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ARTICLE INFO ABSTRACT
Keywords: Background: Effects of a family history of alcoholism may be moderated by area-level social control factors. We
Alcohol use disorder examine whether increased neighborhood alcohol availability (low social control environment) or increased

Neighborhood environment
Social control
Racial/ethnic differences
Family history

Gender differences

presence of religious adherents in the county (high social control environment) interact with family history in
relation to alcohol outcomes.

Methods: Weighted data from 12,686 adult drinkers (51% male; mean age 44; 80% White, 9% Black, 11%
Hispanic) in three US National Alcohol Surveys were linked with data on area-level off-premise alcohol avail-
ability and adherence to religions with strong prohibitions against drinking. Family history density had four
levels (family history negative, extended family only, first-degree relative(s) only, high family density).
Dichotomous outcomes were past-year high-risk drinking and alcohol dependence. Logistic regression models
with interaction terms assessed whether associations of family history with alcohol outcomes differed signifi-
cantly by area-level social control. Stratified models assessed differences by sex and by race/ethnicity.

Results: In the full sample, effects of first-degree relatives and high family density on high-risk drinking
strengthened as alcohol availability increased. This was replicated in the subsample of women and suggested in
relation to dependence among men and Black drinkers. For White drinkers, higher religious social control
reduced effects of first-degree relatives on high-risk drinking.

Conclusions: Low social control—in particular, greater density of off-premise alcohol outlets—appears to exac-
erbate effects of a family history of alcoholism on high-risk drinking. Policy makers should consider differential
benefits of decreasing alcohol availability for people from high-risk families to reduce high-risk drinking and
alcohol problems.

1. Introduction behaviors (Bailey et al., 2011; Peterson et al., 1994). Many people report
a family history (FH) of alcohol problems: A recent national survey

1.1. Family history documented 21.0% of adults had a biological parent with a history of
alcohol problems, and 37.6% had another biological relative with a

Having biological relatives with alcohol problems increases an in- history of alcohol problems (Karriker-Jaffe, Greenfield, & Kaplan,
dividual’s risk for alcohol problems (Dawson et al., 1992; Chartier et al., 2017). Adults with familial alcohol problems are more likely to transi-
2010). The intergenerational transmission of alcohol use is attributed to tion from at-risk drinking to alcohol use disorder (AUD) (Beseler et al.,
multiple mechanisms, including genetic vulnerability (Verhulst, Neale, 2008; Milne et al., 2009). Secondhand effects of family members’
& Kendler, 2015) and learned attitudes about alcohol and drinking alcohol problems also are significant, particularly for women (Nayak,
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Patterson, Wilsnack, Karriker-Jaffe, & Greenfield, 2019) and children
(Kaplan, Nayak, Greenfield, & Karriker-Jaffe, 2017).

FH captures potentially heritable genetic and early family environ-
ment effects (Light et al., 1996; Zucker et al., 1994) and is commonly
measured by retrospective indicators of alcohol problems in parents or
in first-degree relatives (Elliott, Carey, & Bonafide, 2012). Some studies
use a degree measure of FH density in both first- and second-degree
relatives (Dawson et al., 1992; Harford et al., 1992), while other
studies consider both the proportion of affected relatives and level of
relatedness (Turner et al., 1993; Stoltenberg et al., 1998; Milne et al.,
2008), or presence of affected relatives across multiple generations
(Dawson et al., 1992; Hill et al., 1994; Kendler et al., 2018). Studies
using these composite FH measures consistently find individuals from
more densely-affected families are at greater risk for hazardous alcohol
use and AUD. In a US population sample, Dawson et al. (Dawson, Har-
ford, & Grant, 1992) showed odds of AUD among drinkers were highest
in individuals from high-density families with alcohol problems in both
first- and second- or third-degree relatives (OR = 2.79). Odds of
dependence also were higher in those with alcohol problems only in
first-degree relatives (OR = 1.91) compared to negative FH (Dawson
et al., 1992).

Studies on sex differences in the effect of FH in adult samples are
relatively limited. There is prior evidence that the effects of FH are
stronger in males than females, particularly when the effects of child-
hood exposure to family drinking are controlled (Light, Irvine, & Kjerulf,
1996). We know less about the influence of FH on adult drinking be-
haviors in non-White populations, as demonstrated by a 2012 meta-
analysis in college students which found only four of 53 study samples
were fully non-White, as were fewer than one in four participants across
studies (Elliott et al., 2012). There also is a gap in current scientific
knowledge about FH effects later in life, as most analyses of age-related
genetic effects to date focus on adolescence and young adulthood
(Kendler et al., 2015; Thomas et al., 2018; Khoddam et al., 2015; Irons
et al., 2012), with few examples of studies that include adults at midlife
or older ages (Russell, Cooper, & Frone, 1990).

1.2. Social control

In addition to liabilities transmitted within families, social environ-
ments contribute to alcohol use and AUD. Differential environmental
exposures lead to sex and racial/ethnic differences in alcohol outcomes
(Karriker-Jaffe et al., 2012; Zapolski et al., 2014; Zemore et al., 2011).
Prior models of joint genetic and environmental factors (Dick and
Kendler, 2012; Shanahan and Hofer, 2005) further suggest genetic ef-
fects on alcohol use are more pronounced in adverse environments (with
low social control) and become muted in protective environments (with
high social control). Because there are few FH studies in adults that
examine intersections with environmental context, we review evidence
supporting social control mechanisms from twin and measured gene
studies. Most of these studies have focused on proximal environmental
exposures (Chartier, Karriker-Jaffe, Cummings, & Kendler, 2017).
Alternatively, the current study focuses on two area-level indicators of
social control: neighborhood alcohol availability and county-level
adherence to religions with strong prohibitions against drinking.

Environmental social control processes decrease excessive alcohol
use by regulating access to alcohol and helping to maintain social order
through more restrictive social norms and involvement with prosocial
institutions (including places of worship) that discourage alcohol use.
(Dick and Kendler, 2012; Shanahan and Hofer, 2005) In areas with
greater alcohol availability, alcohol consumption is higher (Popova
et al., 2009; Scribner et al., 2000), and restricting the number of alcohol
outlets in an area reduces alcohol problems (Livingston, Chikritzhs, &
Room, 2007). Kendler, Gardner, and Dick (2011) found more pro-
nounced genetic effects on alcohol consumption when access to alcohol
was high, and this finding replicates at the area level. Specifically, one
study of young adults found heritability of frequent drinking was
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stronger in areas with higher levels of alcohol availability than in areas
without alcohol outlets (Slutske, Deutsch, & Piasecki, 2019), suggesting
a lack of social control strengthens expression of genetic predispositions
to heavy alcohol use.

Other studies have shown religious participation and affiliated
practices act as social controls on alcohol use. Twin studies show genetic
effects on alcohol use are attenuated at increasing levels of religiosity
(Button et al., 2010; Koopmans et al., 1999). Chartier, Dick, and Almasy
(2016) found genetic markers associated with alcohol metabolism had
weaker effects on high-risk drinking as a function of increasing religious
participation. This is the first study, to our knowledge, to examine the
moderating effect of area-level religiosity. Because religious de-
nominations play a role in both promoting abstinence and reducing
heavy drinking among those who choose to drink (Michalak, Trocki, &
Bond, 2007), we extend prior studies by examining area-level religious
adherence and FH in relation to both high-risk drinking and dependence
among current drinkers, while controlling for individual-level religious
affiliation.

Some studies have shown area-level effects on alcohol outcomes vary
by sex (Orozco et al., 2017; Karriker-Jaffe et al., 2018, 2012; Brown
et al.,, 2016). Other work suggests neighborhood areas may have
stronger effects for Blacks/African Americans' and Hispanics/Latinos/
Latinas® than Whites (Karriker-Jaffe et al., 2012; Jones-Webb et al.,
1997; Glass et al., 2017; Zemore et al., 2016). Further, religious social
controls on drinking may be stronger for women than for men (Michalak
etal., 2007), and they may be stronger for Blacks, who are more likely to
belong to religions that strongly discourage drinking alcohol, and for
Hispanics, who show high levels of religiosity (Michalak et al., 2007).
Thus, we examine interactions between FH and area-level social control
factors separately by sex and by race/ethnicity. As individuals age into
early and mid-adulthood, alcohol-specific genetic factors increase in
influence (Kendler et al., 2011; van Beek et al., 2012), with effects
moderated by interpersonal social controls (Barr, Salvatore, & Maes,
2017). As such, it is important to examine joint effects of FH and area-
level social control in adult respondents across the lifespan.

1.3. Current study

The current study, like Dawson et al. (1992), examines FH across
levels of relatedness in a sample of US adults. We examine associations
of FH density with two alcohol outcomes, expecting drinkers with
alcohol problems in close relatives® or from more densely-affected
families’ will be more likely to be high-risk drinkers and to have
alcohol dependence. We also expect individuals residing in areas with
greater alcohol availability to be more likely to be high-risk drinkers and
to have alcohol dependence, while those residing in areas with greater
adherence to religions that discourage or prohibit drinking will be less
likely to be high-risk drinkers or alcohol dependent. To extend prior
work, we examine whether relationships of FH with high-risk drinking
and dependence vary by environmental context. We assess interactions
of FH with our two social control measures. We expect environments
characterized by low social control (greater alcohol availability) will be
associated with a stronger relationship of FH with alcohol outcomes and
environments associated with high social control (more religious ad-
herents) will conversely be associated with weaker relationships. We
explore differences in these effects by sex and by race/ethnicity as well.

1 Hereafter, Blacks.

2 Hereafter, Hispanics.

3 First-degree relatives.

4 Affected family of first degree, plus second- or third-degree relatives with
alcohol problems.
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Table 1
Characteristics of weighted sample of past-year drinkers, 2000-2010 US National Alcohol Surveys.
Women Men Whites Blacks Hispanics Total
n = 6,603 n = 6,083 n = 8,880 n = 1,850 n = 1,956 N = 12,686
High-risk drinking exceeding NIAAA recommended guidelines’, % 46 48.7 48.3 35.3 51.7 47.4 2 bbb
Alcohol dependence symptoms, M(SD) 0.27 (0.83) 0.47 (1.06) 0.33 (0.86) 0.51 (1.44) 0.57 (1.37) 0.37
(0.97) aaa, bbb
Alcohol dependence? , % 2.6 5.7 3.5 6.2 7.3 4,2 aaa, bbb
Family history of alcohol problems, % aaa, bbb
Negative family history 46.3 52.1 50.0 46.6 45.4 49.2
Problems in extended family only 19.9 20.2 19.4 24.2 21.3 20
Problems in 1st degree relative(s) 20.5 17.1 19.1 16.3 18.0 18.8
Problems in 1st degree relative(s) & extended family 13.3 10.7 11.5 13.0 15.3 12
Liquor/convenience stores per square mile, M(SD) 1.13 (2.56) 1.15 (2.47) 0.92 (2.06) 2.09 (4.67) 1.97 (3.60) 1.14 o
(2.52)
Religious adherents in county per 1,000 residents, M(SD) 118.9 (113.4) 120.8 (108.4) 119.8 (107.3) 140.7 (129.7) 101.6 (96.6) 119.9(111.0)
bbb
Percent disadvantaged residents in neighborhood, M(SD) 28.7 (9.8) 28.9 (9.5) 27.5 (8.0) 34.5 (14.5) 33.6 (14.5) 28.8(9.7)
bbb
Age, M(SD) 44.3 (16.4) 43.0 (15.1) 45.1 (14.9) 39.5(17.3) 36.6 (16.5) 43.7
(15.8) aaa, bbb
Respondent age, % bbb
18-29 21.8 23.4 19.9 29.1 37.2 22.6
30-39 20.3 21.7 19.8 25.8 26 21
40-49 21.8 21.2 22.1 20.7 17.4 21.5
50-59 17.9 17.3 18.7 14.2 12.3 17.6
60+ years 18.3 16.4 19.5 10.1 7.2 17.3
Education, % aaa, bbb
Less than high school 6.5 9.8 5.7 12.1 23 8.2
High school graduate 27.1 28 26.7 34.8 27.2 27.5
Some college 31.8 26.8 29.3 29.6 28.4 29.2
College graduate 34.7 35.5 38.3 23.5 21.4 35.1
Marital status, % aaa, bbb
Married/live with partner 63 68.6 68.8 45.1 62.1 65.9
Separated/divorced/widowed 19 9.1 14.1 17.2 10 13.9
Never married 18.1 22.2 17.2 37.7 27.9 20.2
Employment status, % aaa, bbb
Employed full- or part-time 63.2 74.4 68.7 68.2 71.6 68.9
Unemployed 5.6 5.4 4.5 9.7 9 5.5
Not in workforce 31.1 20.3 26.8 221 19.4 25.6
Income in 2005 US dollars, % aaa, bbb
Income less than $20,000 18.7 16.3 14.2 31.7 29.6 17.5
Income $20,001-40,000 21.5 20.8 20.4 24.1 24 21.2
Income $40,001-70,000 24.9 25.6 26.4 21.8 19.7 25.3
Income $70,001" 22.4 28.2 27.8 13.8 17.4 25.3
Missing 12.5 9.1 11.2 8.6 9.3 10.7
Own religion discourages drinking, % 27.7 25.1 24 40.9 31.6 26.4 8 bbb

n, number of observations. ® Sex differences, ® Racial/ethnic differences. *® p < 0.05, **™ p < 0.01, 2®P*® 5 « 0,001 for each test.
1past-year drinking more than 3 or 4 drinks/day or more than 7 or 14 drinks/week (for women and men, respectively);
2past-year alcohol dependence symptoms in 3 or more of 7 domains; M, mean; SD, standard deviation.

2. Materials and methods
2.1. Sample description

Data were drawn from the pooled 2000, 2005 and 2010 U.S. National
Alcohol Surveys (NAS). These surveys provide comprehensive data on
alcohol consumption for residents of all 50 U.S. states and the District of
Columbia. Data were collected using random digit dialing (RDD) stra-
tegies to sample from the non-institutionalized population ages 18 and
older. Computer-assisted telephone interviews were conducted using
landline telephones in 2000 and 2005, and both landline and cellular
telephones in 2010. The surveys included targeted oversamples of Black
and Hispanic respondents, and interviews were conducted in either
English or Spanish. An introductory consent script was used, with the
requirement for written proof of consent waived by the relevant Insti-
tutional Review Boards. Data were weighted to be population-
representative at the time of data collection. More details on NAS
methodology can be found elsewhere (Kerr, Mulia, & Zemore, 2014).

To ensure respondents had recent exposure to alcohol, the current
sample was limited to 13,793 past-year drinkers (64.7% of weighted
total sample), of whom 12,833 (91.8%) had data on their neighborhood
of residence at the time of the survey. To allow subgroup analyses by

race/ethnicity, we excluded 147 people who identified with any group
other than White, Black, or Hispanic, as the other groups were too small
for sub-analysis and too heterogeneous for combined analysis. The final,
weighted analysis sample was 51.3% male and 80% White, 9% Black
and 11% Hispanic (Table 1). A majority (61.6%) of Hispanics were born
in the US. Approximately 33% of the sample came from each survey,
with no differences in distribution across surveys by sex or race/
ethnicity.

2.2. Measures

2.2.1. High-risk drinking’

High-risk drinking was defined based on daily and weekly drinking
guidelines (Institute, 2009; U.S. Department of Agriculture, U.S.
Department of Health and Human Services. Dietary Guidelines for
Americans, 2010). Drinkers who exceeded daily and/or weekly guide-
lines in the past year were classified as at-risk drinkers, with low-risk

5 These guidelines recommend no more than 4 drinks in any single day and
no more than 14 drinks per week on average for men and no more than 3 drinks
in a day and no more than 7 drinks per week on average for women.
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drinkers as the referent.

2.2.2. Alcohol dependence

Alcohol dependence was measured by 17 items based on DSM-IV
criteria (American Psychiatric Association, 1994) validated in prior
NAS data (Caetano & Tam, 1995). A dichotomous variable indicated
whether respondents reported at least one symptom in three or more of
the seven criteria domains in the past year.®

2.2.3. Family history of alcohol problems

Family history of alcohol problems was assessed by asking re-
spondents whether any of their blood relatives have ever been a
“problem drinker or alcoholic”, with affirmative responses followed by a
checklist of relatives. For this study, FH was implemented as a four-level
variable: negative history (referent); extended family only (grandpar-
ents, aunts/uncles, cousins); first-degree relatives only (parents, sib-
lings); and both first-degree and extended family (high FH density)
(Dawson et al., 1992; Hill et al., 1994; Kendler et al., 2018). Measures of
degree of FH provide more information than dichotomous parental or
first-degree relative measures, as increases in an outcome measure with
greater cumulative levels of FH imply genetic effects (Hill, Blow, Young,
& Singer, 1994).

2.2.4. Neighborhood alcohol availability

Neighborhood alcohol availability was assessed based on ZIP code
density per square mile of liquor stores and convenience stores that sell
alcohol (range: 0-76, with the highest values representative of highly
urban areas included in the national sample) (Ahern et al., 2015, 2016,
2013). Businesses were identified from the US Census Bureau’s national
ZIP Code Business Patterns data for 2000, 2005 and 2010. Store classi-
fication was based on state laws, using published information on the
types of stores allowed to sell beer, wine or spirits at the time of data
collection (The Beverage Information Group, 2011a, 2011b, 2010; Na-
tional Alcohol Beverage Control Association, 2010). These national data
correspond well with official state licensure records (Matthews,
McCarthy, & Rafail, 2011). Access to alcohol through off-premise outlets
is associated with binge drinking (Ahern et al., 2016, 2013) and AUD
(Ahern, Balzer, & Galea, 2015).

2.2.5. County-level religious adherents

County-level religious adherents was the rate of residents per 1,000
who adhere to religions with strong prohibitions against drinking.”
Religion data came from the 2000 Religious Congregations and Mem-
bership Study (Jones, Doty, & Grammich, 2002) (for the 2000 and 2005
surveys) and the 2010 US Religion Census/Religious Congregations and
Membership Study (Grammich, Hadaway, & Houseal, 2012) (for the
2010 survey).

2.2.6. Neighborhood disadvantage

Neighborhood disadvantage, a confounder, was based on pro-
portions of adults without a high school diploma, males unemployed or
not in labor force, people with incomes below the poverty limit or<50%
of US median, and households without access to a car (Karriker-Jaffe
et al., 2012). Neighborhood demographic data came from the 2000 US
Decennial Census (for the 2000 and 2005 surveys) and the 2005-2009
American Community Survey (for the 2010 survey). An average neigh-
borhood disadvantage score was calculated (M = 19.9%, SD = 10.8;
Cronbach’s alpha = 0.89).

® The DSM-IV domains assessed were withdrawal; tolerance; drinking despite
consequences; unsuccessful efforts to reduce drinking; drinking more than
intended; time spent drinking/recovering; and giving up activities because of
drinking.

7 These religions included Baptist, Assembly of God, Mormon, Pentecostal,
Seventh-Day Adventist and Muslim denominations (Michalak et al., 2007).
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Table 2
Regression models in full sample of past-year drinkers.

High-risk Drinking
(wtd N = 9,999)

Dependence
(wtd N = 10,540)

OR 95% CI OR 95% CI

AUD in extended 1.297
family only

AUD in 1st degree 1.400

AUD in 1st degree 1.323
and extended

Liquor/ 1.012
convenience
stores per mi”

Extended family X 1.009
Liquor stores

1st degree X Liquor  1.056
stores

1st degree & 1.088*
extended X
Liquor stores

Religious adherents ~ 1.000

(1.112-1.512)  1.719 (1.185-2.492)

(1.194-1.641)  2.383
(1.093-1.601)  4.451

(1.642-3.458)
(3.130-6.330)

(0.990-1.035) 1.012 (0.981-1.044)

(0.959-1.062) -*
(0.989-1.128) -

(1.002-1.180) -

(0.999-1.000)  1.001 (1.000-1.002)

in county”
Neighborhood 0.717 (0.386-1.334)  0.470 (0.103-2.137)
disadvantage
Male 1.098 (0.984-1.226) 2.641 (1.963-3.554)
Black 0.414  (0.345-0.497)  1.288 (0.889-1.866)
Hispanic 0.754 (0.631-0.901)  1.289 (0.906-1.833)
Age 30-39 0.536 (0.445-0.644) 0.748 (0.528-1.060)
Age 40-49 0.312 (0.259-0.377)  0.426 (0.278-0.652)
Age 50-59 0.204  (0.167-0.249)  0.265 (0.163-0.430)
Age 60+ 0.123 (0.098-0.154)  0.076 (0.0325-0.177)
High school 0.772* (0.615-0.970)  0.618* (0.410-0.932)
graduate
Some college 0.898 (0.714-1.129) 0.683 (0.457-1.020)
College graduate 0.704 (0.558-0.889) 0.414 (0.259-0.662)
Separated/ 1.289  (1.116-1.489) 1.724* (1.128-2.633)
divorced/
widowed
Never married 1.353 (1.152-1.590)  2.075 (1.483-2.904)
Unemployed 1.068 (0.809-1.410)  1.619* (1.026-2.556)
Not in workforce 0.809 (0.699-0.937) 1.409 (0.945-2.099)
Income 1.049 (0.881-1.250)  0.624* (0.434-0.897)
$20,001-40,000
Income 1.193 (0.992-1.436) 0.722 (0.483-1.080)
$40,001-70,000
Income $70,001 1.375 (1.125-1.680)  0.797 (0.492-1.292)
Missing income 0.889 (0.708-1.117)  0.926 (0.552-1.553)
Own religion 0.599 (0.529-0.678) 1.227 (0.920-1.638)
discourages
drinking
2005 NAS 1.443 (1.278-1.629) 1.041 (0.773-1.401)
2010 NAS 1.299 (1.115-1.512) 1.206 (0.836-1.741)
Constant 2.377 (1.651-3.423)  0.0315 (0.0134-0.0737)

# Adjusted Wald test was not statistically significant for the interaction of FH
with liquor store density for dependence (F(3,19522) = 0.44, p = .727), so
interaction terms were removed to improve interpretability of the model.

Y The interaction of FH with religious density also was not statistically sig-
nificant for high-risk drinking (F(3,18950) = 1.16, p = .323) or dependence (F
(3,19522) = 0.33, p = .801).

™ p < 0.001,

" p<0.01,

* p < 0.05,

+ p <0.10.

2.2.7. Demographic correlates

Demographic correlates were included in all models. Sex was coded
with female as referent. Race/ethnicity was categorized using mutually-
exclusive indicators for Black and Hispanic, with White as referent. Age
was divided into 10-year intervals through 60+ years, with ages 18-29
as referent. Marital status was coded using indicators for never married,
and separated/divorced/widowed, with currently married/living with
partner as referent. Educational attainment was coded using three in-
dicators for high school diploma/equivalent, some college, and four-
year college/university degree, with less than high school as referent.
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Fig. 1. Effects of family history of alcoholism on high-risk drinking across levels of alcohol availability in full sample of drinkers. Note: Left panel depicts average
marginal effects of first-degree relatives only (dashed line) and first-degree relatives plus extended family members (solid line) on high-risk drinking; right panel
depicts average marginal effect of only extended family members on high-risk drinking. All are compared to negative family history of alcohol problems.

Income was calculated in 2005 US dollars and coded using indicators for
$20,001-$40,000; $40,001-$70,000; and $70,001 and up, with an extra
indicator for missing income (approximately 13%), using income less
than $20,000 per year as referent. Employment was coded with two
indicators for unemployment and being out of the workforce (such as
retired or homemaker), with full- or part-time employment as referent.
Models also adjusted for whether the respondent reported their own
religion discourages drinking; this was a dichotomous indicator, where
all non-religious respondents were classified with those reporting that
their own religion did not strongly discourage drinking (referent)
(Michalak et al., 2007).

2.3. Analysis

Analyses were conducted using Stata (Stata Statistical Software,
2017) to accommodate sampling and non-response weights adjusting for
survey design. Preliminary analyses found FH was not significantly
associated with the area-level social control variables.® Associations of
alcohol outcomes with FH and area-level social control were assessed
using adjusted logistic regression models that included all demographic
controls and indicators for survey year (using 2000 as referent). Because
the national samples were selected through RDD methods, multilevel
modeling was not necessary. The multiplicative interactions were tested
simultaneously, as correlations between the two area-level social control
variables were modest.” Interactive effects were assessed using multiple-
degrees-of-freedom contrasts of the joint effects of the interaction
(adjusted Wald tests), as well as tests of marginal effects of FH across
different levels of the area-level variables. Due to generally limited
power for tests of interactions (Frazier, Tix, & Barron, 2004), those in-
teractions that did not reach p < 0.10 were removed to improve inter-
pretability of the main effects (Aiken, West, & G., 1991). Preliminary
analyses (see Supplemental Tables S1-S2) showed interactions of
neighborhood alcohol availability with sex in relation to high-risk
drinking, as well as an interaction of FH with race/ethnicity in rela-
tion to dependence, so we used stratified models for subgroup analyses,

8 Adjusted Wald tests from regression models testing associations of FH with
logged values for alcohol outlet density and religious adherent density were not
statistically significant (F(3,19522)=1.27, p=.283 and F(3,19522)=1.06,
p=.366, respectively).

9 The correlation between neighborhood alcohol outlet density and county-
level density of adherents to religions with strong prohibitions on drinking
was —0.13.
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Fig. 2. Predicted probability of high-risk drinking across levels of alcohol
availability and family history of alcoholism in full sample of drinkers. Note: FH
= family history. Extended Only = history of alcohol problems in extended
family only (grandparents, aunts or uncles, cousins). First Degree = history of
alcohol problems in first-degree relatives only (parents, siblings). First +
Extended = history of alcohol problems in both first-degree relatives and
extended family.

even though three-way interactions (such as sex X FH X outlet density)
were not statistically significant. All demographic covariates and an
indicator for survey year were included in the stratified models,
although only selected coefficients are reported (full models available
upon request).

3. Results
3.1. Models in the full sample

3.1.1. High-risk drinking

In the full sample (Table 2), there was an interaction of FH with
alcohol availability in relation to high-risk drinking. Contrasts showed
the interaction was present for the combined group of respondents with
either an affected first-degree relative or with both affected first-degree
and affected extended family members (F(2, 18951) = 3.06, p = .047).
This group had a significant increase in high-risk drinking compared to
negative FH, and these FH effects

became stronger as alcohol availability increased (Fig. 1, left panel).
The average marginal effect of FH in only extended family members
(compared to negative FH) was associated with increases in high-risk
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Table 3
Select coefficients from reduced models stratified by sex.

Female Drinkers

High-risk Drinking Dependence
(wtd N = 4,797) (wtd N = 5,300)
OR 95% CI OR 95% CI
AUD in extended 1.354" (1.077-1.703)  1.999" (0.940-4.253)
family only
AUD in 1st degree 1.457""  (1.158-1.832) 2.677"  (1.302-5.501)
AUD in 1st degreeand  1.234 (0.934-1.630)  3.127" (1.524-6.414)
extended
Liquor/convenience 1.026 (0.984-1.070) 1.029 (0.928-1.140)
stores per mi2
Extended family X 1.039 (0.961-1.124)  0.588* (0.353-0.979)

Liquor stores

1st degree X Liquor 1.110* (1.003-1.228)  0.860 (0.663-1.116)
stores
1st degree & extended 1.138" (0.999-1.296) 1.009 (0.866-1.177)

X Liquor stores

Religious adherents in ~ 1.000 (0.999-1.000)  1.001 (0.999-1.003)

county
Neighborhood 0.548 (0.224-1.342)  3.598 (0.281-46.105)
disadvantage
Own religion 0.537"""  (0.449-0.642)  1.282 (0.823-1.998)
discourages
drinking
Male Drinkers
High-risk Drinking Dependence
(wtd N = 5,322) (wtd N = 5,360)
OR 95% CI OR 95% CI
AUD in extended 1.227* (1.013-1.486)  1.614" (0.988-2.636)

family only

AUD in 1st degree 13677  (1.114-1.677) 2.050""  (1.227-3.425)

AUD in 1st degreeand ~ 1.523""  (1.195-1.941)  4.628"""  (2.887-7.419)
extended

Liquor/convenience 1.004 (0.980-1.028) 0.959 (0.875-1.052)
stores per mi2

Extended family X _ 1.081 (0.969-1.207)
Liquor stores

1st degree X Liquor - 1.125% (0.981-1.289)
stores

1st degree & extended — 1.108 (0.964-1.273)
X Liquor stores

Religious adherents in 0.999" (0.999-1.000) 1.000 (0.999-1.002)
county

Neighborhood 0.938 (0.399-2.205) 0.223 (0.034-1.479)
disadvantage

Own religion 0.653"""  (0.548-0.779)  1.264 (0.866-1.844)
discourages
drinking

Note. Models also adjusted for age, race/ethnicity, level of education, marital
status, employment status, income and survey year.
p < 0.001, " p < 0.01, * p < 0.05, " p < 0.10.

# Adjusted Wald test for the interaction of FH with liquor store density for
high-risk drinking by male drinkers was not statistically significant (F(3,20949)
= 0.44, p = .725), so interaction terms were removed to improve interpretability
of the model. None of the interactions of FH with religious density were statis-
tically significant (all p > .10; detailed results available upon request), and they
also were removed from the models.

drinking at low levels of alcohol availability (Fig. 1, right panel), but this
FH effect became non-significant as alcohol availability increased to
10+ outlets per square mile. However, the interaction of alcohol avail-
ability with only extended family was not significant (F(1,18952) =
0.12, p =.73). Predicted probabilities of high-risk drinking are shown in
Fig. 2 for selected levels of alcohol availability, with higher values
representing more urban settings. Testing the simple slope for alcohol
availability across the four levels of FH revealed that alcohol availability
was only significantly associated with high-risk drinking for people with
either an affected first-degree relative (average marginal effect = 0.013,
p = .034) or both a first-degree relative and extended family with
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Fig. 3. Predicted probability of high-risk drinking across levels of alcohol
availability and family history of alcoholism in female drinkers. Note: FH =
family history. Extended Only = history of alcohol problems in extended family
only (grandparents, aunts or uncles, cousins). First Degree = history of alcohol
problems in first-degree relatives only (parents, siblings). First + Extended =
history of alcohol problems in both first-degree relatives and extended family.

alcohol problems (average marginal effect = 0.019, p = .016).

3.1.2. Dependence

The interaction of FH of alcohol problems with alcohol availability
was not present for alcohol dependence. In the reduced main effect
model (Table 2), FH density was increasingly associated with higher
odds of dependence, as expected, but none of the area-level variables
were associated with alcohol dependence.

3.2. Models stratified by sex

For female drinkers (see Table 3), there was an interaction of FH
with alcohol availability in relation to high-risk drinking. Contrasts
showed the interaction was significant for the group of women with
either an affected first-degree relative or a high-density FH (adjusted
Wald test: F(2,20479) = 3.49, p = .031). This followed a similar pattern
as seen in the full sample (Fig. 3), with these women showing differ-
entially elevated probability of high-risk drinking if they lived in areas
with high alcohol availability.

For women there also was an interaction of FH with alcohol avail-
ability in relation to dependence. Contrasts showed this was significant
for women with only extended FH of alcohol problems, but the pattern
of effects suggested lower probability of dependence for these women if
they lived in areas with high alcohol availability (Fig. 4, left panel).

For male drinkers, there were no interactions for high-risk drinking.
In reduced main effects models (Table 3), FH density was increasingly
associated with higher odds of high-risk drinking, but none of the area-
level variables were significant. For dependence, there was a marginal
interaction of FH with alcohol availability. Contrasts showed this was
just for men with only first-degree relatives with alcohol problems
(Fig. 4, right panel).

3.3. Models stratified by race/ethnicity

For White drinkers (see Table 4), there was an interaction of FH
with area-level religious adherence in relation to high-risk drinking.
Contrasts showed the interaction was present for those with an affected
first-degree relative (adjusted Wald test: F(1,20449) = 5.30, p = .021).
The average marginal effect of first-degree FH (compared to negative
FH) on high-risk drinking was stronger at low levels of religious
adherence in the county, and this effect became weaker as county-level
religious adherence increased (Fig. 5). Stated another way, the risk of
having one (or more) first-degree relatives with alcohol problems was
exacerbated in areas with low religiosity and buffered in areas with high
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Fig. 4. Predicted probability of alcohol dependence across levels of alcohol availability and family history of alcoholism in female (left) and male (right) drinkers.
Note: FH = family history. Extended Only = history of alcohol problems in extended family only (grandparents, aunts or uncles, cousins). First Degree = history of
alcohol problems in first-degree relatives only (parents, siblings). First + Extended = history of alcohol problems in both first-degree relatives and extended family.

religiosity (Fig. 6). Average marginal effects for respondents with only
extended family or with high FH density (compared to negative FH),
were not as strongly attenuated as county-level religious adherence
increased.

The interaction of FH and county-level religious adherence was not
present in relation to dependence among White drinkers. In the reduced
main effect model (Table 4), FH was associated with higher odds of
dependence, particularly for people with high FH density, but none of
the area-level variables were associated with dependence.

For Black drinkers, there were no interactions of FH with the area-
level variables in relation to high-risk drinking. In the reduced main
effect models (Table 4), increasing FH density was associated with
increased odds of high-risk drinking by Black drinkers. County-level
religious adherence also was associated with higher odds of high-risk
drinking.

In relation to dependence, contrasts showed a marginal interaction
of first-degree FH with alcohol availability (adjusted Wald test: F
(1,22114) = 2.74, p = .098). The pattern of effects suggested elevated
probability of dependence for Black drinkers with affected first-degree
relatives if they lived in areas with high alcohol availability (Fig. 7).

For Hispanic drinkers, there were no interactions for either high-
risk drinking or dependence. In reduced main effect models (Table 4),
FH density was not significantly associated with high-risk drinking, and
only the highest FH density level was associated with dependence. None
of the area-level variables were significantly associated with high-risk
drinking or dependence in Hispanic drinkers.

4. Discussion

Familial and area-level factors were associated with high-risk
drinking and alcohol dependence in this national sample of adults,
with findings similar to prior research on social control of heavy alcohol
use and associated risk behaviors (Dick and Kendler, 2012; Kendler
et al.,, 2011). We saw some key differences between predictors of high-
risk drinking and alcohol dependence, however; full-sample models
suggested context-dependent FH effects (evidenced by the interaction of
FH and alcohol availability) for high-risk drinking and stronger FH main
effects for dependence. The FH and alcohol dependence relationship
may be less susceptible to changes in access to alcohol, once consump-
tion becomes compulsive and motivated by negative reinforcement
(Koob & Volkow, 2016), although this explanation does not fit with
findings from our stratified analyses. A fuller examination of the
different mechanisms through which FH and increased alcohol avail-
ability may affect high-risk drinking and alcohol dependence in different
population subgroups is warranted. Considering the large proportion of
the population with affected relatives, studies describing how FH of

alcohol problems interacts with social control mechanisms has potential
clinical and policy implications. However, few previous studies have
examined sex- and racial/ethnic-specific influences of FH and area-level
social controls on high-risk drinking and alcohol dependence.

Similar to prior studies with younger adults (Slutske et al., 2019a,
2019b), in the full national sample, the effect of first-degree relatives
and high FH density on high-risk drinking strengthened as alcohol
availability increased. Post hoc analyses (described below) showed this
did not vary systematically by age, although our results suggest there
may be different combinations of risk factors that are salient for certain
population subgroups. Specifically, the interaction of FH and alcohol
availability in relation to high-risk drinking was replicated in the sub-
sample of women, and a similar pattern emerged for alcohol dependence
among men and among Black drinkers. The finding for Black drinkers
aligns with earlier studies showing neighborhoods have stronger effects
for Blacks than Whites on alcohol outcomes, but our results do not align
with similar prior findings for Hispanics (Karriker-Jaffe et al., 2012;
Jones-Webb et al., 1997; Glass et al., 2017; Zemore et al., 2016). More
proximal social factors may have a greater relative importance for
dependence among Hispanic individuals than area-level factors. In fact,
other studies have suggested that FH and US generational status are
important factors in understanding alcohol dependence among Hispanic
drinkers (Chartier, Thomas, & Kendler, 2017), however, whether
generational status and area-level factors are interdependent remains to
be explored in more detail.

Interestingly, the interaction results seen in relation to high-risk
drinking by women did not hold for men. Further, alcohol availability
was not associated with high-risk drinking by men. Instead, for male
drinkers the FH main effect was associated with high-risk drinking, with
a pattern of increasing risk for greater FH density. Compared with the
negative FH group, odds of high-risk drinking risk increased 50% for
men with high-density FH, and this was independent of their social
environment. By contrast, men’s odds of dependence increased as a
function of both FH and alcohol availability. While an effect of FH on
alcohol dependence is congruent with other studies (Dawson et al.,
1992; Hill et al., 1994; Kendler et al., 2018), and previous work in other
countries suggests alcohol availability may be more strongly associated
with alcohol dependence among men than among women (Karriker-
Jaffe, Ohlsson, Kendler, Cook, & Sundquist, 2018), the interactions
suggest the local alcohol environment may play an especially important
role in increasing risk for dependence for men and Black drinkers from
high-risk families.

For White drinkers, higher religious social control reduced associa-
tions of first-degree FH with high-risk drinking, similar to other work
using individual-level religious practices to measure social control
(Button et al., 2010; Koopmans et al., 1999; Chartier et al., 2016). It was
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Table 4
Select coefficients from reduced models stratified by race/ethnicity.

White Drinkers

High-risk Drinking Dependence
(wtd N = 8,109) (wtd N = 8,527)
OR 95% CI OR 95% CI
AUD in extended 1.370"  (1.082-1.736)  2.138"°  (1.310-3.490)
family only
AUD in 1st degree 1.814""  (1.437-2.280) 2.861"""  (1.722-4.756)
AUD in 1st degreeand ~ 1.582""  (1.200-2.086) 5.506"""  (3.416-8.877)
extended
Liquor/convenience 1.027" (0.999-1.055) 1.008 (0.963-1.056)

stores per mi2

Religious adherence 1.000
in county

Extended family X 0.999
Religious adherence

1st degree X Religious
adherence

1st degree & extended  0.999
X Religious
adherence

Neighborhood 0.646
disadvantage

Own religion
discourages
drinking

(0.999-1.001)  1.001 (0.999-1.002)
(0.998-1.001) -*?
0.998* (0.997-1.000) -

(0.998-1.001) -

(0.295-1.412)  1.340 (0.144-12.466)

0.559""  (0.481-0.649)  1.132 (0.764-1.677)

Black Drinkers

High-risk Drinking Dependence
(wtd N = 864) (wtd N = 928)
OR 95% CI OR 95% CI
AUD in extended 1.670" (1.133-2.463) 0.843 (0.316-2.247)

family only

AUD in 1st degree 1.613* (1.045-2.491) 1.517 (0.568-4.051)

AUD in 1st degreeand ~ 2.007""  (1.297-3.107)  4.440"°  (1.760-11.206)
extended

Liquor/convenience 1.018 (0.981-1.056) 0.882 (0.720-1.079)
stores per mi?

Extended family X _b 1.067 (0.778-1.463)
Liquor stores

1st degree X Liquor - 1.203" (0.967-1.497)
stores

1st degree & extended  — 1.213 (0.868-1.695)
X Liquor stores

Religious adherence 0.998* (0.997-1.000) 0.999 (0.996-1.002)
in county

Neighborhood 1.702 (0.401-7.228) 0.136 (0.007-2.657)
disadvantage

Own religion 0.722* (0.531-0.981) 1.420 (0.747-2.701)
discourages
drinking

Hispanic Drinkers®

High-risk Drinking
(wtd N = 1,026)

Dependence
(wtd N = 1,086)

OR 95% CI OR 95% CI

AUD in extended 1.231 (0.861-1.759)  1.642 (0.806-3.347)
family only

AUD in 1st degree 1.285 (0.869-1.901)  1.846" (0.933-3.651)

AUD in 1st degree and 1.279 (0.823-1.987) 1.937* (1.008-3.721)
extended

Liquor/convenience 1.013 (0.976-1.051) 1.050 (0.988-1.116)
stores per mi>

Religious adherence 1.000 (0.999-1.002)  1.002* (1.000-1.004)
in county

Neighborhood 0.613 (0.171-2.200) 0.322 (0.029-3.510)
disadvantage

Own religion 0.759" (0.564-1.021)  1.540" (0.926-2.563)
discourages
drinking

Note. Models also adjusted for age, sex, level of education, marital status,
employment status, income and survey year. . p < 0.001, H p<0.01,*p<
0.05, ¥ p < 0.10. ? Adjusted Wald tests were not statistically significant for the
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interaction of FH with religious density for dependence among White drinkers (F
(3,20828) = 0.36, p = .779); neither of the interactions of FH with liquor store
density were statistically significant for White drinkers (both p > .10; detailed
results available upon request), and they also were removed from the models to
improve interpretability. ® The interaction of FH with liquor store density for
high-risk drinking among Black drinkers was not statistically significant (F
(3,22005) = 1.00, p = .391), and neither of the interactions of FH with religious
density were statistically significant for Black drinkers (both p > .10; detailed
results available upon request); these interaction terms were removed from the
models. € None of the interactions of FH with liquor store density or FH with
religious density among Hispanic drinkers were statistically significant (all p >
.10; detailed results available upon request), so all interaction terms were
removed.
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Fig. 5. Effects of family history of alcoholism on high-risk drinking across
levels of county-level religious adherence in White drinkers. Note: Average
marginal effects of different family history densities, each compared to negative
family history of alcohol problems.
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Fig. 6. Predicted probability of high-risk drinking across levels of family his-
tory and county-level religious adherence in White drinkers. Note: FH = family
history. Extended Only = history of alcohol problems in extended family only
(grandparents, aunts or uncles, cousins). First Degree = history of alcohol
problems in first-degree relatives only (parents, siblings). First + Extended =
history of alcohol problems in both first-degree relatives and extended family.

unexpected that these interactive effects did not emerge for women or
for Blacks and Hispanics, given prior studies suggesting that religious
social controls on drinking may be stronger for these demographic
groups (Michalak et al., 2007). However, area-level religious effects
were assessed when accounting for religious rules against drinking at the
individual level, which was consistently associated with a lower likeli-
hood of high-risk drinking across all sex and race/ethnicity subgroups.
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Fig. 7. Predicted probability of alcohol dependence drinking across levels of
alcohol availability and family history of alcoholism in Black drinkers. Note: FH
= family history. Extended Only = history of alcohol problems in extended
family only (grandparents, aunts or uncles, cousins). First Degree = history of
alcohol problems in first-degree relatives only (parents, siblings). First +
Extended = history of alcohol problems in both first-degree relatives and
extended family.

In post-hoc analyses, we tested whether individual-level religious pro-
hibition on drinking moderated the associations of FH with the drinking
outcomes, but there were no significant interactions in any of the three
racial/ethnic subgroups for either outcome (all p > .10; detailed results
available upon request). Further work to assess how individual- and
area-level religion interact with each other, and with FH, in relation to
adult drinkers’ alcohol consumption patterns and problems would be
informative.

As noted above, this study was conducted in a national sample of
adults. Research has shown that, while genetic factors account for 28% of
the variance in alcohol dependence in adolescence, in young adulthood
(age 30 to 32) effects of genetic factors nearly double (58%) and remain
above 50% into adulthood (van Beek, Kendler, & de Moor, 2012). As such,
in post-hoc analyses we checked for 3-way interactions (such as age X FH
X outlet density) but these were not statistically significant when assessed
several ways, including using the categorical age variable included in the
adjusted models, using a continuous age variable, and using a dichoto-
mous indicator separating respondents under age 40 from older re-
spondents. It would be valuable for future studies to fully examine
differences in FH effects and area-level social control on alcohol outcomes
across the lifespan, including data from adolescents to older adults.

4.1. Study strengths and limitations

Our study used data from a large, nationally-representative sample of
adult drinkers to examine associations of FH of alcohol problems with
two different alcohol outcomes along the risk continuum. The large
sample also permitted us to examine differences by sex and by race/
ethnicity. These strengths are somewhat offset by a few limitations.
First, despite the large sample, we may have had limited power to test
some interactions in the stratified models. Further, based on available
survey measures, we used DSM-IV criteria for alcohol dependence, so
our findings bear replication using DSM-5 criteria. With a large enough
sample, this would allow distinction of risk factors for mild, moderate
and severe AUD. Additionally, our measure of FH considered the pres-
ence of affected relatives across multiple generations (Dawson et al.,
1992; Hill et al., 1994; Kendler et al., 2018); however, we were unable to
assess the proportion of affected relatives (Turner et al., 1993; Stolten-
berg et al., 1998; Milne et al., 2008) or to parse out genetic influences
from family environment effects (Light et al., 1996; Zucker et al., 1994).
Most family method studies for AUD (Roy et al., 1994, 1996; Rice et al.,
1995) show high specificity (correct indication of negative diagnosis)
and moderate sensitivity (correct indication of positive diagnosis), but
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also acknowledge the potential for reporting bias based on the sex and
age of both the informant and the subject, as well as the closeness of the
relationship between the subject and informant. Future studies with
more detailed FH measures would be informative in this regard. Finally,
although we tested whether FH was associated with the social control
indicators and did not find evidence for gene-environment correlation,’
twin and adoption studies and longitudinal studies are better-suited to
testing neighborhood selection effects.

5. Conclusions

Low social control—in particular, greater density of off-premise
alcohol outlets—appears to exacerbate associations between family
history of alcohol problems and high-risk drinking by adults. Sex- and
racial/ethnic-specific differences did appear, suggesting that risk factors
for AUD do not increase liability for alcohol use for all groups equally.
Clinicians should consider not only family history but also area-level
factors as they gather information and prepare treatment plans for
their clients. Policymakers should consider benefits of decreasing
alcohol availability, especially for people from high-risk families, to
reduce high-risk drinking and associated problems. Retirement of outlet
licenses for businesses lost during the recession due to the coronavirus
2019 (COVID-19) pandemic may provide a legislative opportunity to
decrease alcohol availability.
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