory supports both adolescent alcohol use and handgun carrying as well as other
behaviors (e.g., stealing, violence, property damage) as co-occuring behaviors that can be
detrimental to both individual and community health and well-being.11 Existing research,
primarily from urban areas, identifies alcohol use as a known correlate of firearm-related
harm, and an potentially important focus for firearm-related harm prevention that is more
common among rural adolescents.12-14 However, given the cultural importance and greater
access to firearms in rural areas, the nature and strength of its relationship with alcohol

use may be different than that in urban areas. Adolescents in rural areas are an important
population to study because both handgun carrying and alcohol use among them are more
common than those behaviors among urban adolescents. In 2020, the prevalences of alcohol
use and handgun carrying in the last 12 months were 20.6% and 7.1%, respectively, among
rural adolescents compared to 18.0% and 3.2% among urban adolescents aged 12-18.15
Almost half of adults living in rural areas say they own a gun, compared to only 19%

of adults living in urban areas,16 and rural adolescents’ ability to engage in both handgun
carrying and alcohol consumption may be greater than their urban peers.
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Adolescence and young adulthood are important developmental periods during which both
alcohol use and handgun carrying behaviors may be established. Several studies of urban
adolescents find a positive association between alcohol use and handgun carrying.17-27

The association between alcohol use and firearm-related harm is generally stronger among
adolescents than adults.14 However, existing evidence is mostly based on urban populations
and is largely cross-sectional, with only two studies of urban youth examining these
associations longitudinally.19-21 Few studies assess handgun carrying specifically despite

its role in firearm-related harm. Moreover, the temporality of these associations has not been
established. If alcohol use precedes handgun carrying, reducing alcohol use may have the
capacity to reduce handgun carrying and firearm-related harm.

The goal of this study was to examine the association between lagged alcohol use and
subsequent handgun carrying among adolescents and young adults who grew up in rural
areas using a longitudinal sample after adjusting for important risk and protective factors
that may influence these behaviors. We hypothesized that alcohol use would preceed
handgun carrying particularly among adolescents. We also hypothesized that associations
would be larger with heavy drinking which would be consistent with a dose-response
relationship. Lastly, because of illegality of both behaviors during adolescence and the
pharmacological effects of alcohol on brain function particularly during adolescence, we
hypothesized that the strength of the association between alcohol use and subsequent
handgun carrying would be greater during adolescence than in young adulthood. Our study
extends the literature, mostly from urban areas, by focusing on adolescents growing up in
rural areas, examining developmental stage and types of alcohol use, and evaluating the
temporality between alcohol use and handgun carrying, all vital to informing prevention.
Our findings will provide important information on handgun carrying among rural
adolescents and young adults, an important risk factor of firearm-related harm, and help
inform rural health practice.

METHODS
Study Design

We analyzed data from 2,002 participants in the control arm of the Community Youth
Development Study (CYDS) collected longitudinally from age 12 (Grade 6) to age 26 as
part of a community-randomized trial of the Communities That Care (CTC) prevention
system. All public school students in 12 participating communities from 7 states (Colorado,
lllinois, Kansas, Maine, Oregon, Utah, Washington) in the 51 grade in 2003-2004 were
eligible to participate, and parental consent and student assent were obtained for 77% of
the eligible population.28-30 These communities included one small rural town, seven large
rural towns, and four urban-focused towns based on the ZIP code approximation of the
Rural-Urban Commuting Area (RUCA) taxonomy and had an average population of 14,222
(range:2,034-33,870).3! Participants in the experimental arm of the study were excluded
from this study because the intervention has been shown to reduce both alcohol use and
handgun carrying.32:33 The sample included 962 females (48.1%) and 1,040 males (51.9%),
and almost 40% of participants had at least one parent/guardian with a college education

or more (n=794; 39.7%). This study used 10 waves of data collected from ages 12—-26
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(2004-2019). The amount of time between study waves varied; in adolescence participants
were surveyed almost each year from age 12-18 [age 12 (Grade 6), 13 (Grade 7), 14 (Grade
8), 15 (Grade 9), 16 (Grade 10), and 18 (Grade 12)], and less often in young adulthood (age
19, 21, 23, 26). Retention was 86.4% or greater at each wave. The CYDS study protocol
and the current study were approved by the University of Washington Institutional Review
Board.

Handgun carrying.—At each data collection point, participants were asked how many
times in the past year they carried a handgun. Ordinal response options ranged from never
to 40 or more times. We dichotomized responses such that 0 indicated a participant reported
never carrying in that study wave and 1 indicated a participant reported carrying a handgun
at least once. We dichotomized responses for parsimony and interpretability and because we
were primarily interested in the occurrence of handgun carrying, not the frequency.

At each wave participants were asked on how many occasions they had beer, wine, or hard
liquor during the past thirty days, with response options ranging from 0 to 40 or more
occasions. Participants were also asked how many times they had five or more alcohol
drinks in a row in the past two weeks (i.e., heavy drinking) with response options from None
to 10 or more times. The primary measure of interest was a three-level categorical variable
about past 30-day alcohol use, based on information from responses about alcohol use and
heavy drinking: 1) no alcohol use — participant did not report consuming alcohol during

the past 30-days; 2) alcohol use without heavy drinking — participant reported consuming
alcohol in the past 30-days but did not report heavy drinking in the past 2-weeks; and 3)
heavy drinking — participant reported consuming alcohol in the past 30-days and reported
heavy drinking in the past 2-weeks. We also generated a dichotomous variable measuing
any past 30-day alcohol use, coded as 1 if a participant reported consuming beer, wine, or
hard liquor on one or more occasions and 0 if they did not report consuming these alcoholic
beverages (no alcohol use).

Developmental period

Covariates

To assess differences in associations during adolescence and young adulthood, we created

a binary indicator variable to distinguish two developmental periods (adolescence [Grades
6-12 (ages 12-18)]; young adulthood [Ages 19 to 26]) where a zero indicated adolescence
and a one indicated young adulthood.

To minimize the possibility of bias due to the omission of factors associated with both
alcohol use and handgun carrying, we included a number of potential confounding variables,
selected a priori, measuring demograhic characteristics and risk and protective factors

in multiple domains (community, family, individual, peer). Individual-level demographic
characteristics included age at grade 6 interview and gender. Individual/peer-level risk

and protective factors included a rebelliousness scale, sensation-seeking scale, attendance
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at religious services, alcohol use among close friends, and handgun carrying among

close friends. Family-level risk and protective factors included parental/guardian maximum
education, family history of severe alcohol or drug problem, and family conflict. Community
demographic characteristics included percentage of students eligible for free and reduced
price lunch and total student population. Community-level risk and protective factors
included perceptions about community norms favorable towards problem behaviors,
community disorganization, and community attachment. Scale values, a measure of
underlying risk/protection for various factors, were created using several questions with
Likert scale response options for each scale. The number of questions used for each

scale ranged from 3-5 and the Likert response options for each question ranged from

a 4- to 6-point scale. For each risk/protective factor, scales were calculated by creating

a common ordering for risk and protective factor item questions when response options
differed and then calculating the average score across items.32:34 Cronbach’s alphas for each
scale ranged from 0.78-0.97. Most covariates were time-varying (rebelliousness, sensation-
seeking, attendance at religious services, friend alcohol use, friend handgun carrying, family
conflict, community norms, community disorganization, and community attachment).

Statistical Analysis

We estimated the association between lagged alcohol use and handgun carrying in the
subsequent study wave using population-average generalized estimating equations with
logistic regression. Our primary specification used the three-level alcohol use exposure

(no alcohol use, alcohol use without heavy drinking, heavy drinking) interacted with
developmental stage (adolescence versus young adulthood). All regressions were adjusted
for individual-level demographic characteristics, individual/peer-level risk and protective
factors, family-level risk and protective factors, community demographic characteristics, and
community-level risk and protective factors. Standard errors were adjusted for individual-
level serial correlation by clustering at the individual-level. To address missing data

(Tables Al and A2), all analyses were conducted on twenty multiply imputed datasets,
imputed using multivariate imputation by chained equations (MICE) in Stata (Table A3).
Association estimates were pooled across imputed datasets using Rubin’s rules.3® In all
model specifications, handgun carrying in the current study wave was a function of time-
constant demographic characteristics of participants and the community as well as alcohol
use and time-varying covariates from the prior study wave (i.e., alcohol use and time-varying
covariates were measured at the same time, both lagged by one wave in relation to handgun
carrying). Because of the lagged structure, the outcome data range from age 13-26, and
exposure data range from age 12-23.

Sensitivity analyses

We conducted sensitivity analyses to assess the robustness of our findings. To explore
whether our findings were influenced by persistence within individuals in handgun carrying
behavior across time, we conducted a sensitivity analysis including lagged handgun carrying
as a covariate. We conducted another sensitivity analysis including a series of binary
indicators for each community (community-level fixed effects) to account for time-constant
differences in communities in the study that may be associated with handgun carrying and
alcohol use. We also conducted a sensitivity analyses to better situate our findings with the
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existing literature from urban areas. Studies in urban areas have primarily focused on any
alcohol use without considering intensity (i.e., no alcohol use, alcohol use without heavy
drinking, heavy drinking), so we estimated another regression where a binary measure of
alcohol use (any alcohol use) was compared to no alcohol use interacted with developmental
stage. Finally, because depression may be an additional confounder, we included lagged
depression as a covariate, measured with a 4-item scale from ages 12-18 years and with the
patient health questionnaire-9 (PHQ-9) from ages 19-26 years.36

The proportion of participants who reported alcohol use without heavy drinking grew from
5.0% at age 12 to 23.4% at age 26 (Figure 1). The proportion of participants who reported
alcohol use with heavy drinking grew steadily from age 12 to 18 (from 1.9% to 16.3%),
more rapidly from age 18 to 21 (from 16.3% to 33.4%), and levelled off afterwards (around
30%). The proportion of participants who reported handgun carrying at each study wave
increased slightly between ages 12 and 26 from 3.3% to 9.2%. Over the study period (2004—
2019), handgun carrying between ages 13 and 26 was more common among those who
reported alcohol use (n=70;19.8%) or heavy drinking (n=421;32.4%) at least once between
ages 12 and 23 compared to those who did not report using alcohol (n=59;17.6%) between
ages 12 and 23 (Table 1).

Differences in the association between alcohol use, heavy drinking, and handgun carrying
in adolescence and young adulthood

We found that those who drank heavily during adolescence had 1.43 times the odds
(95%CI=[1.01,2.03]) of handgun carrying in the following 12-months compared to those
who did not drink alcohol, after adjusting for covariates (Figure 2, Table 2). Alcohol use
without heavy drinking during adolescence was associated with an increase in estimated
odds of handgun carrying (Odds ratio[OR]=1.30, 95%CI1=[0.98,1.71]) compared to those
who did not drink alcohol. The associations of alcohol use without heavy drinking
(OR=1.28; 95%CI=[0.94,1.63]) and with heavy drinking (OR=1.38; 95%CI=[1.08,1.68])
with subsequent handgun carrying were similar during young adulthood.

Sensitivity analyses

Findings from sensitivity analyses adjusting for lagged handgun carrying, community-level
fixed effects, and lagged depression were similar to results from the primary specification.
After adjusting for lagged handgun carrying, those who drank heavily during adolescence
and young adulthood had 1.40 (95%CI=[0.98,2.00]) and 1.39 (95%CI=[1.07,1.70]) times the
odds of handgun carrying in the subsequent wave, respectively, compared to those who did
not drink alcohol. Those who consumed alcohol without heavy drinking during adolescence
and young adulthood had 1.31 (95%CI=[0.99,1.74]) and 1.32 (95%CI=[0.96,1.68]) times
the odds of subsequent handgun carrying, respectively, compared to those who did

not drink alcohol. Our findings were also very similar to the main specification when

we adjusted for community fixed effects (in adolescence: alcohol use without heavy
drinking OR=1.29 [95%C1=0.98,1.71], heavy drinking OR=1.43 [95%C1=1.01,2.02]; in
young adulthood: alcohol use without heavy drinking OR=1.29 [95%CI1=0.95,1.64], heavy
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drinking OR=1.38 [95%CI1=1.07,1.68]) and when controlling for depression (in adolescence:
alcohol use without heavy drinking OR=1.27 [95%CI=0.95,1.71], heavy drinking OR=1.38
[95%C1=0.97,1.97]; in young adulthood: alcohol use without heavy drinking OR=1.30
[95%CI=0.96,1.63], heavy drinking OR=1.42 [95%CI=1.09,1.75]). In sensitivity analyses
using a binary measure of alcohol use (any alcohol use compared to no alcohol use), those
who used alcohol in the past 30-days had 1.35 greater odds (95%CI=[1.14,1.59]) of handgun
carrying in the following 12-months compared to those who did not use alcohol (Figure 2,
Table 2).

DISCUSSION

This study contributed to our understanding of the association between alcohol use and
handgun carrying in two important ways. First, this study established an association between
alcohol use and subsequent handgun carrying among adolescents and young adults who
grew up in rural areas. Second, our findings extended the existing literature showing

that alcohol use may preceed subsequent handgun carrying. Third, we expanded on the
existing literature by exploring these associations longitudinally using data from the last
two decades, during which youth handgun carrying and firearm-related harm have increased
in rural areas.3”-38 Overall, we found that any alcohol use was associated with higher

odds of subsequent handgun carrying and the odds were greater with heavy drinking. The
associations did not meaningfully differ during adolescence vs. young adulthood, when both
alcohol use and handgun carrying are typically legal. Given the relatively high baseline
handgun carrying prevalence among rural youth and young adults, our findings suggest
meaningful increases in handgun carrying associated with alcohol use. For example, given
a 7% baseline handgun carrying prevalence among rural youth,® a 43% increase related

to heavy drinking could increase rural adolescent handgun carrying prevalence to 10%.
Therefore, reducing alcohol use, especially heavy drinking, among young people may be an
important strategy for preventing handgun carrying and firearm-related harm particularly in
rural areas.

Some existing alcohol use prevention programs have been shown to reduce alcohol use

and alcohol-related consequences.3%-42 Qur findings indicate that these prevention programs
may have the additional benefit of reducing subsequent handgun carrying and risk for
firearm-related harm in rural areas. Given prior findings on early initiation of handgun
carrying among rural adolescents around age 12,4 effective school-based and family-focused
prevention programs focusing on children younger than 10 years (e.g., Raising Healthy
Children, Seattle Social Development Project) and adolescents ages 10-15 (e.g., keeping it
REAL, Project Northland, Guiding Good Choices, Strengthening Families 10-14) may help
prevent subsequent handgun carrying among adolescents in rural areas through reductions in
alcohol use because they are appropriately timed.*3 Some of these programs (Guiding Good
Choices and Strengthening Families) were specifically tested in rural contexts, while other
may need to be adapted before use. However, existing evidence-based community-level
programs and interventions aiming to improve healthy development have been tested in and
are suitable for rural areas. These include the Communities that Care prevention system,
which has been shown to reduce alcohol use, violent behaviors, and handgun carrying,
particularly among adolescents.32:33
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Our findings also inform practice for both rural health care providers and public health
practitioners. Both alcohol use and handgun carrying are health risk behaviors that can be
reduced to prevent firearm-related harm. Clinicians can engage in safety promotion and
counseling about these health risk behaviors.#4=47 Access to firearms is a key contributor
to firearm-related harm.4® Many rural health care providers indicate that conversations
about firearm storage and safety can be difficult in rural contexts. Clinicians can engage
with patients and families to focus on prevention and safety strategies that can prevent
both alcohol and handgun access in homes with children and adolescents. Clinicians

can encourage families to participate in family-based prevention programs that focus on
concepts like communication and family bonds that can reduce risk factors and increase
protective factors and could be applied to both alcohol and firearm access.49-52 Though a
promising strategy, more work is needed to create and tailor health communication strategies
in clinical settings to align with rural culture and not stigmatize these health risk behaviors.
Existing evidence suggests that firearm-related harm prevention strategies need to address
these cultural factors.23:54

There are some limitations of our findings. First, the CYDS study from which our data are
drawn did not obtain information on firearm-related harm (e.g., non-fatal firearm injuries,
firearm-related suicide attempts), so we are unable to directly measure associations between
alcohol use, handgun carrying, and firearm-related harm. Understanding how the association
between alcohol use and handgun carrying may contribute to firearm-related harm among
rural adolescents and young adults is an important area of future study. Moreover, the time
frame queried for alcohol use, heavy drinking, and handgun carrying varied from 30 days to
2 weeks to 12 months, respectively. Therefore, we can only establish that the same people
used alcohol and subsequently carried a handgun. Depsite this, recent use (past 30-day) may
have greater validity in identifying those who drink during adolescence, an advantage of our
current approach. In addition, there was a varying amount of time between study waves that
was longer during young adulthood. Importantly, responses to questions about alcohol use
and handgun carrying could be subject to social desirability bias. “Handgun carrying” was
also not explicitly defined in the survey question, and it is possible that respondents had
slightly different definitions of this term. Future research should examine how youth and
young adults, including those in rural areas, conceptualize and define such firearm-related
terms. Lastly, more work is needed to establish the causal pathways by which alcohol

use increases engagement in handgun carrying. Mediation analyses may shed more light

on mechanisms (e.g., culture, social context, mental health) contributing to the established
associations between alcohol use and handgun carrying.

CONCLUSIONS

Alcohol use, particularly heavy drinking, was moderately associated with higher odds of
subsequent handgun carrying in adolescence and young adulthood in this sample of rural
youth, adjusting for a host of potential confounding factors. Strategies to reduce and delay
alcohol use may be useful for the prevention of handgun carrying and firearm-related harm.
Given early initiation of handgun carrying among rural adolecents, prevention programs
should focus on elementary aged children and adolescents. Tested and effective school-based
and family-focused alcohol prevention programs and community-based prevention systems
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like Communities that Care could be implemented in rural areas to help reduce both alcohol-

related consequences and firearm-related harm.
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APPENDIX

Number and % of missing exposure and outcome responses at each study wave

Table A1.

Missing at least one
(handgun carrying, alcohol

Variable use, or heavy drinking) Handgun carrying  Alcohol use  Heavy drinking
n (%) n (%) n (%) n (%)
Wave 1 (Grade 6, Age 12) 60 3.0% 33 1.7% 46  2.3% 37 1.9%
Wave 2 (Grade 7, Age 13) 141 7.0% 105 5.2% 117 5.8% 104 5.2%
Wave 3 (Grade 8, Age 14) 131 6.5% 103 5.1% 113 5.6% 106 5.3%
Wave 4 (Grade 9, Age 15) 140 7.0% 117 5.9% 127 6.3% 127 6.3%
Wave 5 (Grade 10, Age 16) 171 8.5% 145 7.2% 154 7.7% 157 7.8%
Wave 6 (Grade 12, Age 18) 217 10.8% 207 10.3% 212 10.6% 212 10.6%
Wave 7 (Age 19) 221 11.0% 214 10.7% 219 109% 221 11.0%
Wave 8 (Age 21) 227 11.3% 214 10.7% 224 112% 222 11.1%
Wave 9 (Age 23) 286 14.3% 280 14.0% 282 141% 284 14.2%
Wave 10 (Age 26) 303 15.1% 298 149% 301 150% 302  15.1%

There were 1,143 CYDS participants (57.1% of the sample) with complete exposure (alcohol use) and outcome (handgun
carrying) data for all study waves. 469 participants (23.4%) were missing either the exposure or outcome in 1-2 study
waves. The remaining 390 participants (19.5%) were missing either the exposure or outcome in 3 or more study waves.

Table A2.

Missing data for study participants from Age 12-26

Variable Purpose Type Missing n (%) Reason Domain
missing

Handgun carrying Outcome Time-varying 1,716 8.6  Non-response  Individual
Alcohol use (past 30-day) Exposure Time-varying 1,795 9.0 Non-response  Individual
Heavy drinking (past 2 weeks) Exposure Time-varying 1,772 8.9 Non-response  Individual
Age at Grade 6 interview Confounder  Time-invariant 140 0.7 Non-response  Individual
Male gender Confounder  Time-invariant - Individual
Rebelliousness (scale) Confounder  Time-varying 6,682 33.4 Planned Individual
Sensation seeking (scale) Confounder  Time-varying 15,222 76.0 Planned Individual
Friends alcohol use Confounder ~ Time-varying 7,532 37.6  Planned Peer
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Variable Purpose Type Missing n (%) Reason Domain
°) missing
Friends handgun carrying Confounder  Time-varying 8,933 44.6  Planned Peer
Parental/guardian maximum Confounder  Time-invariant 930 46 Non-response  Family
education '
Family history of substance use ~ Confounder ~ Time-invariant Non-response ~ Family
10 0.05

problem
Family conflict (scale) Confounder  Time-varying 1,997 10.0 Non-response  Family
Attendance at religious services ~ Confounder — Time-varying 4,220 21.1 Planned Family
% free and reduced lunch Confounder  Time-invariant - Community
Total student population Confounder  Time-invariant - Community
Community norms favorable Confounder ~ Time-varying Planned Community
toward anti-social behavior 8,372 41.8
(scale)
Community disorganization Confounder ~ Time-varying Planned Community

5,222 26.1
(scale)
Community attachment (scale) Confounder  Time-varying 2,643 13.2  Planned Community

Note. There were 2,002 participants and ten waves of available data for each individual resulting in 22,022 observations.
Planned refers to missingness that was a part of the Community Youth Development Study study design. Specifically,
a planned missing-data three-form design, with items distributed evenly across forms and forms distributed randomly to

participants was used to minimize survey burden. 1
Table A3.

Variables used in multivariate imputation by chained equations (MICE)

Variable Purpose Type Domain
Handgun carrying Outcome Time-varying Individual
Alcohol use (past 30-day) Exposure Time-varying Individual
Heavy drinking (past 2 weeks) Exposure Time-varying Individual
Age at Grade 6 interview Confounder Time-invariant  Individual
Gender Confounder Time-invariant  Individual
Rebelliousness (scale) Confounder Time-varying Individual
Sensation seeking (scale) Confounder Time-varying Individual
Friends alcohol use Confounder Time-varying Peer
Friends handgun carrying Confounder Time-varying Peer
Parental/guardian maximum education Confounder Time-invariant ~ Family
Family history of substance use problem Confounder Time-invariant ~ Family
Family conflict (scale) Confounder Time-varying Family
Attendance at religious services Confounder Time-varying Family

% free and reduced lunch Confounder Time-invariant ~ Community
Total student population Confounder Time-invariant ~ Community
Community norms favorable toward anti-social behavior (scale) ~ Confounder Time-varying ~ Community
Community disorganization (scale) Confounder Time-varying Community
Community attachment (scale) Confounder Time-varying Community
Caught by parents (handguns) Improve prediction  Time-varying Family
Caught by parents (alcohol) Improve prediction  Time-varying Family
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Variable Purpose Type Domain
Cool to drink alcohol Improve prediction  Time-varying Individual
Cool to carry handgun Improve prediction  Time-varying Individual
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Alcohol use without heavy drinking
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Handgun carrying
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Figure 1.
Proportion of CYDS participants reporting alcohol use without heavy drinking, heavy

drinking, and handgun carrying at each wave

Note. Each age on the x-axis represents handgun carrying reported in that study wave about
the prior 12 months, alcohol use in that study wave about the prior 30 days, and heavy
drinking in that study wave in the past 2 weeks. Ages without scatter points represent years
where a survey was not administered.
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Main analysis

Adolescence: Mo alcohol use (ref) — O 1.000
Alcohol use without heavy drinking = O 1.288
Heavy drinking — O 1.434
Young sduithood: Mo alcohol use (ref) — O 1.000
Alcohol use without heavy drinking — O 1.283
Heavy drinking — Q1377
Sensitivity analysis with binary alcohol use exposure
Mo alcohol use (ref) — QO 1.000
Alcohol use - O 1.343
T T T T
0.700 1.000 1.500 2.100

Odds ratios and 95% CI

Figure 2.
Estimated associations (adjusted odds ratios) and 95% confidence intervals (bars) of lagged

alcohol use and subsequent handgun carrying among youth from rural areas

Note. All associations were estimated using population-averaged general estimating
equations with logistic regression. All regressions were adjusted for individual-level
cerrographic characteristics (age at grade O interview, gender), individualipeer-level risk
anc protective factors (rebelliousness scale, sensalion-seekirg scale, close friend alcohol use,
close friend handgun carrying) family-level risk and p-otective factors [parentali’gua-dian
maximum éducation, attar dance a: religious services, family history of severe alcohol or
drug problem, family conflict scale), community demograohic characteristics (percent of
students on free and reduced price lunch, total student population} and community-level
risk and protective factors (community no-ms favorable towards problem behaviors scale,
community disorganization scale, community attachment scale). Time-varying covariates
were lagged. Standard errors were clustered at the individual-level.
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Table 1.

Differences in handgun carrying and other characteristics by alcohol use from Age 12-23

Never reported any alcohol
use (Age 12-23) (n = 336)

Reported alcohol use but never
reported heavy drinking(Age

12-23) (n = 354)

Page 17

Reported heavy drinking
(Age 12-23) (n = 1,298)

n (%) n (%) n (%)

Reported handgun carrying at least
once (Age 13-26) 59 176 70 19.8 421 324
Covariates n (%) n (%) n (%)
Male 184 54.8 155 43.8 693 534
Parental/guardian education college 153 455 141 208 498 284
or more
Family history of substance use
problem 185 55.1 240 67.8 1,029 79.3
Close friends (1 or more) who used
alcohol 19 5.6 39 11.0 265 204
Close friends (1 or more) who
carried a handgun 9 27 12 3.4 102 9
Attendance at religious services 197 58.6 176 49.7 636 49.0

mean SD mean SD mean SD
Age at first interview 121 04 120 04 121 04
% students in community eligible for
freef/reduced lunch 385 12.1 41.2 131 42.0 13.0
Total student population in thousands 5.0 28 35 23 36 24
Rebelliousness 14 0.6 1.6 0.6 17 0.7
Sensation seeking 1.8 11 2.0 1.2 25 14
Family conflict 1.8 0.7 19 0.8 2.0 0.8
Community norms 17 0.8 1.8 0.8 2.0 0.9
Community disorganization 1.4 0.5 15 0.5 15 0.6
Community attachment 3.3 0.8 3.2 0.9 3.2 0.9

Note. All descriptive statistics are n and % unless otherwise explicitly noted next to the variable name. Time-varying covariates are reported at the
first available data collection point (age 12 for rebelliousness, close friend alcohol use, family conflict, attendance at religious services, community
norms, community disorganization, and community attachment, and age 13 for sensation seeking and close friend handgun carrying). There were

14 participants who never provided a response to both questions about alcohol use and heavy drinking.
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