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Abstract
This multilevel study examined whether state-level variations
existed in the prevalence of regular alcohol use in the US after
controlling for individual characteristics, evaluating the contribution
of both individual socio-economic status, and state economic and
alcohol policy in explaining alcohol use behavior using data from
the 2001-2002 National Epidemiologic Survey on Alcohol and
Related Conditions and data from the U.S. Census and National
Institute of Alcohol Abuse and Alcoholism State Policy System.
When controlled for individual-level variables, state poverty level,
Sunday alcohol sales, states with higher per capita ethanol sales
were associated with individual alcohol use. Over and above
the individual characteristics, state-level predictors explained a
considerable proportion of state variance and had an impact on
individuals’ propensities to use alcohol regularly. This implies
that both individual characteristics and state conditions were
independently associated with alcohol use behavior.

drinking [6]. There has also been increasing attention to the ways
neighborhood environments may influence alcohol consumption and
alcohol-related health problems [7]. A large body of literature shows
that alcohol availability is positively related to consumption. Alcohol
consumption is influenced by the cultural context of drinking and
the level of integration of alcohol in the society [8]. Ecological studies
find alcohol-related outcomes occurring disproportionately in
neighborhoods with high alcohol outlet density. However, it appears
that an effect of outlet densities on alcohol-related outcomes operates
through effects at the neighborhood rather than the individual level
[9].

Contextual variables are important determinants of health even
after accounting for differences in individual-level characteristics
[1-3]. However, research into the determinants of health has often
focused on individuals, ignoring social context.

Cumulative and compelling evidence suggests that alcoholrelated harm can be substantially reduced through public healthoriented alcohol policies. Evidence of effectiveness is strongest
for measures that regulate the availability of alcoholic beverages,
including pricing/taxation and restrictions on sales. Such measures
have the potential to affect both consumption levels and drinking
behavior [10]. Increased alcohol taxes, and therefore increased price,
can reduce the demand for alcohol. Moreover, specific deterrence
laws, including those concerning blood alcohol content (BAC) and
the National Minimum Drinking Age Act, have been created to
reduce traffic fatalities caused by driving under the influence (DUI)
[7]. Stringent alcohol-related laws that are strictly enforced can
reduce alcohol consumption at the individual level. Cross-sectional
variation in beer taxes or prices is negatively related to teen alcohol
use; therefore, tax increases would generate substantial reductions in
teen drinking [11-13]. In a national sample, higher state beer tax was
significantly associated with lower prevalence of alcohol dependence
symptoms among both men and women [14]. However, this study
found that state income inequality does not increase the prevalence
of alcohol dependence or dependence symptoms.

In most developed nations, higher individual-level socioeconomic
position is associated with increased rates of drinking [4] In addition
to individual-level socioeconomic status, there is growing consensus
that area-level socioeconomic disadvantages may also play an
important role in alcohol consumption [5] including increased
prevalence of drinking during recessions. An increase of 5 percentage
points in the unemployment rate induced an 8 % increase in binge

Though a few studies took into account the dependence of
alcohol use behavior on neighborhood context, these studies
neglected to determine whether variations exist between contexts,
and whether context should be considered in seeking to understand
variation of individual alcohol use behavior. The development
of multilevel modeling techniques has created a mechanism for
measuring associations of contextual factors on health outcomes,

Our results showed that state socio-economic conditions and state
alcohol policy were as important as individual-level characteristics
in explaining alcohol use in the U.S. Policies aimed at reducing
alcohol use may be more effective if they address both situational
and individual factors.
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while providing a robust method of analyzing hierarchical clustered
data [15]. Over the past few years, interest in the use of multilevel
analysis to investigate public health problems has grown [16]. To
date, few studies of nationally representative U.S. samples have used
state-level information to address relationships of state policy and
economic conditions to alcohol use behavior.
There are large state to state differences in important social,
economic and health indicators. Importantly, states have primary
legal responsibility for regulating the sale and consumption of
alcoholic beverages as provided by the 21st Amendment to the U.S.
Constitution [17]. Many states regulate the number of different
types of alcoholic beverage licenses according to factors including
community population sizes.
The purpose of this study was to examine state clustering and
associations of both individual and state characteristics with variability
of alcohol use behavior in a multilevel modeling framework. The
specific analytic goals were: (i) to examine variations in prevalences
of regular alcohol use in the United States; (ii) to determine whether
state variation is explained by individual characteristics; (iii) to
examine whether state-level socioeconomic environment and state
alcohol policies were associated with individual alcohol use behavior,
after controlling for the characteristics of individual residents; and
(iv) to explore whether state-level variations in alcohol use behavior
diverged from what would be expected on the basis of individual
characteristics and state socioeconomic and policy environments,
and examine states in which alcohol use prevalences deviated from
expectation.

Materials and Methods
Data
The 2001–2002 National Epidemiologic Survey on Alcohol
and Related Conditions (NESARC) is a representative sample of
the USA, conducted by National Institute of Alcohol Abuse and
Alcoholism (NIAAA), as described elsewhere [18,19]. The NESARC’s
target population was the civilian non-institutionalized population
residing in households and group quarters, 18 years and older. Faceto-face interviews were conducted with 43,093 respondents, with a
response rate of 81%. Blacks, Hispanics and young adults (aged 1824 years) were oversampled, with data adjusted for oversampling
and household- and person-level non-response. These analyses were
based on past year regular alcohol use status among current drinkers
(26,946 respondents) nested within 50 states and DC. US State level
data were obtained from the U.S. Bureau of Census and the NIAAA
Alcohol Policy Project.

Response Variable
The response variable was “regular alcohol use status” based on a
single question in the NESARC: “During the last 12 months, did you
have a total of at least 12 drinks of any kind of alcohol?” Responses to
this question were coded 1= yes, 0 = no.

Independent Variables
At the individual level, we included key socio-demographic
(age, gender, and race or ethnicity) and socioeconomic (education
and income) variables. Age was centered to the grand mean. Four
dummy variables were created to describe race/ethnicity, with nonHispanic whites constituting the referent group. Educational status
was dichotomized as less than high school vs. high school or more.
Family income was categorized as lower and higher than median
income.
Five state-level variables were included - three describing
socioeconomic status and two describing specific alcohol policies. We

used the percentage of the population living below the federal poverty
line from the 2000 census as a measure of state’s economic position.
The poverty rate seems to be a robust correlate across diseases and
geographic locations and carries potential policy implications [20]. It
is argued that unequal societies could have adverse consequences for
individual health and postulated to be an impact of a society’s income
distribution on individuals’ health [21]. Other indicators of state
economic conditions were the percentage of the population without
health insurance, obtained from the U.S. Census Bureau’s Current
Population Survey [22] Average (over 1991-2000) state-level percapita ethanol consumption was included from alcohol sales data.
These variables were centered to their grand means.
Two state-level policy variables, bans on off-premises Sunday sales
and insurers’ liability for losses due to intoxication, were obtained
from the NIAAA-sponsored Alcohol Policy Project. Most states place
limits on the days and times when alcohol may be sold, restrictions
varying widely across jurisdiction. The “bans on Sunday alcohol
sales” variable was dichotomized (1 = Ban on Sunday, 0 = No). In
1950, the National Association of Insurance Commissioners (NAIC)
developed a model law entitled the Uniform Accident and Sickness
Policy Provision Law (UPPL) under which the insurer is not liable for
losses sustained as consequences of the insured being intoxicated or
under the influence of any narcotic unless administered on the advice
of a physician. Most state statutes and regulations that either permit
or prohibit this exclusion apply to health insurance. Laws in some
jurisdictions also apply to accident, long-term care, disability, and/or
life insurance. The ‘denial of insurance liability law’ variable was also
dichotomized (1 = prohibited, 0 = permitted).

Statistical Analysis
Multilevel logistic regression models were fit to estimate
associations of the individual–level sociodemographic characteristics
and state-level (contextual) socioeconomic and policy characteristics
with alcohol consumption behavior. The basic model we used in this
study was the two–level random intercept model in the following
form:
log [pij/(1- pij)] = β0 + β1x1ij + . . . + βmxmij + βnsnj + . . . βqsqj + μ0j + eij
where pij is the probability of regular alcohol use for the ith
individual in the jth state. The xs are individual-level explanatory
variables, and the ss are state–level explanatory variables. β0 is the
overall mean probability of regular alcohol use. β1 . . . βq denote a set
of fixed effects associated with the q explanatory variables (the xs and
ss). The random effect eij and μ0j are assumed to have a mean of 0, to be
mutually independent, and to have variances var(eij) = σe2 and var(μ0j)
= σμ2. The random effects μ0j can be regarded as shrunken residual1 at
the state level, or state effects that are left unexplained by independent
predictor variables. The level one residual eij is constant across the
state. In this model, the intercept β0 + μ0j vary across states but the
effects of xs and ss are the same (fixed) for each state [23,24].
To assess the degree of state level clustering in the outcome
variable, the intra-class (or intra-state) correlation was estimated
using the following formula:
ISC = σμ2/( σμ2 + σe2 )
where σμ2 denotes state-level variance and σe2 denotes individual-level
variance, with this latter variance set to π2/3 (variance of the standard
logistic distribution) [24]. Although the ISC is only a function of the
state level variance and does not directly depend on the prevalence of the
outcome, this correlation can be interpreted in two ways: (i) it quantifies
the degree to which individual alcohol use behavior is clustered within
states, and (ii) it is also the proportion of the total unexplained variance
of the outcome that is between states [24,25].
We also used the MOR (Median odds ratio) which measures state

Shrunken residual is calculated by weighting the raw residual with reliability factor.
μ 0j = a shrinkage factor x raw residual for state j
μ 0j = [σμ2/( σμ2 + σe2 /nj)] r+j
where nj = number of respondent in state j and r+j =raw residual
1
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Table 1: Results of the multilevel logistic models for current regular drinking status in the United States (N = 26,946)
Null model

Model with individual factors

Model with individual and state factors

Model 1

Model 2

Model 3

(Base Model)

(Interim Model)

Estimate (SE)

Estimate (SE)

0.083 (0.056)

-0.787 (0.071)

(Final Model)
OR

95 % CI

Estimate (SE)

OR

95% CI

Fixed effects
Constant

-0.062 (0.141)

Individual predictors
Age (centered around 46)

-0.024 (0.002)

0.976

0.972 - 0.980

-0.023 (0.002)

0.977

0.973 - 0.981

0.830 (0.033)

2.293

2.150 - 2.447

0.819 (0.034)

2.268

2.122 - 2.425

Black

-0.551 (0.074)

0.576

0.499 - 0.666

-0.545 (0.073)

0.580

0.503 - 0.669

American Indian

-0.324 (0.127)

0.723

0.564 - 0.928

-0.319 (0.128)

0.727

0.566 - 0.934

Asian

-1.187 (0.101)

0.305

0.250 - 0.372

-1.170 (0.099)

0.310

0.256 - 0.377

Hispanic

-0.415 (0.057)

0.660

0.591 - 0.738

-0.409 (0.058)

0.664

0.593 - 0.744

0.688 (0.041)

1.990

1.837 - 2.156

0.679 (0.043)

1.972

1.813 - 2.145

-0.008 (0.034)

0.992

0.928 - 1.060

-0.008 (0.034)

0.992

0.928 - 1.060

Gender (Female: Ref)
Male
Race (White: Ref)

Education (Less than high school: Ref)
High school or more
Family income (Less than $35,000: Ref)
More than $35,000
State predictors
% under poverty (centered around 12)

-0.068 (0.011)

0.934

0.914 - 0.955

% with no insurance (centered around 15)

0.005 (0.010)

1.005

0.986 - 1.025

0.387 (0.079)

1.473

1.261 - 1.719

-0.186 (0.087)

0.830

0.700 - 0.985

0.106 (0.082)

1.112

0.986 - 1.025

State-level per capita alcohol consumption
(centered around 2.22 gallons)
Bans on Sunday alcohol sale (No: Ref)
Yes
Denial of insurance liability (Permitted: Ref)
Prohibited
Random effects
State-level variance (SE)

0.158 (0.029)

0.161 (0.030)

0.059 (0.011)

Wald test: chi-square with 1 df (Prob)

30.50 (0.000)

29.03 (0.000)

30.47 (0.000)

Median Odds Ratio (MOR)

1.461

1.466

1.261

Intra-state correlation [ISC]

0.046

0.047

0.018

SE = Standard error, OR = Odds ratio, CI = Confidence intervals, df = Degrees of freedom

variance on odds ratio (OR) scale [26]. If the MOR is equal to 1 (no
state level variance), there is no difference between the states regarding
alcohol use. Conversely, the higher the MOR, the more important the
state effects for understanding the individual probability of alcohol
use. The MOR is statistically independent of the prevalence of the
phenomenon and can easily be computed in the null model as well as
in more elaborate models using the formula:
MOR = exp [√(2σμ2) 0.6745], where σμ2 is state-level variance and
0.6745 is the 75th percentile of the standard normal distribution with
mean zero and variance one.
This analysis employed a sequential approach for model building.
We first estimated a ‘‘null’’ or base model (model 1), which only included
a random intercept and allowed us to detect the existence of a possible
contextual dimension. This null or empty model also provided the basis
for further comparison of the state variations. We used the state-level
variance σμ2, MOR as well as the ISC to measure these state variations.

To investigate whether state variability resulted from individual
level factors, we next examined whether the state-level variance
σμ2 decreased when individual variables were introduced into the
model (model 2). Finally we added the state variables (model 3) to
investigate whether this contextual phenomenon reflected specific
state characteristics and whether state variations remained statistically
different from zero in this final model.

Parameters were estimated using the iterative generalized least
squares (IGLS) and 2nd order penalized quasi-likelihood (PQL)
using MLwiN version 2.29 [27].

Results
Among current drinkers, 48 percent were regular drinkers who
drank at least 12 alcoholic drinks in the preceding year (13,012 out
of 20,836).

Fixed effects
Table 1 summarizes the results of the multilevel logistic models
for regular alcohol drinking status in the US. Converting the logit
estimates from the null model (first model), we found that prevalence
of alcohol use was 52% (95% predicted interval2 was 33% to 70%)
across all US states. The reference group in model 2 (containing
individual level variables) was around 46 year-old, white, female,
with the less than high school education and less than $35,000
family income. For this group, the prevalence of alcohol use was 31%
(95% predicted interval 17% to 50%). Results for both models (one
with individual factors; the other with individual plus state factors)
showed that age is linearly and negatively associated with alcohol
use. Significant sex differences were observed, with men more likely
to be drinkers than women. A statistically significant association was
observed with race/ethnicity, the probability of regular drinking for
non-white groups significantly lower than for non-Hispanic whites.
In addition, respondents with higher levels of education were about
twice as likely (OR = 1.99; CI = 1.84 - 2.16) to be regular drinkers as
respondents who had not finished high school. Family income was
not significantly associated with alcohol use.
The final model assessed associations of state socioeconomic

2
The formula for 95% predicted interval [28]: α ± 1.96 √ σμ2 where α is the logit parameter and σμ2 is state variance. Logits can also be converted
to proportion by the following formula: exp (logit)/[1 + exp (logit)].
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and policy variables on individuals’ alcohol use behavior. Inclusion
of state-level variables had little impact on parameter estimates for
the individual-level variables (Table 1). State economic condition
(percentage of population below poverty) was negatively associated
with alcohol use (Table 1). Percentage of population without health
insurance was not related to alcohol use behavior. As expected,
propensity toward individual regular alcohol use was significantly
higher in states with higher aggregate consumption. Residents of
states with Sunday alcohol sales bans were less likely to consume
alcohol regularly than respondents living in states where Sunday
alcohol sales are permitted (OR = 0.83, CI = 0.70 - 0.99). State laws
concerning insurer liability for health and sickness losses due to
intoxication were not associated with alcohol use behavior.

Random effects
The bottom of Table 1 presents state-level random effects,
measured indirectly from their variances. The null model (model 1)
that took account of the state clustering revealed significant variation
in alcohol use (σμ2 =0.158) between states. Controlling for individual
age, sex, race, education and income did not eliminate state clustering
in alcohol use (Table 1, model 2). However, adding state socioeconomic and policy variables (model 3) decreased the state-level
variance by more than 60 percentage points. The relative contribution
of individual- and state-level variables to the explanation for statelevel variance of alcohol use (comparison of full model with null
model) was 63% ([0.158-0.059]/0.158 × 100).
The median odds ratio (MOR) in models 1 and 2 in Table 1
suggests that a respondent might increase his or her propensity to
regularly drink alcohol by about 47% (MOR =1.47) by moving to
a state with a higher rate of alcohol use. The intra-state correlation
(ISC) in alcohol use was 0.05 in models 1 and 2. The MOR was
reduced to 1.26 and ISC to 0.02 when state-level characteristics
were included in the model, indicating a sizable reduction in the
proportion of unexplained between-state variance of current alcohol
use accounted for by state-level predictor variables. Nevertheless,
although the (unexplained) state-level variance was reduced when
state-level variables were included in the model, the remaining statelevel variance still differed significantly from zero.

Clustering effect: Analysis of residuals
The state-level residuals can provide a very useful conduit for
discussion with policy makers. Residuals represent departures of
each state from average alcohol use, predicted by the fixed part of
the multilevel model. Before we performed the residual analysis, we
examined the crude distribution of alcohol use behavior in the US from
NESARC sample. Figure 1 maps3 the observed (crude) percentage
distribution of alcohol users (individuals who drank at least 12 drinks
in the past year) by state, showing notable concentrations of low
alcohol use in the Southern region (Bible belt states) and high alcohol
use in West and Midwest states.
We next examined states with significantly higher or lower
rates of regular alcohol use after individual characteristics and state
socioeconomic and policy variables had been accounted for. For
the purpose of this analysis, a state-level residual which was positive
had higher levels of reported alcohol use than was predicted by the
multilevel model, i.e. a “high-prevalence” state. Conversely, a negative
state-level residual indicated lower levels of reported regular alcohol
use than expected, i.e., a “low-prevalence” state. The estimated state
effect was regarded as significant if the coefficients differed from
zero for more than 1.96 times of its standard deviation (approximate
simultaneous 95% confidence interval). Any residual that was not
significant included zero in their simultaneous 95% confidence
intervals.
Figure 2a shows the residual analysis of alcohol use illustrated
on the map for the base (null) model with no information about
individual-level characteristics, showing 16 negative (low prevalence)
and 7 positive (high prevalence) residuals. The base model appears
to highlight geographical distribution of current regular alcohol use.
States with high negative residuals, indicating low prevalence, were
generally found in the South. States with high positive residuals,
indicating high levels of alcohol use, were located in the Midwest
(Minnesota, Wisconsin), West (Washington, Oregon, and Colorado),
and Northeast (Massachusetts, New Hampshire).
Figure 2b shows that the residuals for the interim model
(individual characteristics as fixed effects) had 13 negative and 10

Observed Distribution of Regular Alcohol Users
First quartile (< 39 percent)
Third quartiles (47-50 percent)

Second quartile (39-46 percent)
Fourth quartile (>51 percent)

Figure 1: Spatial distribution of observed regular alcohol use by states.

All maps depicted in this paper were made using Proc gmap procedure in SAS software.
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A

State-level Residuals (Base or Null Model)
Negative (Low Prevalence)
Not Significant
Positive (High Prevalence)
B

State-level Residuals (Interim Model)
Negative (Low Prevalence)
Not Significant
Positive (High Prevalence)
Figure 2: US Map of the Estimated State Effects on Alcohol Use Based on Approximate Simultaneous 95% Confidence Interval (Residual Analysis). (a) Null
(base) model; (b) Interim model: (Model with individual characteristics).

positive residuals. In this model, 11 of 13 states with low alcohol use
were located in the South. This suggests that lower regular use of
alcohol was not accounted for solely by individuals but also by the
nature of the state. We also observed a higher number of positive
residuals in the interim than in the base model.
The extent to which alcohol use differences among states can
be explained by individual and state characteristics is illustrated in
Figure 3. Once state characteristics were included in the final model,
the number of states with high alcohol use decreased from 10 to 5. In
Saha et al. Int Arch Addict Res Med 2016, 2:014

addition, the number of states with low regular alcohol use decreased
from 13 to 5.

Discussion
This study investigated the contribution of individual and statelevel characteristics in explaining alcohol use behavior, the geospatial distribution of regular alcohol use in the United States, and
state-specific prevalence of regular alcohol use.
At the individual level, male, older age, and higher levels of
ISSN: 2474-3631
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State-level Residuals (Final Model)
Negative (Low Prevalence)
Positive (High Prevalence)

Not Significant

Figure 3: Final model: (Model with individual and state-level characteristics).

education exhibited the strongest associations with prevalence of
regular alcohol use. Non-white groups such as Blacks, Asians and
Hispanics had lower rates than non-Hispanic whites. Inclusion
of state-level variables did not change the individual parameters.
However, residing in states with higher percentages of their
populations below poverty level was associated with lower regular
use of alcohol. Using data from four California cities, one study
[4] found that living in the most deprived neighborhoods was not
related to heavy drinking. Conversely, living in states characterized
by high per capita alcohol sales was associated with higher use of
alcohol. Associations of state alcohol policies with individuals’
alcohol use behavior was also observed. Respondents living in states
where Sunday alcohol sales are banned were less likely than those
living where Sunday alcohol sales are permitted to drink regularly.
Findings from both cross-sectional and quasi-experimental studies
from twelve US states and two Canadian provinces [29] suggest that
allowing Sunday alcohol sales predictably and significantly increases
Sunday alcohol consumption from ten percent to 25 percent.
The observed MORs suggested that two respondents with similar
individual characteristics from different states might differ by 47%
in propensity to drink regularly only because of different states
of residence. Introduction of state characteristics did not change
estimates of the associations between individual characteristics
and alcohol use behavior. However, state-level characteristics
explained a considerable part of state variance and were associated
with individuals’ propensities to drink. This implies that individual
characteristics as well as state conditions were independently
associated with alcohol use behavior.
Regarding the geo-spatial distribution of alcohol use behavior, the
multilevel model allowed us to identify significant variations between
states in the prevalence of regular drinking. One may conclude that
alcohol use behavior exhibits important ecological dimensions in the
United States. Referring to the graphical representation of the residual
analysis of state effects, we found relatively high prevalence in the
West, Midwest and Northeast regions, and relatively low prevalence
concentrated mostly in the South.
Saha et al. Int Arch Addict Res Med 2016, 2:014

Conclusion and Policy Implication
To our knowledge, the present study is the first to demonstrate the
joint contributions of state socioeconomic environment and alcohol
policy and individual-level socioeconomic conditions on alcohol use
behavior in the United States.
With the use of multilevel modeling, we were able to analyze
alcohol use behavior within a framework that explicitly recognizes
a population hierarchy in which individuals reside within particular
areas. This study’s findings add to the evidence that alcohol use
behavior varies not only by individual characteristics but also by
characteristics of the state in which the individual resides. Our
results suggest that state policies targeting the reduction of alcohol
use affect individual alcohol use behavior, over and above individual
characteristics.
Limitations of the study include the fact that geo-spatial data
were only available at the state level. States reflect administrative
boundaries, which may not adequately capture the finer-grained
variations in social context important for individual behaviors. When
region sizes are large (e.g., most U.S. states), variation within a state
may be limited. When between-state variation is small, detecting
state effects is difficult. Besides, we can’t rule out some unmeasured
confounding factor that is correlated both with state level condition
and individual alcohol use.
Despite these limitations, this study’s strengths make it an
important contribution to the literature on contextual determinants
of alcohol use behavior. It is a large, population-based study with
national coverage and high response rates. Advantages in examining
alcohol use behavior in the US using a multilevel approach include
the ability of state-level analyses to identify the context in which
individuals live and may experience health outcomes, including those
related to alcohol. Individual alcohol use behavior is influenced by
state policies such as those governing availability of alcohol, temporal
restrictions on sales of alcohol, and insurance coverage of treatment
for alcohol-related victims.
ISSN: 2474-3631
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