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Tobacco use is the most common cause of
preventable death in the United States, and
most tobacco users initiate use before they are
aged 18 years.1–3 Reducing adolescent smoking
initiation is therefore an important health edu-
cation goal. In 2005, 23% of high school
students reported current smoking; the US De-
partment of Health and Human Services has set
a national health objective of reducing that
prevalence to less than 16% by 2010.2,4 To
accomplish this goal and to reduce health in-
equities, both individual and environmental in-
dicators must be identified to target education
interventions efficiently.

Several national studies of adolescent to-
bacco use have noted differences in school and
neighborhood rates of tobacco use.5,6 Neigh-
borhood factors of interest for smoking and
health behaviors have often included social
disorganization, poverty, and race. For example,
neighborhood disorganization indicators (e.g.,
percentage of people seeking work or in house-
holds without access to a car) appear to have
an independent effect on individual smoking
status even after a large range of individual
characteristics are taken into account.6 Other
studies have found that neighborhood socioeco-
nomic factors and ethnicity affect smoking be-
haviors.5,7 However, inconsistent and sometimes
weak associations between neighborhood
factors and adolescent smoking have been
observed, perhaps as a result of the different
ways in which neighborhood-level variables
were operationalized.8

Because smoking prevalence can vary dra-
matically between neighborhoods and schools,
it is critical for us to understand neighborhood-
level characteristics for areas with extremely
high or low smoking prevalence.9 This will help
state and local decision makers to adopt pre-
vention programming that is appropriate for
its target audience and to employ effective
strategies to focus limited funding for prevention
programs efficiently. Poorly targeted interven-
tions may even exacerbate existing inequalities in

smoking-related health, but programs that pene-
trate deeply into disadvantaged communities can
help reduce not only overall smoking but in-
equalities in health.10

We examined the following hypotheses: (1)
adolescent smoking is associated with individ-
ual characteristics (e.g., age, race) and neigh-
borhood-level characteristics (e.g., urban versus
rural, race/ethnicity, socioeconomic demo-
graphics), and (2) these same individual and
neighborhood-level characteristics will predict
less exposure to prevention education pro-
grams in schools.

METHODS

We merged data from 2 sources: the 2005
Virginia Youth Tobacco Survey and the Census
2000 School District Demographics Project.
The 2005 Virginia Youth Tobacco Survey data
sampling procedures were developed by Vir-
ginia Commonwealth University and the Cen-
ters for Disease Control and Prevention. A
sample of all public high schools (grades 9–12)
and of all public middle schools (grades 6–8)
in Virginia were selected through use of
a 2-stage cluster sampling design to produce

representative samples of middle and high
school students. The first-stage sampling frame
selected schools with a probability of selection
proportional to their enrollment and the sec-
ond stage selected classes using equal proba-
bility sampling with a random start. The par-
ents of students in classes included in the
sample frame were notified of the survey by
letter, given a description of the survey and its
purpose, and told that their child’s participation
was completely voluntary and anonymous.11

The Virginia Youth Tobacco Survey was
administered in class by trained survey ad-
ministrators from September 2005 through
January 2006. Students were reassured during
the administration of the survey that their
participation was voluntary and that the in-
formation they provided would be kept private.
Students who declined were excused. The
paper-and-pencil survey did not include any
identifying information. Of the 100 schools
selected from the sampling frame of Virginia
public schools, 64 agreed to participate.
Responding schools were diverse in terms of
geography and demographics. Of the 2816
eligible students in the randomly chosen
classes, 2361 (84%) returned usable
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questionnaires. The final sample included over
1000 students from 29 high schools and over
1000 students from 35 middle schools. Of the
2214 respondents included in the final Virginia
Youth Tobacco Survey data set, 2208 had
complete data on study measures; these stu-
dents comprised the study’s subject population.

To obtain information on neighborhood
characteristics, we retrieved available aggre-
gate census data at the school-district level
from the School District Demographics Project
for each Virginia school district in the Virginia
Youth Tobacco Survey sample. The School
District Demographics Project was developed
by the National Center for Education Statistics
of the US Department of Education to provide
access to information about school district de-
mographic resources and characteristics for
each US public school district. Using the School
District Demographics Project, we collected
several measures of neighborhood-level data
that focused on local resources and structure,
including the following: rurality versus urban-
icity, employment rate, proportion of families
with income below the federal poverty level,
proportion unemployed, proportion with
a high school education or higher, proportion
of owner-occupied housing, proportion with no
vehicle, proportion of single-parent families,
and proportion of Black residents. These data
were then merged with the original data set on
the basis of its sampling frame (by the school
district of each participating school).

All analyses accounted for effects of the
complex sampling design on the calculations
for sampling variances and confidence inter-
vals.11 Preliminary analyses also incorporated
weights, which were designed by Virginia Com-
monwealth University to account for chance of
selection, nonresponse, and demographics; how-
ever, the weights were close to 1 and did not
influence the models or the significance of re-
sults.

Measures

Outcomes. ‘‘Current smoker’’ was measured
as a categorical variable, with respondents who
indicated that they ‘‘did not smoke cigarettes
during the past 30 days’’ coded as nonsmokers,
those who smoked on1 to 5 of the past 30 days
coded as light smokers, those who smoked on
6 to 19 of the past 30 days coded as medium
smokers, and those who smoked on 20 to all of

the past 30 days coded as heavy smokers.
Tobacco education in school was measured as
a dichotomous variable based on responses to
the question, ‘‘During this school year, were
you taught in any of your classes about the
dangers of tobacco use?’’

Individual-level demographics. Age was mea-
sured as a continuous variable, and race/
ethnicity was defined as non-Latino White
(referent) versus Black or other. Unfortunately,
no socioeconomic status data were included in
the individual surveys.

School district–level variables. The percentage
of residents reporting Black race or ethnicity
in the district was standardized, and districts
were categorized as urban if 80% or more of
the residents were living in urban areas. The
remaining 8 district-level variables represent-
ing local economic and social characteristics
were standardized and reverse coded where
appropriate before exploratory factor analysis
suggested 2 distinct factors.12 We further ex-
amined the 2 homogeneous item sets from the
factors as potential scales. We evaluated internal
consistency and reduced items using Cronbach a
coefficients for each grouping. These analyses
resulted in 2 scales, which were each standard-
ized to a mean of 0 and standard deviation of 1,
as follows: (1) socioeconomic disadvantage
(a=0.90), comprising percentage of families in
poverty, percentage unemployed, and percent-
age with a high school education (reverse coded),
and (2) social disorganization (a=0.89), com-
prising percentage of single-parent families, per-
centage of homes with no vehicle, and percent-
age of owner-occupied housing units (reverse
coded).

Analyses

We used tabular analyses to examine sample
characteristics. To better understand who was
being reached by prevention efforts and whether
high-risk adolescents were being served, we used
multinomial and binary multilevel models with
random effects to determine whether demo-
graphic characteristics and neighborhood char-
acteristics predicted smoking and exposure to
prevention programs. We ran these models using
the proc glimmix procedure13 add-on in SAS
version 9.1 (SAS Institute Inc, Cary, North Caro-
lina). This procedure can fit models with data
correlations using generalized linear mixed
models, and it can also fit models when the

responses are not normally distributed. For
example, binary multilevel models are similar
conceptually to linear multilevel models in many
ways. However, yij is a binary outcome (for
individual i in neighborhood j) that is assumed to
have a Bernoulli distribution.14 The outcome
modeled is then the log odds of yij equaling 1.
The general form of the model can be expressed
with the following 2 equation levels:

ð1Þ level 1 individualð Þmodel:
log pij

�
ð1� pijÞ

� �
¼ b0j þ b1jXij;

where pij is the probability that yij=1 and xij is
an explanatory variable at the individual level,
and

ð2Þ level 2 neighborhoodð Þmodel:
b0j¼ g00 þ l0j

b1j¼ g10;

where l0j is the random effect at level 2 and is
distributed N(0, r2

u), and g00 and g10 are fixed
effects for the intercept and the coefficient for
xij, respectively.

The level1and level 2 equations can then be
combined into a single equation:

ð3Þ combined model:
log pij

�
ð1� pijÞ

� �
¼ g00 þ g10Xij þ l0j

This basic binary random intercept hierar-
chical model was the basis of the education
outcome analyses, with the addition of multiple
level-1 and level-2 variables, including respon-
dent’s age and race/ethnicity (level 1) and
the neighborhood’s percentage of Black resi-
dents, urban status, and socioeconomic disad-
vantage score (level 2). For the nominal ‘‘cur-
rent smokers’’ outcome, the procedure was
similar but used a generalized logit model that
allowed more than 2 outcome categories and
produced risk ratios.

RESULTS

About 38% of respondents were of minority
race/ethnicity, and their ages ranged from 11 to
18 years (mean=14). Over 65% lived in an
urban neighborhood; Table 1 shows the
neighborhood characteristics of respondents.
When using a multilevel model, it is important
to examine the structure of the level-2 data.
There were 61 groups (i.e., schools) in the
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complete data set. The largest group contained
174 observations (i.e., individual adolescents)
and the smallest contained 11, with an average
of 36 per group. Over 80% of the groups
contained 20 or more observations. No group
contained only a single observation, so a ran-
dom effects model should be appropriate.14

Multilevel multinomial and binary logistic
models of smoking and tobacco education were
used to calculate relative risk ratios and odds
ratios. In the analyses for tobacco education,
we controlled for current smoking to ensure
that results were not an artifact of smokers’
being less likely or willing to recall tobacco
education experiences. The variables indicating
neighborhood urban status, proportion of
Black residents, and social disorganization
were not significant for either outcome and did
not make substantial changes in the effects of
socioeconomic disadvantage, so they were
dropped from the final analyses.

Of the respondents, 6.1% were light
smokers, 2.3% were medium smokers, and
5.6% were heavy smokers. Older adolescents
had higher relative risks of being a light,
medium, or heavy cigarette smoker than
did younger adolescents. For example, the
relative risk of heavy smoking increased by an
average of 77% for each additional year of
age. Black adolescents had a lower relative
risk of heavy smoking than did White ado-
lescents (relative risk ratio=0.34). Adoles-
cents in neighborhoods that were socioeco-
nomically disadvantaged had significantly
higher relative risks of being a light, medium,
or heavy cigarette smoker compared with
those from more advantaged neighborhoods
(a relative risk increase of 49%, 36%, and
65%, respectively, for each standard devia-
tion of socioeconomic disadvantage; Table 2).

Most respondents (80.9%) reported receiv-
ing tobacco education in school. Older adoles-
cents had higher odds of tobacco education
than did younger adolescents; the odds of
tobacco education increased by an average of
14% for each additional year of age. Adoles-
cents in neighborhoods that were socioeco-
nomically disadvantaged had significantly
lower odds of tobacco education in school than
did those from more advantaged neighbor-
hoods, with the odds decreasing by 18% for
each standard deviation of socioeconomic dis-
advantage (Table 3). This means that if

a student from an average neighborhood has
an 81% probability of receiving tobacco edu-
cation, then a student from a neighborhood 1
standard deviation more socioeconomically
disadvantaged would have a 78% probability
(risk ratio=0.96).

DISCUSSION

We found that although adolescents in
socioeconomically disadvantaged neighbor-
hoods reported significantly higher relative
risks of smoking, tobacco education programs
did not appear to reach these higher-risk stu-
dents; those in disadvantaged neighborhoods
had significantly lower odds of reporting

receipt of tobacco education. Therefore, there
may be a mismatch between indicators of need
for tobacco prevention education and the
actual targeting and successful implementation
of those services.

The results showing that students in low-
income neighborhoods reported less exposure
to tobacco prevention programs concur with
a national survey of counties that found that
low-income counties had fewer tobacco
cessation programs.15 This combination of
disparities in prevention and cessation pro-
grams is particularly disturbing when one
considers the results of this study and other
research indicating that low-income neigh-
borhoods have higher smoking rates and

TABLE 1—Neighborhood Characteristics of Respondents: Virginia Youth Tobacco Survey,

2005, and the Census 2000 School District Demographics Project

% of Respondents (n = 2208)

Neighborhood Characteristic Mean (SD) Maximum Minimum

Black 19.0 (15.7) 50.5 0.3

Urban 73.7 (33.5) 100.0 0.0

Social organization indicators

Homes with no vehicle 7.3 (4.7) 17.3 2.5

Single-parent families 27.6 (11.6) 52.3 15.2

Owner-occupied housing units 69.0 (13.1) 86.6 39.1

Socioeconomic indicators

Unemployed 4.3 (2.5) 12.7 2.0

Families in poverty 7.1 (4.9) 20.3 1.7

High school education 81.9 (9.2) 92.5 58.9

TABLE 2—Relative Risk Ratios (RRRs) and 95% Confidence Intervals (CIs) for Current

Smoking: Virginia Youth Tobacco Survey, 2005, and the Census 2000 School District

Demographics Project

Variable

Light Smokers, RRR

(95% CI)

Medium Smokers, RRR

(95% CI)

Heavy Smokers, RRR

(95% CI)

Age, y 1.28 (1.17, 1.40) 1.85 (1.54, 2.22) 1.77 (1.58, 1.99)

Race/ethnicity

Non-Latino White (Ref) 1.00 1.00 1.00

Black 0.72 (0.47, 1.12) 0.69 (0.32, 1.50) 0.34 (0.19, 0.59)

Other 0.47 (0.24, 0.92) 1.06 (0.46, 2.45) 0.44 (0.22, 0.90)

Socioeconomic disadvantagea 1.49 (1.25, 1.78) 1.36 (0.95, 1.96) 1.65 (1.37, 1.98)

Note. Light smokers smoked on 1–5 of the past 30 days; medium smokers smoked on 6–19 of the past 30 days; heavy
smokers smoked on ‡ 20 of the past 30 days. Total number of respondents was 2208. For all RRRs, P < .05 for fixed-effect
F test.
aStandardized to a mean of 0 and standard deviation of 1.
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therefore are most in need of interventions to
ameliorate health inequities.5–7

Many barriers may make students in socio-
economically disadvantaged neighborhoods
less likely to receive smoking prevention edu-
cation, thus exacerbating health inequalities.
For a student to receive smoking prevention
education, several factors need to come to-
gether. First, someone at the school must
choose to implement a smoking prevention
program; second, that program must be
funded; and third, the program must be
implemented with fidelity. Health intervention
education programs in schools are often
funded through grants from various organiza-
tions. For example, the Virginia Tobacco Set-
tlement Foundation has provided grants to
several school districts in Virginia. Such pro-
gram participants represent a self-selected
group of communities who have the capacity
and resources to put together a competitive
grant proposal. Furthermore, some funding
may come from sources that specify the type
of program that can be used. For example,
grants from the tobacco industry itself may
promote more generalized goals such as life-
skills training, therefore diluting more specific
and effective tobacco prevention messages.16

Districts in greatest need of support may be more
likely to accept funding from these types of
sources.

Improved funding is only one input and
cannot alone ensure that good programs reach
a broad set of students in a district. Support
for a tobacco prevention program and the
capacity to maintain implementation fidelity
so that students receive the intended inter-
vention can depend on multiple factors that
may vary with community characteristics and
resources.17 Furthermore, schools in disad-
vantaged neighborhoods may face additional
competing educational challenges that could
limit the amount of time available for, or the
priority given to, a tobacco education pro-
gram. A review of school drug abuse pre-
vention programs found that most instructors
did not cover the entire intervention curricu-
lum and that program fidelity was related to
a range of key elements, including training,
program design, and school organization.18

Process evaluations of tobacco prevention
programs also indicate that school capacity
and leadership factors predict adherence and
the extent of activity dedicated to implemen-
tation.19 Therefore, beyond funding issues, the
provision of implementation support, capacity
building, training, and technical assistance may
all play a role in improving implementation
fidelity.17

Although reported smoking rates are
higher in neighborhoods with socioeconomic
disadvantage indicators, receipt of school-
based interventions appears significantly less
common, indicating that we may not be
targeting and implementing school programs
effectively. Policymakers should be aware
that those who need assistance most may be
the ones least able to apply for help or
implement programs. School administrators
and teachers in schools serving areas of
low socioeconomic status may find it difficult
to justify spending scarce time and resources
on tobacco prevention programs or even
grant-writing efforts. Policymakers and
funding providers should conduct needs
analyses not only to identify areas targeted
for new programs on the basis of health,
economic, and smoking inequities but also to
assess capacity-building needs before pro-
gram funding is distributed. School systems
most in need of interventions are also
likely to be in need of extra resources, both to
apply for funding and to implement the
programs.

Rather than relying only on broadly tar-
geted calls for proposals, programs could
partner with specific high-need local com-
munities to provide planning and implemen-
tation assistance and capacity building to
improve sustainability and the ability to pur-
sue future funding opportunities. Extra
funding, structural support, and other re-
sources could be earmarked specifically for
economically disadvantaged areas. Using
funds for the hiring of district-level personnel
to coordinate grant writing and program
implementation could be an effective way to
get the resources to those districts in need.
Through analysis of the types of programs
that seem to work most effectively in which
contexts, policymakers can target those dis-
tricts that most need interventions with con-
text-tailored programs.

School-based smoking education and pre-
vention programs have received mixed evalu-
ations in the literature. Although many evalu-
ations have found significant reductions in
smoking, the impact may be small or may
diminish with time.20–25 There is still a sub-
stantial need for high-quality longitudinal studies
of smoking prevention education that examine
not only the long-term impact, but also assess
differences between programs and their under-
lying theoretical foundations and determine how
these may influence effectiveness.20,26 Neigh-
borhood contexts may be an important factor
in how well different types of education pro-
grams perform. Therefore, research on neigh-
borhood indices should be used not only to
determine where programs should be targeted,
but also to examine the efficacy of different
types of programs in different contexts. Such
research would be very helpful in efforts to
reduce health disparities.

Limitations

This study has several limitations. Its results
were based on secondary data, which restricted
the variables that could be included. Unfor-
tunately, no individual-level socioeconomic
status data were collected in the tobacco
survey, so we could not control for these effects
on smoking. Therefore, the results for the
neighborhood socioeconomic disadvantage
scale likely also proxy for some individual-level
effects and should be interpreted as a useful
neighborhood-level indicator rather than as

TABLE 3—Odds Ratios (ORs) and 95%

Confidence Intervals (CIs) for

Receiving Smoking Education in

School: Virginia Youth Tobacco Survey,

2005, and the Census 2000 School

District Demographics Project

Variable OR (95% CI)

Age, y 1.14* (1.07, 1.23)

Race/ethnicity

Non-Latino White (Ref) 1.00

Black 1.07 (0.80, 1.44)

Other 0.75 (0.55, 1.02)

Socioeconomic disadvantagea 0.82* (0.70, 0.95)

Note. Total number of respondents was 2208.
aStandardized to a mean of 0 and standard deviation
of 1.
*P < .05 for fixed-effect F test (with control for light,
medium, and heavy smoking).
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evidence of a neighborhood effect. We
assessed tobacco use by self-reports of adoles-
cents, which may introduce recall error; how-
ever, studies with adolescents have shown the
validity of self-reports of tobacco use.27–29

Furthermore, a reliability study of the Youth Risk
Behavior Survey, which has many questions in
common with the Virginia Youth Tobacco Sur-
vey, found that none of the 13 tobacco-related
items differed significantly between measure-
ments taken about 2 weeks apart, and that
tobacco use items had an average j of 68.8%,
indicating a significantly higher reliability than
those of other topics examined, such as injuries,
violence, diet, and physical activity.30

The implementation fidelity of prevention
education is commonly compromised, leading
to a possible disconnect between funding of
prevention, adoption at the school level, and
actual receipt and dose of prevention inter-
vention at the student level.31 Thus, finding the
appropriate measure for successfully imple-
mented programming can be difficult. Social
desirability bias is particularly an issue when
implementers such as teachers or administrators
are relied on to report programming adher-
ence.32 For example, a study of implementation
fidelity comparing teacher self-report to class-
room observation found that teacher self-report
was not a valid measure for describing the extent
of program implementation.33 Therefore, we
operationalized tobacco educational intervention
using the self-reports of adolescents in response
to a broadly worded question designed to
capture any classroom content focused on the
dangers of tobacco.

These adolescent self-reports may also suf-
fer from recall error but are less likely to be
influenced by social desirability bias. Adoles-
cent self-reports of receiving care and educa-
tion have been shown to be a valid and
reliable method for determining prevention
service delivery. In a clinic study that com-
pared self-reports with audiotapes of clinic
visits adolescents’ recall accuracy of whether
they received tobacco counseling by the
clinician was 86% 2 to 6 weeks after the visit
and 80% 5 to 7 months after the clinic visit.34

Another benefit of using students’ self-report of
prevention education is that recall of program
details is an indicator of a participant’s respon-
siveness, and this output indicates that, at the
very least, a school has successfully implemented

a memorable prevention program that has pen-
etrated to the individual student level.32 Exter-
nally trained classroom observers may be pref-
erable to all forms of self-report from
implementers and participants,32 but this would
be very costly to implement on a statewide scale.
However, future research may benefit from
including some level of measure verification
through trained observers.

This study is not intended to address causal
inference. Multilevel studies of observational
neighborhood characteristics have many
drawbacks in answering causal questions.35

However, they are very well-suited to identifying
indicators to target intervention strategies. This
study used neighborhood data compiled at the
school-district level, which can be a limitation
because schools often span diverse demographic
profiles. However, there are also substantial
between-district differences within the state of
Virginia, as shown in the ranges in Table 1,
reflecting different access to community re-
sources across schools in this study. This is
exactly the type of regional or neighborhood
effect that multilevel modeling is ideal for ex-
ploring.

Conclusions

This study shows that district-level data can
be used as indicators of higher risk and as tools
to help target future educational interventions.
They are also useful in exploring disparities
between more- and less-advantaged school
districts. When low income and other related
factors are associated not only with higher risk
factors but also with lower levels of preventive
services, the situation may further aggravate
persistent gaps in long-term health status. j
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