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Abstract

Regulated gambling is a multi-billion dollar industry in the United States with greater than 100
percent increases in revenue over the past decade. Along with this rise in gambling popularity and
gaming options comes an increased risk of addiction and the associated social costs. This paper
focuses on the effect of alcohol use on gambling-related problems. Variables correlated with both
alcohol use and gambling may be difficult to observe, and the inability to include these items in
empirical models may bias coefficient estimates. After addressing the endogeneity of alcohol use
when appropriate, we find strong evidence that problematic gambling and alcohol consumption are
complementary activities.
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1. Introduction

As its popularity has increased, disagreement over how to properly classify and regulate
gambling in the United States (U.S.) has become more pronounced. Some claim that gambling
is a component of spectator sports, particularly when it involves activities such as horse racing,
dog racing, and Jai-Alai. Others view professional gambling as an occupation, with many
accomplished players earning large sums of money each year. Yet another perspective treats
low stakes recreational gambling as a social activity, as friendly and loosely organized card
games are a daily event throughout the country. In the form of government sponsored lotteries
and taxed casinos, gambling is heavily promoted and legitimized as a worthwhile public
initiative to support needed programs such as education, environmental protection, and social
welfare. Naturally, the extent and enforcement of government regulation varies across the
gambling spectrum.
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Regardless of the type of gambling or the venue, however, gambling can be highly addictive
and even disabling for some individuals. Recent estimates based on criteria developed by the
American Psychiatric Association (1994) suggest that 2.5 million adults in the U.S. are
pathological gamblers and that another 3 million adults are problem gamblers (National
Opinion Research Center, 1999). The total cost of gambling to the U.S. is $5 billion per year
with an additional $40 billion in lifetime costs for productivity reductions, social services, and
creditor losses (National Opinion Research Center, 1999). Local chapters of Gamblers
Anonymous are present in all 51 states (including the District of Columbia), and meetings are
held each day to offer a confidential setting for those who seek help with their gambling
addiction (Gamblers Anonymous Website). These meetings follow the twelve-step principles
of Alcoholics Anonymous and Narcotics Anonymous.

Several studies in the literature have examined the risk factors (Barnes et al., 1999; Breslin et
al., 1999; Welte et al., 2004b), consequences (Blaszczynski and Silove, 1996; Erickson et al.,
2005; Ledgerwood et al., 2005; Williams et al., 2005), and costs (National Opinion Research
Center, 1999) of problematic gambling. Others have investigated the effectiveness of various
prevention (Ferland et al., 2005) and treatment (Dannon et al., 2005; Saiz-Ruiz et al., 2005)
programs. One potential risk factor for problematic gambling is alcohol use, but past studies
of this relationship have not addressed the potential endogeneity of alcohol use in the gambling
equations and/or had minimal generalizability. Through the use of econometric analysis and
endogeneity-correction techniques, we were able to examine the influence of alcohol use on
gambling-related problems by controlling for difficult to measure and/or unobservable
characteristics correlated with the willingness both to consume alcohol and to engage in
problematic gambling. Because we used nationally representative data from a large and
recently completed survey, the study results are widely generalizable to the U.S.

Economists have historically been curious about why individuals choose to gamble, as this
activity does not appear to agree with traditional utility-maximizing principles (see Rosett
[1965] for an early review of the issues). Assuming that 1) the act of gambling may produce a
negative outcome (i.e., the gambler may lose the wager) and that 2) the marginal utility of
income is diminishing, both fair and unfair gambles seem to be economic “blunders” (Kwang,
1965). Economists have proposed a number of possible explanations for gambling, including
non-concave utility curves (Friedman and Savage, 1948; Hartley and Farrell, 2002), differences
of opinion (Morris, 1994; Shin, 1993), varying risk preferences (Ali, 1977; Quandt, 1986),
augmented income theory (Kim, 1973), “dream” demand functions (Johnson et al., 1999),
money values and probabilities in any risky situation generating direct value beyond that
represented by an expected utility function (Conlisk, 1993), and expenditure indivisibility
(Kwang, 1965). Economists have also examined the economic impact (e.g., employment,
mortality rates, quality of life, crime rates) of casino gambling (Evans and Topolski, 2002;
Grinols and Mustard, 2006; Kearney, 2005a; Nichols et al., 2002), consumer behavior and
economic growth in the presence of lotteries (Kearney, 2005b; Walker and Jackson, 1999),
casino revenue taxation (Anderson, 2005), and determinants of lottery and casino demand
(Clotfelter and Cook, 1990; Cook and Clotfelter, 1993; Garrett and Sobel, 1999).

While economists have focused on the economic rationale for gambling and its associated
consequences, clinicians, public health officials, and other researchers have examined the
determinants (e.g., substance use, mental disorders, individual characteristics) of problematic
gambling (e.g., clinical diagnosis of problem or pathological gambling). One such possible
determinant is alcohol, a psychoactive agent whose consumption has been associated with
impaired decision-making and increased risk-taking behaviors (Chesher and Greeley, 1989).
The consumption of alcohol can influence gambling choices, making individuals more (less)
likely to initiate (terminate) gambling and increasing the amount they are prepared to wager
in a particular gambling session. Specifically, alcohol consumption may inhibit the proper
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evaluation of the costs and benefits of gambling, impair the ability to understand the rules of
the game, and/or lead to an inflated confidence in the ability to win.

The literature suggests that higher rates of alcohol use are present among pathological gamblers
as compared to the general population (Cunningham-Williams et al., 1998; Maccallum and
Blaszczynski, 2002; Toneatto et al., 2002), problem gambling is more common among
individuals with alcohol use disorders as compared to those without such disorders (Grant et
al., 2002), alcohol use is a risk factor for pathological gambling (Welte et al., 2004b), and
gambling and excessive alcohol consumption are co-occurring activities (Elia and Jacobs,
1993).

Despite the sizable literature on alcohol use and gambling, several shortcomings limit the
interpretation of the findings for policy purposes. Much of the published research has relied
upon experimental or convenience samples (Baron and Dickerson, 1999; Breslin et al., 1999;
Kyngdon and Dickerson, 1999). Evidence from general population surveys suggests an
association between alcohol use and problematic gambling behaviors (Abbott and Volberg,
1992; Becona, 1992; Dickerson et al., 1994; National Opinion Research Center, 1999), but not
without exception (Welte et al., 2004a). As yet, however, no study has addressed the potential
endogeneity of alcohol use when estimating these gambling relationships. If alcohol use is
endogenous in the gambling equation due to omitted variables, self selection, or other causes,
then single-equation coefficient estimates will be biased. Furthermore, research studies have
rarely documented the relationship between alcohol use and gambling among moderate
drinkers and gamblers, focusing instead on individuals with addictions. The present study will
make an important contribution to the literature by addressing and overcoming potential
endogeneity bias through the use of a large, recent, and nationally representative dataset.

2. Conceptual Background

The present paper examines the relationship between alcohol use and gambling-related
problems at the level of the individual. This relationship, if it exists, may not be linear.
Infrequent light drinking is unlikely to directly cause gambling-related problems. On the other
hand, frequent heavy drinking means high exposure to the intoxicating effects of alcohol and
may also mean a corresponding engagement in risky gambling, which could lead to gambling-
related problems. One of the primary empirical questions of this research is whether the level
of alcohol consumption determines the extent to which drinkers place themselves at risk of
developing gambling-related problems. A secondary but related question is whether alcohol
consumption has an impact on the number of gambling-related problems for those individuals
who already suffer from such problems and whether this effect depends upon the level of
consumption.

One of the statistical challenges of deriving consistent estimates of these relationships is to
ensure that our alcohol use measures are not picking up the gambling-related effects of
unobservable or difficult-to-measure variables. If alcohol use is strictly exogenous in the
gambling equations, then single-equation methods will generate consistent estimates of the
true effect of alcohol consumption on gambling-related problems. If important variables are
unobservable or unintentionally omitted from the gambling equations that are correlated with
both alcohol consumption and gambling behavior (e.g., risk aversion, sensation seeking, peer
effects), then the estimates generated by such models will be biased. One way to overcome
this type of omitted variables bias is to employ simultaneous-equation models, such as recursive
bivariate probit models and their linear equivalent, that explicitly model the correlation of the
error terms in the alcohol and gambling equations. Our selected dataset contained state-specific
identifiers that allowed us to merge alcohol policies and other potential instruments into the
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core dataset. Detailed descriptions of our instruments and assessments of their reliability are
presented in later sections.

Another potential source of bias that cannot be addressed in this study is reverse causality. We
assume through our model that alcohol use occurs before gambling problems emerge or at least
that drinking raises the likelihood of problem gambling. However, it is certainly possible that
problem gambling could lead to alcohol use, particularly heavy consumption. While not a
panacea, both omitted variables bias and direction of causality could be investigated with
longitudinal data, but we are only able to address the former with cross-sectional data from the
NESARC (see data description that follows).

Given this conceptual background, we tested three hypotheses: 1) that alcohol use (measured
in three ways: weekly or more frequent drinking, drinking to intoxication, and alcohol abuse
and/or dependence) is associated with a higher probability of experiencing any gambling-
related problems and a larger number of problems, 2) that the associations are stronger for
alcohol abuse and/or dependence compared to weekly or more frequent drinking, and 3) that
alcohol use is endogenous in any model of gambling-related problems.

3.1. NESARC Survey

The dataset for this investigation was obtained from the National Epidemiological Survey on
Alcohol and Related Conditions (NESARC) Wave 1, a large and nationally representative
survey.l Respondents were asked fifteen questions on problems associated with gambling,
thereby permitting calculation of various gambling-related problem measures. Use of
simultaneous-equation modeling in conjunction with a large, detailed, and nationally
representative survey such as the NESARC allowed the current analysis to avoid some of the
pitfalls of previous research, such as failure to account for potential omitted variables bias and
questionable generalizability due to small and localized samples.

The first wave of the NESARC was advantageous for the current analysis because it provided
comprehensive data on alcohol consumption, gambling behaviors and associated problems,
geographic identifiers, and had a nationally representative design. Field work for the NESARC
was conducted by the U.S. Bureau of the Census on behalf of the National Institute on Alcohol
Abuse and Alcoholism (NIAAA). Wave 1 of the NESARC was a representative sample of the
U.S. population, including both citizens and non-citizens. A total of 43,093 respondents aged
18 to a top-coded age of 98 were interviewed face to face through computer-assisted personal
interviewing between August of 2001 and May of 2002. The overall survey response rate was
81 percent, which is comparable to other comorbidity surveys (Division of Health Interview
Statistics, National Center for Health Statistics, 2004). For additional information on sampling
frame, instrumentation, and key findings of the NESARC, see Grant et al. (2003).

Our analysis sample included individuals between the age of 18 and a top-coded age of 98
(inclusive). Respondents who did not provide valid responses to the items of interest were
excluded, resulting in a final sample size of 41,270. The conditional sample of individuals who
reported at least one gambling-related problem included 1,203 people.

1The NESARC instrument and all other documentation (including dataset) are in the public domain and available at:
http://niaaa.census.gov/.
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3.2. Measures

3.2.1. Gambling-Related Problems—Three measures of gambling-related problems were
examined in this study: a dichotomous variable for any gambling-related problems (scored 1
if the respondent reported having experienced any of the 15 gambling-related problems in the
past year and 0 otherwise), a count of the number of gambling-related problems, and a
conditional count of the number of gambling-related problems among affected respondents.2
The motivation for analyzing the conditional measure of gambling-related problems was a
desire to determine whether alcohol use has a differential impact on problem gambling severity
among those individuals who reported having experienced at least one problem. A second
motivation was a desire to estimate the full effect of alcohol use on gambling-related problems
by combining the estimates from both parts of the two-part model (the probit model of the
probability of any gambling problems and the conditional count model). These two-part model
estimates were then compared with the estimates from the unconditional count models to
determine whether the predictions were robust to functional form. This sensitivity analysis
showed that the estimates were almost identical; therefore, only the unconditional count model
estimates are presented.

3.2.2. Alcohol Use—The explanatory variables of interest were dichotomous measures of
alcohol consumption during the past year: consuming alcohol on a weekly or more frequent
basis (frequency), any self-reported drinking to intoxication (drunkenness), and a clinical
diagnosis of alcohol abuse and/or dependence. Although individuals who meet criteria for a
DSM diagnosis of alcohol abuse could be quite different from those who meet DSM diagnosis
for alcohol dependence (and those who have both diagnoses for that matter), we decided to
combine these groups into one category to increase sample size and power and limit the number
of alcohol use measures in the core analysis. These selected measures present a range of
drinking behaviors and reflect conventional alcohol use measures of the extant literature
(Cherpitel, 1999; Cherpitel et al., 2004; Leadley et al., 2000).

3.2.3. Control variables—The NESARC provided detailed socioeconomic and
demographic information on all respondents. This feature of the survey permitted the inclusion
of numerous controls for alcohol demand and gambling behavior identified within the
literature. Earlier studies have found that males and young adults are at higher risk for
problematic gambling relative to females and older adults (Welte et al., 2001; Welte et al.,
2004b). Schissel (2001) suggested that youth may gamble in response to their feelings of
disempowerment from society. Published research has associated various measures of
socioeconomic status, including education (Cunningham-Williams et al., 1998), employment
(Feigelman et al., 1998; Kearney, 2005b), and income (Kearney, 2005b) with problematic
gambling. Individuals with lower socioeconomic status may consider gambling a form of
investment (Weiss, 1988) and an escape from poverty (Schissel, 2001). Educational attainment
was operationalized by three binary measures: less than high school education, some post
secondary education, and a university degree (high school completion was selected as the
comparison group). A continuous measure of household equivalent income3 and a
dichotomous indicator of current employment were included as additional markers of
socioeconomic status. Race and ethnicity have also been identified as correlates of problematic
gambling (Welte et al., 2004b) because minorities demonstrate higher risk for this behavior.
Race and ethnicity indicators may capture aspects of socioeconomic status in addition to those
represented by education, income, and employment markers. Minorities in the U.S. have much

2Gambling-related problems ranged from “ever gamble to get out of a bad mood?” to “ever raise gambling money by writing a bad check,
signing someone else’s name to a check, stealing, cashing someone else’s check or in some other illegal way?” The full series of questions
is available from the corresponding author or the NESARC website. All gambling measures pertain to the past year.

Calculated using the Luxembourg Income Study equation for equivalent household income: total household income/(household
size)ll 2 http://www.lisproject.org/keyfigures/methods.htm [4/07/2006].
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lower net wealth relative to Whites: the U.S. Department of Commerce (2001) reported that
African American and Hispanic households possess only 1/7 of the net wealth of White
households. The current analysis included dichotomous indicators for African American and
other non-White races (White race was selected as the index category), a dummy variable for
Hispanic or Latino ethnicity, along with an adjustment for birth outside the U.S. Published
research suggests that non-married individuals are more likely to gamble (Feigelman et al.,
1998 Kearney, 2005b). Those who choose not to marry or to leave a marriage may face less
responsibility and therefore have more opportunity to gamble relative to married individuals
who mustalso consider the needs of their spouses and/or children. We therefore included binary
measures for single and divorced, separated, or widowed status. As a proxy for the real price
of gambling (e.g., costs associated with traveling to a gambling venue, social acceptability of
gambling), we included a dichotomous indicator of whether the state of residence had legal
casino gambling during the interview year (American Gaming Association, 2002 2003)-4

3.2.4. Instruments—After conducting numerous specification tests, we selected four
instrumental variables for the alcohol use measures: two state-specific alcohol policy measures,
respondent height, and per capita beer sales among the population aged 21 and older in the
state of residence. The state level alcohol policy measures were merged into our core dataset
from external sources and included restricted off-premises sale of alcohol on Sundays and any
exemption (family, location, or other) for underage alcohol possession (NIAAA Alcohol Policy
Information System, 2006). States that chose to restrict the off-premises sale of alcohol on
Sundays were expected to have a more conservative view of alcohol consumption while states
that permitted underage alcohol possession in specific circumstances were expected to have a
more liberal one. Height was self-reported by NESARC respondents and was included as an
exogenous factor related to one’s ability to metabolize alcohol.® Per capita beer sales were
included as a proxy measure for social attitudes and controls on alcohol consumption in a
particular state (Lakins et al., 2004). All four instrumental variables were hypothesized to be
significantly correlated with our measures of alcohol use and uncorrelated with our gambling
outcomes. Similar alcohol price and policy instruments for alcohol consumption have been
used within the published literature (e.g., Dee, 1999 Dee and Evans, 2003: Kenkel and Ribar,
1994 Mullahy and Sindelar, 1996: Sen 2002)-6

4. Methods

The empirical strategy was to first estimate a series of single-equation structural models of the
following form:

GRP=f(A,GP.X) (1)

where GRP is a measure of gambling-related problems, A is a measure of alcohol use, GP is
ameasure of gambling policies in the state of residence, and X is a vector of all other exogenous
variables. The function fis either linear or probit, depending on whether the dependent variable,
GRP, is continuous or dichotomous.

4we also experimented with several other proxy measures for the real price of gambling (e.g., legalized horse racing, legalized dog
racing), but these other measures were not significantly related to gambling problems.

We chose height over weight because the former is clearly exogenous.

We experimented with several other potential instruments, including the often-used state-specific excise tax on beer. All of the other
potential instruments exhibited lower validity and/or reliability than the selected instruments. Specific estimation results are available
upon request from the corresponding author.
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Although the specifications with conditional and unconditional number of gambling problems
perhaps would have been more appropriately estimated with a count data technique (e.g.,
Poisson, negative binomial), we employed OLS for the main set of analyses so that these single-
equation results would be directly comparable to the simultaneous-equation results presented
later. To ensure that the choice of estimation technique did not substantially alter the main
findings, we re-estimated all single-equation count models with the zero-inflated negative
binomial technique instead of OLS and found all results to be similar.” Estimation was
conducted with Stata 9 (StataCorp, 2005)-8 Stata is a powerful and flexible statistical package
that can handle complex survey designs, sampling weights, and clustering.

Estimation of single-equation models such as Equation (1) will be consistent if none of the
regressors are jointly determined with gambling-related problems. Theoretically, however,
there are reasons to believe that some or all of the alcohol use measures will be significantly
correlated with important omitted variables that are either unobservable (e.g., risk aversion,
discipline, addictive tendencies) or observable but not available in our selected dataset (e.g.,
financial obligations, personal and professional stress). If this omitted variables problem is
present, then the coefficient estimates for the alcohol use variables will be biased. Furthermore,
the direction of the bias would be theoretically indeterminate because it depends not only on
the nature of the omitted variable(s) but also on the correlations among the covariates (the bias
resulting from a single endogenous covariate can spread even to uncorrelated regressors).

Depending on the distribution of the gambling variables, we employed two related estimation
techniques to test for and, if present, overcome this potential bias. When the gambling variable
was dichotomous (i.e., any gambling-related problems), we used a recursive bivariate probit
technique to estimate GRP and A simultaneously:

GRP = =Bo+AB;+GPB+XB3+s, GRP=1 if GRP*>0, 0 otherwise, )
A = =yo+IVy+ Xy +v, A=1 if A*>0, 0 otherwise, (3)
El[e]=E[v]=0

Var| g|l=Var|v]=1

Covle,u]=p

where 1V represents exogenous instruments for alcohol use (i.e., individual height, restricted
off-premises sale of alcohol on Sundays, any exemption for underage alcohol possession, and
per capita beer sales), ¢ and v are disturbance terms for the gambling and alcohol use equations,
and all other variables are the same as defined earlier. Under the assumption that ¢ and v are
jointly normally distributed with means equal to zero, variance equal to one, and correlation

TThe full set of results is available upon request from the corresponding author.
We chose p<0.10 as the lowest threshold for statistical significance, but also denoted statistical significance at p<0.05 and p<0.01 in all

tables.
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equal to p, this system of equations can be estimated as a recursive bivariate probit model using
maximum likelihood methods.

Greene (2003) and others have shown that if p is not significantly different from zero, then the
above model reduces to independent probit equations, which can be estimated separately. If
the null hypothesis of p = 0 is rejected, then the recursive bivariate probit will generate
consistent estimates even when the same unobservable factors simultaneously influence
alcohol use and gambling-related problems. Although technically these models can be
estimated without any exclusion restrictions, the existence of valid instruments allows for
identification of the model without relying entirely on difficult to test assumptions about the
joint distribution of the error terms.

For the conditional and unconditional number of gambling-related problems, we employed a
treatment-effects regression model (Greene, 2003). The estimating equations are similar to
Equations (2) and (3) above, with the exception that GRP* is the (observed) number of
gambling-related problems (conditional or unconditional), which makes Equation (2) a linear
regression rather than a probit model. Similar to the recursive bivariate probit model, a test of
p = 0 can be performed to determine whether the single-equation estimate of the effect of
alcohol use on gambling-related problems is biased due to correlation of the error terms in the
two equations. To examine the validity of our instruments, we first estimated alcohol demand
equations of the following form:

Prob(A=1\IV, X)=0(a+IVB+X5) )

where @ is the cumulative normal distribution. We then performed »2 tests of the IV s to
determine whether these measures jointly predicted a significant amount of the variation in
alcohol use. Finally, we verified that our IV s were excludable from the gambling equations
by conducting overidentification tests (Bollen et al., 1995; Rashad and Kaestner, 2004).

After verifying the validity and reliability of the instruments, we estimated recursive bivariate
probit models with binary gambling measures and treatment-effects models with continuous
gambling measures. For comparability across models, we computed and reported marginal
regressor effects rather than coefficient estimates.9 We then tested the null hypothesis of p =
0 in all specifications. When the null hypothesis was rejected (i.e., when alcohol use was
endogenous), we emphasized the simultaneous-equation estimates. When the null hypothesis
could not be rejected (i.e., independent equations), we emphasized the single-equation
estimates.

Finally, Generalized Estimating Equations (GEE) with independent error structures were used
to adjust standard errors for potential clustering (correlation of the error terms) among
respondents living within the same state. For example, this method would account for shared
policy and social environments among geographically proximal inhabitants. We reran all
analyses using primary sampling units (PSUs) as the clusters instead of states. The results were
almost identical, and are available upon request. Sample weights provided within the dataset
were employed to adjust for survey design and to generate nationally representative estimates.

90ne can either compute marginal effects at the sample means for all other regressors or calculate a marginal effect for each observation
and then take the sample average of all individual marginal effects. Although the marginal effects presented in the tables were derived
through the first approach, we employed both methods, and the estimates were very similar in all cases. This was not an unexpected
result, as the two approaches converge at the same number as sample size increases (Greene, 2003).
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5. Results

Table 1 presents descriptive statistics for all variables included in the subsequent specifications.
Just over 3 percent (n=1,203) of the sample reported any gambling-related problems within
the past year. The mean number of gambling-related problems in the full sample was 0.069
(SD=0.520). Conditional on experiencing at least one gambling-related problem, the mean
number of problems was 2.275 (SD=1.988). Overall, 29.69 percent (n=11,450) of the sample
consumed alcohol at least once a week, 24.19 percent (n=9,050) reported some drinking to
intoxication, and 8.50 percent met the American Psychiatric Association (1994) definition of
alcohol abuse and/or dependence (n=3,196).

A full set of single-equation estimation results for weekly drinking and our three gambling
measures is reported in Table 2.10 Weekly or more frequent drinking was a positive and
statistically significant (p<0.01) predictor for the probability of any gambling-related problems
and the unconditional number of such problems. Quantitatively, this level of alcohol
consumption was associated with a 1.3 percentage point increase in the probability of any
gambling-related problems and 0.036 more problems. Although these marginal effects appear
rather small in absolute terms, the relative size is quite large given that only 3.0 percent of
respondents reported any such problems and that the unconditional average number of
problems was 0.069.

Several of the significant coefficient estimates for the control variables in Table 2 are
noteworthy. Legalized gambling and being male were positively and significantly related to
any gambling-related problems and the unconditional (but not the conditional) number of
problems. African Americans and other non-White races, and non-married individuals were
significantly more likely to have gambling-related problems than White and married
individuals, respectively. Foreign-born and highly educated individuals were significantly less
likely to have gambling-related problems than U.S.-born and less-educated individuals. The
state-specific unemployment rate was positively associated with the conditional and
unconditional number of gambling-related problems at conventional levels of significance. All
of these results are consistent with the existing literature.

Estimation results for the alcohol demand equations are contained in Table 3. The four
instruments described earlier were jointly significantly related to each of the three alcohol use
variables (p<0.01). Additionally, all instruments carried the expected signs, and two or more
instruments were independently predictive of our alcohol use measures (p<0.10) in each
specification.

To test the excludability of our instruments in the gambling equations, we followed Bollen et
al. (1995) and Rashad and Kaestner (2004).11 The test results indicated that the null hypothesis
(i.e., exclusion of the instruments from the gambling equation was valid) could be rejected in
only one of the nine specifications. Given the strong intuitive and statistical support for these
instruments, we proceeded with this instrument set in simultaneous-equation estimation.

The potential endogeneity of alcohol use in the gambling problem equations was examined
through likelihood ratio tests for p = 0. Estimation results rejected the null hypothesis of p =0
(i.e., the error terms in the alcohol and gambling equations are uncorrelated) in two of the three
recursive bivariate probit and one of the unconditional sample treatment effects regressions

10we chose p<0.10 as the threshold for statistical significance, but also note significance at p<0.05 and p<0.01 in Tables 2-4. Selected
estimation results for drinking to intoxication and alcohol abuse or dependence are contained in Table 4 and discussed later in the text.

The authors recommend including all but one instrument in the estimating equation (i.e., gambling-related problems) and using a Wald
statistic to test the joint significance of the remaining instruments. If these instruments are jointly significant in the estimating equation,
then the exclusionary restrictions are not valid.
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specifications. We failed, however, to reject the null hypothesis of p = 0 in all of the conditional
treatment-effects models, indicating that single-equation estimation was appropriate in these
cases. Given that single-equation estimation is the preferred approach in six out of nine
specifications, we do not report a full set of simultaneous-equation estimates among the main
tables.

The final set of results (Table 4) presents selected marginal effects for the alcohol use measures
in all single-equation and simultaneous-equation models. The purpose of this table is to show
how the estimates differ when endogeneity is addressed and to determine whether the effects
of alcohol use on gambling-related problems become more pronounced as the intensity of
drinking increases. Table 4 also contains test results for exogeneity and instrument reliability.
Based on these specification tests, the estimated marginal effect for alcohol use corresponding
to the most appropriate model is bolded in Table 4.

It is interesting to note that while p is not significantly different from zero in all specifications,
the sign is always negative. A negative value for p in the recursive bivariate probit models
signifies that the error terms (residual) in the alcohol use and problem gambling equations are
negatively correlated. In other words, this would occur if important unobserved and/or omitted
variables in each equation were negatively related or had an opposite effect on the dependent
variables. One possibility here is that some sensation-seeking personality traits that are
positively associated with problem gambling are negatively related to heavy drinking
Similarly, some reclusive personality traits associated with a greater probability of problem
drinking may be negatively related to gambling problems. Because one can also propose
plausible reasons for why the correlation among error terms could be positive, it is difficult to
strongly argue for the sign of p a priori.

Table 4 demonstrates that although the sign and significance of the alcohol use estimates were
generally similar for the single-equation and simultaneous-equation models, the single-
equation estimates were often smaller in magnitude. In addition, the set of estimates within a
particular problem gambling measure became larger in magnitude as the intensity of drinking
increased. The significant positive effects of the alcohol use measures on gambling-related
problems confirm our earlier hypothesis that problem gambling and problem drinking are
complementary activities.

6. Discussion

This research makes a unique contribution to the gambling literature in the U.S. because it is
the first study to employ rigorous econometric techniques and a nationally representative
sample to examine the effect of alcohol use on gambling-related problems. The inclusion of a
range of alcohol-use and gambling measures also constitutes an important advancement for
the field. Geographic identifiers permitted the analysis to address the potential endogeneity of
alcohol use in the gambling-related problems equations. Both single-equation and
simultaneous-equation models were employed, and findings were compared across models.

The empirical analysis supported two of our three hypotheses. Alcohol consumption was
positively associated with the likelihood of experiencing any gambling-related problems and
with the number of problems experienced. In addition, the estimated effect became larger as
drinking increased (i.e., the marginal effects were generally larger for alcohol abuse and/or
dependence than for weekly or more frequent alcohol use). Finally, contrary to our
expectations, we failed to reject the null hypothesis of exogenous alcohol use in the majority
(six out of nine) of specifications.12

As with any empirical study, one must acknowledge and understand the limitations of the data
in order to properly interpret the findings. First, NESARC respondents self-reported their
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gambling behavior and associated problems, so these measures have unknown reliability. The
existence of such misreporting within our sample is impossible to determine, but the likely
impact (if present) is lower coefficient estimates. The fact that the results were generally
statistically significant suggests that the findings are robust.

Second, it is often noted in this type of research that the alcohol consumption measures are
also self-reported, which raises questions about reliability. While this issue cannot be
completely resolved, the published literature on this topic suggests that self-reported alcohol
consumption measures are reliable for use in statistical analyses (Del Boca and Darkes,
2003; Friesema et al., 2004; Lintonen et al., 2004; Townshend and Duka, 2002).

Third, we are not able to examine the temporal order of events with gambling and alcohol use
due to the cross-sectional nature of the NESARC data. As a result, we assume that problem
alcohol use predates problem gambling, but the reverse could be true or these behaviors could
begin simultaneously. While correcting for one form of possible endogeneity (omitted
variables bias) through techniques such as bivariate probit and treatment effect regression
moves the analysis closer to identifying causal effects, reverse causality is still a possible
concern in the final analysis. Thus, we want to emphasize that results demonstrate a strong
positive association between problem drinking and gambling rather than causality per se.

These data limitations appear minor when compared to the research strengths of the NESARC.
The NESARC is recently collected (2001/2002) and, with over 43,000 observations, represents
one of the largest alcohol related surveys ever conducted in the U.S. Furthermore, it contains
geographic identifiers, has a nationally representative design, features a group quarters
sampling frame, and over-samples many previously understudied minority groups.

In current policy debates concerning the rise in the popularity of gambling and associated social
consequences, the focus is typically placed on government regulation of gambling venues.
Given the strong relationships identified in this research between alcohol consumption and
gambling, alcohol policies (e.g., beverage taxes, restrictions on availability of alcohol in
gambling establishments) could represent another potential target area in the battle against
gambling-related problems. Federal and state governments have used their influence over
alcohol advertising, distribution, and prices to combat the most visible harms associated with
excessive alcohol consumption, such as motor vehicle accidents and alcoholism. Our analysis
suggests that these policies may have important indirect effects on the prevalence and number
of gambling-related problems as well.
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Table 1
Variable Means and Proportions (N=41,270)
Variable Means and Proportions
Gambling Variables
Any gambling related problems past year (%) 3.02
Number of gambling related problems past year 0.069 (0.520)
Conditional number of gambling related problems past year 2.275 (1.988)
Legalized casinos in state of residence (%) 58.81
Alcohol Variables
Weekly or more frequent drinking past year (%) 29.69
Any drinking to intoxication past year (%) 24.19
Alcohol abuse and/or dependence past year (%) 8.50
Instruments
Height (inches) 67.03 (4.082)
Off-premises sales of alcohol restricted on Sundays (%) 35.75
Any exemption for underage alcohol (%) 73.41
Per capita beer sales (gallons) 1.401 (0.212)
Socio-demographics
Male (%) 47.78
Age (years) 45.22 (17.64)
African American (%) 11.01
Other race except White (%) 6.45
Hispanic (%) 11.48
Foreign born (%) 14.51
Divorced/Separated/Widowed (%) 17.37
Single (%) 20.58
High school education (%) 29.31
Some post-secondary education (%) 30.28
University degree (%) 24.93
Currently employed (%) 64.97
Currently unemployed (%) 6.50
Past year equivalent income ($1,000s) 1.235 (2.605)

Notes: Standard deviations are reported in parentheses for continuous variables. All estimates are calculated using sampling weights provided in the
NESARC.
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Table 2
Single-Equation Estimation Results for Gambling Outcomes Past Year

Number of Gambling- Number of Gambling-
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Any Gambling Related Related Problems Related Problems
Explanatory Variables Problems? (conditional) (unconditional)c
Baseline Means/Proportions 0.030 2.275 0.069
Weekly or more frequent drinking 0,013*** 0.041 0.036***
[0.009,0.018] [-0.214,0.296] [0.021,0.051]
Legalized casinos in state of residence 0.008™" -0.062 0.016"
[0.002,0.014] [-0.312,0.187] [-0.001,0.033]
Male 0.016" " -0.083 0036
[0.011,0.020] [-0.357,0.192] [0.024,0.048]
Age 0.0004 0.018 0.001
[-0.0002,0.001] [-0.025,0.061] [-0.001,0.003]
Age squared 0.000" -0.026 -0.001
[-0,00i,-0,00004] [-0.071,0.019] [-0.003,0.0005]
African American 0.007™" 0.367" 0.033""
[0.001,0.013] [-0.052,0.787] [0.009,0.056]
Other race except White 0.0147 0.286 0.0417"
[0.001,0.027] [-0.268,0.839] [0.007,0.075]
Hispanic -0.006** 0.046 -0.013
[-0.011,-0.0004] [-0.331,0.424] [-0.030,0.004]
Foreign born .0_013*** 0.079 .0,032***
[-0.018,-0.007] [-0.514,0.671] [-0.055,-0.009]
Divorced/Separated/Widowed 0,007** 0,342* 0.026**
[0.001,0.013] [-0.028,0.713] [0.004,0.048]
Single 0.007"" 0.364" 0.029™"
[0.003,0.012] [-0.027,0.756] [0.010,0.049]
High school education -0.002 -0.090 -0.011
[-0.009,0.004] [-0.463,0.283] [-0.033,0.011]
Some post-secondary education -0.006* -0.220 .0,024**
[-0.013,0.001] [-0.593,0.154] [-0.048,-0.001]
University degree -0.016*** -0.215 .0,050***
[-0.023,-0.009] [-0.617,0.188] [-0.076,-0.024]
Currently employed 0.003 0.159 0.010
[-0.003,0.009] [-0.274,0.593] [-0.008,0.029]
Currently unemployed 0.009 0.506" 0.046""
[-0.003,0.021] [-0.042,1.054] [0.005,0.087]
Past year equivalent income ($1,000s) 0.0002 -0.023 0.0001
[-0.0002,0.001] [-0.052,0.005] [-0.001,0.002]
N 41,270 1,203 41,270

a_ . . . - . . ] . .
Estimated with probit. Coefficients are marginal effects and were estimated at mean values for other regressors. 95% confidence intervals in parentheses.

Estimated with OLS. Sample includes respondents who experienced one or more gambling-related problems within the past year. 95% confidence

intervals in brackets.

CEstimated with OLS. 95% confidence intervals in brackets.

*
Statistically significant, p <0.10;
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*
Statistically significant, p < 0.05;

Fok

3
Statistically significant, p < 0.01.
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Table 3
Estimation Results for Alcohol Use during the Past Year (N=41,270)
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Weekly or more Any Drinking to Alcohol Abuse and/or
Explanatory Variables Frequent Drinking Intoxication Dependence
Baseline Proportions 0.297 0.242 0.085
Instruments
Height (inches) 0.005" 0.002"" 0.00"™"
[0.003,0.007] [0.0003,0.004] [0.0004,0.002]
Alcohol purchase banned on Sundays .0_024* -0.009 0.004
[-0.050,0.003] [-0.031,0.013] [-0.006,0.013]
Any exe_:mption for underage alcohol 0,034* 0,037*** 0.007
possession [-0.001,0.068] [0.016,0.058] [-0.001,0.015]
Per capita beer sales (10,000s) 0.015 0.048** 0.027***
[-0.032,0.062] [0.006,0.089] [0.011,0.043]
Other Explanatory Variables
Male 0153 0.080""" 0.052"""
[0.138,0.168] [0.063,0.097] [0.044,0.060]
Age 0.004™" -0.007"" -0.001
[0.002,0.006] [-0.010,-0.005] [-0.002,0.001]
Age squared 20.005" -0.001 20.002°
[-0.007,-0.003] [-0.003,0.001] [-0.003,-0.001]
African American .0,072*** .0_103*** -0.026***
[-0.091,-0.055] [-0.117,-0.089] [-0.034,-0.019]
Other race except White .0,103*** -0.067*** -0.006
[-0.133,-0.074] [-0.096,-0.037] [-0.022,0.009]
Hispanic -0.058™"" -0.054™"" -0.009™"
[-0.077,-0.038] [-0.073,-0.035] [-0.017,-0.001]
. *kk *kk *kk
Foreign born -0.050 -0.103 -0.034
[-0.075,-0.025] [-0.116,-0.089] [-0.040,-0.027]
Divorced/Separated/Widowed 0.031™" 0.066" 0057
[0.015,0.046] [0.048,0.084] [0.045,0.069]
Single 0032 0030 0.034™™"
[0.013,0.051] [0.016,0.045] [0.025,0.043]
High school education 0.050*** 0.015 -0.005
[0.034,0.066] [-0.004,0.034] [-0.013,0.003]
Some post-secondary education 0.086*** 0,043*** 0.003
[0.067,0.105] [0.030,0.066] [-0.005,0.011]
University degree 0.158"" 0.060"" 0,013
[0.136,0.181] [0.039,0.081] [-0.023,-0.002]
Currently employed 0.024™" 0.049" 0.014™"
[0.012,0.037] [0.033,0.064] [0.006,0.023]
Currently unemployed -0.021 0.061"" 0.022""
[-0.049,0.006] [0.036,0.085] [0.005,0.038]
Past year equivalent income ($1,000s) 0.0137" 0005 " 0,001
[0.009,0.017] [0.002,0.007] [0.0003,0.002]
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Weekly or more Any Drinking to Alcohol Abuse and/or
Explanatory Variables Frequent Drinking Intoxication Dependence
Xz test for joint significance of the 38187 2169 18.05""

instruments

Note: All coefficient estimates are marginal effects and are estimated at mean values for other regressors. 95% confidence intervals in brackets.

*
Statistically significant, p <0.10;

*

3
Statistically significant, p < 0.05;

Fok

3
Statistically significant, p < 0.01.

Drug Alcohol Depend. Author manuscript; available in PMC 2009 July 14.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

French et al. Page 20

Table 4
Selected Estimation Results for Gambling Outcomes Past Year

Number of Gambling- Number of Gambling-
Any Gambling Related Related Problems Related Problems
Explanatory Variables Problems? (conditional) (unconditional)c
Baseline Means/Proportions 0.030 2.275 0.069

Weekly or more frequent drinking

Single-equation estimation 00137 0.041 0036
[0.009,0.018] [-0.214,0.296] [0.021,0.051]
Simultaneous-equation estimation 0.065" 0.133 0.0447"*
[0.001,0.128] [-1.147,1.413] [0.020,0.067]
Wald test for independent equations -0.299™" -0.029 -0.009
[-0.535,-0.020] [-0.386,0.336] [-0.043,0.016]
Wald test for exclusion restrictions® 3.32 3.04 6.19

Any drinking to intoxication

Single-equation estimation 0,021 0.442"" 0.070""
[0.015,0.028] [0.093,0.791] [0.050,0.089]
Simultaneous-equation estimation 0.066" 0.345 0.079""
[0.004,0.128] [-0.188,0.879] [0.060,0.098]
Wald test for independent equations 20.240" 0.030 -0.011"
[-0.461,0.009] [-0.093,0.152] [-0.023,0.002]
Wald test for exclusion restrictions® 3.25 3.20 6.05

Alcohol abuse and/or dependence

Single-equation estimation 0.044™* 05707 0162
[0.032,0.056] [0.222,0.917] [0.124,0.200]
Simultaneous-equation estimation 0.029 0.495* 0.166***
[-0.039,0.097] [-0.38,1.028] [0.129,0.204]
Wald test for independent equations 0.070 0.023 -0.004
[-0.269,0.393] [-0.077,0.122] [-0.012,0.003]
Wald test for exclusion restrictions® 3.82 3.48 8.00™"
Observations 41,270 1,203 41,270

Notes: All coefficient estimates are marginal effects and were estimated at mean values for other regressors. All specifications include the same list of
covariates as in Table 2. Bolded coefficient estimates correspond to the preferred model (single-equation or simultaneous-equation) based on the
specification tests. 95% confidence intervals in brackets.

a_ . . S . A S L . L
Estimated with probit in single-equation estimation and recursive bivariate probit in simultaneous-equation estimation.

Estimated with OLS in single-equation estimation and a treatment effects regression model in simultaneous-equation estimation. Sample includes
respondents who experienced one or more gambling-related problems within the past year.

Estimated with OLS in single-equation estimation and treatment effects regression in simultaneous-equation estimation.

Just identified models were estimated following Bollen, Guilkey, and Mroz (1995) and Rashad and Kaestner (2004). The tests were preformed multiple
times with each instrument selected as the excluded instrument. The most conservative test results (i.e., smallest p-values) are reported.

Drug Alcohol Depend. Author manuscript; available in PMC 2009 July 14.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

French et al.

*
Statistically significant, p <0.10;

*

*
Statistically significant, p < 0.05;

Fok

3
Statistically significant, p < 0.01.
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