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Abstract
Data from a state-wide survey of California middle and high school students (N=20,203) were
used to assess whether county income inequality and poverty rates were associated with
adolescent smoking. Greater county income inequality, but not poverty rates, was associated with
higher established smoking risk (p= 0.0019). The association was stronger in males than females,
whites than other ethnic groups, and urban than rural settings. Neither county income inequality
nor poverty rates were associated with experimental smoking. The findings suggest that it may be
important to consider and address economic inequality in the prevention and control of adolescent
tobacco use.
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INTRODUCTION
Over the past several decades, the United States has experienced an unprecedented rise in
income and wealth inequalities with a steady decline in average living wages (Kopczuk et
al., 2007). We sought to better understand whether such inequalities influenced tobacco use,
an important health risk behavior that contributes substantially to socioeconomic disparities
in chronic disease risk and mortality. Because adolescence is a period when many initiate
tobacco use and it is when most U.S. adult smokers begin a lifestyle of regular use, a better
understanding of whether broader economic factors influence the establishment of
adolescent tobacco use could be useful for informing chronic disease prevention efforts.
This paper, therefore, used data from a state-wide survey of California middle and high
school students to assess whether county-level absolute income measured as the poverty rate
and relative income measured as the Gini coefficient of income inequality are associated
with adolescent smoking risk.
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Considerable evidence links area-level absolute income to health outcomes over and above
the impact of individual-level factors (Robert, 1999a), but research examining important
health risk behaviors such as tobacco use is lacking. Health behaviors such as tobacco use
may explain some of the area-level economic influences on health outcomes (Robert,
1999b), and research in adult populations suggests a positive link between measures of area
level absolute income measures and tobacco use. For example, studies indicate that living in
disadvantaged areas may be associated with increased risk of tobacco use in adults even
after adjusting for individual-level characteristics (Chaix et al., 2004, Chuang et al., 2005,
Diez Roux et al., 2003, Kleinschmidt et al., 1995, Reijneveld, 1998, Shohaimi et al., 2003,
Tseng et al., 2001). The research in adolescent populations has been inconclusive, however.
One study using U.S. national data did not find an effect of low neighborhood
socioeconomic status on current youth smoking (Lee and Cubbin, 2002), while a study of a
Midwestern communities found that adolescents in more socioeconomically advantaged
neighborhoods were more likely to smoke than those in disadvantaged neighborhoods
(Ennett et al., 1997). More recently, studies suggest the effect of area-level socioeconomic
status may differ based on community and individual ethnicity. For example, a study of
adolescents in Michigan, U.S. found that smoking risk was higher in disadvantaged
neighborhoods with a low proportion of African Americans (Xue et al., 2007). Similarly, a
study using the U.S. National Longitudinal Study of Adolescent Health found that
neighborhood poverty increased the frequency and quantity of smoking in Whites but not
African Americans (Nowlin and Colder, 2007).

The size of the income gap between the rich and poor has been linked with a number of
health outcomes, but the mechanisms underlying the observed relationships are unclear
(Lynch et al., 2004, Wilkinson and Pickett, 2005). Health behaviors may partially explain
the income equality and health relationship. For example, income inequality has been linked
in ecological studies with outcomes that have a strong behavioral component such as
homicide rates (Hsieh and Pugh, 1993) and pregnancy rates (Gold et al., 2004, Pickett et al.,
2005b) as well as chronic disease risks such as obesity (Pickett et al., 2005) and smoking
rates (Barnett et al., 2004, Pampel, 2002). Ecological research has also shown that the
correlation between state-level income inequality and all-cause mortality in U.S. adults may
partially be explained by smoking rates (Kaplan et al., 1996, Kennedy et al., 1996).
However, analysis of U.S. multilevel data has shown that state-level income inequality was
not associated with adult smoking when controlling for individual-level factors (Diez-Roux
et al., 2000). To our knowledge, multilevel studies about income inequality and tobacco use
in smaller geographic areas such as counties have not been conducted nor have studies been
conducted in adolescent populations.

Given the conflicting reports on the link between absolute and relative income and tobacco
use, and given that past research on relative income and tobacco use has mainly used
ecological data in adult populations, this study adds to the literature by using multilevel data
to assess whether absolute and relative income were associated with tobacco use in
adolescents. Absolute and relative income can have differential effects on population
subgroups characterized by age, gender and ethnicity. Analysis of multilevel data is also
needed to account for proximal factors often unmeasured in previous research on area level
effects on tobacco use. A focus on adolescence is required to improve the understanding of
whether absolute and relative income influence smoking during a developmental period
when tobacco experimentation and a lifestyle of regular use are often initiated.

The conceptual approach for this study was based on the proposition that relative and
absolute income could be associated with youth experimental and established smoking
through material and psychosocial pathways (Figure 1). With regard to the material
pathway, adolescent tobacco use risk of experimental and established smoking may be
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higher in areas characterized by lower income levels and/or larger income gaps because such
areas may more subject to predatory marketing (Siahpush et al., 2010, John et al., 2009), that
is, have a greater availability of tobacco retailers and more tobacco advertisements, as well
as have fewer tobacco use prevention programs and lower access to other community
resources that could decrease adolescent tobacco use risk. Beyond the effect of absolute
income, relative income may be associated with reduced political capital, especially in
economically disadvantaged groups, to access and shape political decision-making to
modify their material environment for tobacco and other disease prevention efforts in their
communities. Poorer areas tend to have a greater density of tobacco retailers compared to
more affluent areas (Schneider et al., 2005). Moreover, community availability of tobacco
retailers (McCarthy et al., 2009) and exposure to tobacco advertisements (Lovato et al.,
2003) have been linked with adolescent experimental and established tobacco use.

With respect to the psychosocial pathway, adolescents living in poorer areas and areas with
larger income gaps may be at greater risk of established smoking because they may
experience greater psychosocial stress and use tobacco more regularly as an unhealthful
coping strategy. Experimental smoking may be less influenced by this pathway because it
may be largely drive my availability of tobacco product and tobacco use prevention
programs (i.e. the material pathway). For example, adolescents living in poorer areas and
income unequal areas may be higher risk of established smoking because they may
experience lower social connectedness with other community members, lower levels of
community social cohesion, parental involvement and supervision, and higher levels of
psychological stress compared to adolescents living in richer and more income equal areas.
Furthermore, adolescents living in income unequal areas may experience greater
psychosocial stress from social comparison with others regarding perceived success and life
satisfaction than adolescents living income equal areas. Individuals living in less affluent
areas and less income equal areas tend to report lower levels of social connectedness
(Kawachi et al., 1997, Robert, 1999a) and more affective symptoms (Kahn et al., 2000).
Adolescents have been known to use tobacco habitually as a negative coping behavior for
emotional (Killen et al., 1997, Repetto et al., 2005) and social stress (Griesbach et al., 2003).

Guided by this conceptual approach, data from California, one of the largest economies in
the world with a population of over 36 million from diverse ethnic backgrounds, were used
to: 1) assess whether absolute and relative income at the county-level were associated with
adolescent tobacco use, while controlling for individual and school-level covariates; 2)
explore potential pathways between absolute and relative income and adolescent tobacco use
by examining the potential mediating roles of school-adjacent availability of tobacco and
adolescent emotional well being; and 3) assess whether the relationship between absolute
and relative income and adolescent tobacco use differed based on gender, race/ethnicity, and
urban/rural school setting.

METHODS
Sample

Data were from the 2003–2004 Independent Evaluation of Tobacco Use Prevention and
Education Programs (IETP) student survey, one of the most extensive random sample data
sources on California student tobacco use ever assembled (25,973 students in grades 7–12 in
39 California counties). The IETP used geographic stratification with a two-stage survey
sampling design with schools at the first stage and classes within schools at the second
stage. The response rates for schools (85.0%) and students (66.3%) were consistent with
response rates reported in previous student tobacco use survey research (Wechsler et al.,
1998). Participating schools and non-participating schools had comparable socioeconomic
characteristics. For example, 34% of students at participating schools were eligible for
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government-subsidized school meals; the corresponding proportion for non-participating
schools was 34.9%. Student participation required active parental consent to this survey,
which is typically associated with about 10–25% lower participation rates than is typically
associated with passive parent consent (Eaton et al., 2004). The analytic sample included
students with complete data on all study variables (N=20,203 in 38 counties and 245
schools).

Smoking measures
Student tobacco use was measured as established and experimental smoking. Established
smoking was defined as smoking at least one cigarette on at least one day in the last 30 days
and having ever smoked 100 or more cigarettes. Experimental smoking was defined as
smoking at least one cigarette on at least one day in the last 30 days and having not smoked
100 or more cigarettes in one's lifetime.

County-level socioeconomic status
The Gini coefficient of income inequality was used to measure relative income at the
county-level. (Atkinson, 1970). Gini coefficients were grouped into quartiles. Absolute
income was measured as the percent of county population below the federal poverty level.
These data were from the 2000 U.S. Census data.

School-level factors
To measure factors regarding the proximate environment to adolescents, included were
school socioeconomic status, school-adjacent neighborhood tobacco retailer density and
urban versus rural school setting. School-level parental education was used as a proxy
measure for school socioeconomic status. It is the school mean of parents' self-reported
educational attainment (response options: less than high school, high school grad, some
college, college grad, post-graduate education), as reported annually to the California
Department of Education (California Department of Education).

To measure tobacco retailer density in school-adjacent neighborhoods 2006 data from the
California Board of Equalization on all licensed tobacco retailers in the state were used.
Addresses associated with 21,907 out of 21,929 licenses were geocoded. ArcGIS was used
to measure school-level tobacco retailer density as the number of retailers within a 1 mile
buffer zone surrounding each school. For the regression analysis described below, this
measure was transformed logarithmically. A more detailed description of this measure is
provided elsewhere (McCarthy et al., 2009).

Definitions for “urban” or “rural” school settings were derived from the 2000 Census-
designated population status associated with the school’s zip code (Hall et al., 2006)
classified into one of eight categories, ranging from large cities to mid-size cities in urban
fringes to rural areas. The two categories containing the word “rural” were designated rural;
all other options were designated urban.

Student-level factors
Student-level risk factors most commonly associated with adolescent tobacco use risk were
included such as age, gender, race/ethnicity, self-reported grades, perceived peer smoking
and hopelessness. Because the IETP student survey did not collect data on household
socioeconomic status, self-reported grades were used as a proxy. Past research has indicated
consistent and strong associations between academic achievement and household
socioeconomic status measures such as parent education and household income (Sanchez et
al., 2007). Peer tobacco use, which has been strongly linked to adolescent tobacco use
(Lundborg, 2006), was a dichotomous variable, indicating either respondent reports about
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half or more of their peers smoke or some to none smoke. Hopelessness was measured by a
single item adapted from the Centers for Disease Control and Prevention Behavioral Risk
Factor Survey which asked whether respondents experienced prolonged feelings of
hopelessness or sadness in the last 12 months (http://apps.nccd.cdc.gov/BRFSSQuest). This
measure reflects adolescent depressiveness, which has been consistently associated with
tobacco use in a number of studies (Repetto et al., 2005). A parsimonious set of the
theoretically most important student-level risk factors for smoking was included.

Data were used at multiple levels in order to account for socioeconomic factors distal to the
adolescents (i.e. county absolute and relative income), factor having to with adolescents’
proximal environment (e.g. school socioeconomic status and school adjacent neighborhoods
retailer density) and student-level characteristics.

Analysis
Stata 10.0 was used for data analysis. Means were calculated for continuous variables and
proportions for categorical study variables. Because students were nested within schools and
counties, multilevel logistic regression was used to address the lack of independence in
observations and to account for county and school-level variance (Snijder and Bosker,
1999). Logistic regression models with random-intercepts for counties and schools were
used for each tobacco use outcome separately. A hierarchical approach for covariate entry
was used beginning with an unconditional model without covariates with students nested
within schools and counties, then added were student-level variables followed by school-
level variables, then finally county-level variables. Likelihood ratio tests were used to
compare nested models. Next, as per the conceptual approach describing material and
psychosocial pathways between absolute and relative income and smoking behaviors,
tobacco retailer density in school-adjacent neighborhoods (material pathway) and adolescent
reported hopelessness (psychosocial pathway) were evaluated as potential mediators. The
causal steps approach described by Baron and Kenney (Baron and Kenny, 1986) and others
(MacKinnon et al., 2007) was used. The prerequisites for mediation under this approach
include a significant relationship between the independent variable (income equality or
percent below poverty) and dependent variable (smoking behavior), and movement of the
regression coefficient for the independent variable away from the null when the
hypothesized mediator (retailer density, hopelessness) is removed from the model. The two
potential mediators were evaluated singly. Finally, stratified analyses were conducted to
assess whether the associations between county economic measures and smoking differed
based on gender, race/ethnicity and urban/rural school setting.

RESULTS
The sample was 14.6 years old on average, and was predominantly white (43.9%) and
Hispanic/Latino (31.8%). More than a quarter of the students reported feeling “hopeless” in
the past 12 months (27.1%). Established smoking and experimental smoking were prevalent
at 3.0% and 6.3%, respectively (Table 1). There was some variability with respect to county
income inequality, county poverty levels, school tobacco retailer density and school mean
parental education.

Table 2 shows multilevel regression results for established smoking, White students
compared to other races/ethnicities except American Indians/Alaskan Natives, and students
with lower socioeconomic status were at greater risk of established smoking. Hopelessness,
a commonly reported mental health symptom, was also a significant risk factor for
established smoking. None of the school-level factors were associated with established
smoking and the addition of school-level variables did not improve model fit (p=0.5147).
The full established smoking model which included county, student and school-level factors,
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was a better fit to the data than the model containing only student and school-level factors
(p=0.0255). The inclusion of county-level factors reduced the county-level variance
component to nearly zero. The results indicated that county-level income inequality was
associated with established smoking. Initially a continuous form of the income inequality
measure was used, which was also significantly associated with established smoking
(p=0.011), but for ease of interpretation the quartile form was reported in the tables.
Percentage of population below poverty was not associated with established smoking.

Next the mediating role of hopelessness in the income inequality-established smoking
relationship was evaluated (data not shown). There was no change in the coefficients for
income inequality when hopelessness was removed from the full established smoking model
indicating no evidence of mediation. Because percentage below poverty (absolute income)
was not associated with established smoking, tests for mediational pathways between
percent below poverty and established smoking were not indicated and were not conducted.

Table 3 shows results for experimental smoking. The addition of school-level factors
improved the fit of the experimental smoking model (p=0.0012), but the addition of county-
level factors did not (p=0.9253). County-level income inequality and poverty rates were not
associated with experimental smoking. Higher school-level parental education, the proxy
measure used for school socioeconomic status, was associated with lower odds of
experimental smoking (p=0.055), while greater school-adjacent neighborhood tobacco
retailer density was associated with higher odds (p=0.058); both were at a borderline
significance level in the full model. Because there was no effect of income inequality or
percent below poverty on experimental smoking, tests of mediation between absolute and
relative income and this smoking outcome were not conducted.

Table 4 shows that effect of income inequality on established smoking differed based on
gender, race/ethnicity and urban/rural schools. There were associations between county-
level income inequality and established smoking risk in males, but not females, in whites but
not other ethnic groups and in urban but not rural school settings (all p<0.05). The sample
sizes in the rural and African American subgroups may have been too small (N=1,354) to
detect a significant relationship.

DISCUSSION
The findings indicate that county income inequality was associated with established
smoking, but county poverty rates were not. Experimental smoking was not associated with
either county-level income inequality or poverty. Significant associations between county-
level income inequality and established smoking risk were present in whites but not the
other race/ethnic subgroups, in males but not females, and in urban but not rural school
settings.

Although experimental smoking is a prerequisite step in the adoption of a regular smoking
lifestyle, it may be less influenced by broader socioeconomic factors and may involve
processes distinct from those required for the development of established smoking. Many
adolescents tend to experiment with tobacco as a novelty behavior without progressing to
habitual use. Experimentation may largely be driven by proximal peer, social and tobacco
access influences while development of established smoking may involve additional
influences that include more distal factors such as economic inequalities. Indeed, the results
showed that proximal factors not associated with established smoking such as school-
adjacent tobacco retailer density and school-level mean parental education were associated
with experimental smoking.
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We tested whether tobacco retailer density (material pathway) and hopelessness
(psychosocial pathway) were potential mediators. Neither factor was a mediator between
economic inequalities and adolescent tobacco smoking. The study of pathways will likely
require longitudinal designs with more detailed information on material and psychosocial
factors. For example, in this study emotional well being was measured using a single item
on feelings of hopelessness over a 12-month period which does not capture the complexities
of affective symptoms such as anxiety, nervousness and depressiveness. The measure of
tobacco retailer density was created from a list of licensed retailers obtained from the state
government which does not include non-licensed retailers of tobacco.

The presence of a significant income inequality relationship with established smoking risk in
whites, but not other racial/ethnic subgroups may largely be due to the smaller sample sizes
in African Americans and Asians. The regression slopes for income inequality in non-white
race/ethnic groups were not significant, but were in the expected direction. The observed
racial/ethnic differences might also suggest that white adolescents may be more sensitive to
economic gaps between themselves and others, than are African Americans and other
groups. Latinos/Hispanics and Asians, because of their immigrant background, may have
different expectations, aspirations and perceptions of the economic environment in which
they live and about economic equity than do native born adolescents. It would be useful to
compare immigrants and non-immigrants. The historical legacy of slavery and racial
discrimination experienced by African Americans in the U.S., for example, may affect how
African Americans adolescents perceive and experience economic inequity, and how it
might impact their health and health behavior choices. Additionally, other sociocultural
factors may serve to protect adolescents from racial/ethnic minority backgrounds from
smoking tobacco, as is evident from the historically lower rates of smoking in these groups
compared to whites.

The association between income inequality and established smoking was not present in
females, who were also at lower risk of established smoking than males. Male adolescents
may process the economic environment differently than females, especially environments
characterized by highly competitive, status oriented, male dominant processes. Male
adolescents may smoke and use other substances to cope with psychosocial stress while
females may use other negative behavioral coping strategies such as unhealthful eating and
being sedentary. Female adolescents may also differ on the parenting they receive (Mistry et
al., 2009) and may model parent behaviors differently (Sanchez et al., 2007). Male
adolescent may be prone to emulating parental, especially paternal, smoking than females.
The current findings, however, are in contrast with ecological research suggesting that the
effect of relative income on smoking may be stronger in adult females than males, for
example in higher income groups in the U.S. (Diez-Roux et al., 2000) and in ethnic
minorities in New Zealand (Barnett et al., 2004). This suggests that analysis of the effect of
relative income on smoking could benefit from examining adolescent males and females
separately by income groups and ethnic groups.

Unfortunately, it was not possible to include such aspects of the family context in our
analysis. The harmful effects of county income inequality on adolescent smoking may be
dependent on such unmeasured family factors such as parental smoking, parenting and
parent modeling by adolescents. The family, particularly parents, may serve to protect
adolescents from health risks from broader social or economic process, but family members
may also serve to transfer these risks to adolescents via multitude of process such as
uninvolved or unsupportive parenting, or parents engaging in health risk behaviors
themselves.
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Strengths and Limitations
A strength of this study is the large sample size available for the analysis. However, because
secondary survey data were used, the availability of variables limited the study’s scope. For
example, it was not possible to include important covariates such as parenting style, parent
behaviors, household socioeconomic status, and immigration status. Another strength is that
the study tested county-level effects within a multilevel framework that included a robust set
of individual and school-level factors and variance components at each level thus reducing
the likelihood of compositional bias which commonly arises in ecological studies. The
important limitations of cross-sectional data also need to be acknowledged, including the
caveat that the observed relationships are evidence of associations and not causation. The
measures of smoking and hopelessness were based on self-reports. Previous studies,
however, have shown these measures to be valid (Smith et al., 1995, Stanton et al., 1996).
There were small sample sizes in some counties, but various sensitivity analyses were
conducted including combining small counties as well as removing them from the sample
and the results remained stable. The amount of student exposure to school and county-level
variables was not known, i.e. data were not available on how long students lived in the
county where they went to school and completed the tobacco use questionnaire.

Conclusions
This study found that the degree of county-level income inequality was associated with
adolescent established smoking, a measure of habitual addictive smoking behavior. There
was no association between county-level poverty rates and established smoking.
Experimental smoking was not associated with either income inequality or poverty rates, but
was associated with more proximal contextual factors, i.e. school-adjacent neighborhood
socioeconomic and tobacco retailer environment. Careful attention should be paid to
younger adolescents, white adolescents and adolescents from low income backgrounds,
since they are at greatest risk of established and experimental smoking, and because in these
adolescents the income inequality effect on establish smoking risk was most prominent. The
findings suggest that it may be important to consider and address economic inequality in the
prevention and control of adolescent tobacco use.
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Figure 1.
Potential material and psychosocial pathways linking absolute and relative income with
adolescent tobacco use
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Table 1

Descriptive statistics

Student characteristics (n=20,203) Mean (SD/range) or Percent

Age (mean years) 14.6 (1.9/5.0a)

Gender

 Male 45.9

 Female 54.1

Race/ethnicity

 White 43.9

 Hispanic/Latino 31.8

 Asian/Pacific Islander 15.9

 African American 6.7

 American Indian/Alaskan Native 1.7

Grade point average

 As 59.0

 Bs 27.5

 Cs 10.4

 Ds 3.1

About half or more peers smoke

 Yes 28.4

 No 71.6

Hopelessness 27.1

Established smoking 3.0

Experimental smoking 6.3

School characteristics (n=245) Mean (SD/range) or Percent

Urban 90.9

Rural 9.1

Mean parent education 3.0 (0.7/3.0)

Tobacco retailers density (log transformed) 2.1 (0.9/4.4)

County characteristics (n=38) Mean (SD/range)

Gini coefficient for income inequality 0.5 (0.02/0.1)

Percentage below poverty 13.3 (5.2/18.1)

a
Age was top-coded at 19 years and bottom-coded at 12 years.
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Table 2

Multilevel logistic regression for established smoking ( N=20,203)

Odds Ratio (95% Confidence Interval)

Student Level Model Student + School Model Full Model

Student variables

Age (years) ***1.58 (1.49, 1.68) ***1.58 (1.49, 1.68) ***1.58 (1.49, 1.68)

Gender

 Male ***1.65 (1.39, 1.96) ***1.64 (1.38 1.95) ***1.64 (1.38, 1.95)

 Female 1.00 1.00 1.00

Race/ethnicitya

 White 1.00 1.00 1.00

 Hispanic/Latino ***0.33 (0.27, 0.41) ***0.32 (0.25 0.41) ***0.31 (0.24, 0.39)

 African American ***0.33 (0.22, 0.51) ***0.33 (0.21 0.50) ***0.32 (0.21, 0.50)

 Asian/Pacific Islander ***0.55 (0.42, 0.72) ***0.55 (0.41 0.72) ***0.52 (0.39, 0.69)

 American Indian/Alaskan Native 0.78 (0.40, 1.52) 0.76 (0.39,1.49) 0.76 (0.39, 1.49)

Grade point averagea

 As 1.00 1.00 1.00

 Bs ***1.49 (1.22, 1.82) ***1.48 (1.21, 1.81) ***1.49 (1.22, 1.82)

 Cs ***2.20 (1.72, 2.80) ***2.19 (1.72, 2.79) ***2.20 (1.74, 2.84)

 Ds ***6.40 (4.71, 8.70) ***6.36 (4.68, 8.65) ***6.44 (4.73, 8.75)

Peer smoking

 Yes ***2.63 (2.21, 3.13) ***2.62 (2.20, 3.12) ***2.63 (2.21, 3.13)

 No 1.00 1.00 1.00

Hopelessness ***1.79 (1.50, 2.12) ***1.79 (1.50, 2.12) ***1.77 (1.49, 2.10)

School and school-neighborhood variables

Urban -- 0.81 (0.59,1.13) 0.87 (0.63,1.19)

Mean parent education -- 0.94 (0.79,1.12) 0.95 (0.79,1.14)

Tobacco retailers density -- 1.04 (0.92,1.18) 1.01 (0.89,1.14)

County variables

Income inequalitya

 Quartile 1 (low) -- -- 1.00

 Quartile 2 -- -- *1.32 (1.04, 1.68)

 Quartile 3 -- -- *1.33 (1.02, 1.75)

 Quartile 4 (high) -- -- **1.69 (1.23, 2.33)

Percentage population below poverty -- 0.99 (0.97, 1.02)

Random-effects parameters

County standard deviation 0.12 0.10 < 0.000001

School standard deviation 0.23 0.25 0.21

Model comparison b χ(3)= 2.29 p= 0.5147 c χ (4)= 11.10 p= 0.0255
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*
p ≤ 0.05

**
p ≤ 0.01

***
p ≤ 0.001

a
Joint significance tests performed for race/ethnicity, grade point average and income inequality for each model. All tests p ≤ 0.001

b
The student plus school level model was compared with the student level model using the likelihood chi-squared statistic

c
The full model was compared with the school level model using the likelihood chi-squared statistic

Health Place. Author manuscript; available in PMC 2012 April 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mistry et al. Page 14

Table 3

Multilevel logistic regression for experimental smoking (N=20,203)

Odds Ratio (95% Confidence Interval)

Experimental smoking

Student level Model Student + School Model Full Model

Student variables

Age (years) ***1.17 (1.13, 1.22) ***1.17 (1.13, 1.22) ***1.17 (1.13, 1.22)

Gender

 Male 1.09 (0.97, 1.23) 1.09 (0.97, 1.23) 1.09 (0.97, 1.23)

 Female 1.00 1.00 1.00

Race/ethnicitya

 White 1.00 1.00 1.00

 Hispanic/Latino 1.08 (0.94, 1.24) 0.98 (0.84, 1.14) 0.98 (0.84, 1.14)

 African American **0.71 (0.54, 0.92) **0.66 (0.51, 0.87) **0.66 (0.50, 0.86)

 Asian/Pacific Islander 0.83 (0.68, 1.01) *0.78 (0.64, 0.96) *0.78 (0.64, 0.96)

 American Indian/Alaskan Native 1.21 (0.77, 1.90) 1.18 (0.75, 1.85) 1.18 (0.75, 1.85)

Grade point averagea

 As 1.00 1.00 1.00

 Bs ***1.62 (1.41, 1.87) ***1.61 (1.40, 1.85) ***1.61 (1.40, 1.85)

 Cs ***2.45 (2.07, 2.90) ***2.42 (2.04, 2.86) ***2.42 (2.04, 2.86)

 Ds ***4.30 (3.41, 5.41) ***4.21 (3.35, 5.30) ***4.22 (3.35, 5.31)

Peer smoking

 Yes ***2.40 (2.13, 2.71) ***2.40 (2.12, 2.71) ***2.40 (2.12, 2.71)

 No 1.00 1.00 1.00

Hopelessness ***1.84 (1.63, 2.08) ***1.84 (1.63, 2.07) ***1.84 (1.63, 2.07)

School and school-neighborhood variables

Urban -- 1.19 (0.92,1.54) 1.19 (0.92,1.55)

Mean parent education -- *0.89 (0.79,0.99) BL1 0.88 (0.78,1.00)

Tobacco retailers density -- *1.09 (1.01,1.18) BL2 1.09 (1.00,1.19)

County variables

Income inequalitya

 Quartile 1 (low) -- -- 1.00

 Quartile 2 -- -- 0.95 (0.81, 1.13)

 Quartile 3 -- -- 1.03 (0.85, 1.25)

 Quartile 4 (high) -- -- 1.00 (0.80, 1.26)

Percentage population below poverty -- -- 1.00 (0.98, 1.02)

Random-effects parameters

County standard deviation 0.04 < 0.000001 < 0.000001

School standard deviation 0.23 0.19 0.19

Model comparison bχ (3)= 15.95 p=0.0012 c χ(4)= 0.89 p=0.9253
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*
p ≤ 0.05

**
p ≤ 0.01

***
p ≤ 0.001

BL1
Borderline significance at p1=0.055

BL2
Borderline significance at p2=0.058.

a
Joint significance tests performed for race/ethnicity, grade point average and income inequality for each model. All tests p ≤ 0.01

b
The student plus school level model was compared with the student level model using the likelihood chi-squared statistic

c
The full model was compared with the student plus school level model using the likelihood chi-squared statistic
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