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Abstract:   Describing Change in Local Short-term Outcomes of Comprehensive Tobacco 
Control and their Effect on Smoking Outcomes among Cohorts of Minnesota Youth, 
2000-2005 

 

Introduction: The halting decline in national youth smoking prevalence indicates the 

need for comprehensive tobacco control (CTC). Social ecological theory postulates that 

CTC reduces smoking by altering social environments that influence long-term youth 

tobacco use. At the local level, CTC’s short-term outcomes result from 1) policy action, 

such as ordinances restricting public smoking and youth access to tobacco; 2) school-

based prevention, such as trained teachers offering proven curricula; and 3) community 

mobilization, such as voluntary home smoking restrictions and youth engagement. Few 

CTC studies document the effect of a cutoff in CTC funding on these outcomes; most 

studies can only weakly assert that this multilevel intervention causes youth smoking 

reductions. The Minnesota Adolescent Community Cohort (MACC) study evaluates the 

state’s CTC 2000-2003 program, the Minnesota Youth Tobacco Prevention Initiative 

(MYTPI), and the effect of its sudden, major funding cut.   

 The current study tested for 1) increases in short-term outcomes during the 

MYTPI and their sustainability after its shutdown; 2) decreases in youth smoking during 

the MYTPI and increases in youth smoking after the shutdown; and 3) a link between 

baseline levels of and changes in short-term outcomes to reduced youth smoking. 

Methods: MACC is a multilevel, population-based, observational cohort study of 

Minnesota youth (n=3,636) nested in geo-political units (GPUs; N=60), which signified 

local communities. A comparison group of youth (n=605) came from six Midwest states 

that had not dedicated major tobacco control funding. Annual ordinance, youth access 



 

ii 
 

enforcement, and school administrator surveys; and a twice-annual youth survey capture 

short-term outcomes in Minnesota. The youth survey also measures smoking outcomes. 

Data were collected from the MYTPI launch to two years post-shutdown (2000-2005).  

Analysis employs latent curve modeling, growth curves using structural equation 

modeling to parameterize the intercept and slope as latent variables. Piecewise latent 

curves modeled the effect of a sudden drop in tobacco control funding on short-term 

outcomes and youth smoking. Parallel process latent curves tested for contemporaneous 

change between short-term outcomes and youth smoking. Random coefficients models 

accounted for repeated measures and where appropriate, the multilevel nature of the data.  

Results: Implementation of short-term outcomes from school-based prevention and 

community-mobilization increased during the MYTPI; however, this growth eventually 

stopped or slowed after the shutdown. Some policy action outcomes increased minimally, 

and one outcome of policy action declined post-shutdown. Increases in smoking stage 

were the same between Minnesota and comparison groups, showing no period effects for 

the MYTPI or shutdown. However, younger cohorts, with early-teen MYTPI exposure, 

smoked less than older cohorts by the same age. Only youth access ordinances scores and 

living in homes banning smoking were negatively associated with smoking stage.  

Discussion: MYTPI implemented less controversial educational and community-

mobilization strategies, but was not as successful with permanent policy change before its 

shutdown. This lack of policy action and youth focus could explain why Minnesota youth 

did not differ from other states with concurrent national tobacco control. The study offers 

some evidence supporting MYTPI interventions, but study flaws may make the influence 
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of several of them undetectable. Study limitations include lack of/poor comparison group, 

secular trends, selection bias, measurement error, and analysis issues.  
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Chapter 1: Background and Significance 
 
A. Youth tobacco use: a major public health problem 

As the leading cause of preventable death in the United States, tobacco use kills 

438,000 Americans prematurely each year, causing 5.5 million years of potential life lost 

This count includes approximately 3,000 lung cancer and 35,000 coronary heart disease 

deaths among nonsmokers due to exposure to secondhand smoke (Centers for Disease 

Control [CDC], 2005). Smoking causes deaths primarily from lung cancer, respiratory 

obstruction, and heart disease (CDC, 2005). Approximately 8.6 million current and 

former smokers suffer from one or more tobacco-related diseases. While chronic 

bronchitis, emphysema, and prior heart attack (CDC, 2003) are the major forms of 

morbidity, tobacco use can damage almost every organ (U.S. Department of Health and 

Human Services [USDHHS], 2004). Secondhand smoke exposure raises the risk for 

Sudden Infant Death Syndrome, ear infections, asthma exacerbations, and other 

respiratory problems among children in addition to lung cancer and coronary heart 

disease in nonsmoking adults (USDHHS, 2006). Smoking annually costs the United 

States economy over $75.5 billion in medical expenses and $92 billion in lost 

productivity (CDC 2005a). Among Minnesotans, tobacco use led to over 5,600 premature 

deaths, $1.98 billion in medical expenses, and $1.5 billion in lost productivity in 2002 

(Fellows, 2005). In 2005, 20.9% of United States (CDC, 2006d) and 20.0% of Minnesota 

(CDC, 2006b) adults reported currently smoking. The national decline over the past 

decade halted in 2005, suggesting that country will most likely not meet the Healthy 

People 2010 goal of ≤12% adult cigarette use (USDHHS, 2000a).  
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The problem of tobacco use and its related diseases begins with youth smoking. 

Despite the legal age to purchase and use tobacco products, 88% of those who ever 

smoked tried their first cigarette before age 18 (USDHHS, 1994). Youth who smoke 

regularly by their senior year of high school face greater likelihood of poor general health 

and fitness, increased respiratory symptoms, and mental health complaints compared to 

never smokers (Arday et al., 1995). Further, most regular youth smokers continue the 

behavior as adults. The earlier youth begin to smoke, the greater the likelihood they will 

develop nicotine addiction and face the resulting health problems that become 

increasingly severe with age (USDHHS, 1994). Given these consequences, Healthy 

People 2010 goals aim to reduce smoking, measured as having at least one cigarette in 

the past 30 days, among youth in grades nine to 12 to ≤16% (USDHHS, 2000b).  

Trends in youth smoking indicate increases during the early 1990s followed by 

dramatic declines starting in the mid-1990s; however, these declines may have slowed to 

a halt in 2005 (the end of the proposed study period). The national Youth Risk Behavior 

Surveillance System found that current cigarette smoking among high school students 

increased from 27.5% in 1991 to 36.4% in 1997, then dropped to 21.9% in 2003. Since 

then, the prevalence has not significantly changed in either 2005 (23.0%) or 2009 

(19.5%), suggesting a stall, or only modest decline (CDC, 2006a; CDC, 2010b). In the 

2005 Monitoring the Future study, 9.3% of eighth, 14.9% of tenth, and 23.2% of twelfth 

graders reported smoking at least one cigarette in the past 30 days. Compared to 2004, 

these levels were relatively stable despite reductions of 56%, 47%, and 32% respectively 

since the mid-1990s. The 2009 findings, however, show a comparatively modest decline 

resumed with 6.5% of eighth, 13.1% of tenth, and 20.1% of twelfth graders reporting 
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smoking (Johnston, O'Malley, Bachman, & Schulenberg, 2009). The rise of many 

statewide comprehensive tobacco control programs followed by their subsequent loss of 

funding provides one potential explanation for this pattern of major decline in youth 

smoking that was cut short well before meeting the ≤16% prevalence goal. 

In Minnesota, in contrast to the rest of the country, tobacco use has continued to 

decline from 2004 to 2007 (the most recent data available). The prevalence of smoking at 

least one cigarette in the past 30 days dropped from 34.6% in 2001 to 26.6% in 2004, and 

again to 23.0% in 2007 among twelfth grade students. Similarly, among ninth grade 

students, cigarette use prevalence dropped from 18.5% in 2001, to 14.6% in 2004, and 

again to 10.4% in 2007 (Minnesota Department of Health [MDH], 2008).  

B. Comprehensive tobacco control (CTC) 

To address the tobacco use epidemic, the Centers for Disease Control (CDC) 

(1999a; 2007a), Surgeon General (2000b), Task Force on Community Preventive 

Services (TFCPS) (2001; 2003), and the Institute of Medicine (2007) recommend 

statewide “comprehensive” or multilevel strategies as best practices for tobacco control. 

The four primary goals of such programs include: 1) preventing youth from starting to 

smoke, 2) helping current smokers quit, 3) protecting all from exposure to secondhand 

smoke, and 4) eliminating disparities among high risk groups (CDC, 1999a; TFCPS, 

2003; USDHHS, 2000b). Achieving one goal leads to success achieving others (TFCPS, 

2001). 

In 1999, the CDC recommended nine components of comprehensive tobacco 

control (CTC), which were best practices behind the intervention under study:  
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1) Community programs in multiple settings, such as homes, schools, and 

churches, to engage youth and organizational partners in a wide range of 

prevention activities from education to policy promotion and enforcement;  

2) Chronic disease programs to prevent and detect smoking-related disease;  

3) School programs to implement smoke-free policies, offer evidence-based 

curricula, train teachers, and connect to community programs;  

4) Enforcement of youth tobacco access restrictions and clean indoor air laws;  

5) Statewide programs to provide technical assistance for media advocacy, 

policy advocacy, creating networks among diverse populations, and 

evaluation; 

6) Counter-marketing campaigns to oppose tobacco industry messages though 

events, radio, television, billboards, and other media advocacy techniques;  

7) Cessation programs to increase availability of behavioral support and 

medications to treat tobacco use; 

8) Surveillance and evaluation to track progress for key stakeholders; and 

9) Administration and management infrastructure to coordinate program 

elements across several state and local organizations. 

In 2007, the CDC streamlined these recommendations into fewer categories, without 

eliminating any of the above major components. The new categories are: 1) state and 

community interventions; 2) health communications interventions; 3) cessation 

intervention; 4) surveillance and evaluation; and 5) administration and management. 

Other components could include restrictions on tobacco advertising, education on the 

dangers of tobacco use, and provision of economic alternatives for tobacco farmers (John, 
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2002). When successful, these programs “de-normalize” tobacco use by decreasing its 

social acceptability (John, 2002; Institute for Global Tobacco Control [IGTC], 2002).  

Truly comprehensive programs target both youth and adult populations at the 

individual, interpersonal, organizational, community, and state settings with a mix of 

educational as well as private and public policy strategies. Still, the recommendations 

emphasize social, economic, and environmental influences rather than the role of the 

individual (USDHHS, 2000b). Program components should interact with each other to 

multiply the effect of each beyond when offered in isolation.  

The CDC based its recommendations on an evidence review and the successful 

CTC models in California and Massachusetts (CDC, 1999a). The Task Force on 

Community Preventive Services ranked the strength of evidence for many of the CDC-

recommended interventions, but still recommends a comprehensive, multi-component 

approach (2001, 2003). The recommendations, however, still need more rigorous testing. 

To date, the independent effects of CTC elements or most effective combinations thereof 

as part of a whole CTC program have not been identified (Hopkins et al., 2001). For this 

reason, the CDC broadly recommends that states offer all strategies rather than asserting 

an ideal model (CDC, 1999a; USDHHS, 2000b). 

 

C. Theoretical framework for CTC: Social ecological theory 

C1. Principles: The social ecological theory underlies the promotion of CTC as a means 

to reduce youth tobacco use. This theoretical framework postulates that the physical, 

social, and cultural environments influence individuals’ health behavior through many 

interdependent, nested interpersonal, organizational, and community settings (Stokols, 



 

6 
 

1996). Rather than blaming the individual for his or her tobacco use, the social ecological 

theory points to the need to address the environments that influence his or her behavior 

(Breslow, 1996; Stokols, 1996).  

The theory’s principles for intervention strongly emphasize broader 

environmental or social norm change while still including individual educational 

approaches. The framework, therefore, suggests intervening at multiple levels on multiple 

targets, in multiple settings, and using multiple strategies (Sallis & Owen, 2002; Richard, 

Potvin, Kishchuk, Prlic, & Green, 1996). Targets include the individual, his or her 

interpersonal relationships, organizations, communities, and policies (Richard et al., 

1996). Settings refer to the “micro social” domains of an individual’s groups (e.g. family 

and peers), organizations (e.g., work and school), and the “macro social” the domains of 

the community and state (Richard et al., 1996). The social ecological theory suggests that 

interventions should emphasize the latter, which may be more accessible to health 

promotion (Breslow, 1996). Strategies may modify individual behavior, organizational 

policies, or community social norms (Best et al., 1996) to create a better “person-

environment fit” (Gryzywacz & Fuqua, 2000). “Reciprocal determinism” may exist 

among the levels of behavior (Best et al., 1996). For example, community policy 

influences individual behavior and vice versa. Background variables, such as 

demographic characteristics, may also interact with modifiable individual-level and 

environmental-level factors to account for health behavior.  

The largely untested social ecological theory (Best et al., 1996) calls for emphasis 

on strategies that reach the most critical “leverage points” while working at several levels 

(Stokols, 1996; Gryzywacz & Fuqua, 2000). With its social environmental emphasis, the 
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social ecological theory implies that public health policy is an ideal potential leverage 

point for population-based prevention. Policy approaches could create radical change 

necessary to reduce the level of exposure to risk for all members of a population. 

Education or mobilization strategies alone, in contrast, ask high-risk individuals to “swim 

upstream” against popular social norms, such as tobacco use, a difficult behavior choice. 

Policies, in contrast, permanently change the social acceptability of and limit 

opportunities to engage in health risk behaviors, such as tobacco use, among the entire 

population (Rose, 1985).  

For optimal success, these multilevel approaches require the long-term 

commitment and interdisciplinary collaboration of many types of professionals from 

many different sectors of society, such as local and state governments, voluntary 

societies, community-based organizations, and religious organizations (Breslow, 1996; 

Sallis & Owen, 2002).  

C2. Application to tobacco control: The economic, political, and social environmental 

forces that created the tobacco-use epidemic clearly warrant the application of the social 

ecological theory to tobacco-use intervention. The tobacco industry has marketed the 

addictive product to both adults and youth and has ingrained tobacco use into cultural and 

social life. In addition to the tobacco industry, the farmers who grow, the firms that 

advertise, and the outlets that sell tobacco hold economic interests in tobacco sales. 

Local, state, and national governments have debated their powers to regulate sales and 

public use of this addictive and carcinogenic product (Breslow, 1996). Further, the 

complex factors that both lead to initiation and hinder cessation of tobacco use suggest 

the need for a social ecological approach to tobacco control. 
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Corbett (2001) relates the social ecological theory particularly to youth 

prevention, but does not test and evaluate an actual program. The article suggests that 

individual level interventions, such as school curriculum and clinic education, will be 

most effective when combined with organizational policies, such as smoking bans at 

youth group events, and other community or state level approaches, such as mass media 

counter-marketing or a statewide policy to increase the tobacco tax. The best programs 

will be well funded, tailored to youth in the particular community, and implemented at 

multiple levels (Corbett, 2001).  

To date, the social ecological theory has only minimally been explicitly applied 

and tested in community intervention research (Best et al., 1996). Several randomized 

community trials apply the principles of community-based, comprehensive, multilevel 

programs to reduce cardiovascular disease risk factors in general (e.g. Stanford Five-City 

Project, Minnesota Heart Health Program) and to encourage smoking cessation in 

particular (e.g. COMMIT), but do not actually test the particular theory. In general, these 

large scale multilevel community approaches failed to show more than modest effects at 

reducing risk factors, including smoking, in the general population (USDHHS, 2000b). 

The evaluation of the federal American Stop-Smoking Intervention Study (ASSIST) 

(described in Sections D and E) offers a one single application of the theory to CTC 

specifically. 

Despite the somewhat weak evidence from community trials and scant application 

of the theory, several American states and international governments have implemented 

and evaluated CTC programs since the early 1990s (John, 2002; USDHHS, 2000b). 

These programs clearly follow the principles of intervening on individual, interpersonal, 



 

9 
 

organizational, and community determinants of tobacco use as defined by the social 

ecological theory. 

 

D. Model CTC programs and their effectiveness  

D1. Origin and overview: Political will plays a critical role in influencing the 

availability of funds to implement resource-intensive social ecological interventions and 

the ability to successfully change social norms through policy (Sallis & Owen, 2002). 

Such political will to address tobacco use evolved from a non-research based social 

movement starting in the late 1980s, which led to tobacco tax increases in several states 

(California, 1988; Massachusetts, 1992; Arizona, 1995; Oregon, 1996; and Maine, 1998) 

(USDHHS, 2000b; Siegel, 2002). In addition, lawsuits against the tobacco industry in 

individual states (Mississippi, 1997; Florida, 1997; Texas, 1998; and Minnesota, 1998) 

led to settlements that funded statewide CTC programs (USDHHS, 2000b). The national 

Master Settlement Agreement in the late 1990s also led to 38 states allocating portions of 

these funds for tobacco control.  

In addition to their different origins and funding sources, statewide CTC programs 

have varied in population focus, goals, and program components instead of fully 

encompassing every CDC recommendation. For this reason, program evaluations have 

defined CTC exposures and key outcomes differently. The most comprehensive programs 

(e.g. California, Massachusetts, and Oregon) aim to reduce tobacco use among the entire 

population, without a specific focus on youth and adults. In contrast, some state tobacco 

control programs (e.g. Florida, Arizona, and Minnesota) purposely selected program 

components that primarily target youth. These programs hereinafter referred to as youth-
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focused CTC, fall short of true comprehensiveness as defined by CDC Best Practices 

(1999a). Political choices, often driven by tobacco industry lobbying, compel this youth 

focus (Siegel, 2002).  

Two early review studies of the first five major state programs in California, 

Massachusetts, Arizona, Oregon, and Florida concluded that CTC successfully reduced 

adult and youth smoking prevalence (Wakefield & Chaloupka, 2000; Siegel, 2002). 

Highlights and findings from key United States national and state-specific programs 

follow, with an emphasis on youth smoking behavior outcomes. To narrow focus to the 

effect of multi-component, comprehensive programs, the review excludes studies of 

single components of CTC programs (such as a media campaign or policy evaluation 

alone). To concentrate on the highest quality studies, this review reports outcomes only 

from the most recent peer-reviewed literature when available. For major programs 

without peer-reviewed results, a CDC summary of state program reports served as a 

back-up source (Kuiper, Nelson, & Schooley, 2005).  

D2. ASSIST: The National Cancer Institute (NCI) implemented ASSIST, a national CTC 

effort, through contracts with 17 state health departments. The states created coalitions 

that worked through employment settings, schools, health care, and community 

organizations to increase media coverage of tobacco control, encourage creation of 

smoke-free environments, pass policies that reduce youth access to tobacco, limit 

advertising to youth, and increase the demand for stop-smoking assistance (Stillman et 

al., 1999; IGTC, 2002). The results demonstrated modest success of the program in 

reducing adult smoking prevalence in ASSIST states by .63% compared to non-ASSIST 

states (Stillman et al., 2003). ASSIST did not follow youth-specific outcomes. 
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D3. California: The flagship statewide CTC program model began in California in 1989. 

According to the California Department of Health Services, the California Tobacco 

Control Program aims to eliminate secondhand smoke exposure, expose tobacco industry 

tactics, limit youth access, and provide quitting support. Major program inputs and 

activities included a mass media counter-marketing campaign; grants and technical 

assistance to local lead agencies for education and policy advocacy; a telephone cessation 

counseling helpline; school-based curricula and activities; administration; and 

surveillance with the California Tobacco Survey (CTS; 1998).  

Between 1989 and 1996, California adult consumption dropped from 9.7 to 6.0 

packs per capita and prevalence dropped from 23.3% to 18.0%. Both rates of decline 

exceeded the rates observed in the rest of the United States despite momentum loss in 

California after a 40% budget cut in 1993 (Pierce et al., 1998). After 13 years, the 

prevalence of youth experimentation (smoking at least one whole cigarette but less than 

100 lifetime cigarettes) dropped 63%, 43%, and 33% from peak levels among 12-13, 14-

15, and 16-17 year olds respectively. Most reductions in initiation occurred among the 

youngest age cohorts (Pierce, White, & Gilpin, 2005). The aging of these never smokers 

into the total youth population created a cohort effect (Chen, Guohua, Unger, Liu, & 

Anderson Johnson, 2003) resulting in a decline in 30-day smoking prevalence among 12-

17 year olds starting in 1996. Young adults (18-24 year olds) exposed to California’s 

program as teens were also less likely to have experimented with cigarettes than older 

cohorts, suggesting that the program effect endured into adulthood (Pierce, White, & 

Gilpin, 2005). A separate independent evaluation found that higher levels of program 

exposure were significantly associated with reduced smoking prevalence among adults 
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but not youth (Rohrbach et al., 2003); yet this finding could be explained by start of the 

study eight years after the program began. 

D4. Massachusetts: Launched in 1992, the Massachusetts Tobacco Control Program is a 

second highly recognized CTC model, which had the same goals as the California 

program and used similar strategies. Major inputs and activities included a mass media 

counter-marketing campaign; local organizing for policies to restrict youth access to 

tobacco and exposure to secondhand smoke; youth advocate training; school curricula 

improvements and activities; a telephone cessation helpline; statewide legislation and 

regulation; administration; and evaluation (Koh et al., 2005).  

Packs per capita consumed dropped 4% annually since 1993 in Massachusetts, 

compared to only 1% annually in the rest of the United States minus California. 

Similarly, Massachusetts’ adult smoking prevalence declined by a significant 0.43% 

annually, but remained unchanged in comparison states (Beiner, Harris, & Hamilton, 

2000). Among youth, neither middle nor high school prevalence of lifetime (i.e. ever 

smoking a whole cigarette) nor 30-day smoking declined after the first three years of the 

program (1993-1996) (Soldz, Kreiner, Clark, & Krakow, 2000). Results from 1999, 

however, indicated a major favorable turnaround. Middle school students’ prevalence of 

lifetime use dropped from 34.0% to 24.0% (p<.01) and 30-day use dropped from 21.0% 

to 12.6% (p<.01). Among high school students, only 30-day prevalence dropped from 

35.6 to 29.9% (p<.01). All declines exceeded those recorded among youth in non-CTC 

states (Soldz, Clark, Stewart, Celebucki, & Klein Walker, 2002). Despite this success, the 

legislature cut the program budget over 90% in 2003 due to tobacco industry lobbying, 

poor support, and a state and national budget crisis (Koh et al., 2005). 
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D5. Oregon: The Oregon Tobacco Prevention and Education Program, which began in 

1997, implemented CTC using strategies of prior state models, such as a public 

awareness campaign, community organizing for prevention, school-based programs, 

multicultural outreach, a telephone cessation helpline, and evaluation. The key outcome 

study demonstrated that tobacco consumption dropped 11.3% or 10 packs per capita, also 

a steeper drop than the than the national decline (CDC, 1999b). The state health 

department reported that by 2003, smoking prevalence dropped 13% among adults, 47% 

among eighth grade, and 26% among eleventh grade students (Kuiper et al., 2005). 

D6. Arizona: Starting with a youth (and pregnant women) focus in 1995, the Arizona 

Tobacco Education and Prevention Program evolved in 1998 into a fully comprehensive 

effort that also reached adults (Siegel, 2000) with all CDC-recommended goals and 

components (CDC, 2001). Results showed that adult smoking prevalence fell from 23.1% 

in 1996 to 18.3% in 1999 (p<.05) (CDC, 2001). The state health department reported that 

from 1997 to 2000, youth smoking prevalence dropped from 31.3% to 24.6% among 

middle school students and from 21.0% to 12.6% among high school students (Kuiper et 

al., 2005).  

D7. Florida: Of the states organizing only youth-focused CTC, the Florida Pilot Program 

on Tobacco Control represented the most recognized, successful model to date. The 

program began in 1997 with the stated primary mission of preventing youth from starting 

to smoke. Its major mass media counter-marketing and youth-led organizing campaign 

was designed to engender critical attitudes about tobacco industry practices. Additional 

features included community grants encouraging youth involvement, school-based 

curricula and activities, enforcement of youth access laws, and evaluation. School-based 
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surveys revealed that 30-day smoking prevalence dropped from 18.5% to 11.1% in 2000 

(p<.001), or 40%, among middle school students (p<.01) and from 27.4% to 22.6%, or 

18%, among high school students. Both declines were greater than observed in the 

national Monitoring the Future study. Increases in never smokers and youth committed 

not to smoke in the future as well as decreases in experimenters (triers who had not 

smoked in the last 30 days) further affirm the finding that youth-focused or other CTC 

yields greatest influence by discouraging initiation rather than by encouraging cessation 

among current youth smokers (Bauer, Johnson, Hopkins, & Brooks, 2000). Like other 

statewide CTC programs, the program’s success did not protect it from a 36% budget cut 

in 1999, due to tobacco industry lobbying, poor legislative support, and lack of a public 

health response (Siegel, 2002). 

D8. Other states: Since the ASSIST project and these five pioneering statewide 

programs, Maine, New York, Mississippi, Texas, Minnesota, and several other states 

have dedicated funds to CTC programs, but have not yet published results in the peer-

reviewed literature. The most recent youth-focused statewide CTC program occurred in 

Minnesota (described in Section E) and is the subject of the studies.  

D9. Additional evidence: Primary research on multiple statewide CTC programs in the 

aggregate also corroborates and bolsters the state-specific evaluation findings. Several 

studies separate the effects of a newly raised tobacco excise tax that funded a program 

from the effect of the program itself on the noted decreases in smoking.  Multivariate 

time series studies, in fact, have found that increased state per capita spending on tobacco 

control led to reductions in per capita pack consumption (Farrelly, Pechacek, & 

Chaloupka, 2003) and adult smoking prevalence (Farrelly, et al., 2008) independent of 
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the effect of tax increases in these states. An analysis using national Monitoring the 

Future data also found a negative association between per capita spending level and both 

youth smoking prevalence and monthly cigarette consumption (Tauras et al., 2005). Each 

study controlled for state demographics and major state policies that could influence 

smoking. 

CTC also leads to positive effects on ultimate health outcomes. The California 

program has been in place long enough to accelerate the decline in heart disease mortality 

(Fichtenberg & Glantz, 2000) and lung cancer incidence (Barnoya & Glantz, 2004) in 

California beyond the decline in non-CTC states. A national study also found a negative 

association between a summary index describing the level of CTC and lung cancer 

mortality among 30-39 year olds in 33 states (Jemal, Cokkinides, Shafey, & Thun, 2003).  

D10. Current status of CTC: Given the above evidence, the public health practice 

community has fervently embraced the CTC model as the best direction for reducing 

tobacco use (Institute of Medicine [IOM], 2000; 2007). Yet, even during the height of 

funding availability from the national and state-specific settlements, only six states 

funded programs at the minimum per capita CDC-recommended levels in 2002 (CDC, 

2002). Most recently, the Campaign for Tobacco Free Kids (CTFK; 2009) reported that 

in 2010, the entire U.S. will dedicate only 2.3% of all the money collected from tobacco 

excise taxes and tobacco settlement dollars to tobacco control. Only North Dakota is fully 

funding tobacco control at the level recommended by the CDC and only nine other states 

are funding it at half the recommended amount. Minnesota, in particular, ranks 13th in the 

nation, but will spends only 36.8%  (CTFK, 2009) of the $58.4 million in funding 

recommended by the CDC for tobacco control in fiscal year 2010 (CDC, 2007a). The 
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political will to continue these massive statewide interventions has been difficult to 

maintain, leading to funding cuts in several states. The CDC continues to promote CTC 

principles even after these funding reductions, suggesting as states invest more funds 

over longer periods, they receive the greatest impact on tobacco use (CDC, 2006c; CDC, 

2007a; CDC, 2010a). New evidence with more specific programmatic direction could 

invigorate the sustainability and increase the efficiency of CTC. 

 

E. CTC program evaluation methods and their limitations 

E1. Criteria for causation: The findings to date meet several criteria to assert that 

exposure to CTC (or youth-focused CTC respectively) causes reductions in consumption, 

adult prevalence, youth prevalence, and even mortality. The findings demonstrate 1) 

strength, or a large magnitude in the effect of CTC on tobacco use; 2) consistency, or 

similar results across adults and youths, states settings, and investigators; and 3) time 

sequence, or the appropriate presence of the CTC intervention prior to the faster drop in 

tobacco use prevalence relative to non-CTC states (Hennekins, 1987). 

While the evidence that CTC effectively causes reductions in youth and adult 

smoking prevalence appears convincing, the CTC program evaluation methods for both 

populations still fall short of the ideal theoretical and methodological standards for 

asserting causation. In addition, only a few studies attempt to determine the credible 

mechanisms, or the most effective CTC components. Even fewer, if any, studies establish 

a dose-response relationship between the level of specific CTC components and smoking 

outcomes (Hennekins, 1987). Beyond these criteria for causation, not enough studies 
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explicate the detrimental effects of a near complete funding cut. Current evaluations 

suffer from one or more of the following five major limitations. 

E2. Poor application of theory: First, these practice-driven evaluations tend not to 

employ theory. No statewide CTC program evaluations mention the social ecological 

theory or test its constructs (USDHHS, 2000b). Only the national ASSIST evaluation 

clearly described the multilevel, environmental strategy as a test of the social ecological 

theory, or “ecological systems” model (Stillman et al., 1999; Stillman et al., 2003).  

E3. Weak ecological study designs: Second, most CTC outcomes evaluations use 

ecological designs of monitoring trends in adult per capita pack per day consumption, 

adult prevalence (CDC, 2001), or youth prevalence at two or more time points before and 

after program implementation. The consumption measure indicates actual use crudely 

and cannot distinguish between adult and youth use. The repeated cross-sectional 

surveillance studies are subject to sampling variation, especially when measuring 

prevalence once per year or less, which reduces sensitivity (Wakefield & Chaloupka, 

2000). Most importantly, these designs suffer from the ecological fallacy (Hennekins, 

1985) because they cannot causally tie program exposure to individual changes in 

behavior (IGTC, 2001). Thus, secular trends or other disparate, unidentified social forces 

could alternatively explain declines in tobacco use. 

Attempting to address this criticism, the majority of these evaluations enhance 

their designs by comparing tobacco use in the CTC states to use in the remaining states 

without CTC (Pierce et al., 1998; Bauer et al., 2000; Beiner, Harris, & Hamilton, 2000; 

Soldz et al., 2002; Pierce, White, & Gilpin, 2005). An early ASSIST evaluation also used 

this approach to show a faster decline in per capita consumption among ASSIST states 
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compared to non-ASSIST states (Manley et al., 1997). Still, these studies do not control 

for potential confounding by state-specific demographics, tobacco tax increases (which 

may have caused the decline rather than the program), cross-border sales, and tobacco 

industry activity (Farrelly, Pechacek, & Chaloupka, 2003). 

E4. Lack of statistical link between exposure and outcome: Third, while many 

evaluations capture process implementation data, these studies tend to only qualitatively 

infer rather than test for the connections to outcomes as conceptualized in a logic model. 

For example, many statewide CTC evaluation reports (Elder et al., 1996; Celebucki, 

Beiner, & Koh, 1998) record program inputs (such as funding amounts), activities (such 

as community organizing or a media campaign), and short-term outcomes (such as policy 

changes) in detail. Many states also conducted process evaluations of local level projects 

across the states (Moore & Bjornson, 1998; Loeb, 1998; Russell, 1998). These studies 

document achievement of short-term outcomes, but cannot link them to the changes in 

tobacco use noted in the statewide surveillance studies. Some review articles further 

positively associate funding and implementation intensity to outcomes (Wakefield & 

Chaloupka, 2000; Siegel, 2002). Again, these studies tend make such connections 

descriptively.  

Some notable research does statistically link program inputs and activities to the 

key long-term smoking behavior outcomes. For example, sound econometric studies 

statistically link state expenditures on CTC to cigarette per capita pack per day 

consumption (Farrelly, Pechacek, & Chaloupka, 2003) and youth smoking prevalence 

(Tauras et al., 2005) while adjusting for other explanatory variables; yet, program costs 
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represent CTC very crudely. Another similar study links California’s tax and media 

campaign to reduced consumption (Hu, Sung, & Barnett, 1995).  

A few exemplary evaluations outside the econometric approach more fully 

measure and test the entire CTC logic model from inputs or activities to short-term or 

intermediate outcomes to long-term outcomes. For example, the highly innovative 

ASSIST evaluation tests for adjusted relationships between validated indices signifying 

the strength of tobacco control efforts (i.e. activities) and initial policy outcomes (i.e. 

short-term outcomes) to the desired long-term outcomes of reduced adult smoking 

prevalence and per capita pack consumption. The 50 states are the unit of analysis 

(Stillman et al., 2003).  

A second very remarkable model, California’s second independent evaluation, 

linked program activities to intermediate and long-term outcomes. The strong design 

sampled both youth and adults from 18 representative counties stratified by their level of 

media exposure. Within those counties, the youth design sampled students from schools 

stratified by presence of a strong tobacco prevention curriculum. Two repeated cross-

sectional surveys captured an index of exposure to school (for youth), media, or 

community events (activities). Analysis tested if this index predicted tobacco-related 

attitudes and norms (intermediate outcomes) as well as smoking prevalence (long-term 

outcomes). The finding that higher index scores, or increased program exposure, led to 

less smoking among adults but not youth is qualified by the fact that the program had 

been underway for eight years before the study began. Changes among youth likely occur 

earlier. Also, the study measured exposure through self-report, or recall, which may not 

be as valid as actual exposure (Rohrbach et al., 2003).  
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Of these more rigorous designs, only two studies include youth tobacco use 

outcomes (Rohrbach et al., 2003; Tauras et al., 2005).  

E5. Inability to isolate effect of individual program components: The fourth CTC 

evaluation issue is that the current evidence base fails to adequately identify the most 

effective local program components or combinations thereof (IOM, 2000). In particular, 

no research to date has isolated the effect of each component of local tobacco control, 

such as community health education or policy, from the concurrent statewide programs, 

such as mass counter-marketing media campaigns. ASSIST’s sophisticated indices, 

designed to address low power by condensing several measures, still fall short of teasing 

out the most effective components of tobacco control. Similarly, California’s second 

independent evaluation combined exposure to media, community, and school program 

components into one index (Rohrbach et al., 2003). One study successfully calculated 

separate effects for California’s tax and media campaign (Hu, Sung, & Barnett, 1995).  

A valuable Canadian CTC study modeled the independent and combined effects 

of a cigarette tax; clean indoor air policies and enforcement; and health education on 

adult smoking prevalence. This innovative, multilevel analysis isolated each of these 

aggregate-level (federal, province, and local) components of tobacco control while 

adjusting for individual-level demographics, a rare design feature in CTC evaluation. The 

authors recommend repeating this study among youth, with longitudinal rather than 

cross-sectional data, and without a shift in the tobacco tax occurring simultaneous to data 

collection (Stephens, Pedersen, Koval, & Macnab, 2001). 

E6. Poor documentation of effect of funding cuts: Fifth and finally, not enough peer-

reviewed studies document the effect of the major CTC program funding cutoffs on the 
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achieved reductions in smoking prevalence. Pierce et al. (1998) does model the effect of 

the 1993 40% budget cut to the California program on adults. Another study noted the 

effect of ending Minnesota’s youth-focused media campaign on susceptibility, or self-

reported potential to smoke in the next year (CDC, 2004). In Florida, the rate of increase 

in intentions not to smoke dropped in the year after elimination that states’ youth-focused 

CTC program (Niederdeppe, Farrelly, Hersey, & Davis, 2008). Only one peer-reviewed 

study documented the effect of major CTC funding cuts on self-reported youth smoking. 

This Oregon study, however, captured only the elimination of the school-based 

component, rather than the 70% funding cut to the entire statewide CTC program in 

2003. The longitudinal cohort design showed that 30-day smoking prevalence increased 

more slowly among student cohorts exposed to the fully-funded school programs 

compared to student cohorts in the same schools after the elimination and in schools that 

never had programs (Pizacani, Dent, Maher, Rohde, Stark, Biglan, & Thompson, 2009). 

No studies track the effect of funding cutoffs on the sustainability of the program 

components.  

F. Minnesota tobacco control, 1985-2005 

F1. History and context: In the fifteen years prior to the state’s major CTC program, 

Minnesota implemented several tobacco control initiatives. In 1985, state law required 

that one-cent per pack from a five-cent tax increase fund a program to prevent youth 

initiation, support adults in quitting, and encourage clean indoor air. With the resulting 

$1.5 million annual funding, the Minnesota Department of Health (MDH) launched the 

nation’s first state-funded program, which included a mass media campaign to portray 

smoking as socially unacceptable, school-based education, worksite assistance to abide 



 

22 
 

by state clean air policies, and community programs. Despite declining youth smoking 

prevalence in Minnesota relative to the rest of the country, unsupportive administrations 

cut the budget in one-third in 1990 and nearly completely in 1994 after heavy tobacco 

industry opposition efforts (Tsoukalas & Glantz, 2003). In 1991, NCI funded Minnesota 

as one of the 17 ASSIST demonstration states. After a two-year planning phase, MDH 

distributed $1.2 million between 1993 and 1999 to local coalitions. Because the funded 

coalitions were concentrated in one region and focused primarily on the issue of youth 

access to tobacco, the program did not offer the statewide comprehensive policy 

approach that NCI had envisioned. Finally, the state legislature created the Tobacco Free 

Communities for Children program, through which MDH distributed a total of $500,000 

to community health service agencies from 1997 to 1999. The two-year $10,000 grants 

covered technical assistance to communities, public education, and school-based 

prevention (J. Ellsworth Fritz, personal communication, October 30, 2006). 

MDH began its most well funded, comprehensive program in 2000, the 

Minnesota Youth Tobacco Prevention Initiative (MYTPI). The state received $6.1 billion 

from its 1998 settlement with the tobacco industry, 3% of which funded a tobacco 

research and intervention foundation (ClearWay Minnesota) in a court-ordered payment 

and 76% of which went to the state’s general fund through annual payments (Appendix 

1.1). The state legislature allocated the remaining one-time payments into two major 

endowments: 12% into medical education and research and 9% into the Tobacco Use 

Prevention and Local Public Health Endowment ($590 million). With the latter 

endowment, the 1999 statute allocated $97 million to the prevention of general (non-

tobacco) youth risk behaviors and $492 million to prevention of youth tobacco use 
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(Figure 1.1). Five percent of the fair market value that $492 million endowment (8% of 

the total settlement), that is the interest, would fund the MYTPI budget until 2015. Eighty 

percent of the budget would fund statewide projects and 20% local projects. The 

legislation further mandated that MDH lead the program targeting youth ages 12 to 17. 

Between January 2000 and July 2004, the MYTPI budget allocated $18 million during 

the first 18 months and an average of $16 million per year for each following year 

(excluding administration and evaluation costs) to organizations for statewide and locally 

based youth-focused CTC prevention projects (MDH, 2001b; MDH, 2002; MDH, 2003; 

MDH, 2005b).  
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Figure 1.1: Minnesota Tobacco Settlement Endowments, 1999 allocations  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Adopted from: “Tobacco Settlement Endowments,” page 8 in: Minnesota Department of Health. (2001b). 
Tobacco use prevention and local public health endowment, Report to the Minnesota Legislature. St. Paul, 
MN: Minnesota Department of Health.  
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In 2003, a budget crisis and a new unsupportive administration led the state 

legislature to dismantle the endowment that funded the MYTPI, cutting short funds prior 

to the end of fiscal year 2003. With the drastically reduced funding level of $3.7 million, 

MDH began Tobacco-Free Communities (TFC) in Minnesota in January 2004. This grant 

program encourages local communities to pass ordinances creating smoke-free public 

places (MDH, 2005b). The policy-focused program continues today.  

In addition to the state programs, Minnesota’s 1998 settlement with the tobacco 

industry funded two additional major, but adult-focused, tobacco control organizations. 

The court order dedicated $202 million to create ClearWay Minnesota (known then as the 

Minnesota Partnership for Action against Tobacco), a foundation to fund both primary 

research and interventions to encourage adult cessation. The state’s co-litigant, Blue 

Cross and Blue Cross Blue Shield of Minnesota (Blue Cross), also received $469 million 

that it allocated for a statewide comprehensive tobacco control program (2001). Although 

the health plan did offer some adult-focused programs through 2004, legal proceedings 

prohibited Blue Cross from accessing these funds and starting its program until January 

2005. Neither organization’s activities systematically targeted youth tobacco use; yet, 

these programs ideally bolstered the MYTPI and TFC initiatives with additional efforts to 

shift social norms away from tobacco use. 

F2. Minnesota Youth Tobacco Prevention Initiative, 2000-2003 

F2a. Logic model: Figure 1.2 delineates the MYTPI logic model in diagram form, 

adapting some constructs and language from the ASSIST conceptual model (Stillman et 

al., 1999) and from CDC’s logic model for preventing the initiation of youth tobacco use 

(MacDonald et al., 2001). The following narrative describes the program in greater detail.
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Figure 1.2: Logic model for Minnesota Youth Tobacco Prevention Initiative, 2000-2003 
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F2b. Goal: Ultimately, MDH aimed to reduce future illness, death, and health disparities 

linked to tobacco use through the MTYPI. To reach this goal, MYTPI concentrated on 

preventing the initiation of tobacco use among youth, one of the four CDC stated goals 

for CTC (MDH, 1999). 

F2c. Target population: By legislative mandate, the MYTPI targeted 12 to 17 year old 

Minnesota youth, emphasizing 12 to 14 year-olds who may be particularly at risk to start 

smoking. As a key principle, MYTPI reached out to youth at risk of smoking, in minority 

groups, in urban and rural settings, and from varied socioeconomic groups in order to 

touch a diverse spectrum of Minnesota youth. The program also sought to influence their 

role models such as older youth, parents, family, other adults, as well as normative 

community behavior (MDH, 1999).  

F2d. Inputs: To increase the human resources, or inputs, for youth tobacco prevention, 

state health department personnel engaged and coordinated many partner organizations 

throughout Minnesota. These public and private collaborators from both the state and 

local levels included community health boards, schools, health care, advocacy groups, 

and law enforcement (MDH, 1999). 

The MYTPI distributed financial resources through five major funding streams. 

The Part I grant proposal financed a statewide public information and education 

campaign. Part II funded several evidence-based and innovative statewide programs as 

well as technical assistance to local grantees on various key issues. At the local level, Part 

III called for partners to develop and implement community-based prevention programs. 

Within this funding stream, a particular mechanism reached out to populations-at-risk 
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such as minority, low income, and gay/lesbian/bisexual/transgender youth. Part IV sought 

to create a youth-led “movement” through leadership projects, conferences, and regional 

organizations of youth groups (MDH, 1999). Added in 2001, Part V implemented local 

projects to enforce laws restricting youth commercial tobacco access (MDH, 2002). 

F2e. Activities and outputs: These human and monetary inputs generated the MYTPI 

interventions, which followed most of CDC’s best practices for CTC programs (1999a). 

The multilevel activities employed four major strategies. Their immediate, visible, and 

measurable products represent outputs. First, the statewide counter-marketing campaign, 

named Target Market, used mass media to highlight tobacco industry manipulation of 

youth (MDH, 2001b; MDH, 2002; MDH, 2003). Second, MYTPI encouraged local 

policy action. Communities could organize to pass ordinances banning smoking in public 

places or strengthening youth access restrictions as well as to enforce existing youth 

access restrictions. Third, state and local organizations could execute school-based 

prevention projects, such as training teachers, improving the tobacco prevention 

curricula, and forming school-based peer-led groups. Fourth, community mobilization 

strategies include all non-policy related organizing and public education for change in 

multiple local settings such as media advocacy, promotion of treatment programs, and 

formation of youth groups (MDH, 2001a). To support these intervention strategies, the 

state funded technical assistance activities for local policy advocacy, program design for 

populations-at-risk, and program evaluation. Finally, other activities trained and 

facilitated communication among grantees (MDH, 2001b; MDH, 2002; MDH, 2003). 

F2f. Short-term outcomes: Ideally, the short-term outcomes follow immediately from 

the outputs. These potential outcomes, a key focus of the studies, are the ideal changes in 
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the social environmental and interpersonal factors that influence tobacco use. At the state 

level, the counter-marketing campaigns should increase the percent of youth exposed to 

anti-industry messages. At the local policy level, policy action should lead to ordinances 

that ban smoking in indoor and recreational public places or ordinances that tighten 

restrictions on youth access to tobacco. Policy action should also lead to enforcement of 

those restrictions. School-based prevention should lead to increased offerings of tobacco 

use prevention curricula taught by trained teachers in the school setting. Community 

mobilization strategies should lead to media stories covering the tobacco issue and 

attendance at treatment programs to support quitting in the community setting; voluntary 

policies to ban smoking in the home setting; and youth participation in advocacy groups 

and events in the interpersonal setting.  

F2g. Intermediate outcomes: With these short-term outcomes in place, the MYTPI will 

realize its vision for a state where youth become “empower[ed] to be tobacco free by 

creating a statewide social environment in which tobacco use becomes undesirable and 

unacceptable, and tobacco products are inaccessible to young people” (MDH 1999). The 

CDC dubs this intermediate outcome “de-normalization” (MacDonald et al., 2001). In 

effect, MYTPI would ideally eliminate the six key predictive factors of youth smoking. 

Instead, youth would experience: 1) fewer media images and other role models represent 

tobacco use as a positive symbol of social acceptance and maturity; 2) a decreased 

normative belief that most teens and adults smoke and that tobacco use is acceptable; 3) 

fewer places where smoking is acceptable; 4) reduced accessibility and affordability of 

tobacco through commercial and social sources; 5) increased opportunities to become 
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skilled at identifying and countering influences to use tobacco; and 6) less exposure to 

friends and family who use tobacco or who support its use (MDH 1999).  

F2h. Long-term outcomes: If the short-term outcomes lead to individual youth 

perceptions of de-normalization, then the program would ideally reduce the prevalence of 

tobacco use among youth by 30% by the year 2005. The founding legislation mandated 

this desired long-term outcome as the key measure of success (MDH, 1999). To achieve 

this outcome, either current youth smokers must quit or nonsmokers must not start 

smoking. The MYTPI focused on the latter.  

F3. Tobacco-Free Communities in Minnesota, 2004-2005 

F3a. Logic model: The logic model in Figure 1.3 delineates this drastically scaled back 

MDH tobacco control initiative diagram forms. The following narrative describes the 

program in greater detail. 
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Figure 1.3: Logic model for Tobacco-Free Communities in Minnesota, 2004-Present 
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F3b. Goal: To reach the ultimate goal of reduced morbidity, mortality, and health 

disparities from tobacco use, TFC stated a focus on preventing youth tobacco use (MDH, 

2005b). 

F3c. Target population: The TFC target population remained 12 to 17 year old 

Minnesota youth (MDH, 2005b).  

F3c. Inputs: Similar to MYTPI, MDH staff engaged public and private collaborators 

throughout Minnesota. TFC, however, engaged only local partners. Two local grants 

mechanisms distributed financial resources to community organizations that represented 

either local regions or populations-at-risk as defined above (MDH, 2005b). 

F3d. Activities and outputs: TFC narrowed its activities to “create tobacco free 

environments” in local settings. Through local policy action, communities could organize 

to pass ordinances banning smoking in indoor public places and/or indoor or outdoor 

youth recreational settings. Non-policy community mobilization could also encourage 

voluntary smoking bans in public settings and private homes and cars. (In addition, 

communities could spend up to one-fourth of their funds on school-based prevention and 

of youth access ordinances and enforcement (MDH, 2005b). Because of their minimal 

funding and emphasis, these activities and their associated outcomes are not represented 

in the TFC logic model.) 

F3e. Short-term outcomes: The resulting local-level short-term outcomes for TFC 

include ordinances that ban smoking in indoor and recreational public places and 

voluntary policies to ban smoking in private and home settings. 

F3f. Intermediate outcomes: Ideally, TFC short-term outcomes will lead to de-

normalization because youth will see fewer role models of tobacco use as positive, 
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perceive less often that most teens and adults smoke, encounter fewer places where 

smoking is acceptable, find fewer social sources of tobacco through, and have fewer 

friends and family who use or support using tobacco.  

F3g. Long-term outcomes: No legislative mandate required reaching a particular 

success metric, but the TFC program still sought to reduce the prevalence of youth 

tobacco use as the desired long-term outcome (MDH, 2005b).  

F4. Strengths and weaknesses: The MYTPI youth-focused CTC program plan clearly 

follows the social ecological intervention theory and the CDC’s best practices for CTC 

with some exceptions. First, by targeting many different organizational, social, and 

interpersonal environments from state to individual with several strategies, the MYTPI 

plan demonstrated ecological depth, a key concept in assessing social ecological 

approaches (Stokols, 1996; Richard et al., 1996). Second, the MYTPI also included the 

recommended interdisciplinary collaboration across multiple sectors of the business, 

government, nonprofit organization, and health communities. Third, the program 

activities follow the CDC’s strong recommendations for evidence-based interventions 

(1999a). As a weakness, the MYTPI program did not integrate tobacco control efforts 

into chronic disease programs, likely due to the youth focus. More importantly, the 

MYTPI failed to target adults. Yet, the concurrent Blue Cross and ClearWay Minnesota 

programs did focus on this audience. Given the funding cuts, the three-year program 

could not demonstrate the required long-term commitment likely necessary to achieve or 

sustain its goals. 
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The subsequent, abbreviated TFC program clearly failed to meet the requirements 

of a social ecological CTC program, but at least emphasized the potentially most 

effective policy strategies.  

Of note, while the strategic plans for both programs demonstrated these 

principles, process evaluation must determine how well the program actually 

implemented these intended activities. 

F5. Evaluation results: To date, two publicly released studies have described the effect 

of the Minnesota program on youth smoking outcomes. The first study, covering only the 

MYTPI program, found that the 2003 funding cutoff for the Minnesota’s youth-focused 

media campaign (and likely the other concurrent statewide and local components) led to a 

subsequent jump in susceptibility to smoking from 43.3% to 52.9% among 12 to 17 year 

olds (CDC, 2004). Finally, a non-peer-reviewed report from the Minnesota Department 

of Health (MDH) (2005) described findings across phases from three repeated cross-

sectional Minnesota Youth Tobacco Surveys. Middle school students’ 30-day smoking 

prevalence steadily dropped 43% from 9.1% in 2000 to 5.2% in 2005, similar to national 

declines. High school students’ prevalence also steadily dropped from 32.4% in 2000 to 

22.4% in 2005. This trend differed from high school students nationally whose rates did 

not appear to decline between 2002 and 2004 (MDH, 2005). Both studies apply 

established CTC evaluation approaches that suffer the limitations described in Section E.  

 

G. Summary 

Given the high human and monetary costs of tobacco use, the recent halt in the 

decline in national youth smoking prevalence is alarming. This trend appears associated 
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with the corresponding rise and fall in funding for CTC in many states. In fact, the CDC 

has strongly recommended CTC as the primary means to prevent and reduce tobacco use 

among both youth and adults. Consistent with the social ecological theory, CTC 

intervenes in many settings, from interpersonal relationships to community and statewide 

policies, and employs many strategies from school-based prevention education to youth 

access policy enforcement. The evidence from the many states that have implemented 

CTC programs consistently shows an association with reduced tobacco use prevalence. 

Yet, several theoretical and methodological challenges prevent most evaluation studies 

from causally linking intervention and outcome. Only one study incorporates theory. 

Most designs show only an ecological association between steeper tobacco use declines 

in states with CTC programs compared to states without them. Other studies offer only 

descriptive associations between process measures of program components and 

outcomes. Some exemplary studies can statistically link index measures of tobacco 

control to long-term behavioral outcomes, but few have teased out, or isolated the 

individual effects of each component. Only two of these stronger designs for asserting 

causation include youth smoking behavior outcomes. No studies document the effect of a 

cutoff in CTC funding on youth smoking behavior. 

More sophisticated studies could encourage greater stability to CTC funding and 

inform greater efficiency in selecting the most effective components. From 2000 to 2003, 

Minnesota’s youth-focused CTC program incorporated almost every CDC-recommended 

component. Designed to evaluate this program, the Minnesota Adolescent Community 

Cohort study design can address many of the weaknesses in current CTC evaluation. 
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Chapter 2: Overview of Studies 

A. Specific Aims 

The studies both narrow in on some critical aspects of the Minnesota Youth 

Tobacco Prevention Initiative (MYTPI) logic model (Figure 1.2) and consider additional 

external predictors. The studies build and test a locally focused, social ecological theory 

predicting youth smoking behavior. The conceptual model in Figure 2.1 displays the 

studies’ focus on the local short-term outcomes in the MYTPI logic model. These desired 

short-term outcomes of comprehensive tobacco control (CTC) activities are the factors 

hypothesized to influence youth tobacco use. The focus on local short-term outcomes 

studies the added individual value of local policy action, school-based prevention, and 

community mobilization activities beyond the statewide media campaign.  

The first study describes the increase in local short-term outcomes as a result of 

the MYTPI and tests their sustainability after its shutdown. The second study tests 

whether youth smoking behaviors decreased during the MYTPI and increased after the 

sudden, major drop in state and local tobacco control funding. The third study tests 

whether local short-term outcomes of comprehensive tobacco control influenced youth 

smoking behaviors. The specific aims follow: 
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Figure 2.1:  Conceptual model for studies 

 

A1. Describe changes in each local short-term outcome before and after the MYTPI. 

Specifically, the analysis will fit separate piecewise linear trajectory models, a form of 

latent curve modeling, for each local short-term outcome. Each model will generate two 

slopes, one before and one after the 2003 MYTPI shutdown, and will test for differences 

between them. 

The primary hypotheses for this aim are:  

a. Minnesota communities more rapidly increased the levels of the community-

mobilization or school-based, local short-term outcomes rather than policy 

outcomes from the start to the shutdown of the MYTPI (2000 to 2003). 
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b. Minnesota communities’ levels of the community-mobilization or school-

based, local short-term outcomes decreased after the shutdown of the MYTPI 

(2004 to 2005). 

c. Minnesota communities’ levels of the local short-term policy outcomes 

remained stable after the shutdown of the MYTPI (2004 to 2005).  

This specific aim is represented schematically in the middle of the conceptual 

model (Figure 2.1). (The conceptual model, however, does not visually account for time.) 

While community demographic background factors point to the local short-term 

outcomes, the current study does not explore the relationship between these factors.  

A2. Describe and test for changes in youth smoking behaviors before and after the 

shutdown of Minnesota Youth Tobacco Prevention Initiative. Specifically, the 

analysis will fit piecewise linear trajectory models predicting the smoking stage and 30-

day prevalence outcomes for each baseline age cohort. Models will compare Minnesota 

youth to a cohort of youth from five different Midwest states. Finally, to compare 

outcomes by age of exposure to the MYTPI, analysis will compare each Minnesota 

baseline age cohort by centering their intercepts on the common age of 16. The primary 

hypotheses for this aim are:  

a. During the MYTPI (October 2000 to September 2003), Minnesota youth will 

have the slower rates of increase in smoking behaviors compared to 

comparison cohorts.  

b. After the MYTPI shutdown, the slopes of increase in smoking behaviors 

among Minnesota youth will increase to match the increases in smoking stage 

among the comparison cohorts.  
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c. Compared to older cohorts, younger cohorts of Minnesota youth will most 

likely have lower levels of smoking behaviors, or intercepts, by age 16. 

These specific aims are not represented in the conceptual model (Figure 2.1), 

which does not visually account for time. 

A3. Test whether the local short-term outcomes of the MYTPI predict youth 

smoking behaviors. Specifically, analysis will fit separate parallel process latent curve 

models testing for a hypothesized negative association between eight local short-term 

outcomes influenced by CTC and the long-term smoking stage outcome at baseline (i.e. 

intercepts) and during the study period (i.e. contemporaneous change in linear slopes).  

The primary hypotheses for this aim are: 

a. At baseline, the initial levels of the local short-term outcomes of the MYTPI 

in Minnesota communities will be negatively associated with youth and 

smoking stage. 

b. From October 2000 to September 2005, at baseline and during the MTYPI 

and post-shutdown phases, Minnesota youth exposed to increased levels of 

any of the local short-term outcomes will have decreased slopes of smoking 

stage. 

c. From October 2000 to September 2005, Minnesota youth exposed to 

communities with increases in the local short-term outcomes of policy action 

will have decreased slopes of smoking stage compared to those exposed only 

to the community-mobilization or school-based short-term outcomes. 
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This specific aim is represented schematically in the right half of the conceptual 

model (Figure 2.1), where the local short-term outcomes point to youth smoking 

behavior, the primary long-term outcome of interest.  

 

B. Minnesota Adolescent Community Cohort Study  

B1. Purpose: To meet these aims, the studies will employ data from the Minnesota 

Adolescent Community Cohort (MACC) study. University of Minnesota School of 

Public Health investigators designed the MACC study to measure the overall effect 

Minnesota’s youth-focused CTC program and to identify the most beneficial tobacco 

control strategies. Minnesota Department of Health (MDH) program and research staff 

contributed to all stages of the study from establishing research questions to collecting 

data to analyzing and interpreting results. 

B2. Study design and overview: The MACC study is a multilevel, population-based, 

observational cohort with comparison group design.  The study assesses community-level 

tobacco control exposures through annual public records review, annual surveys of local 

government agencies and schools, and ongoing media review in 60 communities, or geo-

political units (GPUs). An individual youth survey of 3,636 Minnesota youth nested in 

these GPUs and 605 youth from five nearby Midwestern states also assesses multilevel 

exposures as well as youth smoking behavioral outcomes every six months. The 

longitudinal study began data collection in October 2000, five months after the official 

MYTPI launch, and will continue until October 2009. The current analyses focused on 

community-level exposures and individual outcomes from October 2000 through October 

2005, that is, from the start of the MTYPI to two years after its shutdown. 
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B3. Setting and Timing: By including only Minnesota communities, the GPU-level 

analysis of the MACC data maintains the cohort study principle of keeping groups as 

similar as possible on all factors except the exposure (Hennekins, 1987). States vary, for 

example, in their funding of tobacco control, their tobacco tax, and the strength of their 

clean indoor air policies. For manuscript #2, a comparison group of youth from five 

Midwestern states with similar demographic, geographic, and cultural patterns enables 

study of this statewide variation in funding compared with Minnesota.  For Manuscripts 

#1 and #3, the Minnesota focus holds the statewide tobacco control efforts constant while 

studying variation in local short-term outcomes.  

In Minnesota, five background factors define the statewide tobacco control 

environment. The first three remained constant during the study period. The study design 

accounts for the last two.  

1. Other organizations receiving 1998 settlement funds offered statewide programs, such 

as a quit-smoking telephone helpline for every Minnesotan.  

2. The state’s 1997 youth access law required an age 18 minimum sale, signs on 

vending machines, and licensure for retail sales. The law also penalized individuals 

and businesses for selling tobacco to minors, and made youth purchase, use, and 

possession of it illegal (CDC, 1999c). Since 1997, some cities or counties did pass 

local ordinances that were even stronger than this statewide law.  

3. The state’s clean indoor air policy banned smoking nearly completely at all worksites 

with the exception of bars and designated restaurant sections (MDH, 2006). (This 

statewide law remained “constant” assuming that the 2003 administrative rules 

expansion to factories and warehouses did not materially affect youth).  



 

42 
 

4. Some MYTPI activities affected only the statewide rather than local environment, but 

did not remain constant, most notably the counter-marketing campaign from 2000 to 

2003. By virtue of comparing the pre- and post-shutdown phases, the second 

manuscript studied the effect of this major change.  

5. In August 2005, a state-legislated 75-cent fee on each pack of cigarettes went into 

effect. Limiting analysis to data collected through October 2005 maintained the 

constancy of this statewide factor for the GPU-level analysis (assuming the relatively 

few youth surveyed from August to October did not show a major effect).  

B4. Population and sampling: The multistage sampling design first selected Minnesota 

GPUs; then, it selected 60 youth from each GPU. The study also randomly sampled a 

comparison group of youth from five nearby Midwestern states.  

B4a. GPU-level: A GPU signifies the construct of “local community.” Created 

specifically for MACC, this sampling unit is particularly appropriate for observational 

studies of comprehensive health programs like the MYTPI. In these studies, the 

investigator cannot manipulate or anticipate the multiple interventions offered in multiple 

settings at various times. The four criteria used to define GPU boundaries suggest 

advantages to this unit of aggregation not possible with the more standard, existing units 

of city or county (Chen, Forster, Van Coevering, Oswald, & Rode (2010). 

1. The area must be a potential unit to offer local tobacco prevention program activities. 

Although not certain to occur in this prospective study, matching the hypothesized 

unit of program implementation to the unit of measurement ideally creates a stronger 

causal connection between exposure and outcomes. Sampling cities or counties would 

likely not provide this desired specificity. 



 

43 
 

2. The levels of homogeneity in youth tobacco use, or intra-class correlation, across 

GPUs must be similar. Such similarity makes individuals’ responses hold the same 

amount of information, allowing for the same size sample in each GPU. Prior studies 

revealed the greatest variation in urban areas and the least in rural areas. To achieve 

the desired balance, smaller populations were assigned to areas with greater 

urbanization. As a result, approximately 4,500 to 9,000 youth lived in rural GPUs; 

1,500 to 4,500 in suburban GPUs; and 1,000 to 3,000 in urban GPUs. 

3. The 12 to 16 year old population size must be adequate for sampling. This criterion 

assured the minimum size for sufficient statistical power. For example, to achieve the 

proper size, some GPUs combined counties and other GPUs split counties along 

school district boundaries. 

4. The boundaries must resemble existing geographic and political boundaries. In 

effect, a parent could accurately identify his or her residence in that GPU during 

telephone screening. 

MACC investigators divided the state of Minnesota into 129 GPUs (Appendix 

2.1) and randomly sampled 60 of these units stratified by region (i.e. four non-metro 

congressional districts and the Twin Cities metropolitan area), by level of urbanization 

(i.e. rural, suburban, urban, and small city), and also by race/ethnicity (i.e. white, Native 

American, and Hispanic). To reduce variation across regions, the guideline of probability 

in proportion to size established the number of GPUs to select per region. Urban GPUs 

were further stratified by race/ethnicity. Three GPUs with the largest Hispanic population 

and all GPUs with Native American reservations were selected. In the final sample, 28 

GPUs were rural and primarily composed of one or more counties; 21 GPUs were 
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suburban and primarily composed of school districts or cities; eight GPUs were urban 

and primarily composed of neighborhoods and planning districts; and three GPUs were 

small cities. The GPU sample both represented the state’s regional and local variation in 

population density and offered adequate power for GPU-level analyses. 

B4b. Individual-level: From each of the 60 GPUs, the study sought to achieve a random 

sample of 12 youths from five strata ages 12, 13, 14, 15, and 16 (i.e. 60 per GPU, or 720 

per age stratum) through a combination of random and quota sampling. Clearwater 

Research, the data collection firm, implemented a modified random digit dial approach 

by calling area codes and exchanges within each GPU, identifying residential households, 

and then randomly selecting eligible respondents from the 12 to 16 year olds living in the 

household to fill age quotas.  

The study also randomly sampled a comparison group of youth from the same age 

strata from Kansas (60%), the combination of North Dakota and South Dakota (27%), 

and the upper peninsula of Michigan (13%). Comparison states were divided into five 

GPUs. These states shared similar demographic and geographic patterns as Minnesota but 

had not set aside Master Settlement Agreement funds for tobacco control by the 2000 

sampling period. These characteristics made these states appropriate for comparison to 

the intervention state of Minnesota. The combination of quota and modified random digit 

dial sampling led to recruitment of 3,636 respondents from Minnesota and 605 

respondents from the other five Midwestern states.  

To reach MACC sample size goals in the Minnesota sample, Clearwater Research 

called 200,849 telephone numbers. After excluding those that were non-working or 

disconnected numbers, those where no contact was made, those that were deemed 
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ineligible, and those that refused before eligibility could be determined, 6,213 known 

eligible households remained (Table 2.1). Of these, 3,636 participated in baseline 

interviews by October 2000, for a baseline response rate among eligible households of 

58.5% [3,636 completed interviews ÷ (6,213 total known eligible households)]. The 

overall baseline recruitment rate is 10.3% [3,636 completed interviews ÷ 35,464 (sum of 

no contacts, total refusals, and completed interviews)]. Although based on a smaller 

initial sample frame of only 24, 215, the baseline response rate was very similar for the 

comparison group. 

Table 2.1: Baseline response rate among eligible households for youth survey among 
Minnesota and comparison samples 

 Minnesota % Comparison % 
Initial sample frame 200,849  24,215  
Nonworking/disconnected 22,930 11.4% 3,530 14.6% 
No contact 23,894 11.9% 2,502 10.3% 
 No answer (15 tries) 21,006  2,183  
 Busy (15 tries) 2225  234  
 Unknown if eligible person 

available 
663  85  

Ineligible 142,455 70.9% 16,226 67.1% 
 Not a private residence 18,598  1,841  
 No eligible teen 120,644  13,908  
 Unavailable during study period 308  45  
 Language barrier 766  120  
 Unable to communicate 219  26  
 Quota cell full 1,859  270  
 Not in quota cell 20  3  
 Previously reached 1    
 Quota cell full; not followed 40  13  
Refused before eligibility determined 5,357 2.7% 919 3.8 % 
Total known eligible households 6,213  1,038  
Refused after deemed eligible 2,577 41.5%2 433 41.7%2 
Total interviews completed and followed 3,6361 58.5%2 6053 58.3%2 

1 For 203 cases, the quota cell full but participants were still followed. 
2 Total known eligible households used as denominator 
3 For 24 cases, the quota cell was full but participants were still followed; for 1 case Clearwater lost data. 
 

 

Respondents completed telephone surveys every six months with the exception of 

the seventh wave (October 2003 through March 2004) due to a lapse in study funding. 

The analysis will use the first ten waves (minus the non-existent wave seven), which 
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were completed in September 2005. By this wave, the five cohorts had aged to 16, 17, 18, 

19, and 20 respectively.  

B5. Data sources: Five major data collection efforts delineated the focus, reach, 

duration, and intensity of the local short-term outcomes of CTC as well as the youth 

smoking behaviors described in the studies. 

B5a. Ordinance database: This database coded local ordinances or policies pertaining to 

tobacco, particularly restrictions on youth access and secondhand smoke exposure 

indoors as well as in recreational facilities and parks, from cities and counties with 

populations greater than 2,000 people. During each spring since 2001, study staff asked 

local and county officials to complete an ordinance checklist (Appendix 2.2) and to send 

copies of the most recent ordinances. If unsuccessful after several attempts to obtain 

ordinances and policies, staff finally assumed the law did not change that year and 

counted the prior year’s ordinance rather than treating the data as missing. This carry-

forward approach is conservative because any ordinance change would likely involve 

strengthening it. The study successfully collected ordinance information from all 45 

counties and 130 of the cities located in MACC GPUs. Instead of the ordinance checklist, 

the American Lung Association of Minnesota’s website provide data on the few 

communities with ordinances that restricted smoking in worksites, including bars and 

restaurants, in order to protect against indoor secondhand smoke exposure (American 

Lung Association of Minnesota [ALAM], 2008).  

Study staff coded the implementation date, presence or absence of various youth 

access restrictions, the locations of smoking bans, and any exceptions to the law. Inter-

rater reliability tested coding for a sample of ordinances and indicated “very good” to 
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“good” Kappa scores [2003: .863 (CI: .817-.909); 2004: .772 (CI: .695-.850); and 2005: 

.790 (CI: .710-.869)].  

An algorithm (described in Section C1) weighted these ordinance data, which 

describe city and county exposures, to create a GPU-level variable using census data.  

B5b. Youth access enforcement survey: An annual survey of local law enforcement 

agencies characterized local enforcement of underage tobacco sales restrictions in MACC 

GPUs (Appendix 2.3). In particular, the 35- to 40-item survey counts the number of local 

citations of tobacco merchants, clerks, or minors as well as implementation of 

compliance checks. The study surveys 100 city (defined as having a population greater 

than 2000) police chiefs and all 45 county sheriffs located in MACC GPUs.  

During every late summer since 2001, the University of Minnesota’s Data 

Collection and Support Services (DCSS) department mailed the confidential paper-and-

pencil survey. DCSS also conducted telephone follow-up interviews for respondents with 

blank items or unclear responses. Starting in 2004, the mailed survey included a 

delegation form, which the police chief or sheriff could fax, mail, email, or telephone 

DCSS to state that a knowledgeable person in the department will respond instead. The 

response rate for each survey round has been around 99%. 

An algorithm (described in Section C1) weighted these enforcement survey 

results, which describe the city and county exposures, to create a GPU-level variable 

using census data.  

B5c. School administrator survey: The one-page annual school survey asks which 

grades in the school offered tobacco use prevention in the curriculum, the number of 

sessions offered, whether teachers were trained in tobacco use prevention, and the name 
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of the curriculum (Appendix 2.4). In the first year, the study surveyed every school 

located in a MACC GPU (967 schools). In subsequent years, however, the study 

surveyed every school identified by participants in the most recently associated complete 

wave of youth surveys, which took place from April to September each year.  

In January to February of each year since 2001, school principals received the 

mailed school survey with $2 bill incentive. The accompanying letter asked the principal 

to either complete the survey or ask the most knowledgeable person on the student health 

curriculum to complete it. Study staff made extensive follow-up attempts to non-

respondents in order to achieve an 80% response rate each year (Table 2.2).  

Table 2.2: Response rate for each school survey wave 
Year Count of identified 

schools* 
Count of school 

respondents 
Response rate 

2001 967 695 72% 
2002 967 500 52% 
2003 581 475 82% 
2004 486 421 87% 
2005 349 281 81% 

*2001 and 2001 included all schools in MACC GPUs. 2003-05 included only schools identified by MACC 
youth survey participants regardless of whether the school was in a MACC GPU; this number dropped, as 
students grew older. 

 
Creating GPU-level variable from school data is not possible because schools 

were not geocoded to their GPU. (The GPU of the youth attending a school cannot 

adequately determine GPU because youth may attend schools outside their GPU and 

youth from several GPUs may attend one school.) Given this weakness, Aim #1—which 

ideally planned to study this and all exposures at the GPU-level—analyzed all MACC 

schools as a representative sample of state schools.  Because school data were collected 

for each youth participant’s school each year, individual-level analysis in Aim #3 linked 

school data to individual youth respondents.  
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B5d. Media database: This database contains the newspaper name, title, text, and date 

of every publicly available printed media article in Minnesota—even from small local 

newspapers—that covered the tobacco issue between October 2000 and August 2005. 

While media advocacy and its resulting coverage represent a critical component of a 

comprehensive tobacco control program, this study did not include these measures due to 

project scope, time, and data complexities.  

B5e. Youth survey: At the individual youth level, a 10 to 20 minute (depending on 

smoking status) survey (Appendix 2.5) measured several tobacco use behaviors, such as 

trying a puff, smoking whole cigarette, smoking in the last 30 days, or established 

smoking. Possible predictor variables include rules about tobacco use in the home, 

participation in anti-tobacco youth advocacy groups, and socio-demographic variables 

(age, gender, living with a parent who smokes, etc). Where available, the survey used 

measures validated in other studies. 

 The study design required interviewing each youth twice per year starting in 

October 2000. The first wave took place between October and March, the second 

between April and September. Clearwater Research, a Boise, Idaho data collection firm, 

conducts the telephone survey on an ongoing basis. The telephone survey protocol 

required obtaining both parent consent and youth assent for each wave of data collection 

for respondents under age 18. Initially, respondents received a $10 check for each 

completed interview.  

Several standard protocols, such as incentives, callbacks, and verification of 

contact information, avoided loss to follow up among the cohorts. The study continued to 

follow participants who moved out of a MACC GPU if they had stayed in the cohort at 
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least up to the third wave of data collection. These youth would have had at least one year 

of exposure to MYTPI. After 10 waves, the study retained almost 80% of respondents 

from both the Minnesota and comparison cohorts (Table 2.3). 

Table 2.3: Response rate for each youth survey wave* 
Year Survey 

round 
Count of 

Minnesota 
respondents 

Percent of 
baseline 

Minnesota 
respondents 

Count of  
comparison 

cohort 
respondents 

Percent of 
baseline 

comparison 
cohort 

 respondents 
2000 1 3,636 100.00% 604 99.83% 
2001 2 3,515 96.67% 585 96.69% 

3 3,415 93.92% 564 93.22% 
2002 4 3,397 93.43% 557 92.07% 

5 3,337 91.78% 544 89.92% 
2003 6 3,254 89.49% 541 89.42% 

7 Not completed — Not completed — 
2004 8 2,998 82.45% 494 81.65% 

9 2,966 81.57% 487 80.50% 
2005 10 2,894 79.59% 475 78.51% 

 

 The telephone survey approach may have led to underreporting of tobacco use, a 

sensitive behavior, due to youths’ fear of being overheard. To avoid this potential bias, 

the survey protocol required several steps: 1) requesting that parents provide privacy to 

the youth, 2) promising confidentiality of responses, 3) writing the survey with non-

revealing response options such as “yes or no” or a single letter for each response option 

read by the interviewer, and 4) asking the same questions more than once. 

 

C. Analysis Overview 
 
C1. Developing GPU-level variables: For variables from the youth survey, analysis 

accounted for the nested sampling design in producing and interpreting results at the 

GPU-level. 

The study also collected ordinance and youth access enforcement data at the city 

and county level. Often, the MACC-created GPU boundaries do not mirror existing city 
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and county boundaries (Appendix 2.6). For example, a single GPU could contain two 

whole counties with two different ordinances, or a single GPU could contain parts of 

several counties. Studying GPU-level exposures requires creating an algorithm to assign 

these data to the appropriate GPU and then creating a GPU-level variable. The algorithm 

entails the following steps:  

1. Determine the environmental exposure level of the city or county. For exposures 

measured in the ordinance and youth access enforcement data, simply collecting data 

from cities and counties completed this step.  

2. Subdivide GPUs into mutually exclusive, but adjacent city, township, and 

unorganized areas that follow city and county lines used in census data. 

3. Determine the count of youth in each GPU subdivision. Use 2000 census data on the 

count of 10 to 17 year olds (i.e. the most similar age group to the MACC youth 

sample) in each group. 

4. Determine a total count of youth in each complete GPU. Sum the count of 10 to 17 

year old youth in all of the GPU subdivisions in each MACC GPU.  

5. Determine the proportion of youth from a given city or county that lives in each 

complete GPU. Divide the count of youth from a GPU subdivision representing a 

particular city or county by the total count of youth in that complete GPU. 

6. Determine weighted exposure score for each GPU subdivision. Multiply the city or 

county exposure “score” by the proportion of youth from a given city or county that 

lives in each GPU, i.e. with that exposure. (The exposure “score” has been described 

in the variable definitions section of Manuscript #1. See Chapter 3, Section B2.) 
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7. Determine final exposure score for the complete GPU. Sum the weighted exposure 

scores for each GPU. These final GPU-level variables were entered into the analytic 

models. 

C2. Growth curve modeling: All three confirmatory analyses employ growth curve 

modeling. These longitudinal models 1) describe the mean trajectory of within-individual 

change over time for the entire group; 2) determine if between-individual differences 

exist among the trajectories; and 3) test for potential predictors of these different 

between-individual trajectories (Bollen & Curran, 2006). These models account for the 

within-individual correlation among repeated measures on the same subject, which 

violates the critical assumption of independence needed in traditional statistical analysis. 

Described in terms of hierarchical linear modeling (HLM), or multilevel 

regression, the parameters in the equation of a line express the unconditional growth 

curve (Fitzmaurice, Laird, & Ware, 2004). Specifically, 

E(Yij) = β1+ β2tij 

where E(Yij) describes the expected mean value of y, the outcome of interest, for several 

subjects i after several waves j (or an appropriate transformation of it). β1, the intercept 

parameter, describes the value of y at baseline for the entire group, and β2, the slope, 

describes the amount of linear change in the group trajectory for each unit increase in 

time t. These flexible models can be expanded both to account for the different error 

distributions of continuous or binary outcomes and to describe more complex trajectories 

(e.g. curvilinear relationships) over time by modifying β2. 
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These models must account for two sources of non-random variation. The 

equation for the unconditional predicted value of the outcome, represented as ŷ, notes 

these sources. Specifically, 

ŷij = β1+ β2tij + b1i + b2ij + eij 

where the intercept β1 and slope β2 are fixed effects that form the average growth curve, 

meaning they contain information describing every individual observation. The b1i and 

the b2ij parameters show how individual subjects differ from the population average 

trajectory defined by β1 and β2 in the equation. Called random effects, b1i and the b2ij 

signify information unique to individual observations, thus describing the natural 

variation between i individuals in the population over j waves. The final term e represents 

sampling or measurement error for the individual curves.  

Repeated measures are the second non-random source of variation in the data. 

The nesting of observations within subjects creates similarities in the individual units. 

This positive correlation violates the critical statistical assumption of independence. In 

addition to random error, analysis must account for this within-individual clustering in 

order to correctly estimate the variance used in statistical testing and thereby avoid 

making incorrect inferences. Modeling this correlation as a random effect and specifying 

a covariance structure among the random effects and error addresses this issue. 

One or more predictor variables, or covariates, may explain a meaningful level of 

between-individual variation in the group in a conditional predicted model. Specifically, 

ŷij = β1+ β2tij +β3xi+ β4x itij + b1i + b2ij + eij 

where, for different values of a covariate x, β3 is the difference in the intercepts and β4 is 

the difference in the slopes. Models may include more than one covariate and interactions 
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either between two covariates or between one covariate with time. Covariates may be 

continuous or categorical. Models may specify whether, with each wave, the values 

remain stable, i.e. static or time-invariant predictors, or change, i.e. dynamic or time-

variant predictors.  

C2a. Growth curve analysis using structural equation modeling: Although described 

above using HLM notation, structural equation modeling (SEM) can also estimate growth 

curves. This technique, called latent curve modeling (LCM), uses SEM to create the 

intercept and slope, generate the random effects, and account for the covariance among 

repeated measures (Bollen & Curran, 2006). 

An understanding of LCM requires a basic understanding of SEM. This technique 

statistically describes the causal relationship between several independent and several 

dependent variables, which may be either observed or latent. Observed variables appear 

in the data set because the study measures them directly. In contrast, the analysis creates 

latent variables, which represent the common variability, or covariance, among several 

observed variables that capture aspects of a similar construct. Using SEM, LCM creates 

the intercept and slope as latent variables in a two-factor, multiple indicator model. 

Prior to analysis, the investigator specifies a theory-based model of hypothesized 

relationships to test in a path diagram. (See appendices to Chapters 3, 4, and 5 for sample 

path diagrams.) The measurement model specifies the relationships, measured as 

covariances, with arrows that point from the latent variables (represented in circles) to the 

observed variables (represented in boxes) that construct them. In the path diagram, the 

latent slope and intercept give rise to each observed repeated outcome measure. The 

common variance from these repeated measures forms the two “growth factors.” These 
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latent variables infer a population mean trajectory for the outcome over time, which is of 

greater interest than the repeated measures themselves. 

The structural model specifies the hypothesized relationships, measured as 

regression coefficients, with arrows pointing from an independent variable to a dependent 

variable, at least one of which is latent. After finding adequate overall model fit, the 

analyst may interpret parameter estimates. These path coefficients within the model 

quantify the relationships and differ significantly from zero when a relationship exists 

(Ullman, 2001). 

For each observation, LCM can also estimate the between-individual variation in 

these factors and the within-individual similarities from repeated measures, i.e. the 

random slopes and intercepts. The random effects are the portion of the error from each 

individual measurement that does not contribute to the common variability, which 

generates the fixed mean slope and intercept. Potential time-invariant or time-variant 

covariates can also be added to the LCM models as observed variables that point to, or 

give rise to, the latent intercept and slope variables in the path diagram (Bollen & Curran, 

2006).  

These flexible models can address the longitudinal data research questions. In 

particular, LCM allows modeling the effect of a fixed transition point as well as the effect 

of a change in one factor on change in a final outcome. The following chapters will 

describe the appropriate variation of growth curve in greater detail for each specific aim. 

All analyses will be conducted in Mplus 4.21 software for statistical analysis with latent 

variables (Muthén & Muthén, 2006). 
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C2b. Aim #1: Piecewise latent curve models: Aim #1 seeks to determine the potential 

growth in each local short-term outcome across the state of Minnesota during the 2000 to 

2003 MYTPI and the potential decline after the sudden 2003 drop in funding. The 2003 

MYTPI shutdown represents a theoretically determined potential fixed transition for the 

latent slope factor shared by all of the GPU and youth observations. While the basic LCM 

assumes a constant rate of change, a special form called piecewise linear trajectory 

models can fit a growth curve before a transition point and a second growth curve after it. 

Piecewise models include a single intercept and two slopes. For Aim #1, separate models 

for each of the local short-term outcomes predicted the direction and magnitude of their 

change before (slope 1) and after (slope 2) the 2003 MYTPI shutdown. Testing for 

differences between the two slopes supported or refuted the hypothesized decline or 

stability of the short-term outcomes after the shutdown. Where piecewise models did not 

adequately describe the shape of the growth curve, the best-fitting model is presented. 

C2c. Aim #2: Piecewise latent curve models stratified by age: Similar to Aim #1, Aim 

#2 describes the direction and magnitude of youth smoking behaviors both during the 

2000 to 2003 MYTPI phase of growth in tobacco programs and policies and after the 

2003 shutdown. Analysis fitted separate piecewise linear trajectory models for the two 

primary outcomes of interest, i.e. smoking in the last 30 days and smoking stage in the 

overall youth population. The models can statistically test for the hypothesized increase 

in smoking behaviors by testing for differences between the slopes for before and after 

the 2003 MYTPI shutdown. Also for each outcome, analysis then compared baseline age 

cohorts to each other by centering their intercepts on age 16. 
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C2d. Aim #3: Parallel process latent curve modeling: Aim #3 sought to determine the 

relationships between changes in exposure to each tobacco control program and policy, 

or local short-term outcome, and changes in the long-term youth smoking behavior 

outcomes. A special form of LCM, called multivariate or parallel process latent curve 

models, can test for a contemporaneous relationship between the growth curves for each 

of the predictors and the growth curve for the outcome of interest. The models 

statistically tested for the hypothesized negative correlation between changes in the local 

short-term outcomes and simultaneous changes in youth smoking behaviors. Multigroup 

analysis tested for different relationships across age cohorts. 

C3. Data Complexities: Many features of MACC data require accounting for several 

complexities when applying these modeling techniques. The analysis aimed to find 

unbiased parameter estimates while accounting for the each source of correlation and 

variability necessary. Where possible without affecting the results, however, the analysis 

avoided complexity and produced the simplest models possible.  

C3a. Multilevel data: Sampling and collecting data at both the GPU and individual 

levels has implications for both analysis and interpretation. An overview is provided 

below. Each chapter will address these issues carefully for each specific aim. To 

maximize power, the individual youth is the unit of analysis wherever appropriate and 

possible in this study.  

First, the sampling of individual youth nested within GPUs results in additional 

clustering, or dependence of observations among youth from the same GPU. (This 

clustering occurs in addition to the clustering from the repeated measures taken from the 

same GPUs and youth.) The measure of this dependence, called the intraclass correlation 
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(ICC), is the proportion of the total variance due to the variance between groups. When 

the ICC=0, no homogeneity results from the cluster sampling method. The closer the ICC 

is to one, the greater the intra-cluster homogeneity. Another measure of the effect of 

cluster sampling on the variance, called the design effect (DEFF), accounts for sample 

size, growing as a function of the number of people in the cluster. If the DEFF=1, the 

data are independent. The larger the ICC and the larger the cluster size (up to 60), the 

more likely the analysis should account for the design effect. An individual-level 

analysis, as though the data came from a simple random sample (SRS), could naïvely 

ignore this correlation, thus inflating the variance and increasing the likelihood of Type 1 

error. Modeling from a cluster sampling perspective using TYPE=COMPLEX in the 

Mplus analysis command, however, produced within-individual analysis with the correct 

estimates of the standard errors (often larger than if a SRS) given the nesting, or multiple 

levels, in the sampling plan (Muthén & Muthén, 2006). Another cluster sampling 

perspective, TYPE=TWOLEVEL, was also used in Aim #3 to produce between-GPU 

estimates with the corrected standard errors as well (Muthén & Muthén, 2006).   

 Second, collecting data from multilevel sources has additional implications for 

analysis and for interpretation of the results in light of the social ecological theory. Table 

2.4 clarifies the differences in the level of data collection and analysis for each variable in 

each of the studies. For Aim #1, GPU is the unit of analysis for all independent variables. 

Therefore, all variables collected at the city and county level must be transformed after 

data collection (as described in Section C1) for analysis at the GPU level. Analysis must 

account for and interpret for the nested sampling design in variables collected from 

individual youth. In the Aim #2 and Aim #3 analyses, however, individual level 
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representation of variables maximizes power. Therefore, regardless of the construct 

represented, independent variables collected at the individual level were analyzed as 

individual-level variables whenever possible. (The only exception is in Aim #3, where 

parallel process model with at least one GPU-level variable can only produce between-

GPU estimates). Independent variables collected at the city and county (after 

transformation) were analyzed as GPU-level variables. For all study aims, all variables 

for the local short-term outcomes, regardless of individual- or GPU-level representation 

in analysis, should be interpreted as describing environmental or interpersonal influences.  
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Table 2.4: Characteristics of variables for analyses  

Local Short-term CTC Outcomes (Aim 
#1: Outcome variables; Aim #3: Exposure 
variables) Data Source 

Frequency 
of data 

collection 

Level of 
data 

collection 

Level of 
analysis 
(Aim #1) 

Level of 
analysis 
(Aim #2) 

Level of 
analysis 
(Aim #3) 

Variable 
type 

Distri-
bution 

Validity or 
prior use 

Local policy environment         

SHS indoor ordinance strength 

American Lung 
Association MN 
website Annual City/county* GPU --- GPU Score (0-2) Skew, right ANR, 2006 

SHS recreational/outdoor policy strength Ordinance database Annual City/county* GPU --- GPU Score (0-3) Skew, right New 

Youth access ordinance strength Ordinance database Annual City/county* GPU --- GPU Score (1-10) Normal Widome, 2006 

Youth access law enforcement  Enforcement survey Annual City/county* GPU --- GPU Score (0-6) none Widome, 2006 

School environment          
Proven prevention curricula from trained 
teachers School survey Annual School School --- Individual Score (0-1) Binomial New 
Presence of youth advocacy groups  Youth survey Semi-annual Individual Individual --- Individual Presence-

absence 
Binomial New 

Community environment          
Media coverage* Media database Ongoing Newspaper 

circulation 
GPU --- GPU Count Normal New 

Home environment          
Presence of home smoking bans Youth survey Semi-annual Individual Individual --- Individual Presence-

absence 
Binomial Starr et al., 

2005 

Interpersonal environment          

Participation in advocacy groups/events Youth survey Semi-annual Individual Individual --- Individual Score (0-1) 
No-yes 

Binomial New 

          
Youth Smoking Behaviors, i.e. Long-term 
CTC outcomes (Outcome variables for 
Aims #2 and/or #3 )          

Smoking stage Youth survey 
 

Semi-annual Individual --- Individual Individual Score (1-6) Skew, right New 

30-day smoking Youth survey  Semi-annual Individual --- Individual Individual Score (0-1) Binomial CDC 
* Media data have not been included in analysis. 
Note: TBD means to be determined by descriptive analysis. 
Note: Independent community demographic characteristic variables, or time-invariant covariates, for Aim #1 are not listed. 
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C3b. Distribution of dependent variables: In LCM modeling, the analyst must specify 

the appropriate distribution of the dependent variable, which varies for each of the 

studies. Table 2.4 notes the assignment of each variable as independent or dependent for 

each analysis and its distribution. The Aim #1 series of models predicts several different 

dependent variables, i.e. each local short-term outcome, with several different types of 

distributions. For Aims #2 and #3, the primary outcomes of interest are both continuous 

(smoking stage) and binary (30-day prevalence).  

Descriptive analysis first checked the distributions of the outcome variables. In 

the Mplus statistical software (Muthén & Muthén, 2006), the basic LCM approach 

accommodates continuous, normally distributed dependent variables. Binary dependent 

variables required the use of latent class growth curve models, which model binomial 

distributions.  

C3c. Staggered data collection: When modeling the effect of time, latent curve analysis 

assumes a balanced design, meaning the same repeated measures have been collected on 

all observations at the same times (Fitzmaurice et al., 2004). In fact, the ordinance 

collection, youth access enforcement surveys, and school surveys occurred at the same 

time each year. Therefore, these data sets meet that assumption.  

The MACC youth survey, however, employs a technically staggered but 

conceptually balanced design. The study contacted each youth for the two annual 

interviews during the same two corresponding months of each year (October and April; 

November and May; December and June; January and July; February and August; and 

March and September). To maintain the six-month time frame between surveys, data 

collection protocol required either reaching participants within a particular window of 
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days around the ideal survey date or dropping them from that wave. Thus, the study 

achieved a consistent six-month interval even though the survey months actually varied 

per participant. Analysis therefore defensibly assumed the balanced design, meaning that 

data were collected on each participant at the same time for every study wave. 
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Chapter 3: Manuscript #1: Describe and test for changes in each local short-term 

outcome before and after the shutdown of the Minnesota Youth Tobacco Prevention 

Initiative. 

 Abstract 

Introduction: Ideally, the comprehensive tobacco control (CTC) activities of policy 

action, school-based prevention, and community mobilization lead to short-term 

outcomes that ultimately prevent youth smoking initiation. Very few CTC evaluations 

monitor success achieving short-term outcomes; no studies test their sustainability. This 

study tracks statewide implementation of local short-term outcomes during the 2000 to 

2003 Minnesota Youth Tobacco Prevention Initiative (MYTPI) and determines the 

sustainability of these short-term outcomes after the shutdown of MYTPI in 2003. 

Methods: The Minnesota Adolescent Community Cohort is a population-based, 

observational study designed to evaluate the MYTPI. The study sampled 60 of 129 

Minnesota geo-political units (GPUs), which signify local communities, and 3,636 

Minnesota youth nested in these GPUs. From 2000 to 2005, data were collected from 1) 

youth access and smoking ban policies, 2) youth access enforcement surveys, 3) school 

administrator surveys, and 4) a youth survey. Descriptive analysis produced observational 

curves for eight local short-term outcomes over time. Where appropriate, separate 

piecewise linear trajectory models tested for increases in slopes for the outcomes during 

the program and for lack of change these slopes after the shutdown. Where piecewise 

models did not adequately describe the shape of the growth curve, the best-fitting model 

is presented. 
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Results:  During the MYTPI, the slopes of five local short-term outcomes increased in 

implementation: school-based prevention (i.e. proven prevention curriculum and teacher 

training), community-mobilization (i.e. presence of home smoking bans and participation 

in advocacy groups/events), and policy initiatives (i.e. secondhand (SHS) 

recreational/outdoor policy strength and youth access ordinance strength). However, this 

growth eventually stopped or slowed at the time of the shutdown. The remaining two 

outcomes of policy-action initiatives remained stable (i.e. secondhand smoke (SHS) 

indoor ordinance strength) or declined (i.e. youth access law enforcement) during 

MTYPI and after its shutdown. 

Discussion: MYTPI successfully implemented less controversial educational and 

community-mobilization strategies, but was not as successful in implementing permanent 

policy change. 

 

A. Introduction  

A1. Short-term outcomes of comprehensive tobacco control (CTC): Improved 

implementation of comprehensive tobacco control activities requires a deeper 

understanding of short-term outcomes associated with these activities. Statewide CTC 

interventions aim in the long term to: 1) prevent youth from starting to smoke, 2) help 

current smokers quit, 3) protect all from exposure to secondhand smoke, and 4) eliminate 

disparities in smoking prevalence among high risk groups (CDC, 1999a; TFCPS, 2003; 

USDHHS, 2000b). For each long-term goal, the CDC developed a logic model 

delineating the causal links between CTC inputs, activities, and outputs to short-term, 

intermediate, and long-term outcomes that ultimately reduce death and disease.  
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The CDC logic model for preventing initiation of tobacco use among young 

people recommends four primary activities: 1) a statewide counter-marketing campaign, 

2) policy action, 3) school-based prevention, and 4) non-policy related community 

mobilization. If successful, these activities lead to specific, measurable, short-term 

outcomes modifying the environmental and interpersonal factors that support youth 

smoking behavior, a necessary step for CTC to achieve long-term youth smoking 

reductions (MacDonald et al., 2001; Starr, Rogers, Schooley, Wiesen, & Jamison, 2005).  

A2. Gaps in the current CTC literature: Tracking short-term outcomes over time, in 

the context of a statewide CTC program and the subsequent shutdown of the program, 

could inform more efficient selection of future CTC activities. The evidence for the 

CDC’s youth prevention logic model comes from studies of small populations and 

individual activities rather than statewide comprehensive programs (Wakefield & 

Chaloupka, 2000). Most published CTC evaluations measure the long-term goals of 

reduced smoking initiation and prevalence while very few monitor states’ success in 

achieving shorter-term outcomes (Elder et al., 1996; Celebucki et al., 1998; Rohrbach et 

al., 2003). Only the American Stop Smoking Intervention Study (ASSIST) media 

activities evaluation tests for increasing implementation of short-term outcomes over 

several years (Stillman, Cronin, Evans, & Ulasevich, 2001). 

Knowledge of the sustainability of short-term outcomes after a major funding cut 

could also inform selection of activities with the longest lasting effects. A few CTC 

evaluations document the effects of a major cut in tobacco control funding on long-term 

outcomes of smoking susceptibility (CDC, 2004), 30-day smoking prevalence among 

students (Pizacani, et al., 2009) and youth (Dietz, et al., 2010), adult smoking prevalence 
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(Pierce et al., 1998), pack per capita consumption (Glantz, 1993), and mortality 

(Fichtenberg & Glantz, 2000). Yet, no studies test the sustainability of the local short-

term outcomes of CTC.  

A3. Social ecological theory: The youth-focused multilevel CTC intervention strategies 

clearly follow the principles of the social ecological theory, which postulates that an 

individual’s normative physical, cultural, and social environments influences his or her 

health behavior (Stokols, 1996). CTC activities intervene to change the nested 

interpersonal, organizational, community, and state settings that make tobacco use 

normal. Success in changing these environments, or reaching these short-term outcomes, 

can lead to the long-term goal of reducing the complex health risk behavior of tobacco 

use (Sallis & Owen, 2002; Richard, Potvin, Kishchuk, Prlic, & Green, 1996). The theory 

implies that policy action, which leads to permanent and more far-reaching social 

environmental change, may be the ideal strategy (Rose, 1985).  

A4. Minnesota Tobacco Control, 2000-2005: In implementing the 2000 to 2003 

Minnesota Youth Tobacco Prevention Initiative (MYTPI) (Chapter 1, Section F), the 

Minnesota Department of Health (MDH) largely—but not completely—followed the 

CDC’s youth prevention logic model. When the state legislature allocated the program’s 

$16 million average annual budget, it mandated that the CTC program focus only on the 

prevention of smoking among 12 to 17 year olds. Through statewide programs and local 

grants, the MYTPI (Figure 1.2) encouraged a mix of the four primary CDC-

recommended activities. MYTPI offered the following three local tobacco prevention 

activities as well as a statewide mass media counter-marketing campaign, known as 

Target Market. Each of the short-term outcomes associated with these activities has 
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either an evidence-based or theoretically hypothesized link to reduced youth tobacco use. 

(Chapter 2, Section B3 describes Minnesota tobacco control activities prior to MYTPI 

implementation.) 

A4a. Policy action: MYTPI sought to achieve four policy-related short-term outcomes. 

First, MDH funded organizing campaigns to pass local clean indoor air ordinances 

banning smoking in all worksites, including restaurants and bars. Second, campaigns 

were launched to encourage cities to implement local administrative policies banning 

smoking in recreational and outdoor settings, especially where youth are present. The 

MYTPI introduced this new, untested CTC approach to youth prevention. Third, 

campaigns were organized to strengthen local ordinances restricting youths’ commercial 

access to tobacco beyond the state law’s requirements for penalties and compliance 

checks. Finally, MYTPI encouraged local enforcement of these state and local youth 

access policies (Weisman, 2002). 

A4b. School-based prevention:  MYTPI sought to add or strengthen the tobacco 

prevention curricula in schools and to increase the number of trained teachers who offer 

such classes. In addition, the initiative encouraged creation of school youth groups to 

advocate against tobacco use.  

A4c. Community mobilization: First, in the community environment, MYTPI sought to 

increase media coverage of the tobacco issue. Media affect youth tobacco use by 

reflecting community values, informing about harms, encouraging discussion, and 

influencing policy change (Wakefield, Flay, Nichter, & Giovino, 2003). Second, in the 

home environment, MYTPI advocated for voluntary household smoking bans. Third, in 
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the interpersonal environment, the MYTPI organized local youth advocacy groups to 

engage youth participation and attendance at advocacy events.  

A4d. Funding cut: As part of a one-time budget solution, the legislature drastically cut 

MYTPI funding in 2003. In 2004, MDH began Tobacco-Free Communities (TFC) 

(Figure 1.3) with $3.7 million per year. TFC completely eliminated both the state grants 

and the statewide counter-marketing campaign. Through local grants, TFC requested 

local policy action to pass ordinances banning smoking (indoor and recreational/outdoor) 

and community mobilization to encourage voluntary bans. TFC only minimally 

encouraged school-based prevention and non-policy community mobilization activities. 

A5. Research questions: The Minnesota Adolescent Community Cohort (MACC) study 

was designed to evaluate the MYTPI. The 2003 MYTPI shutdown provided an 

unplanned opportunity to test the effects of a major cut in tobacco control funding. This 

study assesses whether MYTPI successfully achieved local short-term outcomes across 

the state and which, if any, were sustained after the shutdown. This investigator 

hypothesized that during the MYTPI, the level of local short-term outcomes resulting 

from school-based prevention and community-mobilization would be more likely to 

increase than those resulting from policy action, but would decrease after the shutdown of 

the MYTPI. Also, after the shutdown of MYPTI, short-term outcomes resulting from 

policy-action would remain stable. The social ecological theory, past studies, and 

practical knowledge of the Minnesota program influenced these hypotheses. In addition 

to comparing the during-MYTPI and post-shutdown periods, the study will describe the 

best-fitting trajectory, or shape of growth, for each short-term outcome. 
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The study focuses on local short-term outcomes because of their varied levels of 

implementation across Minnesota. In contrast, the statewide counter-marketing campaign 

was implemented uniformly across the state and the elimination of the campaign’s 

funding certainly and immediately decreased exposure to anti-industry messages; thus, 

the effect of the MYTPI shutdown on this short-term outcome is already known. 

 

B. Methods 

B1. Study design: The observational cohort study design, sampling, and data collection 

methods have already been described (Chapter 2, Section B). In summary, from 2000 to 

2005, the MACC study collected longitudinal data from 1) youth access and smoking ban 

ordinances/policies, 2) youth access enforcement surveys, 3) school administrator 

surveys, and 4) a survey of five age cohorts of Minnesota youth starting at ages 12 to 16. 

Thus, the multilevel study collected data at the level of the individual, city, and county 

(Table 2.4). All data are representative of the entire state of Minnesota. When 

appropriate, i.e. for city- and county-level data, measures were transformed to the GPU 

level (as described in Chapter 2, Section C1). The unit of analysis varies for each local 

short-term outcome variable based on its data collection method, but all variables signify 

environmental and interpersonal exposures that may influence youth smoking.  

B2. Measures: The eight local short-term outcomes are the primary outcomes. Because 

few environmental measures of tobacco control existed from prior studies, MACC 

investigators developed new measures. Criteria to select these constructs include: 1) 

presence as a short-term outcome in the MYTPI logic model; 2) theorized or evidence-

based association to long-term youth smoking behavior; and 3) availability in the MACC 
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data set. (Table 2.4 notes the data source, frequency of data collection, and level of data 

collection for each primary outcome.) Variables are grouped according to the type of 

activities (policy action, school-based prevention, and community mobilization) that lead 

to the desired local short-term outcomes. Their values can change at each wave of data 

collection. 

All ordinance and policy data  (i.e. secondhand smoke (SHS) indoor ordinance, 

SHS recreational/outdoor policy, and youth access ordinance strength) as well as youth 

access enforcement survey data were collected from both cities and counties in each 

GPU. When combining data to create a GPU-level variable, the score for the current city 

ordinance was counted first; only if a city had a score of zero, the city received the county 

score. Then, county data describe the remaining portion of the county in a GPU.  

B2a. Policy action: SHS indoor ordinance strength: Local indoor air ordinances were 

scored on a 0-2 scale for each increasing level of restriction: 0 for 100% smoke-free 

worksites, banning smoking in all public and private non-hospitality worksites including 

offices, factories, and warehouses and restricting smoking to designated areas in 

restaurants, i.e. Minnesota state law at the time of data collection; 1 for 100% smoke-free 

restaurants, additionally banning smoking in restaurants (or establishments with less than 

50 percent of their revenue from the sale of liquor), but not necessarily their attached 

bars; or 2 for 100 percent smoke-free bars, additionally banning smoking in free-standing 

bars. Restaurant or bar ordinances that included exemptions for allowing smoking if 

ventilation were present did not get a point. This definition modifies the American 

Nonsmokers’ Rights Foundation (ANRF) definition based on the Minnesota experience. 

(ANRF more strictly does not give a point for policies allowing smoking in the attached 
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bars of restaurants; 2006). The score was assigned to each GPU for each of the ten six-

month MACC study waves, i.e. the same waves used in the youth data collection, based 

on the ordinance implementation date. 

B2b. Policy action: SHS recreational/outdoor policy strength: The presence and 

strength of smoke-free, youth-focused recreation and parks policies was a scored on a 0-5 

scale based on: 1) scope of facilities with restrictions (0-2), 2 for restrictions in all parks 

and recreational facilities, 1 for the exception of any facilities, or 0 for no restrictions; 2) 

the timing during which restrictions are in place (1-2), 2 for always requiring the 

restrictions or 1 for requiring them only when youth are present; and 3) enforcement (0-

1), 1 for either a fine or rejection for breaking the rule or 0 for no penalties. The sum of 

each criterion score created the overall variable score. The score was assigned to each 

six-month MACC study wave based on the implementation date.  

B2c. Policy action: Youth access ordinance strength: The strength of ordinances to 

restrict youth access to tobacco was scored on a 0-10 scale. One point was assigned for 

each of the following requirements: 1) a fine to licensees for selling tobacco to minors 

that could exceed the state minimum of $75, 2) an increased fine to store clerks for a 

second violation for selling tobacco to minors, 3) a greater number of compliance checks 

than required by state law, 4) a complete vending machine ban, 5) a civil penalty to 

minors by reporting a violation to their parents, 6) a civil penalty to minors by referring 

them to the courts, 7) a ban on self-service carton sales, 8) a ban on the sale of cigarettes 

near schools, and 9) a ban on the sale of single cigarettes. Because of vending machines’ 

major role in youth access, an extra point was assigned for #4. In another MACC study, 

Widome (2006) updated an index from a prior study to develop this variable. The new 
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score was assigned to each 6-month MACC study wave based on the ordinance 

implementation date. 

B2d. Policy action: Youth access law enforcement: The strength of youth access law 

enforcement was scored on a 0-6 scale based on police chiefs’ or sheriffs’ use of 1) 

business penalties (0-3), one point each for having a citation, fine, and/or penalty in the 

past 12 months; 2) clerk penalties (0-2), one point each for having a citation and/or fine 

in the past 12 months, and 3) compliance checks (0-1), one point for using an under-aged 

decoy to enforce laws. This definition is adapted from Widome (2006).  Missing and 

“don’t know” survey responses were coded as zero. The question, “What office or agency 

carried out these compliance checks using an underage decoy?” further refined the 

variable. Only the activities carried out by the police chief or sheriff offices counted as 

enforcement in that city or county respectively.  

B2e. School-based prevention: Proven prevention curricula from trained teachers: 

A dichotomous tobacco prevention curricula score (0-1) was used. Each of grades six 

through 12 received one point for having both an evidence-based curriculum, according 

to the reviews of such programs, and teachers trained in tobacco-use prevention. The 

three curriculum reviews used include the Helping America’s Youth Community Guide 

(2007) from the Office of the First Lady, the Model Programs Guide from the Office of 

Juvenile Justice and Delinquency Prevention (2008), and the What Works Clearinghouse 

from the U.S. Department of Education’s Institute of Education Sciences (2008). Unrated 

programs did not receive a point. Separate variables were created for sixth grade, junior 

high (seventh and eighth grades), freshmen and sophomores (ninth and tenth grades), and 

juniors and seniors (eleventh and twelfth grades). 
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B2f. School-based prevention: Presence of youth advocacy groups: Perception of a 

tobacco control advocacy group in school was measured by a “yes” response (score =1) 

to the youth survey question, “Is there a group of students at your school who are actively 

working against tobacco?” The youth survey asked this question only during waves two 

through ten. As the youth cohorts grew older, analyses using this variable included only 

youth survey respondents under age 18 who were still in middle school, high school, or a 

GED program.  

B2g. Community mobilization: Presence of home smoking bans: The presence of a 

complete home smoking ban was collected from the youth survey. For youth living with 

their parents, a score of one was assigned if a respondent reported that neither adult 

residents nor adult guests are allowed to smoke inside the youth’s home; if either adult 

residents or guests may smoke, the youth received a score of zero. For youth living 

independently, a score of one was assigned to respondents who reported that smoking is 

completely banned in their current place of residence and a score of zero was assigned for 

any exception to a complete ban (Starr et al., 2005). This variable captures the ideal goal 

of complete home smoking bans rather than accounting for exceptions used in other 

studies (Norman, Ribisl, Howard-Pitney, Ammann Howard, & Unger, 2000; Komro, 

McCarty, Forster, Blaine, & Chen, 2004). 

B2h. Community mobilization: Participation in advocacy groups/events: 

Participation in the Target Market organization was also measured from the youth 

survey. A score of one was assigned if the youth reported participation in any of the 

following activities: 1) signed up with Target Market, 2) attended a Target Market event, 

and/or 3) participated as a member of Target Market crew. The youth survey asked these 
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questions only in waves two through six, corresponding with the timing of the existence 

of the organization (2001 to 2003). Because Target Market aimed to reach to youth ages 

12 to 17, analysis included only youth under age 18. (This variable differs from presence 

of youth advocacy groups at school because Target Market occurred outside schools.)  

B3. Statistical Analysis 

B3a. Descriptive analysis: Prior to statistical modeling, descriptive statistics were 

generated for each of the eight local short-term outcomes both in their form at data 

collection and after transforming measures to the GPU level when appropriate. 

Frequencies by wave for each of the eight primary outcomes checked for missing data 

and outliers. Box-plots and histograms at each wave checked the assumption of normality 

of each continuous outcome variables. Finally, observational individual curves and mean 

or proportion (as appropriate) curves of the whole sample were plotted for each wave to 

create a picture of the trajectories.  

B3b. Latent Curve Models: Separate latent curve models (LCM) predicted the average 

growth curve, or trajectory of change, from 2000 to 2005 for each of the eight local short-

term outcomes of CTC. A growth curve is defined by an intercept, or baseline value, and 

a slope, or the amount of change in the outcome per unit of time. LCM uses structural 

equation modeling (SEM) to create these two key parameters as latent, or indirectly 

measured, variables. The repeated outcomes, measured directly at each wave, contribute 

a common variance to generate the latent variables. In cohort studies, repeated measures 

violate the assumption of independence. LCM accounts for this covariance, or similarity 

among measures, by modeling it as a random effect.   
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First, when possible based on the available observed data, separate piecewise 

linear LCMs for six of the eight local short-term outcomes tested for the increases during 

the MYTPI and lack of change after the shutdown, the primary research questions. This 

non-linear LCM can model a fixed transition point by linking two linear splines at a node, 

or bend, in a straight line and suggests two different uniform slopes of change over time. 

(The path diagram in Appendix 3.1 specifies this hypothesized relationship.) The 

unconditional model tests the hypothesis that the shutdown of the MYTPI in 2003 

signifies a fixed transition point for the latent slope factor. All observations share this 

theoretically determined transition point. This special form of LCM, called a piecewise 

linear trajectory, tests for a measurement model of one intercept (α) and two different 

slopes, one before (β1) and one after (β2) the 2003 MYTPI shutdown. The first slope (β1) 

gives rise to the repeated measures (y) up to the 2003 MYTPI shutdown. The second 

slope (β2) gives rise to the repeated measures (y) after the 2003 shutdown. The year 2004 

will mark the transition point for annually measured outcome variables (i.e. youth access 

law enforcement and the two school-based prevention variables). For the ordinance and 

policy strength variables (i.e. SHS indoor, SHS recreational and outdoor, and youth 

access) with measures every six months, the transition occurs corresponding to the timing 

of youth survey wave 7, i.e. October 2003 to March 2004. For the three remaining 

variables measured in the biannual youth survey, however, the transition point was fixed 

at wave 8, i.e. April to September 2004 because the study did not collect wave 7 youth 

survey data. Finally, to test the effect of the MYTPI shutdown, the two piecewise slopes 

within each model were compared.  
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To test whether the two slopes differed during and after the MYTPI shutdown, a 

second set of piecewise models that constrained the slopes to be equal were compared to 

the original nested models using a likelihood ratio chi-square difference test (LR χ
2; 

Duncan, et al., 2006).  

For some models, piecewise linear LCMs curves were not created if the data were 

not appropriate. Two variables did not have enough data waves (sixth grade proven 

prevention curriculum and teacher training, and participation in advocacy 

groups/events). The SHS indoor ordinance strength model could not be produced because 

of lack of variation in the data.  

Next, to address the secondary research question, the best-fitting shape of the 

growth curves for these short-term outcomes was determined. For each of the eight 

primary outcomes, three additional potential trajectory shapes were tested to determine 

the best-fitting model: 1) an intercept-only model or a straight, flat horizontal line 

suggesting no change over time; 2) a linear model, or a straight line suggesting a uniform 

increase or decrease for each unit of time; and 3) a quadratic model, or a curvilinear line 

suggesting an increasing or decreasing slope over time. Finally, for each of the eight 

short-term outcomes, Satorra-Bentler likelihood ratio chi-square difference tests (LR χ2) 

compared nested models (Satorra & Bentler, 1999). In addition, sample-size adjusted 

Bayesian information criteria (BIC) statistics (lowest is best), root mean square error of 

approximation (RMSEA) statistics (≤0.05 is good fit), and comparative fit indices (CFI; ≥ 

0.995 is good fit) compared the three models’ goodness of fit (McDonald & Ho, 2002; 

Muthén, 2004a). The chosen model was also compared to the plot of the observed 

unconditional data to check for reasonableness of fit.  
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For most short-term outcomes, model creation was unconditional, describing the 

shape of the growth trajectory without covariates or predictors. Unconditional LCM 

models were not, however, meaningful for the short-term outcomes measured in the 

youth survey (i.e. presence of youth advocacy groups at school, presence of home 

smoking bans, and participation in advocacy groups/events). Instead, the conditional 

models control for age as an observed time-varying covariate in order to adjust for, or net 

out, the effect of individual respondents’ maturation over time from the interpretation of 

the slope of the growth curve (Bollen & Curran, 2006). 

Basic LCM accommodated continuous dependent variables, which should have a 

normal distribution. For dichotomous outcomes, latent class growth curve models with a 

maximum likelihood estimator generated longitudinal logistic models. Because the 

intraclass correlations for each of the three youth survey variables exceeded 0.02 and the 

design effects exceeded 2.0 at almost all waves (Appendix 3.2), models specified analysis 

TYPE=COMPLEX to adjust standard errors to account for the nested sampling design 

(Muthén & Satorra, 1995; Duncan, Duncan, & Strycker, 2006). Mplus version 4.21 

statistical software estimated the predicted LCMs (Muthén & Muthén, 2006). All 

analyses used p<0.05 as the cutoff for significance. 

B3c. Missing data: Loss to follow-up occurred when survey participants, or community 

representatives, could not be reached or refused participation post-baseline. The 

ordinance data was 100% complete and the youth access enforcement survey was 99% 

complete each year; with virtually no lost data, models from these data sets do not use 

maximum likelihood (ML) estimation to account for missing data.  
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At the 2001 baseline, the school survey sample included all schools in a MACC 

city or county. From 2002 to 2005, schools and grades within schools were selected 

based on whether MACC youth survey participants reported attending that school. (The 

data constraint of not following an established cohort of schools is an artifact of the 

overall MACC design, which primarily aimed to study the individual youth’s school 

exposure and behavioral outcome relationship. Aim #3 included this analysis.) Because 

the youth cohorts moved out of schools and grades as they grew older, no attempt was 

made to collect follow-up data from every school. The count of schools reached declined 

from 695 in 2001 (72% of 2001 sample) to 224 in 2005 (81% of 2005 sample). To 

account for this “loss to follow-up”, school data analyses were completed using 

maximum likelihood estimation, which computes a likelihood function for each case with 

the available data for that case (Bollen and Curran, 2006). ML appropriately assumes that 

the data are missing at random.  

The youth survey had lost 20% of respondents to follow-up by wave 10. ML 

estimation, which performs well even when data only approximately meet the missing at 

random assumption (Schafer & Graham, 2002), addressed potential bias resulting from 

missing youth surveys for the presence of home smoking bans variable, which can be 

experienced by respondents of all ages.  

Only youth under age 18, however, can experience presence of youth advocacy 

groups at school and participation in advocacy groups/events. For these variables, ML 

would inappropriately compute a likelihood function youth cases that turned 18 during 

the study period. Listwise deletion therefore excluded all observations with any item-
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level or wave-level missing data, some of which occurred due to loss to follow-up but 

most of which occurred due to being over 18.   

Regardless of ML estimation or listwise deletion, Mplus eliminates all cases 

missing a covariate at any wave; therefore controlling for age could have led to additional 

missing data.  To save these observations, age was assigned based on baseline age to all 

observations missing at any wave. 

   

C. Results 

C1. Policy action: SHS indoor ordinance strength:  

Descriptive findings: Before the MYTPI, no local communities had passed any 

ordinances banning indoor smoking. During the MYTPI, one of 45 counties and one of 

130 cities located in MACC GPUs passed an ordinance banning indoor smoking starting 

in wave 3, each with a score of 1 on the 0-2 scale. After the MYTPI shutdown, another 

two MACC counties and three MACC cities (including Minneapolis, the state’s largest 

city) passed ordinances, all with scores of two except for one county.  

After transforming county- and city-level data into a 10-wave GPU-level data set 

(n=60), plots of the observed individual curves showed that all GPUs began at a score of 

zero and almost all remained flat, with only two GPUs’ scores increasing at waves 3 and 

4, and only five increasing at wave 10. No GPUs’ scores decreased. Box-plots and 

histograms showed a very strong right skew. Plots of the observed unconditional mean 

GPU-level score followed a j-shaped curve, increasing from a mean of zero (SD: 0) at 

baseline, to 0.03 (SD: 0.17) by wave 4, but remaining flat until jumping to 0.46 (SD: 

0.77) at wave 10, the last in the post shutdown phase (Figure 3.1).  
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Piecewise model findings: Mplus could not produce piecewise model results due 

to the lack of variation in the data (Table 3.1). (The covariance matrix was not positive 

definite and standard errors needed for statistical testing could not be validly produced.)  

Figure 3.1: Observed and estimated (intercept only) mean growth curves of GPU-
level score for indoor smoking ban ordinances 

 

Best fitting model: Because every GPU had a zero value for the first two waves, 

the model’s intercept began at wave three. The intercept-only model best fit the data 

(Table 3.1; Figure 3.1). The LR χ2 test showed no significant difference from the linear 

model. (Mplus could not produce a quadratic model.) Still, the model fit was very poor 

(Table 3.1), likely due to the major uptick in GPU-level ordinance scores at wave 10. The 

intercept, or value of the mean ordinance score, of 0.016 (t value: 1.075) did not differ 

from the lowest possible score of zero. 

C2. Policy action: SHS recreational/outdoor policy strength:  

Descriptive findings: Before MYTPI, no Minnesota communities had passed any 

policies banning smoking in youth-focused recreational facilities and parks. By the end of 

MYTPI Shutdown 
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the study period, 31 cities, but no counties, located in MACC GPUs had passed such 

policies.  

In the ten-wave GPU-level data set (n=60), plots of the individual GPU’s curves 

all started with a score of zero (0-5 scale) and more than half remained at zero during the 

study period. Starting at wave three, about one-third of the GPUs’ scores slowly 

increased at least once over the ten waves. No scores declined. Boxplots and histograms 

showed a very strong right skew. Observed unconditional GPU-level mean plots for 

policy strength score slowly increased from zero (SD: 0) at baseline to 0.52 (SD: 0.94) at 

wave 8, and grew more slowly by waves 9 (0.57; SD: 0.99) and 10 (0.59; SD: 1.00). No 

abrupt drop occurred after shutdown (Figure 3.2).  

Piecewise model findings: Because every GPU had a value of zero for the first 

two waves, all estimated models began with the intercept at wave three. The average 

unconditional piecewise growth trajectory for recreational/outdoor facilities started at 

about zero (intercept: 0.024; t value: .591) and significantly increased about a tenth of a 

point (slope 1: 0.131; t value: 3.276) per year during the 2000 to 2003 MYTPI (Table 3.1; 

Figure 3.2). In the 2003 to 2005 post-shutdown phase, policy scores increased even more 

quickly at two-tenths of a point (slope 2: 0.202; t value: 3.213)  per year, significantly 

faster than during the MYTPI, but not as hypothesized. Comparing the piecewise model 

to the observed data, however, may explain the poor model fit (CFI: 0.749; RMSEA: 

0.311); the sharpest post-shutdown increase appears to only occur between waves 7 and 8 

with leveling at waves 9 and 10.                                                                                                                                                                                                                                               
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Figure 3.2: Observed and estimated (piecewise linear) mean growth curve of GPU-
level score for recreational/outdoor facilities smoking ban policies  

  
   (Note: Y-axis truncates 0-5 range to provide close-up view of the values seen in data.) 
 

Best-fitting model: The quadratic model best fit the data (Figure 3.3), with 

significantly better LR χ2 tests than the intercept only (LR χ2: 486.204; 7 df) and linear 

(LR χ2: 49.534; 4 df) models.  Compared to these and the piecewise models, the quadratic 

model also had the lowest BIC statistic. Still, model fit was somewhat poor (Table 3.1). 

Again, starting at zero, (intercept: 0.021, t value: 0.516), the significant positive slope 

(0.182, t value: 3.570) and negative quadratic parameter (-0.018, t value: -2.312) indicate 

a curvilinear relationship; meaning, recreational and outdoor smoke-free policy scores 

increased, but the speed of this growth decelerated over the eight waves modeled.  

MYTPI Shutdown 
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Figure 3.3: Observed and estimated (quadratic) mean growth curve of GPU-level 
score for recreational/outdoor facilities smoking ban policies 

 
(Note: Y-axis displays full range (0-5) of values possible.) 
 

C3. Policy action: Youth access ordinance strength:  

Descriptive findings: Plots of individual GPU (n=60) curves demonstrate that 

baseline values range from 0 to 5.87 on a 0-10 scale; and most GPUs’ scores remained 

completely flat over all 10 waves. Distributions were fairly normal with a slight right 

skew at each wave. The scores for about 12 GPUs increased at varying waves; only one 

GPU’s score dropped. Plots of the observed mean GPU-level score for youth access 

ordinance strength appeared to increase very slightly in a straight line from 1.85 (SD: 

1.27) in wave 1 to 2.07 (SD: 1.57) in wave 10, with no post-shutdown shifts in these 

scores (Figure 3.4, perspectives #1 & #2).  

MYTPI Shutdown 
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Figure 3.4: Observed and estimated (piecewise linear) mean growth curve of GPU-
level score for youth access ordinance strength  
Perspective #1: Y-axis truncates 0-10 range to provide close-up view of the values seen 
in data. 

 
 

Perspective #2: Y-axis displays half the full range (0-10) of values possible. 

 

Piecewise model findings: Starting with an intercept of 1.923 (t value: 11.838), 

the slope of increase for youth access ordinance score increased slightly (slope 1: 0.025; t 

value: 2.026) per year during the 2000 to 2003 MYTPI (Table 3.1; Figure 3.4, 

MYTPI Shutdown 
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perspective #1). The post-shutdown slope did not differ either from zero (slope 2: 0.031; t 

value: 1.758) or the during MYTPI slope (p=0.072). This level of increase is tiny relative 

to the 0-10 range, and the piecewise linear curve appears essentially flat (Figure 3.4, 

perspective #2). 

Best fitting model: The piecewise model fit the data better than the intercept only 

(LR χ2: 109.162; 5 df), linear (LR χ2: 160.878, 2 df), and quadratic (LR χ2: 10.074, 1 df) 

models. Compared to these models, the piecewise model also had the lowest BIC value. 

Still, model fit was not good according to the CFI and RMSEA fit indices (Table 3.1).  

C4. Policy action: Youth access law enforcement:  

Descriptive findings: The observed individual growth curves for city police chief 

and county sheriff youth access law enforcement do not yield any patterns across the five 

survey years. Some curves remained completely flat at the highest (6) or lowest (0) levels 

of the range. Others increased or dropped dramatically, zig-zagged, or formed u-shapes. 

Boxplots and histograms for each year did not reveal the data mounding of a normal or 

skewed distribution. Observed unconditional mean plots showed a very slight decline 

from the baseline score over the five-year study period. 

After transforming the data to the GPU-level dataset (n=60), boxplots and 

histograms became somewhat normal (with some left skew) distributions in most years, 

supporting the use of inferential statistics. Individual GPU-level curves, however, still 

revealed the same highly variable, haphazard patterns noticed in the original city- and 

county-level curves. Unlike the city- and county-level mean curves, however, the plot of 

observed unconditional mean GPU-level score for youth access law enforcement 
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appeared to drop from 3.75 (SD: 1.56) in 2001 through the 2003 shutdown to 2.97 (SD: 

1.74) by 2005 (Figure 3.5). 

Figure 3.5: Observed and estimated (linear) mean growth curve of GPU-level score 
for youth access law enforcement  

  

Piecewise model findings: The average piecewise growth trajectory for youth 

access law enforcement began at 3.7 and significantly declined three tenths of a point 

(slope 1: -0.282; t value: -2.584) per year during the 2000 to 2003 MYTPI (Table 3.1; not 

displayed in chart). The second slope signifying policy scores after the 2003 shutdown 

was negative, but the decline was neither different from zero, nor from the during-

MYTPI slope. The lack of difference between the two slopes indicates that the piecewise 

model is not appropriate for the data (CFI: 0.862; RMSEA: 0.193). 

Best-fitting model: The linear model best fit the data; it fit significantly better than 

the intercept only model (LR χ2 23.93; 3 df). While the LR χ2 tests did not differ from the 

quadratic and piecewise models, the linear model had the lowest BIC and RMSEA 

statistics and the highest CFI values (Table 3.1) compared to the other two models. The 

somewhat high (on a scale of 0-6) baseline youth access law enforcement score 

MYTPI Shutdown 
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(intercept: 3.762 t value: 19.535) declines significantly (slope: -0.224, t value: -4.1087) 

over the MYTPI and shutdown phases (Figure 3.5). 

C5. School-based prevention: Proven prevention curricula from trained teachers: 

Descriptive findings: The observed individual growth curves for the presence or 

absence of proven prevention curriculum and teacher training did not form a consistent 

pattern across the five survey years. Some curves remained completely flat at zero or one, 

some increased or decreased remaining at the new level, and others zig-zagged. After 

reviewing separate observed plots proportions with proven curricula for each grade, two-

year increments (except for sixth grade) were grouped together because of their similarity 

to each other and their differences from other two-year increments. Consistently, 7th-8th 

grades had the largest proportion offering curricula and the 11th-12th grades had lowest 

proportion offering curricula (Figures 3.6 and 3.7). For sixth grade, 7th-8th grades, and 9th-

10th grades, the observed plots displayed a steep increase from 2000 to 2001. Except for 

7th - 8th grades, all other grades remained flat until 2005. The proportion of 7th-8th grades 

offering curricula appeared to increase until 2003, but then flattened and dropped after 

the 2003 shutdown.  

Piecewise model findings: For binary outcomes (presented in C5-C8), Mplus fixes 

the intercept of all growth curves at zero. (Piecewise models are not appropriate for the 

sixth grade because MACC no longer collected data on this grade after the 2003 survey.) 

The first slope, signifying the time during the 2000 to 2003 MYTPI, of the average 

piecewise growth trajectory for proven prevention curricula/teacher training significantly 

increased for junior high (slope 1: 0.921, t value: 4.990) and for 9th-10th grades (slope 1: 

0.519, t value: 3.284) (Figure 3.6; Table 3.1). For both sets of grades, the second slope, 
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signifying the post-shutdown period, declined (7th-8th slope 2: -0.250, t value: -1.509; 9th-

10th slope 2: -0.144, t value: -0.677). These post-shutdown slopes differed significantly 

from the first, during-MYTPI slope. For 11th-12th grades, the during- and post-MYTPI 

slopes did not differ from zero or each other. (RMSEA and CFI statistics are not available 

for binary outcomes.) 

Figure 3.6: Observed and estimated (piecewise) growth curves of schools with 
presence of proven prevention curriculum offered by teachers trained per grade 
over time 

 
 

Best-fitting model:  For the 6th, 7th-8th, and 9-10th grades, the quadratic model best 

fit the data compared to intercept-only, linear, and piecewise models. Each quadratic 

model had significantly increasing slopes (6th slope: 3.342, t value: 2.900; 7th-8th slope: 

1.649, t value: 4.222; 9th-10th slope: 1.095, t value: 4.689) and negative quadratic 

parameters (6th quadratic: -1.245, t value: -2.937; 7th-8th quadratic: -0.332, t value: -3.640; 

9th-10th quadratic: -0.231, t value: -4.191). In other words, the proportion of these schools 

offering proven prevention curricula/teacher training increased, but the speed of this 

growth decelerated over the study period (Figure 3.7). For the 11th-12th grades, the 

MYTPI Shutdown 
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intercept-only model best fit the data, indicating no change in proportion of these schools 

offering proven prevention curricula/teacher training. 

Figure 3.7: Observed and estimated (quadratic or intercept only) growth curves of 
schools with presence of proven prevention curriculum offered by teachers trained 
per grade over time  

 
 

C6. School-based prevention: Presence of youth advocacy groups in schools: 

Descriptive findings: The observed proportion of youth who reported having a 

group of students at their school working against tobacco started at 48.9%, peaked at 

57.9%% during wave 4, and began declining after the 2003 MYTPI shutdown, ending at 

43.5% (Figure 3.8). The cohort of 15-year-olds at baseline appeared to have the highest 

observed growth curve proportions, while the cohort of 12-year-olds at baseline had the 

lowest curve (not displayed in chart). Observed increases and declines over time could 

result from maturation bias as respondents get older and drop out of analyses. 

Respondents who had turned age 18 or older were not eligible to answer questions 

about school environments, therefore, estimated growth curves (n=333) used listwise 

MYTPI Shutdown 
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deletion, eliminating about 90% of the youth survey sample, which had turned 18 by 

wave 10. 

Figure 3.8: Observed growth curve of youth reporting presence of a youth advocacy 
group in their school over time  

 

Piecewise model findings: After controlling for age as a time-varying covariate, 

the slope signifying the phase during the 2000 to 2003 MYTPI indicated significant 

declines (slope 1: -8.371, t value: -2.170) in the reported presence of a youth advocacy 

group (Table 3.1; not displayed in chart). The age-adjusted post-shutdown slope, 

however, significantly increased (slope 2: 13.389, t value: 2.362) at a rate faster than zero 

and different than the during-MYTPI slope.   

Best-fitting model: The quadratic model best fit the data with significantly better 

LR χ2 tests than the intercept only (χ2: 130.672, 7 df) and linear (χ2: 19.043, 4 df) models. 

The quadratic model did not differ significantly from piecewise model, but had the lowest 

BIC statistic of all models. The curvilinear relationship, adjusted for time-varying age, 

indicates a declining slope (slope: -14.442, t value: -2.236), at an increasing speed 

(quadratic: 3.633, t value: 2.411) over time, counter to the hypothesized direction.  

MYTPI Shutdown 
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C7. Community mobilization: Presence of home smoking bans: 

Descriptive findings: The plot of the observed unconditional growth curve for the 

proportion of youth reporting bans on smoking in their homes appeared to increase 

rapidly from the first (62.7%) to the second wave (69.4%) followed by slight increases up 

to and after the 2003 shutdown ending at 77.6% by the tenth wave in 2005 (Figure 3.9).  

This observational look at the data does not adjust for potential maturation bias 

from the aging of the cohorts necessary to accurately interpret these findings; therefore, 

the final models adjusted for age as a time-varying covariate (n= 3,635). 

Figure 3.9: Observed growth curve of youth reporting presence of a complete home 
smoking ban over time  

 

Piecewise model findings: Adjusted for time-varying age, the average piecewise 

growth trajectory for presence of a home smoking ban significantly increased (slope 1: 

2.054, t value: 4.772) per year during the 2000 to 2003 MYTPI (Table 3.1; not displayed 

in chart). After the 2003 shutdown, the proportion of respondents reporting a home 

smoking ban increased, significantly more than zero (slope 2: 2.255, t value: 2.435), but 

not more than the during-MYTPI slope (Table 3.1; not displayed in chart).   
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Best-fitting model:  The quadratic model, adjusted for time-varying age, best fit 

the data compared to the adjusted intercept-only, linear, and piecewise models. After age-

adjustment, the estimated average proportion of youth reporting, that smoking was not 

allowed in their home slope significantly increased (slope: 2.205, t value: 2.609), but the 

speed of this growth decelerated over the 10 study waves (quadratic: -0.136, t value: -

0.726) (not displayed in chart).  

C8. Community mobilization: Participation in advocacy groups/events:  

Descriptive findings: The plot of the observed unconditional growth curve for the 

proportion of youth participation in Target Market advocacy groups and events increased 

rapidly from 20.4% in the first wave, to 23.2% in the second wave. The proportion 

continued to slightly increase to 26.2% at wave 6, the last wave of data collection before 

the 2003 shutdown (Figure 3.10).  

Because Target Market only reached out to youth under age 18, respondents age 

18 and older were not eligible to respond to questions about participation in this program; 

therefore, listwise deletion excluded those who had turned 18 because they had missing 

values.  
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Figure 3.10: Observed growth curve of youth reporting participation in advocacy 
groups/events over time  

 

Piecewise model findings: Piecewise models are not appropriate because the 

youth survey questions only appeared before the MYPTI shutdown (waves two to six). 

Such groups and events would only have occurred during the MYTPI, therefore, the 

study assumes a drop in participation in advocacy groups and events happened 

automatically upon its shutdown. 

Best-fitting model: The linear model, conditional on time-varying age, best fit the 

data, significantly better than the age-adjusted intercept only (LR χ
2: 98.789, 3 df) and 

quadratic (LR χ2: 7.466, 4 df) models. The linear model had the lowest BIC value (Table 

3.1) compared to the other two models. After adjustment for time-varying age, 

participation in advocacy groups and events increased each year, but not significantly 

more than zero (slope: 1.490, t value: 1.165) from 2001 to 2003 MYTPI (Table 3.1; not 

displayed in chart). 

MYTPI Shutdown 
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Table 3.1: Summary of key piecewise model testing results for local short-term 
outcomes 

Intervention 
Type/Short-term 
outcome   Piecewise Findings Best Fitting Model 

  

Inter-
cept: 
Base-
line 

Slope 1: 
During 
MYTPI 

Slope 2: 
After 

MYTPI 

LR χ2 
(df, 1) 

Difference 
in Slope 

1&2  
Selected 
model 

RMSEA
* 

CFI 
**  

POLICY ACTION               

SHS indoor 
ordinance strength NA NA NA  NA 

Intercept 
only 0.256 0.505 

SHS recreational 
/outdoor policy 
strength         

  
Quadratic, 

decelerating 
increase in 

slope 

    
Mean 0.024 0.131 0.202 -35.992 0.297 0.770 
Standard error 0.041 0.040 0.063 p<0.05     
t value 0.591 3.276 3.213       

Youth access 
ordinance strength         

Piecewise, 
flat second 

slope 

    
Mean 1.923 0.025 0.031 0.072 0.272 0.932 

Standard error 0.162 0.012 0.017 not 
significant  

    
t value 11.838 2.026 1.758     

Youth access law 
enforcement               

Mean 3.771 -0.282 -0.154 0.432 Linear, 
decreasing 

slope  

0.138 0.862 
Standard error 0.199 0.109 0.110 not 

significant 
    

t value 18.911 -2.584 -1.404     
SCHOOL-BASED 
PREVENTION               
Prevention 
curricula and 
teacher training: 
6th grade NA NA NA  NA 

Quadratic, 
decelerating 
increase in 

slope  NA NA 
Prevention 
curricula and 
teacher training: 
7th-8th grades         

  
Quadratic, 

decelerating 
increase in 

slope  

    
Mean 0.000 0.921 -0.250 15.608 NA NA 
Standard error 0.000 0.185 0.166 p<0.05     
t value 0.000 4.990 -1.509       

Prevention 
curricula and 
teacher training: 
9th-10th grades         

  
Quadratic, 

decelerating 
increase in 

slope 

    
Probability 0.000 0.519 -0.144 4.180 NA NA 
Standard error 0.000 0.158 0.213 p<0.05     
t value 0.000 3.284 -0.677       

Prevention 
curricula and 
teacher training:        

  
Intercept 

only     
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11th-12th grades   

Mean 0.000 0.159 -0.294 0.616 NA NA 
Standard error 0.000 0.490 0.246 not 

significant 
    

t value 0.000 0.325 -1.199     
Youth advocacy 
groups in schools†‡         

  
Quadratic, 

accelerating 
increase in 

slope 

    
Mean 0.000 -8.371 13.389 10.116 NA NA 
Standard error 0.000 3.858 5.668 p<0.05     
t value 0.000 -2.170 2.362       

COMMUNITY 
MOBILIZATION               
Presence of home 
smoking bans†         

  
Quadratic, 

decelerating 
increase in 

slope  

    
Mean 0.000 2.054 2.255 1.197 NA NA 
Standard error 0.000 0.43 0.926 not 

significant 
    

t value 0.000 4.772 2.435     
Participation in 
advocacy 
groups/events†‡ NA NA NA  NA 

Linear, 
increasing 

slope NA NA 
Mean row displays the average value of each growth factor. 
The t value=mean/standard error. The critical value is 1.96 for p<0.05. Parameter estimates in bold 
statistically differ from zero at p<0.05. 

*RMSEA ≤ 0.05 is good fit.  **CFI ≥ 0.995 is good fit. 
†Models adjusted for time-varying age and GPU-level clustering due to nested sample design. 
‡Models used listwise deletion to restrict analysis to those under 18 at all waves.   

 

D. Discussion 

D1. Summary: As the first observational cohort study following short-term outcomes 

during a statewide youth-focused CTC program and its subsequent shutdown, the MACC 

study explored the effect of the major state policy decision to implement and remove a 

multi-component social ecological intervention. This chapter determined the shape of 

change in the program’s short-term outcomes using two analysis approaches: 1) 

piecewise linear growth curve models with a hypothesized fixed transition point between 

the 2000 to 2003 MYTPI intervention and its 2003 to 2005 post-shutdown phase and 2) 

testing the best-fitting growth curve over the 2000 to 2005 study period.  

From the MYTPI’s start in 2000 to its shutdown in 2003, which local short-term 

outcomes, i.e. those resulting from policy-action, school-based prevention, or community-
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mobilization, increased in Minnesota communities? The key statistic to answer this 

question is whether the first linear slope in the piecewise models differs from zero. For 

short-term outcomes with too little variation or too few rounds for piecewise modeling, 

the best-fitting model is interpreted for the 2000 to 2003 timeframe only. Of the four 

short-term outcomes from policy action, SHS recreational/outdoor policy strength 

increased and youth access ordinance strength increased very slightly, but the others 

stayed the same (SHS indoor ordinance strength and) or decreased (youth access law 

enforcement). Most of the local short-term outcomes from school-based prevention 

(proven prevention curricula and teacher training in 6th-10th grades) and community 

mobilization (presence of home smoking bans and participation in advocacy 

groups/events) increased. Proven prevention curricula and teacher training in 11th-12th 

grades remained flat, counter to CDC recommendations to offer these programs through 

senior high school (CDC, 1994). The reported presence of youth advocacy groups at 

schools declined and is discussed further in the limitations. 

After the MYTPI shutdown, which local short-term outcomes decreased in 

Minnesota communities? The key statistic in most cases is whether the second linear 

slope in the piecewise models is significantly lower than the first linear slope. Among the 

short-term outcomes of policy action, SHS indoor ordinance strength remained at zero, 

while youth access ordinance strength and youth access law enforcement were also flat. 

After the shutdown, SHS recreational/outdoor policy strength increased even more 

rapidly than during the MYTPI. Among the local short-term outcomes of school-based 

prevention that had increased during MYTPI, proven prevention curricula and teacher 

training in 7th-10th grades (not measured for 6th grade) flattened as hypothesized. The 
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reported presence of youth advocacy groups at schools increased unexpectedly and is 

discussed further in the limitations. Among short-term outcomes of community 

mobilization, participation in advocacy groups/events (not measured after wave six) 

disappeared completely with the elimination of the Target Market youth organizing 

effort. The presence of home smoking bans, in contrast, increased significantly after the 

shutdown.  

How did each short-term outcome change during the complete MYTPI (2000-

2003) and post-shutdown phase (2003-2005)? The shape of the best-fitting growth curve 

answers this question. These curves offer not only valuable insight when piecewise 

models were not possible (as described above), but also when the piecewise models did 

not fit the data well. For example, the best-fitting youth access law enforcement model 

revealed a linear decline through the entire 2003 to 2005 study period, not just during the 

MYTPI as noted in the piecewise model. For each short-term outcome that increased 

during the first phase of the piecewise models, the best-fitting models also describe 

quadratic, decelerating increases during this phase. The quadratic models are less bound 

to the shutdown’s timing as tested in the piecewise linear models. For example, second 

piecewise slopes of the SHS recreational/outdoor policy strength and presence of home 

smoking bans models increased more steeply than the first slopes, indicating unexpected 

continued post-shutdown increases. The better-fitting quadratic models for both 

variables, however, reveal a more expected lagged slowing of these increases post-

shutdown.  

Overall, the combined results from the piecewise linear and best-fitting models 

reveal a consistent story that generally fits the hypotheses. The study hypothesized that 
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few policy initiatives would occur during MYTPI, but those that did would be 

sustainable. During the MYTPI, very few communities passed SHS indoor ordinances 

banning restaurant or bar smoking by the time of the shutdown, making a statistical test 

of their sustainability impossible. (The few ordinances that passed did, however, remain 

in place post-shutdown (ALAM, 2008).) Few communities strengthened their youth 

access ordinances during the MYTPI, but the levels of youth access ordinance strength 

held steady post-shutdown.  

MDH allowed MYTPI-funded communities to select from a list of the three types 

of intervention options, rather than requiring them to engage in policy action (MDH, 

1999, 2001b, 2002, 2003). Because policy change—particularly passing ordinances—

requires major organizing in the face of a well-funded opponent (i.e., the tobacco 

industry), funded communities may not have selected this intervention option. If they had 

selected it, communities may have been the least successful at achieving the outcome of a 

passed ordinance. Because the MYTPI lasted only three years, the program may also 

have lacked the time to build community capacity to pass such local ordinances, which 

may require several years of organizing (Siegel, 2002). In particular, the very small 

during-MYTPI increases in youth access ordinance strength may be explained by the fact 

that the state already had a model statewide law in place in 1997 (CDC, 1999c) and many 

communities had already passed even stronger ordinances prior to 2000. 

The study further hypothesized that the local short-term outcomes of community-

mobilization or school-based prevention would increase in Minnesota communities but 

could not be sustained after the MYTPI shutdown. In particular, the experience of school-

based proven prevention curriculum and teacher training as well as participation in 
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advocacy/events follows this hypothesis. The MYTPI, in fact, specifically funded 

statewide contracts for tobacco education in the schools as well as the Target Market 

youth organizing component through statewide contracts (MDH, 1999).  

The results that countered the original hypotheses seem plausible when 

considering the complete MYTPI and post-shutdown tobacco control environment. 

Among the policy initiatives, SHS outdoor/recreational policies also increased rapidly 

during the MYTPI. Passing this youth-focused policy, which does not affect local 

businesses, through administrative boards is considerably less controversial than passing 

ordinances through a city council. The continued post-shutdown increase of these 

outdoor/recreational policies as well as home smoking bans is likely due to continued 

MDH funding through the Phase II TFC program, which primarily supported secondhand 

smoke-related policy action and community organizing. In fact, as noted in the observed 

data (rather than the statistical models), the considerable jump in SHS indoor smoking 

ordinances at wave 10 likely resulted from the additional funding and organizing support 

from two other major Minnesota tobacco control organizations, ClearWay Minnesota and 

Blue Cross and Blue Shield of Minnesota, just after the MYTPI shutdown.  

One result that countered the original hypotheses is difficult to explain. Among 

policy initiatives, youth access law enforcement dropped throughout the entire study 

period. Unlike the other policy action initiatives which generally stay in place once 

passed, enforcing the state law and local ordinances does require ongoing funding and 

resources. A specific MYTPI-funded statewide contract started in 2001 for youth access 

enforcement projects (MDH, 2002); yet, enforcement still declined during the MYTPI 

and continued to decline after the shutdown. Still, the survey measure cannot distinguish 
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whether the observed decline in clerk penalties signifies a lack of violations or lack of 

enforcement. 

 

D2. Strengths: The study advances theory application, study design, and measure 

development of CTC program evaluation.  

In selecting the short-term outcomes, this study applies the social ecological 

theory to Minnesota’s youth-focused CTC program. While CTC clearly implements the 

theory’s principles, CTC program evaluations rarely test a theoretical framework, or logic 

model, describing the paths of change. The exemplary ASSIST evaluation offers one 

exception (Stillman et al., 1999). Yet, the Institute of Medicine has appealed to the 

research and practice community to implement multilevel interventions following social 

ecological principles (Smedley & Syme, 2000). The application of theory improves the 

rigor of the findings as well as advances the newly developing theory itself.  

Most prior cross-sectional studies of short-term outcomes of CTC describe short-

term outcomes at one (after CTC only) or two (before and after CTC) points in time. The 

current study’s longitudinal design with at least five data points for each variable 

describes both the rate of implementation and sustainability of such programs.  

 The study developed needed standardized measures of the local short-term 

outcomes, or environmental and interpersonal changes that result from CTC (IGTC, 

2002). Measuring these short-term outcomes assures faithful implementation of the 

complex multilevel interventions (Sallis & Owen, 2002). These new variables can further 

test the theorized effect of CTC short-term outcomes on youth smoking behaviors 

(Grzywacz, 2002; Lytle, 2009) studied in Aim #3.  
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D3. Limitations 

D3a. No comparison group: A comparison group from other states with neither a CTC 

program nor its subsequent shutdown would strengthen the causal link between the 

MYTPI itself and the increases in the local short-term outcomes influencing youth 

smoking in Minnesota if no such increases were observed in the comparison group. A 

comparison group would also strengthen the link between the MYTPI’s shutdown and the 

observed decreases if no such shift would have occurred in the comparison group. The 

MACC study did not, however, collect ordinance, enforcement survey, and school survey 

data from comparison states. For only the youth survey variables, the broader MACC 

parent study includes an additional non-Minnesota sample of youth; future analysis could 

test for differences between the comparison and Minnesota trajectories. 

D3b. Secular trends or history: Without a control group or data describing the year 

before the MYTPI, secular trends, or a uniform change in the level of an outcome that 

occurs over a long timeframe, could explain the observed results rather than the MYTPI 

exposure. In addition, history, or external forces such as increased local tobacco industry 

activity (Wakefield & Chaloupka, 2000; Starr et al., 2005) can limit or explain the 

observed effects of CTC. In fact, the prevalence of voluntary complete smoking bans in 

nonsmokers’ households  has steadily increased nationally from 56.8% in 1992-93 to 

83.5% in 2003 (CDC, 2007c), suggesting just such a secular trend could explain the 

current study results describing the home environments in Minnesota. 

D3c. Measurement issues: Several issues may challenge the sensitivity and validity of 

the newly developed, previously untested measures of the local short-term outcomes. 
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Assumptions with score variables: The study models its many score variables as 

continuous outcomes. This choice assumes that each point in the score holds the exact 

same amount of influence on the outcomes. The variables may actually behave as ordered 

categories, where the influence of each point increase may vary.  

Youth access ordinance data: Despite “very good” to “good” Kappa scores for 

inter-rater reliability, analysis of the youth access ordinance data revealed many data 

entry errors and inconsistencies that were cleaned for the current study. Many more still 

undiscovered issues may have resulted from having multiple research assistants code the 

data.   

Youth access enforcement: The enforcement survey could not accurately detect 

compliance checks protocol variations across the state or if other checks were conducted 

by non-city or -county agencies. More importantly, the haphazard fluctuations in the 

observed growth curves for the mean enforcement scores from both the police chiefs’ and 

sheriffs’ seriously challenge the validity of the data. Such drastic shifts each year in the 

enforcement approaches of so many departments seem unexplainable, except as a result 

of the varied views of inconsistent respondents at each annual wave.  

 Proven prevention curricula and teacher training: First, the process of selecting 

schools through the most recent youth survey participants’ reported school does not 

follow standard procedures for creating a representative sample of a GPU’s schools. Still, 

the youth had been randomly selected for each age strata from each GPU, making this 

approach acceptable. Second, different staff across and within schools over time may 

respond inconsistently. Third, the form cannot account for details such as multiple 
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teachers or curricula within the same grade. Even with these concerns, the survey still 

captures overall perceptions of a school’s approach to student tobacco use.  

 Youth survey data: Unlike the other data sources, the youth survey does not 

directly measure the short-term outcomes; rather, the results reveal youths’ self-reported 

perceptions of them. These measures capture an internal perception rather than an 

objective external construct. Further, maturation bias was particularly possible for the 

presence of youth advocacy groups at school and participation in advocacy 

groups/events because youth may be less likely to experience these interventions directed 

at younger teens as they get older. Controlling for age as a covariate for all three youth 

survey short-term outcomes attempted to adjust for this potential bias. While 

conceptually, this strategy seems plausible, other studies have not confirmed its validity. 

Appendix 3.3 presents each set of results in Table 3.1 for these variables without 

adjustment for time-varying age. The models differ for home smoking bans and 

participation in advocacy groups/events, but tell a similar story of increasing levels 

during the MYTPI.  For the presence of youth advocacy groups at school, the results 

differ radically, now showing an increase during the MYTPI as in its observed data. 

D3d. Analysis issues: The right skewed and otherwise non-normal distribution the four 

continuous GPU-level variables suggested that the default basic LCM estimator, which 

assumes normally data, would not be appropriate.  All models were produced using both 

and the maximum likelihood (ML)1 and the MLR estimator, which produces standard 

errors that are robust to non-normality (Muthén & Muthén, 2006). Because the results 

                                                 
1Note: The ML analysis estimator differs from and should not be confused with the ML estimation method 
used for missing data. 
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were the same and almost all MLR models produced error warnings, the models with the 

ML estimator were presented. 

The large amount of missing data resulting from the use of listwise deletion also 

threatens the validity of the findings. In particular, this specification led to 91% lost data 

in the presence of youth advocacy groups at school (n=333/3,636) and 45% lost in 

participation in advocacy groups and events (n=1,986/3,636). In particular, the decline in 

the presence of youth advocacy groups at school during the MYTPI and the increase after 

the shutdown directly contradicts not only the hypotheses, but also the observed growth 

curves for each baseline age cohort and the observed cross-sections of 12 to 18 year olds. 

The observational analyses demonstrate increases during MYTPI and decreases in the 

post-shutdown phase. Therefore, these results should be interpreted with caution. 

However, the unexpected during-MYTPI decline was observed even when modeling an 

age-adjusted linear growth curve only with waves one through six, which led to less 

(67%) lost data (results not presented). 

D3e. Unmeasured outcomes: Feasibility influenced outcome measure selection. For 

example, the one-page school survey, designed to maximize the response rate could not 

capture every CDC-recommended, school-based intervention (CDC, 1994). Also, while 

the MACC study maintained a newspaper article database, this study does not measure 

media advocacy due to project scope and data complexities. As a result, the list of local 

short-term outcomes studied may not to draw the complete picture of the MYTPI. 

D4. Implications and future studies: This study describes the shape of the growth 

curves for each short-term outcome across the entire state of Minnesota during and after 

the MYTPI. It did not examine the GPU-level characteristics, such as community 
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demographics or the amount of MYTPI funding each GPU received, that may predict 

growth in implementation of local short-term outcomes as described in other cross-

sectional studies (Bartosch & Pope, 1999; Bartosch & Pope, 2002; Skeer, George, 

Hamilton, Cheng, & Siegel; 2004; Nykiforuk, Campbell, Cameron, Brown, & Eyles, 

2006). Among the GPU-level variables, in fact, the variances for many parameter 

estimates in the best-fitting models are significant, signifying that the potential effect of 

such predictors (Appendix 3.4). The MACC study collected baseline community 

demographic characteristics such as education, housing value, and median income, which 

future studies could also test as predictors and newly account for the influence of time 

necessary to achieve these short-term outcomes (Widome, 2006).  

The study reflects the experiences observed in CTC process evaluations from 

other states, such as in California and Massachusetts, that revealed strong implementation 

of local tobacco control initiatives during the implementation of a major, well-funded 

statewide CTC initiative, (Elder et al., 1996; Moore & Bjornson, 1998; Loeb, 1998; 

Russell, 1998; Celebucki, Beiner, & Koh, 1998; Koh et al., 2005; Rohrbach et al., 2003). 

The Minnesota experience reflects that of other states with CTC in that initiatives began 

with on non-policy, educational strategies and took years to build toward more 

controversial, policy organizing efforts (Elder et al., 1996; Siegel, 2002) and eventually a 

strong state law. The current study adds that while school-based and community 

mobilization interventions may be easiest to implement compared to policy interventions, 

they are difficult to sustain after a funding cut. Given potential for major cuts to tobacco 

control funding, selecting interventions with sustainable short-term outcomes, may be 
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more efficient than selecting interventions with outcomes that do not outlast their 

funding.  

In addition to their sustainability, tobacco control interventions should be selected 

based on their effectiveness. These results informed the Aim #3 analysis of the effects of 

each local short-term outcome on long-term youth smoking behavior. 
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Chapter 4: Manuscript #2: Describe and test for changes in youth smoking behaviors 

before and after the shutdown of Minnesota Youth Tobacco Prevention Initiative. 

Alesci, N. L., Forster, J. L., & Erickson, D. J. (2009). Did youth smoking behaviors 
change before and after the shutdown of Minnesota Youth Tobacco Prevention 
Initiative? Nicotine & Tobacco Research, 11(10), 1196-1204. 

 
[Note: The following chapter has been published, but slightly reformatted to conform to 
the rest of the dissertation and to note appendices. Permission has been provided from 
Oxford University Copyright Clearance Center to include the article in this dissertation.] 
 
Abstract 
 
Introduction: No previous studies document the effects of both comprehensive tobacco 

control (CTC) and its defunding on youth smoking. This study tests the effect of the 

youth-focused Minnesota Youth Tobacco Prevention Initiative (MYTPI) and its 

shutdown on youth smoking, and determines whether these effects differed by age.  

Methods: The Minnesota Adolescent Community Cohort is a population-based, 

observational study designed to evaluate the MYTPI. The sample included cohorts of 

youth aged 12 to 16 at baseline in Minnesota (n=3,636) and a comparison group in six 

other Midwestern states (n=605). Biannual surveys assessed youth smoking from October 

2000, five months after the MYTPI launch, through October 2005, two years post-

shutdown. Adjusted piecewise linear trajectories predicted smoking stage (measured on a 

1 to 6 continuum) comparing Minnesota to a comparison group during the MYTPI (slope 

1) and post-shutdown (slope 2) for each baseline age cohort. Analysis then compared 

baseline age cohorts to each other by centering their intercepts on age 16. 

Results: Neither slope of smoking stage differed between Minnesota and comparison 

groups, showing no period effects for the MYTPI or shutdown. However, younger 

cohorts, with early-teen experience of MYTPI, smoked less than older cohorts by the 
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same age. Mean smoking stage at age 16 differed by almost a half stage from the 

youngest (2.04) to the oldest (2.46) age cohort. 

Discussion: The study offers no evidence of period effects for the MYTPI or its 

shutdown. Design limitations, national or continued post-MYTPI statewide tobacco 

control efforts, or program flaws could explain the findings. 

 

A. Introduction 

A1. Comprehensive tobacco control: National trends in youth smoking prevalence 

indicate increases during the early 1990s followed by dramatic declines starting in the 

mid-1990s; however, these declines slowed to a halt in 2005 (Centers for Disease Control 

and Prevention, 2008; Johnston et al., 2008). The rise of many statewide comprehensive 

tobacco control (CTC) programs followed by their subsequent loss of funding may 

provide one explanation for this pattern.  

Statewide CTC is a best practice for reducing tobacco use (Centers for Disease 

Control and Prevention, 2006, 2007a; Institute of Medicine et al., 2007). CTC aims to: 1) 

prevent youth from starting to smoke, 2) help current smokers quit, 3) protect all from 

exposure to secondhand smoke, and 4) eliminate disparities among high risk groups. CTC 

uses a multilevel approach consistent with the social ecological theory. Specifically, the 

CTC model intervention aims to change the social environments, or the nested 

interpersonal, organizational, community, and state settings that make the complex 

behavior of tobacco use normal (Richard et al., 1996; Sallis & Owen, 2002). Truly 

comprehensive programs target both youth and adults with a mix of educational and 

policy strategies. Both the evidence-based guidelines and theory encourage policies, 
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which lead to permanent and more far-reaching social environmental change (Rose, 

1985), as the ideal strategy. 

 Since the first CTC program started in California in 1988, Massachusetts, 

Arizona, Oregon, and Maine have all funded CTC through increases in tobacco taxes. 

Mississippi, Florida, Texas, and Minnesota funded programs with settlement dollars from 

individual lawsuits against the tobacco industry. An additional 38 states initially allocated 

a portion of their dollars from the national Master Settlement Agreement (MSA) to 

statewide tobacco control (US Department of Health and Human Services, 2000). Despite 

the demonstrated results in reducing tobacco use (Kuiper et al., 2005), many CTC 

programs, including California, Massachusetts, Florida, and Minnesota, have faced major 

budget cuts or elimination. 

A2. Studies of a CTC funding cutoff: Very few peer-reviewed studies document the 

effect of major CTC funding cuts on the achieved tobacco use reductions. Pierce et al. 

(1998) modeled the effect of the 1993 40% budget cut to the California program using 

piecewise linear spline regression on repeated cross-sectional data. Between 1989 and 

1993, California cigarette consumption dropped from 9.7 to 6.5 annual packs per capita 

and adult smoking prevalence dropped from 23.3% to 18.0%, with both rates of decline 

exceeding the rest of the United States. From 1993 to 1996, after the budget cut, the 

annual rate of decline in cigarette consumption attenuated and the rate of decline in 

prevalence flattened. Other California studies similarly found decreases in rates of 

decline for both packs per capita consumption (Glantz, 1993) and heart disease mortality 

(Fichtenberg & Glantz, 2000) after the funding cut.  
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Two studies showed the effect of CTC funding cuts on youth smoking 

susceptibility and intention but not actual smoking behaviors. In Minnesota, youth 

susceptibility, or the self-reported potential to smoke in the next year, jumped from 

43.3% to 52.9% after the 2003 elimination of the media campaign (and the entire youth-

focused CTC program; Centers for Disease Control and Prevention, 2004). In Florida, the 

rate of increase in intentions not to smoke among youth dropped in the year after 

elimination of that state’s youth-focused CTC program (Niederdeppe et al., 2008).  

Only one peer-reviewed study documented the effect of major CTC funding cuts 

on self-reported youth smoking behavior. This Oregon study, however, captured only the 

elimination of the school-based component, rather than the 70% funding cut to the entire 

statewide CTC program in 2003. The longitudinal cohort design showed that 30-day 

smoking prevalence increased more slowly among student cohorts exposed to the fully-

funded school programs compared to student cohorts in the same schools after the 

elimination and in schools that never had programs (Pizacani et al., 2009). 

A few evaluations of entire statewide programs have demonstrated that these CTC 

programs exert their greatest influence on reducing initiation and 30-day prevalence 

among younger, middle school (rather than older, high school) age groups (Bauer et al., 

2000, Kuiper et al., 2005; Pierce et al., 2005; Soldz et al., 2002). In fact, the aging of 

never-smokers (i.e. non-initiators) created a cohort effect that led to the decline in 30-day 

smoking prevalence among all 12- to 17-year-olds seven years after the California 

program began (Chen et al., 2003). Young adults (18- to 24-year-olds) exposed as teens 

were also less likely to have experimented with cigarettes than older cohorts, suggesting 

an enduring effect (Pierce et al., 2005). Except for the Oregon study (Pizacani et al., 
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2009), most prior studies use repeated cross-sections. Such a multi-year cohort design of 

an entire statewide program could strengthen these findings by capturing the process of 

smoking onset within the same exposed group of youth (Wilcox, 2003). 

A3. Minnesota tobacco control, 2000 to 2005: Minnesota’s 1998 settlement with the 

tobacco industry funded the Minnesota Youth Tobacco Prevention Initiative (MYTPI), 

which the Minnesota Department of Health (MDH) created and managed. Between 

January 2000 and July 2004, the state dedicated $18 million during the first 18 months 

and an average of $16 million for each following year (excluding administration and 

evaluation costs; Minnesota Department of Health, 2001, 2002, 2003, 2005b) to focus 

exclusively on preventing smoking among 12- to 17-year-olds. Through statewide 

programs and local grants, the MYTPI engaged public and private partners to implement 

a mix of CDC-recommended activities, including: 1) a statewide counter-marketing 

campaign, 2) policy action, 3) school-based prevention, and 4) non-policy related 

community mobilization (McDonald & Ho, 2002; Starr et al., 2005). Similar to Florida 

and Arizona, Minnesota purposely selected CTC components that primarily reach youth 

rather than adults. Such youth-focused CTC falls short of true comprehensiveness as 

recommended by CDC Best Practices (Centers for Disease Control and Prevention, 

1999). Political choices, often driven by tobacco industry lobbying, tend to compel this 

youth focus (Siegel, 2002).  

As part of a state budget shortfall solution, the legislature drastically cut MYTPI 

funding in 2003. With a 75 percent reduction to $3.7 million annually, MDH completely 

eliminated both the state grants and the statewide counter-marketing campaign. The 

remaining tobacco control program primarily encouraged local policy action to pass 
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ordinances creating smoke-free public places and community mobilization to encourage 

voluntary bans (Minnesota Department of Health, 2005b).  

A4. Research questions: The Minnesota Adolescent Community Cohort (MACC) study 

was designed to evaluate the MYTPI. The study followed five age cohorts of Minnesota 

youth starting at ages 12 to 16 since 2000. In addition to studying the effect of the 

MYTPI, the 2003 shutdown provided an unplanned opportunity for the MACC study to 

test the effect of a major cut in tobacco control funding. The current analysis tested 

whether the MYTPI reduced smoking among youth after three years of exposure and if 

the near elimination of the program reversed that progress.  

B. Methods 

B1.  Study design:  The MACC study uses a multilevel, population-based, observational 

cohort with comparison group design. The multistage sampling design required first 

selecting 60 Minnesota geo-political units (GPUs), or communities. From each GPU, the 

study used modified random digit dial (RDD) sampling to identify households with at 

least one teen in the target age range within the target GPU. Among these households, 

respondents were selected at random from age quota cells that were still open for that 

GPU, following the same calling protocol for every member of the household-level 

sample. From each of the 60 GPUs, the study recruited 12 youths from five strata ages 

12, 13, 14, 15, and 16 (i.e. 720 per age stratum; n=3,636). Using the same techniques, the 

study also sampled a comparison group (n=605) of the same age strata from the Kansas 

City non-metropolitan area (39.8%, primarily in Kansas), the Kansas City metropolitan 

area (30.4%, primarily in Missouri), North Dakota (9.9%) and South Dakota combined 

(9.9%), and the upper peninsula of Michigan (9.9%). These states shared similar 
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demographic, geographic, and cultural patterns as Minnesota but had not allocated MSA 

funds to tobacco control by the 2000 sampling period. 

Clearwater Research conducted the recruiting and the telephone surveys. To reach 

MACC sample size goals in the Minnesota and comparison samples, Clearwater 

Research called 225,064 phone numbers resulting in 7,251 households known to be 

eligible by virtue of having an appropriate-age youth. Of these, 4,241 participated in 

baseline interviews, for a baseline response rate among eligible households of 58.5% 

(pooled between Minnesota and comparison samples because of their similarity). While 

less than 40% of parents refused to permit their child’s participation, their demographics 

were similar to the participants, suggesting the MACC sample did not systematically 

differ from the population. 

Respondents completed telephone surveys every six months except the seventh 

wave (October 2003 through March 2004) was not conducted due to a lapse in study 

funding. The current analysis used data collected from October 2000 (five months after 

the MYTPI launch) through October 2005, that is, from the start of the MTYPI to two 

years after the MYTPI shutdown. The survey protocol required obtaining both parent 

consent and youth assent for each wave of data collection for respondents under age 18. 

Respondents received a $10 check for each completed interview. The study continued to 

follow participants who moved out of a MACC GPU if they had stayed in the cohort at 

least up to the third wave of data collection, thus having at least one year of exposure to 

MYTPI. After 10 waves, the study retained nearly 80% of respondents from both the 

Minnesota (79.59%) and comparison (78.51%) cohorts. The University of Minnesota 

Institutional Review Board approved all methods. 
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B2. Measures 

B2a. Primary outcome: The primary outcome variable, smoking stage, describes the 

process of youth initiation and progression from the least to most advanced stages of 

tobacco use. Treated as both a continuous and ordered categorical variable in analysis, it 

assigns respondents a one to six value based on the following mutually exclusive 

definitions: 1) Never-smokers have not smoked even a puff in their lifetime; 2) Triers 

have puffed but have not smoked more than one whole cigarette; 3) Non-current 

experimenters/former smokers have smoked more than one whole cigarette, but none in 

the last 30 days; they either have progressed beyond trying or have quit from more 

advanced smoking stages; 4) Current experimenters have smoked on one to 20 of the last 

30 days, but not in the last seven days; 5) Regular smokers have smoked on one to 20 of 

the last 30 days, and in the last seven days; and 6) Established smokers have smoked on 

greater than 20 of the last 30 days. Respondents who did not answer enough questions to 

validly assign a stage or who skipped the entire wave were assigned as missing. 

Individual values for this outcome can fluctuate up and down with each data collection 

wave, although youth who have reached either stage two or three can never return to 

earlier stages. This variable roughly adapts the stages of smoking onset described in a 

comprehensive review (Mayhew et al., 2000). A prior study has used a similar stage 

variable as an outcome in latent curve models (Simons-Morton et al., 2004). 

 The second outcome, 30-day smoking prevalence, is the most common definition 

of youth tobacco use in surveillance and evaluation. This dichotomous variable defines 

smokers as those who reported having smoked at least one of the last 30 days, thus 
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including those who smoke weekly and daily. Nonsmokers reported smoking zero of the 

last 30 days. Respondents who answered “don’t know” or “refused” or who skipped the 

wave were assigned as missing. Individual values can change with each data collection 

wave.  

B2b. Independent variables: Age at baseline was used as a stratification variable. These 

groups signify the age when youth began exposure to the MYTPI.  

By comparing individual-level time-invariant covariates, descriptive analysis 

determined baseline differences in the Minnesota and comparison cohorts that may 

confound their comparison. Demographics include gender; race (White vs. non-White); 

spending money available in an average week ($10 or less vs. $11 or more) as an 

indicator of purchasing power; and college plans after high school (yes, no) as a youth-

level proxy for education. Other potential confounders related to smoking include: 1) the 

baseline level of smoking initiation in the population, that is, whether respondents have 

ever smoked a whole cigarette (ever-smokers) at baseline or not (never-smokers); and 2) 

whether or not respondents lived with a parent, sibling, or other person that smokes 

cigarettes at baseline. All variables were dichotomous; respondents who answered “don’t 

know” or “refused” were assigned as missing. 

Descriptive analysis also monitored states’ per pack cigarette tax and tested its 

relationship to smoking stage and 30-day smoking prevalence. At each wave, youth were 

assigned the current tax for their state at baseline regardless of if they had moved. States 

that increased their excise taxes included Kansas ($.46 in 2002 and $.09 in 2003), 

Michigan ($.50 in 2002 and $.75 in 2004), and South Dakota ($.20 in 2003)  

(Orzechowski & Walker, 2007). Differences in this statewide policy, which can greatly 
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influence youth smoking (Hopkins et al., 2001), could confound the relationship between 

exposure to the MYTPI and youth smoking. 

B3. Statistical Analysis 

B3a. Latent curve models: After descriptive analyses to examine the data distribution 

and outliers, piecewise latent growth curve analysis modeled change in smoking stage 

and 30-day smoking prevalence from 2000 to 2005 among individual youth. These 

longitudinal models of repeated measures describe the mean trajectory of within-

individual change over time for the entire group, determine if between-individual 

differences exist among the trajectories, and test for potential predictors of these different 

between-individual trajectories (Bollen & Curran, 2006). Latent growth curves use 

structural equation modeling to create the intercept (i.e., baseline value of the outcome), 

and slope (i.e., amount of change in the outcome per unit of time) as latent, or indirect, 

measures of between-individual variability. Unlike regular growth curve modeling, 

piecewise models link two linear splines at a node, or bend, testing for change in the 

slope of youth smoking behavior over two or more time periods (Bollen & Curran, 2006). 

The approach modeled the shutdown of the MYTPI in 2003 as a fixed transition point for 

the latent slope factor that is shared by all observations. 

Specifically, analysis tested a measurement model of one intercept (α) and two 

slopes, one before (β1) and one after (β2) the 2003 MYTPI shutdown. The first slope (β1) 

gives rise to the repeated measures (y) up to the shutdown. The second slope (β2) gives 

rise to the repeated measures (y) after the shutdown. The fixed transition point was wave 

eight, which was collected between April and September 2004. An annual time metric 

was the assigned factor loading for the slopes, signified as 0 to 4.5 for semi-annually 
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collected survey data, so that the coefficient for each slope describes the amount of linear 

change that would occur over a one-year period. (The path diagram in Appendix 4.1 

specifies this hypothesized relationship.) 

B3b. Analysis comparing Minnesota and comparison cohorts: Conditional models 

examined the influence of the shutdown between the Minnesota and comparison cohorts. 

Regression coefficients estimated the relationships between intervention status and latent 

intercept and slopes (Ullman, 2001). Models were stratified by each of the five baseline 

age cohorts to control for cohort effects. Models also adjusted for potential confounding 

by baseline demographics and presence of smoker in household as well as time-varying 

cigarette tax per pack.  

B3c. Analysis comparing younger to older cohorts: To test whether baseline age 

cohorts differed in their smoking stage trajectories, unconditional analyses compared 

intercepts by centering each group on the common age of 16. Centering provides the 

same model and associated fit statistics, but changes the interpretation of the intercept 

from the mean stage at baseline (i.e. wave one for all cohorts) to the mean stage at age 16 

(i.e. the different wave corresponding with age 16 for each cohort; (B. O. Muthen, 2004). 

Centering analysis was not possible for models of stage as an ordered categorical 

outcome and 30-day smoking prevalence because the categorical models automatically 

fix all intercepts at zero. 

B3d. Other analysis issues: Because the intraclass correlation for smoking stage at each 

wave ranged from 0.00 to 0.02 and the design effect was below 2.0, analysis did not 

adjust standard errors to account for the nested sampling design (Duncan et al., 2006; B. 

O. Muthen & Satorra, 1995). All analyses were conducted using Mplus version 4.21 (L. 
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K. Muthen & Muthen, 2006) using p<0.05 as the cutoff for significance. In all models, 

missing data, although sparse, were accounted for using the maximum likelihood 

estimator (Schafer & Graham, 2002). (Appendix 4.2 provides a more detailed discussion 

of analyses used to explore the potential effects of both the nested sampling design and 

missing data.) In particular, growth curve models of stage as an ordered categorical 

outcome and binary 30-day smoking prevalence employed the “categorical” option with 

the default of delta parameterization to accommodate these distributions. These models 

also specified maximum likelihood with first-order derivatives and a conventional chi-

square statistic to approximate standard errors to estimate parameters. 

 

C. Results 

C1. Descriptive: At baseline, the Minnesota cohort closely resembled the same-age 

population of Minnesota youth on gender, age, and race as measured in the 2000 census 

(Appendix 4.3). The Minnesota and the comparison groups, overall (Table 4.1) and 

stratified by baseline age cohort, did not differ at baseline on levels of average smoking 

stage, 30-day smoking prevalence, proportion ever smoking a cigarette, and proportion 

living with a smoker. The groups also did not differ by demographic characteristics, 

except the overall Minnesota cohort (14.8%) included fewer non-White respondents than 

the comparison cohort (17.9%; p=.05). For an inconsistent few specific baseline age 

cohorts, Minnesota and comparison groups differed on spending money, college plans, 

and living with a smoker at baseline (p<0.05; Appendix 4.3). No consistent relationships 

emerged between tax per pack of cigarettes and either smoking stage or 30-day smoking 

prevalence in bivariate correlations and t-tests respectively. 
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Table 4.1: Demographics and baseline smoking characteristics for Minnesota and 
comparison cohorts  

  
Minnesota 

cohorts 
Comparison 

cohorts p-value 

  (n=3,636) (n=605)   
BASELINE SMOKING CHARACTERISTICS       

Mean (SD) smoking stage at baseline 1.68 (1.27) 1.62 (1.11) 0.25 

30-day smoking prevalence at baseline 9.9% 8.0% 0.13 

Ever smoked a whole cigarette at baseline 18.7% 17.1% 0.33 

Lives with a smoker in household 42.6% 40.2% 0.28 

DEMOGRAPHICS        

Female 50.8% 49.8% 0.64 

White 85.2% 82.2% 0.05* 

Can spend $10 or less in an average week 53.0% 56.6% 0.11 

Plans to attend college after high school 86.3% 86.5% 0.88 
Region       

Rural/small city 51.3% --   
Suburban 35.2% --   

Urban 13.5% --   
*Minnesota and comparison cohorts statistically differ at p<0.05. 
Region breakouts were not available for the comparison cohorts. 

 

C2. Comparing Minnesota and comparison cohorts: Conditional statistical models 

tested for the intervention effect by including a covariate for Minnesota intervention or 

comparison group status. These models adjusted for possible confounding by baseline 

race (White/non-White), plans to attend college, $10 or more spending money per week, 

presence of a smoker in the household, as well as time-varying tax per pack of cigarettes.  

No models of either the continuous stage (Figure 4.1) or the 30-day prevalence 

(not in figure) outcomes found significant differences between the Minnesota and 

comparison cohorts for the intercept (baseline), the first piecewise slope (during MYTPI), 

or the second piecewise slope (after MYTPI) for smoking stage outcomes regardless of 

baseline age cohort. (Appendix 4.4 displays the covariates comparing the intercept and 

slopes for smoking stage between the comparison and intervention groups for the both 

the unadjusted and adjusted analyses. Models representing stage as an ordered categorical 
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outcome produced the same results; therefore this article presents the simpler continuous 

models, which can be displayed graphically.) 

Figure 4.1: Piecewise growth curve models comparing mean smoking stage between 
Minnesota and comparison youth stratified by baseline age cohort  

 
Models are adjusted for baseline race (White/non-White), college plans, $10 or more spending money per 
week, presence of a smoker in household, and time-varying tax per pack of cigarettes. Lines are not straight 
due to adjustment for time-varying covariate. 
 

C3. Comparing younger to older baseline age cohorts: Smoking among younger 

baseline age cohorts appeared to increase more slowly during the MYTPI and more 

rapidly after its shutdown compared with the older baseline age cohorts. This finding 

occurred among both Minnesota and comparison cohorts (Figure 4.1). These differences, 

of course, may merely be the result of maturation differences. The comparison of 

baseline age cohorts while holding age constant isolates actual differences between 

cohorts’ growth curves from maturation effects.  

Centering the intercept for the stratified piecewise models for continuous smoking 

stage on the common age of 16 then determines if each baseline age cohort experienced 

MYTPI Shutdown, 2003 
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different outcomes at the same age given differing amounts of MYTPI exposure by that 

age. The intercept comparison presumes potential differences result from differing slopes 

for the baseline age cohorts when at the same ages, but does not directly compare their 

slopes (impossible with study data). Within the Minnesota sample, the mean smoking 

stage in the baseline 12-year-old cohort with three years of MYTPI exposure was 2.04 

(95% CI: 1.92, 2.15) by age 16. This mean intercept is less than the mean of 2.30 (95% 

CI: 2.18, 2.41) for the baseline 14-year-old cohort with only two years exposure by age 

16 and less than the mean of 2.46 (95% CI: 2.33, 2.59) for the baseline 16-year-old 

cohort with no exposure (Table 4.2). Within the comparison sample, intercepts centered 

on age 16 for baseline 12 year olds similarly differed from most of the older cohorts 

(Appendix 4.5).  

Table 4.2: Intercept values from piecewise models centering the intercept on age 16 
(Minnesota cohorts)  
 

Baseline Age Cohort  Stage at age 16  95% Confidence Interval* 

Baseline 12-year-old cohort  2.04         (1.92, 2.15) a 

Baseline 13-year-old cohort**  2.18         (2.07, 2.30) ab 

Baseline 14-year-old cohort  2.30         (2.18, 2.41) bc  

Baseline 15-year-old cohort  2.24         (2.13, 2.35) abc  

Baseline 16-year=old cohort  2.46         (2.33, 2.59) c 
*Rows with no matching letters are significantly different from each other. Rows with at least one 
matching letter are not different. **The baseline 13 year old cohort was centered on age 16.5 due to lapse 
in data collection. 
 

 

D. Discussion 

D1. Summary and strengths: As the first observational cohort of an entire statewide 

youth-focused CTC program and its subsequent shutdown, the MACC study explored the 

effect of the major state policy decision to implement and remove a social ecological 

intervention on youth smoking. This study addressed three key research questions, using 
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piecewise latent growth curve models for two different outcomes with a hypothesized 

fixed transition point between the 2000 to 2003 MYTPI intervention and its 2003 to 2005 

post-shutdown phase.  

Did youth smoking decrease during the MYTPI? A period effect occurs when a 

sudden, unusual exposure over a short time frame influences an outcome. If the MYTPI 

had had its hypothesized period effect, the first piecewise slope for the Minnesota cohorts 

would have been flatter, indicating a slower increase in smoking stage and 30-day 

smoking prevalence, than the slope for the comparison cohorts. Instead, the regression 

coefficients measuring the difference in the first slope between the groups did not differ 

for any of the five age cohorts, suggesting no during-MYTPI period effect.  

Did youth smoking increase after the MYTPI shutdown? If the MYTPI shutdown 

had had its hypothesized period effect, the second piecewise slope for the Minnesota 

cohorts would have increased to converge with the slope for the comparison cohorts. That 

is, without the program, Minnesota youth smoking would have increased to match 

comparison youth. The regression coefficients did indicate no difference in the second 

slope between Minnesota and comparison groups for either outcome. The hypothesized 

post-MYTPI effect, however, is contingent on the presence of a during-MYTPI effect. 

The lack of effect observed during MYTPI itself indicates that post-shutdown slopes 

never differed, rather than suggesting a post-MYTPI period effect caused them to 

converge. The latent growth curve analysis isolated these hypothesized period effects 

from two sources of bias. First, age effects result from the natural development of youth 

as they initiate and progress to more advanced stages of, or increased, tobacco use as they 

grow older (US Department of Health and Human Services, 1994). Age effects would 
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occur in the absence of the MYTPI or its shutdown. Comparing the magnitude of 

increase in smoking stage slopes between Minnesota and comparison groups, rather than 

comparing two point estimates over time, controls for this bias. Second, cohort effects 

occur when members of a group share characteristics that may be associated with a 

certain outcome. The hypothesized larger effect of the MYTPI and its shutdown on 

younger compared to older age groups could have caused a cohort effect. Stratifying by 

baseline age cohort controlled for this source of bias by allowing each to follow a 

differently shaped growth curve in response to the MYTPI and its shutdown. 

Did age cohorts differ in their response to the MYTPI and its shutdown? The 

centering analysis tested for, rather than controlled for, a cohort effect comparing 

younger to older baseline age cohorts. Given their greater exposure to MYTPI during a 

more influential development phase, the study hypothesized that younger baseline age 

cohorts were expected to smoke less than older cohorts. In fact, upon reaching the 

common age of 16, the mean smoking stage for the baseline 12-year-old cohort was 

lower than both the baseline 14- and 16-year-old cohorts. By modeling the intercept at 

the same age, this analysis controlled for bias from age effects. This cohort effect, 

however, occurred in both the Minnesota and comparison groups and cannot be attributed 

specifically to the MYTPI. 

Controlling for tax per pack of cigarettes did not influence the findings, 

potentially due to the lack of variability in tax across states and over time as well as to the 

small sample size from each comparison state. 

In summary, the study found no period effects for the MYTPI and its shutdown 

when comparing Minnesota to comparison states. Still, a cohort effect occurred across the 
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age groups within Minnesota. Younger baseline age cohorts, who experienced the 

MYTPI during more years of potential smoking initiation, smoked less than older 

baseline age cohorts upon reaching the same age with less experience of the MTYPI 

during their early teen years.  

The longitudinal cohort design is a new method to study the effect of a statewide 

CTC program and funding cutoff. Prior studies of CTC (Bauer et al., 2000; Biener et al., 

2000; Pierce et al., 1998; Pierce et al., 2005; Soldz et al., 2002) and their shutdown 

(Centers for Disease Control and Prevention, 2004; Niederdeppe et al., 2008) primarily 

compared repeated cross-sectional outcomes from different samples of the same aged 

population over time. In this study design, sampling variation may reduce sensitivity, 

especially when measuring prevalence once per year or less (Wakefield & Chaloupka, 

2000). In contrast, the current study measured outcomes on the same youth before and 

after the removal of an intervention. Unlike cross-sectional designs, this longitudinal 

cohort design captures the possible within-individual fluctuation in smoking stage every 

six months over several years (Wilcox, 2003), a potentially more sensitive approach. 

D2. Limitations: Several limitations prevent this study from firmly concluding that 

neither CTC programs, such as the MYTPI, nor their shutdown affect youth smoking. 

D2a. Poor comparison group/lack of true CTC shutdown: First, comparison states 

ideally would have no tobacco control activity. Although MACC comparison states did 

not use MSA funds for tobacco control, since 2000, the American Legacy Foundation has 

aired the truth® counter-marketing media campaign, provided grants for community-

based organizing, developed youth activism, and implemented other activities for 

supporting adult cessation and reducing secondhand smoke exposure (American Legacy 
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Foundation, 2008). Further, contamination of a $16 million per year program across 

nearby state borders is plausible. Finally, the tobacco industry may have increased 

advertising in Minnesota relative to comparison states because of MYTPI.  

Second, to see a post-MYTPI shutdown effect, no other CTC activity should have 

occurred in Minnesota. Yet, in addition to MDH’s much smaller remaining program, 

Blue Cross and Blue Shield of Minnesota and ClearWay Minnesota funded more adult-

focused CTC. These programs offered cessation services, organized for local smoke-free 

policies, and advocated for a tobacco tax increase since 2000 with the most intense effort 

during the post-shutdown era. While not directed at youth, these efforts may have 

contributed to reductions in youth smoking during and even after the shutdown. Such 

declines in youth smoking were also observed in California (Chen et al., 2003; Pierce et 

al., 2005) where CTC did not focus only on youth but on social norms among the whole 

population (California Department of Health Services, 1998).  

D2b. Secular trends or history: Third, secular trends rather than the CTC intervention 

may also explain the observed results. Minnesota’s youth smoking prevalence had begun 

declining before 2000 (Minnesota Department of Health, 2005a). Yet, the MTYPI and 

other Minnesota and national tobacco control activities—designed to change social 

environments—likely contributed to this secular trend.  

D2c. Study design: Fourth, despite the advantages, the longitudinal cohort design does 

not test the population-level effect of social environmental exposures, like the MYTPI, as 

well as it captures individual-level change among a group receiving a specific 

intervention (Murray, 1998). The current study assumes that simply residing in the 

Minnesota during program and its shutdown adequately captures the exposure. The key 
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benefit of this exposure definition is its ability to capture the sum of the entire statewide 

program at the level of policy-making in comparison to other states with no such 

program. The authors next plan to measure the increases in each specific aspect of CTC 

within Minnesota, that is, in local youth access and secondhand smoke policies, school-

based activities, and community mobilization, during the MYTPI and shutdown period. 

Finally, analysis will link Minnesota youths’ smoking outcomes to their individual 

exposure to these specific social environmental variables over time, thus better 

employing the longitudinal design.  

D2d. Timing: Fifth, either the three-year MYTPI program or its shutdown may have 

lacked the necessary time to influence youth smoking relative to comparison states. 

Increases in cumulative expenditures—particularly the initial expenditures—in statewide 

tobacco control have led to reductions in adult smoking prevalence (Farrelly et al., 2008), 

pointing to the need for programs to have time to build capacity before realizing their full 

potential impact. Furthermore, the MYTPI or its shutdown could have affected 

intermediate outcomes not studied in this analysis, such as smoking attitudes, another 

important future direction for MYTPI evaluation with MACC data. 

D2e. Program flaws: Finally, the MYTPI implementation did not fully follow CTC best 

practices. The CDC recommends that programs reach both adults and youth. The 

legislative mandate to focus on only preventing smoking among 12-to-17 year-old youth 

rather than all Minnesotans did help pass the bill creating the MYTPI. Yet, lack of 

attention to adults may have hindered the MYTPI’s success. (Other organizations’ adult-

focused programs had only just begun from 2000 to 2003.) Theory and the CTC evidence 

base also recommend a strong policy component, in addition to educational strategies, in 
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order to attain more far-reaching social environmental change. Beyond the highly visible 

youth-focused statewide counter-marketing campaign, the extent of such implementation 

is still unclear. Early evidence suggests MYTPI offered less policy than educational 

strategies. The planned future analyses will reveal the adequacy of local policy and other 

evidence-based activities. 

D3. Implications: In the past several years, states have been curtailing CTC funding. The 

political will to continue these massive statewide interventions has been difficult to 

maintain, leading to funding cuts in several states. Consistent with prior 

literature, younger Minnesota adolescents, who experienced the MYTPI during more 

years of potential smoking initiation, smoked less than their older peers upon reaching the 

same age after a period of youth-focused CTC. The observation of a similar effect in 

comparison states does not allow making a causal link between these smoking declines 

and the MYTPI. Given that youth in both Minnesota and comparison states were exposed 

to tobacco control activity during this period, these findings may still support the CDC’s 

desire to sustain the statewide CTC model. This study also did not find an immediate 

effect of a major youth-focused CTC program shutdown on youth smoking behavior.  

These results still do not suggest CTC should end. The MYTPI’s potentially 

incomplete implementation of CTC’s principles and the study’s limitations point to the 

critical need for more studies of the effect of CTC and the many funding cutoffs in other 

states—particularly of the more complete programs that also address adult cessation and 

exposure to secondhand smoke—not only on youth smoking, but also on the intermediate 

outcomes that predict smoking.  



 

128 
 

Chapter 5: Manuscript #3: Test whether the local short-term outcomes of the 

Minnesota Youth Tobacco Prevention Initiative predict youth smoking behaviors.  

Abstract 

Introduction: Most comprehensive tobacco control (CTC) evaluations fail to employ 

theory, fail to link intervention exposure to smoking outcomes, and cannot isolate the 

effect of program components. This study: 1) tests the association between the baseline 

levels of short-term outcomes influenced by CTC, and youth smoking both at baseline 

and during the Minnesota Youth Tobacco Prevention Initiative (MTYPI) and post-

shutdown phases (2000-2005); 2) tests for a contemporaneous increase in each local 

short-term outcome and decrease in youth smoking during the MYTPI and post-

shutdown phase; and 3) determines whether relationships differed by age. 

Methods: The Minnesota Adolescent Community Cohort is a population-based, 

observational study designed to evaluate the MYTPI. The study sampled 60 of 129 

Minnesota geo-political units (GPUs), signifying communities, and 3,636 Minnesota 

youth ages 12 to 16 years old at baseline nested in these GPUs. From 2000 to 2005, data 

were collected from 1) youth access and smoking ban policies, 2) youth access 

enforcement surveys, 3) school administrator surveys, and 4) a youth survey from five 

age cohorts.  Biannual surveys assessed youth smoking from October 2000, five months 

after the MYTPI launch, through October 2005, two years post-shutdown. Separate 

parallel process latent curve models tested for the hypothesized negative covariance 

between eight local short-term outcomes and the long-term smoking stage outcome at 

baseline (i.e. intercepts) and during the study period (i.e. linear slopes). Regression 
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analysis further tested significant covariances. Multigroup analysis tested for differences 

across age cohorts. 

Results: Among the four policy action strategies, only higher baseline youth access 

ordinances scores related to lower smoking stage at baseline. Among school-based 

prevention strategies, neither the presence of a proven curriculum offered by trained 

teachers nor the presence of youth advocacy groups in the schools correlated with 

smoking stage. Among the two community mobilization strategies, only living in homes 

banning smoking related to less smoking at baseline and over the next five years.  Only 

the effect of home smoking bans varied across baseline age cohort.   

Discussion: The study offers some evidence in support of MYTPI interventions. Possible 

limitations include measurement error, lack of control for confounding by community or 

individual youth demographics, inability to model all interventions at once, and the distal 

relationship between policy action and youth smoking behaviors. Future studies should 

look at intermediate youth outcomes more proximally related to short-term outcomes for 

the specific interventions. 

 

A. Introduction  

A1. Evaluation needs for comprehensive tobacco control: Specific Aim #3 represents 

the flagship analysis for this dissertation toward which the Aims #1 and #2 studies have 

built. For this reason, the Background and Significance section (Chapter 1) has already 

reasoned for this final study in careful detail. In summary, with the exception of very few 

studies, most current CTC evaluations do not employ theory, use weak ecological 

designs, fail to link exposure and outcome, and cannot isolate the effect of individual 
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program components. The following brief introduction provides some additional detail on 

longitudinal studies of youth tobacco use. 

A2. Longitudinal studies of youth tobacco use: The longitudinal cohort study is an 

ideal design for understanding within-individual behavioral transitions over a long 

timeframe (Wilcox, 2003) and for linking exposures to outcomes at the individual level 

(Celebucki, Beiner, &Koh, 1997). A growing number of studies use cohort designs with 

multiple repeated measures to identify patterns of initiation to advanced tobacco use over 

time and identify predictors of membership in an assigned trajectory (Abroms, Simons-

Morton, Haynie, & Chen, 2005; Karp, O’Laughlin, Paradis, Hanley, & Difranza, 2005). 

These studies have focused on between-individual differences in psychosocial 

characteristics, such as academic achievement, number of smoking peers, or deviant 

behavior. A few studies examine only individuals’ perceptions of the social context. 

None of these study designs test the effect of actual exposure to community-level policy, 

social, or educational environments, such as the short-term outcomes that result from 

CTC activities, in the entire population of youth. 

A3. Minnesota Tobacco Control, 2000-2005: The MYTPI logic model (Figure 1.2), its 

shutdown, and the subsequent Tobacco Free Communities (TFC) program logic model 

(Figure 1.3) have already been described (Chapter 1, Section F).  

A4. Research questions: Designed to evaluate the MYTPI, the Minnesota Adolescent 

Community Cohort (MACC) study provides the opportunity to address the above CTC 

study design issues while employing the advantages of a longitudinal design and 

measures of CTC program exposures. This study will determine if exposure to higher 

levels of each local short-term outcome at MYTPI baseline relates to a lower average 
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smoking stage both at baseline and during the MYTPI and post-shutdown phase (2000 to 

2005). Second, the study will determine if increases in levels of each local short-term 

outcome during the MYTPI and post-shutdown phase have decreased average slopes for 

their smoking stage trajectories during the same phase. Analysis will determine whether 

effects differed across age cohorts. Investigators hypothesize that increases in the short-

term outcomes of policy action will be more strongly associated with decreases in youth 

smoking than the short-term outcomes of community-mobilization or school-based 

prevention.  

 

B. Methods 

B1.  Study design:  The observational cohort study design, sampling, and data collection 

have already been described (Chapter 2, Section B; Chapter 3, Section B). In summary, 

the study sampled 60 of 129 Minnesota geo-political units (GPUs), signifying 

communities, and 3,636 Minnesota youth ages 12 to 16 years old at baseline nested in 

these GPUs. From 2000 to 2005, the MACC study collected longitudinal data from 1) 

youth access and smoking ban ordinances/policies, 2) youth access enforcement surveys, 

3) school administrator surveys, and 4) a survey of five age cohorts of Minnesota youth 

starting at ages 12 to 16. Thus, the multilevel study collected data at the city, county, and 

youth levels (Table 2.4). When appropriate, i.e. for city and county level data, analysis 

transformed measures to the GPU level (as described in Chapter 2, Section C1). All data 

are representative of the entire state of Minnesota. 

B2. Measures:  
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B2a. Primary outcome: Youth smoking stage represents the long-term outcome of CTC 

in the MYTPI logic model (Figure 1.2), and is the primary outcome of interest. The 

construction of this variable has already been described in the Aim #2 manuscript 

(Chapter 4, Section B2). In summary, smoking stage assigns respondents a value ranging 

from one for never smoking to six at the most advanced stages of established tobacco use. 

Individual values for this outcome can fluctuate up and down with each data collection 

wave, although youth who have reached either stage two or three can never return to 

earlier stages. These analyses treated smoking stage as a continuous variable. 

B2b. CTC program “exposure” outcomes: The eight exposures, or local short-term 

outcomes of CTC (listed in Table 2.4), conceptually describe exposures which could 

result from the MYTPI and are hypothesized to lead to the long-term youth smoking 

stage outcome (Figure 1.2). Statistically, however, these variables are considered 

outcomes because they also have a random growth process, i.e. the intercept and slope(s) 

are latent variables (Bollen & Curran, 2006). The values of these variables can also 

change at each wave of data collection.  

The construction of these exposure outcome variables, hereinafter called local 

short-term outcomes, has also already been described in the Aim #1 manuscript (Chapter 

2, Section C1 and Chapter 3, Section B2). In summary, the four measures of policy action 

include: SHS indoor ordinance strength, SHS recreational/outdoor policy strength, youth 

access ordinance strength, and youth access law enforcement. The measures of school-

based prevention include: proven prevention curricula and teacher training by grade and 

presence of youth advocacy groups.  The measures of community mobilization include:  

presence of home smoking bans and participation in advocacy groups/events.  
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The Aim #3 analysis required modification of the proven prevention curricula 

from trained teachers variable. Instead of signifying only an individual school as in Aim 

#2, the school values used in Aim #1 needed to be linked to each youth as an individual-

level exposure. Linking the school and youth survey data involved applying the school 

that each youth reported attending in the odd waves (October to March) additionally to 

the even waves  (April to September) of the youth survey. To determine school for wave 

seven, which did not take place, each youth’s report of their current school from the last 

month (September 2003) of wave six and the first five months of wave eight (April to 

August 2004) was used; these imputed wave seven values were applied to wave eight. 

Because the school survey gathered data separately for each grade in a school (for grades 

that MACC youth would still attend), each youth’s report of their current grade was 

determined in the same way as their current school. The two data sets were then merged 

by their grade and school for each youth.  Because the school data were only collected 

annually, the 2001 school survey data applied to youth in waves one and two, the 2002 

school survey data to waves three and four, and so forth.   

B2c. Potential confounders: The conceptual model and the literature suggest that 

community characteristics could influence the successful implementation of the local 

short-term outcomes as well as the long-term youth smoking behavior outcomes. In fact, 

prior MACC analysis found that the GPU-level community characteristics of the 1) 

percent with less than a high school education, 2) percent urban, 3) median income, 4) 

median housing value, 5) percent unemployed aged 16 years or older, and 6) percent with 

an income-to-poverty ratio less than 1.5 were associated with the GPUs’ prevalence of 

smoking in the last 30 days (Bernat, Lazovich, Forster, Oakes, & Chen, 2009); therefore, 
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the role of these GPU-level characteristics as potential confounders is assessed in this 

study. Similarly, several youth baseline demographic and smoking characteristics were 

assessed as potential confounders of relationship between the short-term outcomes 

measured at the individual-level and smoking stage. 

B3. Statistical Analysis:  

B3a. Descriptive analysis: Chapter 3 analysis generated and reported descriptive 

statistics (frequencies, box-plots, histograms, and observational growth curves) for each 

of the eight local short-term outcomes both in their form at data collection and after 

transforming measures to the GPU level when appropriate. Chapter 4 similarly assessed 

the smoking stage long-term outcome variable. To assess for potential confounding of the 

short-term outcome-smoking stage relationship, baseline community characteristics were 

correlated and youth baseline smoking and baseline demographic characteristics were 

cross-tabulated with each of the short-term outcomes at each wave.   

B3b. Latent Curve Models:  Eight separate parallel process latent curve models (LCM) 

tested for a simultaneous association between the average linear growth curves for each 

local short-term outcome and the long-term smoking stage outcome. A linear growth 

curve is defined by two growth factors, i.e. an intercept, or baseline value of the outcome, 

and a slope, or the amount of change in the outcome per unit of time. LCM uses 

structural equation modeling (SEM) to create these two key parameters as latent, or 

indirectly measured, variables. The repeated measures, which are directly measured at 

each wave, contribute a common variance to generate the latent variables. In cohort 

studies, repeated measures violate the assumption of independence. LCM accounts for 

this covariance, or similarity among measures, by modeling it as a random effect. In 
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particular, parallel process, or multivariate, growth curves model contemporaneous 

trajectories of change in two or more outcomes at once (Bollen & Curran, 2006). (The 

Aims #1 and #2 models, in contrast, are considered univariate because they only 

represent one outcome with a random growth process.)  Thus, LCM can test whether the 

changes in local short-term outcomes “travelled together,” i.e. were correlated, (in the 

same or opposing directions) with changes in youth smoking stage in the same model 

(Bollen & Curran, 2006).  

Linear trajectories (uniform change per time increment) represented each short-

term and long-term outcome over the ten study waves, or five years, in unconditional 

parallel process models. (The path diagrams in Appendix 5.1 specify examples of the 

hypothesized parallel process trajectories with two linear outcomes.) In fact, Aim #1 

found that several different growth curve shapes best fit each of the eight local short-term 

outcomes. Aim #2 found that a quadratic representation best fit youth smoking stage the 

data. Yet, the linear representation most clearly tests the hypothesis that an increase in a 

local short-term outcome leads to a decrease in youth smoking stage with the least model 

complexity.  Whenever possible, models included all ten waves of data to allow for 

potential lagged effects.  As exceptions, some models included data only through wave 

six because data were only collected in those rounds in the case of youth advocacy 

groups and events or to avoid losing data (for reasons described below) in the case of all 

of the school-based prevention variables.  

In the initial unconditional analysis, a significant covariance between the relevant 

intercept and slope growth factors for the two processes modeled signifies the need for 

additional testing. Regression analysis between these correlated growth factors then 
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tested for a relationship, such as the effect the intercept of a short-term outcome on the 

slope of smoking stage (Muthén, 2004b).   

Aim #2 also indicated that younger baseline age cohorts smoked less than older 

cohorts by the time they turned age 16 (Alesci, Forster, & Erickson, 2009). This finding 

suggests the need for conditional analysis testing for differing relationships across age 

cohorts in order to detect the hypothesized relationship. For each of the eight short-term 

outcomes, multigroup LCM analysis tested age as a moderator. This technique compared 

the model stratified by baseline age cohort to the same model with constraints on the 

covariances for relevant intercept and slope growth factors for the two processes to be 

equal for all age groups (Muthén, 2004b; Acock, 2005). Aikaike Information Criteria 

(AIC) and sample-size adjusted Bayesian Information Criteria (BIC) will compare the 

models. The smaller the value indicates better fit.  

Mplus version 4.21 statistical software estimated the predicted LCMs (Muthén & 

Muthén, 2006). Basic LCM accommodated continuous, normally distributed dependent 

variables. For dichotomous short-term outcomes (proven prevention curricula and 

teacher training, presence of youth advocacy groups, presence of home smoking bans, 

and participation in advocacy groups/ events) latent class growth curve models with a 

maximum likelihood estimator generated longitudinal logistic models. (For multigroup 

analysis with dichotomous short-term outcomes, however Mplus cannot perform latent 

class analysis and basic LCM treating these variables as continuous was used.) To 

increase model fit, only waves for which both the short-term and long-term outcome 

processes both had data were included in the model. For example, wave seven data from 
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the short-term outcomes were not included in order to match the youth data, which did 

not include that wave.  

Analyses accounted for the correlation among individuals within GPUs resulting 

from the nested sampling design in two ways. For the four GPU-level variables (SHS 

indoor ordinance strength, SHS recreational/outdoor policy strength, youth access 

ordinance strength, and youth access law enforcement), GPU was modeled as a random 

effect using TYPE=TWOLEVEL and the between-level estimates were interpreted.  

(This multilevel analysis is not possible in the multigroup LCM analysis that tested age as 

a moderator; therefore TYPE=COMPLEX adjusted standard errors to account for the 

nested sampling design in these models.) For the four individual-level variables (proven 

prevention curricula and teacher training, presence of youth advocacy groups, presence 

of home smoking bans, and participation in advocacy groups/events), TYPE=COMPLEX 

adjusted standard errors to account for the nested sampling design in these models and 

individual-level estimates were interpreted (Muthén & Satorra, 1995; Duncan, Duncan, & 

Strycker, 2006). The individual youth instead of GPU is the unit of observation for this 

analysis in order to maximize power. (GPU does not need to be the unit of analysis 

because this observational study did not randomize exposure to an intervention at the 

GPU level.)  

All analyses used p<0.05 as the cutoff for significance. 

B3c. Missing data: Loss to follow-up occurs when survey participants, or community 

representatives, cannot be reached or refuse participation in a post-baseline wave. The 

ordinance data were 100% complete and the youth access enforcement survey was 99% 

complete each year. The youth survey, however, had lost 20% of respondents to follow-
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up by wave 10. To address this potential bias, maximum likelihood (ML) estimation, 

computes a likelihood function for each case with the available data for that case (Bollen 

and Curran, 2006). ML estimation performs well even when data only approximately 

meet the assumption of missingness at random (Schafer & Graham, 2002). Therefore, 

parallel process models of each GPU-level short-term outcome and youth smoking stage 

employed ML estimation to account for missing youth survey data. ML estimation was 

also appropriately used for the presence of home smoking bans short-term outcome and 

youth smoking stage, both measured in the youth survey. 

Only youth under age 19 (or still in at least high school), however can experience 

the presence of youth advocacy groups at school. Only youth under age 18 can 

participate in advocacy groups/events. For parallel process models of these variables 

with youth smoking stage, ML would inappropriately compute a likelihood function for 

youth cases that turned 19 or 18 respectively. Using listwise deletion in the parallel 

process models therefore excluded all observations with any item-level or wave-level 

missing data for either these short-term outcomes or the long-term smoking stage 

outcome. Some of these missing data occurred due to loss to follow-up, but most 

occurred due to becoming age-ineligible at any time during the ten-wave (or six-wave) 

the study.  Restricting analysis to waves one through six for presence of youth advocacy 

groups at school avoided loss to follow-up and item-level missing data due to youth 

turning age 19 after that round. 

Linking the school and youth survey responses to create the proven prevention 

curricula and teacher training led to missing data due to non-response in school survey 

and loss to follow-up in youth survey. Also, only youth under age 19 (or still in at least 
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high school) can experience this CTC program exposure; the required elimination of 

older respondents from analysis would have led to 58.9% of respondents lost by wave 10, 

but only 18.3% lost by wave six. For the remaining youth under age 19 at each wave, 

item-level missing data increased from 23.7% in wave one to 34.8% in wave ten, but only 

to 28.4% by wave six. Three key decisions maintained data for a valid analysis. 1) 

Restricting analysis to waves one through six avoided loss to follow-up and item-level 

missing data due to youth turning age 19 after that round. 2) Only including 12, 13, and 

14 year olds at baseline kept youth who would not turn age 19 by round six. 3) This 

restriction further allowed the use of maximum likelihood estimation.  (In fact, Mplus 

would not produce models for the baseline 15 and 16 year old cohorts using listwise 

deletion.) 

 

C. Results  

C1. Covariance and regression analysis: Unconditional parallel process models 

produced three key covariances that test for a simultaneous association between each 

short-term outcome and the long-term youth smoking stage outcome of interest both at 

baseline and during the study period. In all cases, the covariance would ideally be 

negative, where higher levels of the short-term outcome correlate with—or where 

appropriate, “travel with”—lower average youth smoking stage.  

The covariance between the intercept of the short-term outcome and the intercept 

of youth smoking stage indicates their relationship at the MYTPI baseline. Among all 

eight short-term outcomes, only youth access ordinance strength and presence of home 

smoking bans were negatively correlated with youth smoking stage at baseline (Table 
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5.1). In further regression testing, the negative relationship persisted when regressing the 

intercept of smoking stage on the intercepts of both youth access ordinance strength 

(covariance: -0.052; t value: -2.150) and (in a separate model) the presence of home 

smoking bans (covariance: -0.338; t value: -5.572).  Counter to hypothesis, the baseline 

presence of prevention curricula and teacher training among youth in the baseline 14 

year old cohort was positively correlated with youth smoking stage at baseline (Table 

5.1). 

The covariance between the intercept of the short-term outcome and the slope of 

youth smoking stage indicates the relationship or baseline value of the local short-term 

outcome on the trajectory of youth smoking during the MYTPI and post-shutdown phase. 

The baseline probability for only presence of home smoking bans (covariance: -0.253; t 

value: -4.276), was negatively correlated with the slope, or changes in, youth smoking 

stage (Table 5.1). Again, regressing the slope of smoking stage on the intercept of the 

presence of home smoking bans (covariance: -0.055; t value: -3.044) still yielded a 

negative relationship. 

 The covariance between the slope of the short-term outcome and the slope of 

youth smoking stage indicates whether the changes in the local short-term outcome 

“travelled with” the changes youth smoking during the MYTPI and post-shutdown phase. 

None of the slopes for the eight short-term outcomes were negatively correlated with the 

slope of youth smoking stage (Table 5.1). 
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Table 5.1: Summary of key parallel process model testing results: Covariances 
between key parameters 

INTERVENTION TYPE/Short-term outcome 

Intercept of 
stage with 

intercept of 
short-term 
outcome 

Slope of 
stage with 

intercept of 
short-term 
outcome 

Slope of 
stage with 
slope of 

short-term 
outcome 

POLICY ACTION (Waves 1 to 10)   
SHS indoor ordinance strength* (n=3,636 youth; 
N=60 GPUs)   

Covariance -0.002 0.001 0.000 

Standard error 0.002 0.001 0.000 

t value -1.003 1.018 -1.070 
SHS recreational/outdoor policy strength* 
(n=3,636 youth; N=60 GPUs)   

Covariance -0.019 -0.005 0.001 

Standard error 0.017 0.005 0.002 

t value -1.129 -1.084 0.642 
Youth access ordinance strength* (n=3,636 youth; 
N=60 GPUs)   

Covariance -0.083 0.015 0.000 

Standard error 0.036 0.009 0.000 

t value -2.314 1.600 -0.566 
Youth access law enforcement* (n=3,636 youth; 
N=60 GPUs)   

Covariance -0.033 0.000 -0.001 

Standard error 0.047 0.010 0.004 

t value -0.694 0.024 -0.140 

SCHOOL-BASED PREVENTION   
Prevention curricula and teacher training: 
baseline 12 year old cohort† (n=723; waves 1 to 6)   

Covariance 0.157 0.012 -0.061 

Standard error 0.129 0.097 0.082 

t value 1.216 0.122 -0.746 
Prevention curricula and teacher training: 
baseline 13 year old cohort† (n=729; waves 1 to 6)   

Covariance -0.134 -0.071 0.001 

Standard error 0.232 0.164 0.091 

t value -0.576 -0.436 0.013 
Prevention curricula and teacher training: 
baseline 14 year old cohort† (n=728; waves 1 to 6)   

Covariance 0.627 -0.021 -0.059 

Standard error 0.303 0.135 0.071 

t value 2.072 -0.159 -0.837 
Youth advocacy groups in schools†‡ (n=1,302; 
waves 2 to 6)   

Covariance -0.151 -0.070 -0.056 
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Standard error 0.140 0.070 0.052 

t value -1.076 -1.007 -1.080 

COMMUNITY MOBILIZATION   
Presence of home smoking bans†(n=3,636; waves 1 
to 10)   

Covariance -2.107 -0.253 -0.024 

Standard error 0.200 0.059 0.015 

t value -10.512 -4.276 -1.591 
Participation in advocacy groups/events†§ 

(n=1,964 youth; N=60 GPUs; waves 2 to 6)   

Covariance -0.162 0.019 0.016 

Standard error 0.145 0.061 0.042 

t value -1.118 0.313 0.389 
Covariance is between the growth factors for each process in the model listed in column headers.  
The t value=mean/standard error. The critical value is 1.96 for p<0.05. Parameter estimates in bold 
statistically differ from zero at p<0.05. 
*Two-level models present between-level covariances for short-term outcome and stage. 
†Complex models present individual-level covariances for short-term outcome and stage with standard 
errors adjusted for cluster sampling. 
‡Models used listwise deletion to restrict analysis to those ages 18 and under at all waves. 
§Models used listwise deletion to restrict analysis to those under 18 at all waves.   
 

C2. Multigroup LCM analysis by baseline age cohort: Multigroup analysis tested for 

differences in the relationships between the short- and long-term outcomes across age 

group. For each short-term outcome, the parallel process models were stratified by each 

of the five baseline age cohorts. Then, each stratified model was compared to the same 

stratified model but with constraints on the three covariances of interest to be equal 

across all age groups. For all but one short-term outcome, the constrained model fit 

better, i.e. had lower AIC and BIC values, than the unconstrained model. Thus, 

stratifying by baseline age cohort did not improve model fit (Table 5.2).  For the presence 

of home smoking bans, however, the unconstrained model was the best fit, indicating that 

age moderates the relationship between this short-term outcome and smoking stage 

(Table 5.2).   
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Table 5.2: Multigroup LCM analysis testing for age as a moderator 
  Information Criteria  

Intervention Type/Short-term outcome Akaike  

Sample-size 
adjusted   
Bayesian  

POLICY ACTION     

SHS indoor ordinance strength     

Unconstrained model 52625.698 52973.129 

Constrained  model 52616.164 52927.341 

SHS recreational/outdoor policy strength     

Unconstrained model 82528.142 82966.207 

Constrained model 82512.118 82913.929 

Youth access ordinance strength     

Unconstrained model 62336.500 62804.776 

Constrained model 62319.046 62751.068 

Youth access law enforcement     

Unconstrained model 120629.408 121037.261 

Constrained model 120619.114 120990.713 

SCHOOL-BASED PREVENTION 
Prevention curricula and teacher training Baseline age cohorts already 

presented in separate models. 

Youth advocacy groups in schools‡      

Unconstrained model 19639.101 19878.518 

Constrained model Model did not run. 

COMMUNITY MOBILIZATION     

Presence of home smoking bans      

Unconstrained model 79550.299 80003.469 

Constrained model 79582.786 80011.787 

Participation in advocacy groups/events§     

Unconstrained model 24560.026 24790.973 

Constrained model Model did not run. 

The smaller value in bold indicates the better fitting model. 
 

The stratified models generated the three covariances of interest (i.e. those listed 

in the last three columns of Table 5.1) for each baseline age cohort. As expected from the 

Table 5.2 results, none of the three of the age-group specific covariances between any 

short-term outcome and the long-term youth smoking stage outcome were significant 

(data not presented) except for the presence of home smoking bans (Table 5.3). The 

intercept for this short-term outcome related to the intercept of smoking stage more 
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strongly among older baseline age cohorts than among younger baseline age cohorts. The 

baseline presence of home smoking bans, however, more strongly related to the slope of 

smoking stage among younger baseline age cohorts compared than among baseline age 

cohorts. 

Table 5.3: Multigroup analysis testing age as a moderator: Results for each baseline 
age cohort 

 Presence of home smoking 
bans†(n=3,636) 

Intercept of 
stage on 

intercept of 
short-term 
outcome 

Slope of stage on 
intercept of 
short-term 
outcome 

Baseline 12 year old cohort    

Regression coefficient -0.307 -0.207 

Standard error 0.060 0.041 

t value -5.152 -5.071 

Baseline 13 year old cohort     

Regression coefficient -0.566 -0.127 

Standard error 0.101 0.041 

t value -5.621 -3.098 

Baseline 14 year old cohort      

Regression coefficient -0.805 -0.128 

Standard error 0.110 0.042 

t value -7.309 -3.058 

Baseline 15 year old cohort      

Regression coefficient -0.881 -0.081 

Standard error 0.140 0.034 

t value -6.291 -2.382 

Baseline 16 year old cohort      

Regression coefficient -0.789 0.010 

Standard error 0.165 0.035 

t value -4.776 0.282 

Regression coefficient is between the growth factors for each process in the 
model listed in column headers. 

The t value=mean/standard error. The critical value is 1.96 for p<0.05. Parameter 
estimates in bold statistically differ from zero at p<0.05. 
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D. Discussion 

D1. Summary: As one of very few studies that link individual CTC exposures with 

youth smoking outcomes (Rohrbach et al., 2003; Tauras et al., 2005), the current study 

tested the effect of individual components of a youth-oriented CTC program on youth 

smoking using parallel process latent growth curve models, specifically answering the 

following key questions. 

Did Minnesota youth living in GPUs exposed to higher starting levels of each 

local short-term outcome at the MYTPI baseline have a lower average smoking stage at 

the MYTPI baseline?  The key statistic to answer this question is the covariance of the 

intercepts, or baseline levels, for the short-term outcome and smoking stage in the 

parallel process models, which is hypothesized to be negative and significantly different 

from zero; this result is confirmed a by significant regression test. A negative covariance 

means that individuals above mean value of the intercept for the short-term outcomes 

were below the mean value of the intercept for the long-term smoking stage outcome. 

Most baseline levels of the MYTPI’s short-term outcomes were not negatively associated 

with baseline levels of youth smoking stage as hypothesized.  Only higher baseline levels 

of youth access ordinance strength and the presence of home smoking bans were 

significantly linked to lower baseline smoking stage. The finding that increased presence 

of prevention curricula and teacher training among the baseline 14 year old cohort 

relates to increased smoking stage at baseline contradicts the hypothesis and cannot be 

explained.  
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Did Minnesota youth living in GPUs exposed to higher starting levels of each 

local short-term outcome at baseline have a lower average smoking stage during the 

MYTPI and post-shutdown phase (2000 to 2005)? The key statistic to answer this 

question is the covariance of the intercept for the short-term outcome and the slope of 

smoking stage, which is also hypothesized to be negative and significant. Again, a 

significant regression test confirms this finding. Among, all eight short-term outcomes, 

only the presence home smoking bans at baseline had a negative effect on future change 

in smoking stage during the MYTPI and post-shutdown period. 

Did Minnesota youth living in communities with increases in levels of each local 

short-term outcome during the MYTPI and post-shutdown phase have decreased average 

slopes for their smoking stage trajectories during the MYTPI and post-shutdown phase? 

The key statistic is the covariance between the slopes of change for each short-term 

outcome and smoking stage. The hypothesized negative covariance would signify that 

increases in any of the local short-term outcomes would occur with simultaneous 

decreases in the average slopes of smoking stage. For all short-term outcomes, however, 

increases in their levels during MYTPI and post-shutdown phase were not associated 

with decreases in smoking stage over the same period.  

In Aim #2, MACC analysis indicated lower levels of smoking among younger 

baseline age cohorts, who were exposed to the MYTPI during their early teen years, than 

older baseline cohorts when compared at the common age of 16 (Alesci, Forster, & 

Erickson, 2009). Investigators, therefore, hypothesized that baseline age cohort would 

moderate the relationship between the eight short-term outcomes and the long-term youth 

smoking stage outcome. This effect, however, occurred only for the presence of home 



 

147 
 

smoking bans. At baseline, the relationship between living in homes with complete 

smoking bans and decreased smoking was stronger among older baseline age cohorts 

compared with younger baseline age cohorts. In contrast, the baseline presence of home 

smoking bans more led to steeper reductions in future smoking among younger baseline 

age cohorts compared with older baseline age cohorts. 

The relationship between baseline complete home smoking bans and baseline 

youth smoking stage reinforces the cross-sectional studies demonstrating this relationship 

(Norman, Ribisl, Howard-Pitney, Ammann Howard, & Unger, 2000; Farkas, Gilpin, 

White, & Pierce, 2000; Proescholdbell, Chassin, & MacKinnon, 2000; Wakefield et al., 

2000; Komro, McCarty, Forster, Blaine, & Chen, 2004). In addition, the current study 

revealed a longitudinal relationship between baseline home smoking bans and future 

reductions in youth smoking as well as differing effects of these rules across age group at 

baseline and over time, which have not been observed to date. Thus, this study offers new 

evidence for the effectiveness of home smoking restrictions.  

Given the emphasis of the social ecological theory on policy change, investigators 

hypothesized that the most effective short-term outcomes on youth smoking would result 

from policy action, rather than school-based prevention or community-mobilization. In 

fact, among the short-term outcomes of policy action, higher baseline levels of youth 

access ordinances scores were linked to reductions in youth smoking, but only at 

baseline. This finding may result from the existence of these local policies in many 

Minnesota communities for several years before the MYTPI began in 2000. A strong 

statewide youth access law passed in 1997 led to a movement to pass community 

ordinances even stronger than the statewide law. A ceiling effect therefore may have kept 
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the very small during-MYTPI increase in these policies observed in Aim #1 from causing 

more youth smoking reductions during the MYTPI and post-shutdown phase. Other 

evidence suggests the effectiveness of youth access ordinances—especially when 

combined with community mobilization (Hopkins et al., 2001). 

The other three short-term outcomes of policy action were not associated with 

reductions in youth smoking as hypothesized. Youth access enforcement was not related 

to reduced smoking stage despite a reasonably high average implementation score 

observed in Aim #1 and other evidence of its effectiveness (Hopkins et al., 2001); for this 

variable in particular, measurement error may have made this relationship undetectable.  

For SHS/indoor ordinance strength, the lack of a significant relationship to 

smoking stage is not surprising given the very minimal implementation of these 

ordinances during the MYTPI observed in Aim #1. While the CDC does not include 

indoor smoking bans at worksites, restaurants, and bars in its logic model for youth 

smoking prevention (Starr et al., 2005), such bans in the community and at the 

workplaces of teens have been associated with reduced youth smoking in at least one 

longitudinal cohort and other cross-sectional studies (Farkas, Gilpin, White, & Pierce, 

2000; Wakefield et al., 2000; Siegel, Albers, Cheng, Biener, & Rigotti, 2005).  

In contrast to indoor smoking bans, recreational/outdoor policies banning 

smoking have been considered a weaker, untested strategy for youth tobacco use 

prevention. Even though Aim #1 demonstrated rapid increases in SHS recreation/outdoor 

ordinance strength during and after the MTYPI, the lack of a significant relationship to 

smoking stage is not surprising given the lack of evidence for this strategy to date.  
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In general, the lack of strong effect for the local short-term outcomes of policy 

action may also result from the distal relationship between them and youth smoking 

behaviors. Home-smoking bans are more proximally oriented to the youths’ daily 

experience; therefore, the effect of these policies may be more detectable than local 

smoking bans despite the theorized broader reach and effectiveness of state and local 

policies. In fact, one cross-sectional study found that while laws banning smoking in 

public places were effective in reducing the odds of youth smoking in the last 30 days 

(0.91, CI: 0.83-0.99), voluntary policies banning smoking in the home were even more 

effective (0.79, CI: 0.67-0.91; Wakefield et al., 2000).   

Although both short-term outcomes are very proximal to the youth’s experience, 

the nature of home smoking bans as an environmental policy may make this short-term 

outcome have greater influence on youth smoking than participation in youth advocacy 

groups and events, which was not related to smoking stage. 

Finally, the lack of relationship between the short-term outcomes of school-based 

prevention and reduced youth smoking also unexpectedly countered the hypothesis, 

particularly given the major increases in offering proven prevention curricula and 

teacher training observed in Aim #1. CTC best practices recommend such proven 

prevention curricula as a youth prevention strategy when offered in the context of a 

comprehensive approach within the school that includes strong, well-enforced anti-

tobacco policies linked to the family, community mobilization, mass media campaigns, 

and other efforts (CDC, 1994; Hopkins, et al., 2001; CDC, 1999a; CDC, 2007a). A recent 

longitudinal study in California found schools with higher scores on a multiple-item 

index measuring elements of a comprehensive school-based program had suggestively 
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(p=0.06) lower rates of smoking as students passed from grades nine through twelve 

(Park, Dent, Abramsohn, Dietsch, & McCarthy, 2010). The MACC study, however, did 

not collect data on other school policies and community relations to determine if 

individual schools had truly offered such a comprehensive approach, a possible reason 

for the null results.   

D2. Strengths  

D2a. Application of social ecological theory: Few studies test and develop the social 

ecological theory (Best et al., 1996). Still, the Institute of Medicine has appealed to the 

research and practice community to implement multilevel interventions following its 

principles (Smedley & Syme, 2000). With the exception of the evaluation of the federal 

American Stop-Smoking Intervention Study (Stillman et al., 2003), the failure to test 

CTC programs as an application of the social ecological theory provides a clear example 

of the lack of both adequate study and communication of theories from academia into the 

practice setting (Best et al., 1996). More importantly, the application of this model still 

requires further rigorous study to provide practitioners clear direction in selecting the 

most effective intervention activities. By applying the social ecological theory to the 

MYTPI evaluation, this study addresses some challenges to using this largely 

undeveloped theory (Best et al., 1996), thus forwarding needed rigorous testing for its 

increased application.  

D2b. Empirically testable model specification: Critics complain that the social 

ecological model suggests, “Everything affects everything,” failing to generate testable 

hypotheses (Grzywacz & Fuqua, 2000), an issue called reciprocal determinism (Best et 

al., 2003). The conceptual model for the current study, however, assumes simple one-way 
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causal relationships and narrows predictors to those identified by the MYTPI logic model 

or the literature or to allow empirical testing (Lytle, 2009). The study adds to the few 

studies in the literature that have detected the effect of individual components of CTC on 

smoking behaviors separately. 

Ideally, a single multivariate parallel process model could test for the 

simultaneous change between the long-term smoking-stage outcome and the independent 

effect of eight local short-term outcomes, by controlling for all local short-term outcomes 

that were significant in the bivariate models. A longitudinal study of a school-based 

alcohol prevention program used mixed-effects regression growth curves to estimate the 

independent effect of each multilevel component, measured as time-varying covariates, 

while adjusting for each other component (Stigler, Perry, Komro, Cudek, & Williams, 

2006). In the current study, such a model would help determine if the most effective 

short-term outcomes on youth smoking result from policy action, rather than community-

mobilization or school-based prevention. Logistically, this multivariate model could not 

be developed due to excessive model complexity resulting from use of binary variables, 

differing appropriateness of listwise deletion versus maximum likelihood estimation for 

modeling different outcomes, and differing data availability across the ten study waves 

for different outcomes. More importantly, however, based on the lack of significant 

covarinaces for most short-term outcomes, such multivariate analysis is not appropriate.   

D2c. Longitudinal cohort design: The longitudinal cohort design provides a new 

methodological approach to establish the effect of a statewide CTC program. Prior 

studies primarily compare repeated cross-sectional outcomes (Glantz, 1993; Pierce et al., 

1998; Fichtenberg & Glantz, 2000). In particular, this study provides new evidence for 



 

152 
 

causation, for home smoking bans in particular, by measuring smoking status in cohorts 

of the youth who are exposed to the local short-term outcomes. Unlike the cross-sectional 

designs, this longitudinal cohort design captures within-individual advances or retreats in 

smoking stage every six months over several years (Wilcox, 2003) and can establish a 

temporal relationship between the local short-term outcome and smoking stage.  

D2d. Multilevel modeling: This study employed more advanced methods of data 

analysis to detect difficult-to-measure (Grzywacz 2002), postulated synergies between 

individuals and multiple levels of their environments (ITGC, 2002). Most prior studies of 

the predictors of youth smoking focus on differences between individuals, such as 

academic success or parent smoking; yet the key explanations may be in community-

level characteristics (Wilcox, 2003). The combination of GPU-level sampling and 

multilevel statistical modeling allowed both linking local short-term outcomes level of 

CTC to actual behavioral outcomes among youth and testing the independent effect of  

environmental interventions on youth smoking behaviors (Lytle, 2009). The results, 

however, demonstrate continued challenges in detecting these multi-level relationships. 

D2e. Statistical link between exposure and outcome: Unlike the common ecological 

CTC evaluation designs, the analysis links an individual’s exposure to specific aspects of 

tobacco control and his or her smoking behaviors over time. The parallel process LCM 

approach, not used in other studies offers advantages in interpretation over modeling the 

short-term outcomes as time-variant covariates used in other studies linking program 

exposures to outcomes (Stigler et al., 2006). A time-variant covariate would only adjust 

for, or determine the independent effect of, that predictor outside the effect of normal the 
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growth process. Instead, parallel process LCM can assess how the predictors and the 

outcome “travel together” (Bollen & Curran, 2006). 

D3. Limitations  

D3a. Observational study design: The group randomized trial, impossible in this case, 

is the ideal study design for community-level exposures such as CTC. Thoughtful critics 

of multilevel modeling have addressed the concerns that its use in observational designs 

is inappropriate since people select themselves into groups and this self-assignment may 

be related to their outcomes (Oakes, 2004). Yet, this may arguably not be the case for 

youth who, as dependents, cannot select where they live and attend school.  

D3b. History effects: History effects arise from external forces, such as tobacco industry 

advertising (Pierce, Choi, Gilpin, Farkas, & Berry, 1998a), that can limit or explain the 

effect observed in CTC programs. Of greatest concern, the analysis cannot separate or 

detect the effect of the elimination of statewide media campaign, Target Market, in 

2003—the middle of the study period. The study design only enables comparisons among 

Minnesota communities to determine the local predictors of variation; yet, no comparison 

group exists to study this known major drop in the visibility of counter-marketing 

messages that occurred evenly across the state. One study suggested the potential 

effectiveness of this campaign on reducing youth smoking (CDC, 2004). Occurring 

simultaneous to potential drops in local short-term outcomes, the media campaign 

elimination may alternatively explain the findings. To eliminate this potential bias, 

analysts may consider limiting this analysis to the waves of collected data prior to the 

MYTPI shutdown. Of less concern, other adult-focused statewide tobacco control 
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activities completed by other organizations were likely not systematic and intense enough 

to affect youth tobacco use.  

D3c. Measurement issues: The different sources of measurement error that challenge the 

sensitivity and validity of the newly developed, previously untested measures of the local 

short-term outcome in particular has been described in detail in Chapter 3, Section D3c. 

Such error can reduce the likelihood of detecting an association between two outcomes.  

D3d. Analysis issues: While no model is perfect and all models make assumptions, use 

of parallel process modeling is a dramatic advance from past approaches. The multigroup 

parallel process models, however, could not be run using TYPE=TWOLEVEL to study 

the between GPU estimates for models GPU-level short-term outcomes. When multi-

level analysis is not, but should be used, results could reveal a significant relationship 

where one does not exist (Type 1 error).  Still, these analyses used TYPE=COMPLEX to 

account for clustering in the data. The primarily null results—and the very strong result 

for presence of home smoking bans—of the multigroup modeling suggest this bias is a 

non-issue and results are still informative. The multigroup parallel process models also 

would not generate latent class models to accommodate the many binary outcomes, so 

this analysis treated categorical variables as continuous. 

When generating the two parallel process growth curves where youth became an 

ineligible age for the exposure, the large amount of missing data resulting from the use of 

listwise deletion threatens the validity of the findings.  In particular, this process led to 

64% lost data in the presence of youth advocacy groups at school (n=1,302/3,636) and 

46% lost in participation in advocacy groups and events (n=1,964/3,636). ML estimation 
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could not be used to address the data loss. More than likely, youth became and ineligible 

age to experience these exposures at random, therefore supporting validity.  

D3e. Control for confounding: In the parallel process models, significant variances for 

many of the intercepts and slopes of the short-term outcomes and smoking stage (data not 

presented) signify high variation among GPUs or individuals, suggesting the potential for 

conditional analysis to explain it. More importantly, a few of the baseline community 

characteristics that were associated with in the smoking in last 30 days at baseline 

(Bernat, Lazovich, Forster, Oakes, & Chen, 2009), such as percent with less than a high 

school education, percent urban or median housing value, were also significantly 

correlated with the short-term outcomes of SHS recreational/outdoor policy strength, 

youth access ordinance strength, and youth access law enforcement at several waves 

(Appendix 5.2). Also, some baseline youth demographic characteristics commonly 

associated with youth smoking, such as region (urban, surburban, or rural) or living with 

a smoker, were also associated the short-term outcomes from the youth survey at several 

wave (data not presented). The relationship of these characteristics to both the short-term 

outcomes and youth smoking, suggests confounding is a concern. When regressing the 

slopes and intercepts on these potential confounders in the parallel process models, 

however, Mplus will not produce the three key covariance estimates needed to answer the 

current study research questions; therefore the final models do not adjust for 

confounding. 

D3f. Timing: Because the MYTPI took place over only three years, some of its local 

short-term outcomes may have lacked the time and intensity to impact long-term youth 

smoking behavior outcomes challenging the ability to detect an effect (Grzywacz, 2002). 
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For example, unlike the youth access ordinances in place for several years prior to the 

MYTPI, indoor smoking bans in bars and restaurants did not get implemented on a broad 

scale until wave ten. While the study includes data through wave 10 to allow time for 

lagged effects, by wave eight, the backdrop of the statewide youth counter-marketing 

campaign had been eliminated, reducing the option for potential synergies. 

D4. Implications and future studies 

 Given these study limitations, these results should not suggest that the only 

effective CTC activities are youth access ordinances and home smoking bans. The 

existing evidence for many of the other interventions is strong and supports their 

inclusion in the CDC’s Best Practices for Tobacco Control Intervention (1999a; 2007a). 

Some multilevel, local short-term outcomes may relate to youth smoking 

independently, while others could be mediated or moderated by other variables (Turner, 

Mermelstein, & Flay, 2004). For example, different programs and policies may affect 

youth tobacco use either directly or through mediation by social norm change resulting 

from that policy (Wakefield & Chaloupka, 2000). Even though many of the local short-

term outcomes in the models did not significantly relate directly to the long-term 

smoking behavior outcomes in the analysis, these variables may still be operating through 

social norm change. The MYTPI logic model anticipates this norm change in the list of 

intermediate outcomes that follow the short-term outcomes but come before the long-

term behavior outcomes (Figures 1.2 and 1.3). The MACC study has collected various 

measures of youth perceptions of social norms, making future mediation analysis 

possible.  
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As an example of potential moderation effects to test in future studies, school-

based, local short-term outcomes could interact synergistically with community 

mobilization and policy outcomes in leading to decreased slopes of smoking stage, or 

intermediate outcomes that lead to smoking, among Minnesota youth. In fact, prior 

evidence shows that school programs interact with and sustain community programs 

(Perry, 1992). When enforced, youth access laws also increase the effect of community 

programs (Wakefield & Chaloupka, 2000; Forster & Wolfson, 1998). The current study 

is an appropriate first step for further exploration of the MACC data, which could reveal 

the effectiveness of the MYTPI short-term outcomes. 
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Chapter 6: Implications for tobacco control  

Using data from the Minnesota Adolescent Community Cohort Study (MACC), 

the current three studies of the Minnesota Youth Tobacco Prevention Initiative (MYTPI) 

aimed to advance the science of comprehensive tobacco control (CTC) by tracking the 

changes in its short-term outcomes and their sustainability after an abrupt, major funding 

cut; describing the effect of the MYTPI and its funding cut on youth smoking outcomes; 

and testing for a causal link between increases in each short-term outcome and reduced 

youth smoking. Ideally, the studies would have both demonstrated the effectiveness of 

improving the social environment in order to reduce youth smoking and helped defend 

against future cutoffs of CTC. They further sought to inform the efficient selection of 

CTC interventions activities with the longest lasting local short-term outcomes and 

greatest effectiveness. While the results do add to the CTC evidence base, flaws in the 

MYTPI program design have reduced its potential impact on youth smoking and flaws in 

the study design may have reduced its potential informative value. 

A. Key findings for tobacco control 

First, the Aim #1 study demonstrated that the local short-term outcomes 

hypothesized to influence youth tobacco use did change during—and likely as a result 

of—the MYTPI. Tracking short-term outcomes shows which intervention activities were 

and were not implemented adequately; this knowledge uncovers possible reasons for the 

MYTPI’s effectiveness (Siegel, 2002). Before its shutdown, MYTPI implemented 

educational and community-mobilization strategies, such as proven prevention curricula 

in the schools, home smoking bans, and youth advocacy participation, but was not as 

successful in implementing permanent policy change, such as improved youth access 
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ordinances, their increased enforcement, or indoor smoking bans in bars and restaurants. 

The three year program lacked the time needed to organize for and pass this ordinance 

change recommended by theory and best practices. The less controversial, youth-focused 

recreational and outdoor smoking bans, however, passed successfully in many 

communities.   

Second, the Aim #1 study also provides the first evidence that a near complete cut 

to CTC funding can eliminate the program’s effect on many of the local short-term 

outcomes that influence youth smoking. An investment in school prevention curricula, 

for example, will not be sustained without ongoing funds to continue to train new 

teachers or buy course materials. Similarly, youth advocacy organizing will not continue 

without funding to pay for staff and infrastructure. The presence of home smoking bans, 

however, continued to grow post-shutdown; increases in this no-cost voluntary policy 

may indicate social norm change that resulted from the program or a broader secular 

trend. Finally, the little during-MYTPI growth in the outcomes of local policy action 

results appeared sustainable after the shutdown, with the exception of the resource-driven 

youth access law enforcement. 

The Aim #2 study, however, fails to provide the hoped-for, new longitudinal 

evidence for a causal link between CTC and reductions in smoking youth, or that a major 

funding cut to CTC led to increases in youth smoking. The results do demonstrate that 

younger cohorts, with early-teen MYTPI exposure, smoked less than older cohorts by the 

time they reached the same age. Despite this positive finding, Minnesota youth, 

regardless of baseline age cohort, did not differ in their rate of increases in smoking stage 

from youth living in the comparison states either during or after the MYTPI shutdown.  
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Finally, the Aim #3 study found some evidence of the effectiveness of some 

component CTC intervention activities. Very few CTC evaluations can link individual 

youth to their intervention exposures to determine the separate effect of the various 

interventions on youth smoking. In the current study, most short-term outcomes of policy 

action, school-based prevention, and community-mobilization did not relate to youth 

smoking stage at baseline or over the five-year study period, contrary to evidence from 

studies of many of these interventions independent of a larger CTC initiative. Only 

baseline youth access ordinances scores and living in homes banning smoking were 

negatively associated with smoking stage. The baseline levels of youth access scores had 

been increased in Minnesota prior to the MYTPI through an organizing effort in the late 

1990s, thus giving them several years to be in place in order to show the observed effect 

at baseline and creating a ceiling for their during-MYTPI effect on youth smoking. 

Neither the longitudinal relationship between baseline home smoking bans and future 

reductions youth smoking nor the differing effect of these bans across age cohorts have 

been observed in the cross-sectional studies of this exposure to date; thus the study offers 

new evidence for the effect of home smoking bans.   

These findings should not be used to make policy recommendations about the 

future of CTC without a careful review of the results in light of potential shortcomings in 

the design of the MYTPI program and the evaluation. 

B. Concerns with MYTPI program design  

While supporting the passage of the law creating the MYTPI, the Minnesota 

legislature’s mandated focus on 12-to-17 year-old youth may have reduced the potential 

effectiveness of the program. In fact, the CDC Best Practices recommend that truly 
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comprehensive CTC programs should reach both adults and youth (1999, 2007a, 2010a). 

Further, theory points to the need for interventions to reach a whole population, rather 

than a targeted group, like youth, who would have to “swim upstream” against 

unchanged social norms (Rose, 1985). (Other organizations’ adult-focused programs had 

only just begun from 2000 to 2003.) Finally, tobacco industry encouragement of youth-

focused programs suggests they lack effectiveness. 

Another potential program flaw, the lack of a policy emphasis, ultimately could 

have hindered the success of the program in reducing youth smoking over the long term. 

The social ecological theory and the CTC evidence base also recommend a strong policy 

component, in addition to educational strategies, in order to attain far-reaching, 

permanent social environmental change (Rose, 1985; Sallis, 2002).  

Although not a statewide program, New York City provides one recent example 

of the success of a set of CTC interventions that emphasize policy strategies and are 

directed at both adults and youth. Starting in 2002, the city increased taxes per pack of 

cigarettes; passed a strong smoke-free worksites policy, including bars and restaurants; 

conducted two media campaigns on cessation and secondhand smoke; and offered free 

services to support quitting. All of these interventions reach adults as well as youth. From 

2003 to 2005, the youth smoking dropped from 14.8% to 11.2% in 2007 (CDC, 2007b; 

CDC, 2010a) after ten years of no change in prevalence and faster than the rest of the 

country. California and Massachusetts also offer other examples of successful whole-

population, policy-oriented CTC. 

Still, through the organizing for local policy action (that did happen), the school-

based prevention, community mobilization, and the statewide counter-marketing 
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campaign, the MYTPI may have built momentum for tobacco control that had been 

sustained by other organizations even after the shutdown. After the study period, in fact, 

the state passed two major CTC-recommended policies, an increase in the per pack price 

of cigarettes by $.75 implemented in August 2005 and ban on smoking in all indoor 

workplaces, including bars and restaurants in 2007. Two other state organizations 

working on tobacco control, i.e. Blue Cross and Blue Shield of Minnesota (Blue Cross) 

and ClearWay Minnesota, strongly advocated for these policies; yet, the MYTPI and 

subsequent Tobacco Free Communities for Youth program, which advocated for local 

indoor ordinances banning smoking in worksites, such as bars and restaurants, likely 

were a critical element to passing these major laws. 

C. Concerns with study design 

 The MACC study design attempted to meet the theoretical and methodological 

standards for asserting causation more closely than prior CTC evaluations. In fact, these 

studies accomplished several of the stated goals to advance theory application, study 

design, measure development, and analysis.  Specifically, the studies applied a theory-

based model to CTC, which has largely not employed theory in its evaluations. The 

multilevel study design sampled communities and individual youth from them, followed 

both over time, collected and developed new measures of community exposure data, and 

analyzed data with multilevel growth curve models; these design features are relatively 

new, more rigorous techniques for CTC evaluation. In addition, the longitudinal cohort 

study design could have demonstrated a temporal relationship between CTC interventions 

and youth smoking outcomes, which ideally would have provided stronger evidence for 

causal link between CTC and youth smoking.  
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Yet, several potential limitations prevented these studies from actually detecting 

the hypothesized effects and accomplishing the ideals of the design. In Aim #1, the lack 

of a comparison groups prevents strong assertions about the effect of the MYTPI 

shutdown on local short-term outcomes. In Aim #2, the poor comparison group does not 

describe states that truly did not have tobacco control. In Aim #3, the great potential for 

measurement error with the new, untested measures of short-term outcomes could have 

made detecting their effect on youth smoking impossible. Several key components of 

CTC also were not measured or studied, such as media advocacy or school-based 

policies, to truly determine the ones that work. 

The study also revealed many challenges in using the growth curve analysis 

technique with variables measuring community-level exposures. The field of educational 

psychology has tended to use growth curve analysis to study the effect of individual-level 

exposures on learning and skill development. Environmental policy variables, however, 

are very different because they tend not to fluctuate in their values, making running and 

interpreting models difficult. Further, Mplus software often could not produce models 

that would be ideal for this complex multi-level study. Finally, the longitudinal design 

confounds testing for period and cohort effects with age, or maturation, while cross-

sectional studies hold this bias constant.  

Finally, given the baseline response rate among eligible households of 58.5%, 

selection bias may have compromised the ability to generalize MACC study findings to 

the whole population of Minnesota youth who began exposure to the MYTPI as 12 to 16 

year olds. However, the study has strong internal validity, as demonstrated by the 80% 
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retention rate by wave 10, in asserting a relationship between a CTC, its shutdown, and 

youth smoking behaviors. 

 
D. Next steps for tobacco control 

The Aim #2 results do not suggest CTC should end. To the contrary, the finding 

of lower rates of increase in smoking among younger compared with older baseline age 

cohorts suggests the need to promote and sustain overall CTC. In fact, both Minnesota 

and comparison states were exposed to some form of CTC, which was part of a larger 

national trend that potentially explains the success among younger cohorts in both 

groups. Further, the most recent cross-sectional data available reveal that youth tobacco 

use in Minnesota declined both during the study period and two years after it. From 2004 

to 2007, the prevalence of smoking at least one cigarette in the past 30 days dropped from 

34.6% in 2001 to 23.0% in 2007 among twelfth grade students and from 18.5% in 2001 

to 10.4% in 2007 among ninth grade students (Minnesota Department of Health [MDH], 

2008). In contrast, youth tobacco use in the rest of the country remained stable.  

The Aim #3 results should not suggest that the only effective CTC activities are 

youth access ordinances and home smoking bans; still, their association to reductions in 

youth smoking should still certainly inform future CTC design. For short-term outcomes 

that did not appear related to youth smoking, the CDC’s Best Practices for Tobacco 

Control Intervention (1999a; 2007a) should be the true guide to finding interventions 

with a strong evidence base. The Aim #2 findings should inform future CTC intervention 

design by affirming that the local short-term outcomes from policy action remained in 

place even after the shutdown; the clear drop in levels of the short-term outcomes of 
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school-based prevention and youth participation in advocacy groups and events could 

also be used to defend against future funding cuts to CTC. 

The true potential of the MYTPI in the absence of the major funding cut will not 

be known. The CDC desires to sustain the statewide CTC model; yet in the past several 

years, states have been curtailing CTC funding (CTFK, 2009). Given a major economic 

recession, the political will to persuade lawmakers to allocate funding to CTC in 

Minnesota—as well as the rest of the county—again will be difficult to attain. Ideally, to 

fund comprehensive tobacco control, Minnesota will a create a dedicated source such as 

excise tax revenue (CDC 2010) or continue to fund private entities (such as Blue Cross 

and ClearWay Minnesota), both of which can remain intact beyond changes in 

government leadership. The need for a long-term funding commitment to comprehensive 

tobacco control may be the key lesson of the MYTPI experience.   
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Appendix 1.1:  
 

 
 
Reprinted from: Minnesota Department of Health. (2003). Tobacco prevention and local 
public health endowment: annual report to the Minnesota legislature: 2002 activities. St. 
Paul, MN: Minnesota Department of Health 



 

180 
 

Appendix 2.1: Minnesota GPUs for the Minnesota Adolescent Community Cohort 
Study  
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Appendix 2.2: Ordinance checklist  
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Appendix 2.3: Youth access enforcement survey instrument 
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Appendix 2.4: School survey instrument 
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Appendix 2.5: Youth survey instrument  
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Appendix 2.6: GPU classification according to placement in relation to municipal 
boundaries 
 
Type 1:  
 
 GPU boundary = county boundary. 
 
         GPU Boundary 
.        
 
         County Boundary 
          
 
 
 
Type 2:  Two or more counties make up 100% of the GPU 

 
 
 
Type 3: Multiple GPUs within a county. Sum of GPUs population < County population. 
 
 
 
 
 
 
 
 
 
 
 
 

County A 
 

County B 
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GPU 2 

GPU 3 

GPU 1 

GPU 4 GPU 4 

GPU 5 
 

GPU 4 

 
 
 
 
Type 4:  Single GPU split between two or more counties. 
 
 
 
 
 
 
 
 
 
 
 
 
Type 5:  This is limited to a few areas of the state and involves a mix of GPU types.  In 
this case, GPUs cross County borders and there are multiple GPUs in a County or 
Counties.  
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Appendix 3.1: Path Diagram for Piecewise Latent Curve Models 

The latent growth curve analyst must specify the relationships to test in path diagrams 

(see below). The measurement model of such a diagram specifies the relationships that 

create the growth curve, that is, how the directly observed variables create the latent 

intercept and slope variables. Arrows point away from the intercept and slope(s) 

(represented as circles) indicating that these latent variables give rise to the observed, 

repeated local short-term outcomes (represented as boxes). An annual time metric is the 

assigned factor loading for the slope(s) (0-4 for annually collected outcomes in the youth 

access enforcement and school surveys and 0-4.5 for semi-annually collected outcomes in 

the ordinance database youth survey). Therefore, the coefficient for each slope refers to 

the amount of linear change that would occur in a one-year time increase. The structural 

model specifies the hypothesized relationships of the covariates or predictors to the latent 

variables. Measured as regression coefficients, arrows point from the independent, 

community demographic characteristics to the dependent, latent intercept and slopes(s) 

(Ullman, 2001). 
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Sample unconditional piecewise latent curve model for local short-term 
outcomes measured annually. Path coefficients lead from the intercept and slope of 
youth access ordinance strength to repeated measures of that outcome with a 
transition occurring at the seventh wave, or October 2003 to March 2004. YA = youth 

access ordinance strength. 
a
Fixed loading. 

b
Time interval from initial assessment 

every six months. 
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Appendix 3.2: Intraclass correlations (ICC)* and design effects (DEFF) for short-term outcomes from youth survey by wave 
 

Youth advocacy groups in schools (restricted to those under age 18)             

  
All 

Waves Baseline Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 8 Wave 9 Wave 10 

  Combined Month=0 Month=6 Month=12 Month=18 Month=24 Month=30 Month=42 Month=48 Month=54 

Cov Intercept (τ2) 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 

Cov Residual (σ2) 0.23 0.24 0.24 0.23 0.23 0.23 0.23 0.23 0.01 

ICC 0.06   0.05 0.05 0.06 0.05 0.06 0.08 0.08 0.37 

DEFF (cluster n=60) 4.32   4.04 3.71 4.60 4.10 4.75 5.86 5.59 22.87 

    
Presence of a home smoking 
bans   

  
All 

Waves Baseline Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 8 Wave 9 Wave 10 

  Combined Month=0 Month=6 Month=12 Month=18 Month=24 Month=30 Month=42 Month=48 Month=54 

Cov Intercept (τ2) 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cov Residual (σ2) 0.19 0.23 0.21 0.20 0.19 0.19 0.19 0.17 0.18 0.17 

ICC 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

DEFF (cluster n=60) 2.86 2.70 2.79 2.33 2.14 2.18 2.38 1.90 2.14 2.15 

    

Participation in advocacy groups/events (restricted to those under age 18)   

  
All 

Waves Baseline Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 8 Wave 9 Wave 10 

  Combined Month=0 Month=6 Month=12 Month=18 Month=24 Month=30 Month=42 Month=48 Month=54 

Cov Intercept (τ2) 0.01 0.01 0.01 0.01 0.01 0.01   

Cov Residual (σ2) 0.17 0.15 0.17 0.18 0.19 0.18   

ICC 0.05   0.05 0.03 0.04 0.04 0.05       

DEFF (cluster n=60) 3.81   3.86 3.06 3.12 3.32 3.88       

*ICC=τ2/(τ2+σ2), where τ2 is the between variance and σ2 is the within variance. 

**DEFF=1+(s-1)ρ where s=cluster size and ρ=ICC 
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Appendix 3.3: Summary of key model testing results for youth survey without time-varying age adjustment 
 

Intervention Type/Short-term 
outcome   Piecewise Findings Best Fitting Model 

  
Intercept: 
Baseline 

Slope 
1: 

During 
MYTPI 

Slope2: 
After 

MYTPI 

LR χ2 
(df, 1) 

Difference 
in Slope 
1&2 Test 

Selected 
model RMSEA* 

CFI  
**  

School-based prevention               

Youth advocacy groups in 
schools‡               

Mean 0.000 0.326 -0.712 6.762 Quadratic, 
decelerating 
increase in 

slope 

NA NA 

Standard error 0.000 0.197 0.285 p<0.05     

t value 0.000 1.659 -2.497       

Community Mobilization               

Presence of home smoking 
bans               

Mean 0.000 0.331 -0.400 12.943 Quadratic, 
decelerating 
increase in 

slope 

NA NA 

Standard error 0.000 0.107 0.156 p<0.05     

t value 0.000 3.104 -2.555       
Participation in advocacy 

groups/events‡ 

NA NA NA  NA 

Quadratic, 
decelerating 
increase in 

slope NA NA 

Mean row displays the average value of each growth factor. 

The t value=mean/standard error. The critical value is 1.96 for p<0.05. Parameter estimates in bold statistically differ 
from zero at p<0.05. 

*RMSEA ≤ 0.05 is good fit.  **CFI ≥ 0.995 is good fit. 
‡Models used listwise deletion to restrict analysis to those under 18 at all waves.   
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Appendix 3.4: Variance for each coefficient from the best-fitting growth curves for 
each short-term outcome 
 

Intervention Type/Short-term 
outcome Best-fitting model Intercept 

Slope 
(1) 

Quadratic 
or Slope 2 

Policy Action         

SHS indoor ordinance strength         

Variance Intercept only 0.012*     

Standard error 0.003 NA NA 

t value 4.216     
SHS recreational/outdoor policy 

strength         

Variance Quadratic, 
decelerating 

increase in slope 

0.083 0.137 0.005 

Standard error 0.019 0.029 0.001 

t value 4.269 4.700 5.659 

Youth access ordinance strength       

Variance Piecewise, 
increasing second 

slope 

1.560 0.008 0.035 

Standard error 0.285 0.001 0.005 

t value 5.482 7.648 6.914 

Youth access law enforcement         

Variance Linear, decreasing 1.675 0.067   

Standard error 0.440 0.043 NA 

t value   3.805 1.563   

School-based prevention         
Prevention curricula and teacher 

training: 6th grade       

Variance Quadratic, 
decelerating 

increase in slope 

6.744 2.329 0.000 

Standard error 4.482 1.953 0.000 

t value 1.505 1.193 0.000 

Prevention curricula and teacher 
training: 7th-8th grades         

Variance Quadratic, 
decelerating 

increase in slope 

4.836 1.073 0.027 

Standard error 2.704 1.571 0.087 

t value 1.788 0.683 0.308 

Prevention curricula and teacher 
training: 9th-10th grades         

Variance Quadratic, 
decelerating 

increase in slope 

0.163 0.141 0.000 

Standard error 0.308 0.110 0.000 

t value 0.530 1.286 0.000 

Prevention curricula and teacher 
training: 11th-12th grades         

Variance Intercept only 2.608     
Standard error 1.094 NA NA 

t value   2.384     
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Youth advocacy groups in schools‡         

Variance Quadratic, 
accelerating 

decrease in slope  

18.044 6.155 0.323 

Standard error 6.469 3.136 0.185 

t value 2.789 1.963 1.743 

Community Mobilization         

Presence of home smoking bans         

Variance Quadratic, 
decelerating 

increase in slope 

73.924 6.264 0.127 

Standard error 11.820 1.622 0.029 

t value 6.254 3.861 4.391 
Participation in advocacy 

groups/events‡         

Variance Linear, increasing 23.071 3.927   

Standard error   3.694 0.818 NA 

t value 6.245 4.803   

The t value=mean/standard error. The critical value is 1.96 for p<0.05. Parameter estimates in bold statistically 
differ from zero at p<0.05. 

*Intercept began at wave threee when first indoor smoking bans were passed in state. 
‡Models used listwise deletion to restrict analysis to those under 18 at all waves.   
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Appendix 4.1: Path Diagram for Piecewise Latent Curve Models 

This measurement model specifies the relationships that create the growth curve, that is, 

how the directly observed variables create the latent intercept and slope variables (see 

below). Arrows point away from the intercept and slopes (represented as circles) 

indicating that these latent variables give rise to the observed repeated long-term smoking 

behavior outcomes (represented as boxes) (Ullman, 2001). The structural model specifies 

this hypothesized relationship with arrows pointing from the time-invariant observed 

covariate (represented in box) to the latent intercept and slope.   

 

 

 

 

 

Conditional piecewise latent curve model for long-term smoking stage 
outcome. Path coefficients lead from: 1) intercept and slopes of “smoking 
stage” to repeated measures of that outcome with a transition occurring at 
the eighth wave; and 2) time-invariant covariates to intercept and slopes. SS 
= smoking stage; #1-10 = youth survey wave; aFixed loading. bTime interval 
from initial assessment by year. Dashed line signifies more covariates. 



 

236 
 

 
Appendix 4.2: Accounting for nested sampling design and missing data 
 

At each wave, the intraclass correlation for smoking stage ranged from 0.00 to 

0.02 and the design effect was below two, signifying little if any homogeneity within 

GPUs (see below table). Models assuming a cluster sample (Muthén & Muthén, 2006) 

yielded no substantive differences in standard errors of the intercepts and piecewise 

slopes compared to models assuming a simple random sample. Therefore, analysis did 

not adjust standard errors to account for the nested sampling design (Muthén & Satorra, 

1995; Duncan, Duncan, & Strycker, 2006). 

By wave ten, MACC lost only 20% of the respondents to follow-up. Preliminary 

analysis suggested that baseline smoking status and some demographic characteristics 

correlate with missing at least one survey wave. To account for potential bias due to 

missing data, LCM models use maximum likelihood (ML) estimation. ML assumes that 

the data are missing at random, but performs well even when data only approximately 

meet that assumption (Schafer & Graham, 2002). A separate LCM analysis accounted for 

this assumption by adding the potential predictors of missing data as correlates to the 

dependent variables and to each other in the LCM models (Enders, 2006). This approach 

yielded no substantive differences in model estimates compared to models without 

correlates; therefore, additional correlates have been excluded to simplify the final 

models. 
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Intraclass correlations (ICC)* and design effects (DEFF)** for smoking stage by wave among Minnesota youth only 
 
Smoking Stage: All 5 Minnesota cohorts (ages 12 to 16 at baseline) 

Baseline Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 8 Wave 9 Wave 10 

Month=0 Month=6 Month=12 Month=18 Month=24 Month=30 Month=42 Month=48 Month=54 

Cov Intercept (τ2) 0.02 0.03 0.03 0.03 0.02 0.03 0.04 0.03 0.03 

Cov Residual (σ2) 1.60 1.91 2.10 2.39 2.64 2.86 3.08 3.18 3.36 

ICC 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

DEFF (cluster n=60) 1.55 1.92 1.78 1.82 1.43 1.64 1.71 1.48 1.45 

Smoking Stage: Baseline 12 year old 
cohort 

Baseline Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 8 Wave 9 Wave 10 

Month=0 Month=6 Month=12 Month=18 Month=24 Month=30 Month=42 Month=48 Month=54 

Cov Intercept (τ2) 0.00 0.00 0.01 0.02 0.01 0.00 0.06 0.01 0.00 

Cov Residual (σ2) 0.29 0.43 0.58 0.81 1.03 1.45 1.80 2.27 0.14 

ICC 0.00 0.00 0.02 0.02 0.01 0.00 0.03 0.00 0.00 

DEFF (cluster n=12) 1.00 1.03 1.23 1.25 1.10 1.02 1.34 1.05 1.00 

Smoking Stage: Baseline 16 year old 
cohort 

Baseline Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 8 Wave 9 Wave 10 

Month=0 Month=6 Month=12 Month=18 Month=24 Month=30 Month=42 Month=48 Month=54 

Cov Intercept (τ2) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cov Residual (σ2) 2.86 3.18 3.24 3.48 3.55 3.65 3.49 3.25 3.37 

ICC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

DEFF (cluster n=12) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

*ICC=τ2/(τ2+σ2), where τ2 is the between variance and σ
2 is the within variance. 

**DEFF=1+(s-1)ρ where s=cluster size and ρ=ICC 
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Appendix 4.3: Comparison of Minnesota to control cohorts on baseline demographics and family and individual smoking 
characteristics  
 

DEMOGRAPHIC 
COMPARISONS  

All Population 
Baseline 12 year old 

cohort 
Baseline 13 year old 

cohort 
Baseline 14 year old 

cohort 
Baseline 15 year old 

cohort 
Baseline 16 year old 

cohort 

Minnesota Control  Minnesota Control  Minnesota Control  Minnesota Control  Minnesota Control  Minnesota Control  

Gender                         

Females 50.8% 49.8% 53.5% 46.9% 47.7% 47.5% 50.4% 44.4% 50.4% 53.7% 51.9% 56.2% 

Males 49.2% 50.3% 46.5% 53.1% 52.3% 52.2% 49.6% 55.7% 49.6% 46.3% 48.1% 43.8% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

p-value 0.6399 0.1897 0.9958 0.2268 0.5002 0.3838 

Race (white v. non-white)                         

Non-white 14.8% 17.9% 19.3% 16.8% 14.2% 19.4% 14.8% 16.5% 13.2% 14.1% 12.5% 22.3% 

White 85.2% 82.2% 80.8% 83.2% 85.8% 80.6% 85.2% 83.5% 86.9% 86.0% 87.5% 77.7% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

p-value 0.0516 0.5384 0.1187 0.6384 0.7873 0.0040 
Spending money in an 
average week                         

$10 or less 53.0% 56.6% 76.7% 80.9% 69.9% 69.2% 55.8% 58.9% 39.5% 40.0% 20.4% 34.5% 

$11 or more 47.0% 43.4% 20.3% 19.1% 30.1% 30.8% 44.2% 41.1% 60.5% 60.0% 79.6% 65.6% 

Total 100% 100% 97% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

p-value 0.1063 0.7667 0.8715 0.5369 0.9178 0.0007 
College plans after high 
school                         

No 13.7% 13.5% 14.0% 5.4% 13.5% 12.3% 12.2% 16.8% 14.4% 14.4% 14.5% 18.3% 

Yes 86.3% 86.5% 86.0% 94.6% 86.5% 87.7% 87.8% 83.2% 85.6% 85.6% 85.5% 81.7% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

p-value 0.8794 0.0109 0.7167 0.1751 0.9997 0.2762 

Region                         

Rural/small city 51.3% na 51.7% na 51.3% na 50.8% na 51.4% na 51.4% na 

Suburban 35.2% na 35.0% na 35.1% na 35.3% na 35.6% na 35.0% na 

Urban 13.5% na 13.3% na 13.6% na 13.9% na 13.0% na 13.6% na 

Total 100% na 100% na 100% na 100% na 100% na 100% na 
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BASELINE 
INDIVIDUAL AND 

FAMILY SMOKING 
CHARACTERISTICS 

All Population 
Baseline 12 year old 

cohort 
Baseline 13 year old 

cohort 
Baseline 14 year old 

cohort 
Baseline 15 year old 

cohort 
Baseline 16 year old 

cohort 

Minnesota Control  Minnesota Control  Minnesota Control  Minnesota Control  Minnesota Control  Minnesota Control  
Mean (SD) smoking stage 
at baseline 1.68 (1.27) 

1.62 
(1.17) 1.17 (0.54) 

1.15 
(0.50) 1.34 (0.80) 

1.25 
(0.71) 1.62 (1.19) 

1.72 
(1.15) 1.89 (1.40) 

1.72 
(1.23) 2.37 (1.69) 

2.25 
(1.60) 

p-value 0.2460 0.6791 0.2603 0.4155 0.1978 0.4457 
Ever smoked a whole 
cigarette at baseline                         

No 81.3% 83.0% 96.0% 97.4% 91.9% 93.3% 84.2% 79.1% 74.4% 81.0% 60.1% 63.6% 

Yes 18.7% 17.1% 4.0% 2.7% 8.1% 6.7% 15.8% 20.9% 25.7% 19.0% 39.9% 36.4% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

p-value 0.3306 0.4847 0.5866 0.1752 0.1166 0.4555 
Lives with a smoker in 
household                         

No 57.42% 59.77% 56.88% 68.75% 57.89% 63.64% 59.25% 56.14% 55.37% 54.17% 57.68% 56.20% 

Yes 42.58% 40.23% 43.12% 31.75% 42.11% 36.36% 40.75% 43.86% 44.63% 45.83% 42.32% 43.80% 

Total 100.0% 100.0% 100.0% 100.5% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

p-value 0.2805 0.0178 0.2170 0.5301 0.8057 0.7609 

P-values in bold signify that the Minnesota and control cohorts statistically differ at p<0.05. 

NA refers to not applicable. Region breakouts were not available for the control cohorts. 
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Appendix 4.4: Coefficient for each piecewise growth curve factor for the smoking 
stage outcome regressed on control (1) versus Minnesota cohorts (0) for all cohorts 
and by baseline age cohort  
 

  Unadjusted Models Adjusted models* 

Baseline age cohort Intercept Slope 1 Slope 2 Intercept Slope 1 Slope 2 

All cohorts             

Mean -0.061 -0.025 -0.026 -0.027 -0.018 -0.022 

SD 0.058 0.022 0.039 0.054 0.022 0.039 

t value -1.060 -1.093 -0.68 -0.505 -0.828 -0.564 

Baseline 12 year old cohort             

Mean -0.018 -0.102 -0.070 0.017 -0.072 -0.020 

SD 0.056 0.042 0.089 0.054 0.040 0.088 

t value -0.316 -2.448 -0.785 0.311 -1.788 -0.226 

Baseline 13 year old cohort             

Mean -0.102 -0.024 0.037 -0.084 -0.014 0.045 

SD 0.077 0.047 0.082 0.074 0.046 0.082 

t value -1.328 -0.502 0.448 -1.133 -0.302 0.547 

Baseline 14 year old cohort             

Mean -0.232 -0.168 -0.204 0.053 -0.025 0.024 

SD -0.156 -0.133 -0.147 0.116 0.056 0.091 

t value 0.086 -0.024 0.032 0.455 -0.458 0.259 

Baseline 15 year old cohort             

Mean -0.087 0.009 -0.064 -0.096 0.010 -0.062 

SD 0.143 0.050 0.086 0.134 0.050 0.085 

t value -0.606 0.171 -0.739 -0.715 0.193 -0.729 

Baseline 16 year old cohort             

Mean -0.147 0.008 -0.053 -0.139 0.016 -0.064 

SD 0.170 0.052 0.082 0.162 0.053 0.082 

t value -0.862 0.148 -0.650 -0.861 0.300 -0.779 
*Models are adjusted for race (white/non-white), plans to attend college (yes/no), having $10 or more 
dollars spending money per week (yes/no), and presence of a smoker in the household (yes/no). 

**Statistically significant at p<0.05. The t value=mean/standard error. The critical value is 1.96. 
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Appendix 4.5: Intercept values from piecewise models centering the intercept on age 
16 rather than baseline among Minnesota and control cohorts  
 
 

  Minnesota cohorts Control cohorts 

Baseline Age Cohort  
Stage at 
age 16  

95% Confidence 
Interval* 

Stage at 
age 16  

95% Confidence 
Interval* 

Baseline 12 year old cohort  2.04     (1.92, 2.15) a 1.55 (1.35, 1.74) a 

Baseline 13 year old cohort**  2.18     (2.07, 2.30) ab 2.04 (1.79, 2.28) b 

Baseline 14 year old cohort  2.30     (2.18, 2.41) bc 2.34 (2.09, 2.60) b 

Baseline 15 year old cohort  2.24     (2.13, 2.35) abc  1.96   (1.45, 2.47) ab  

Baseline 16 year old cohort  2.46     (2.33, 2.59) c  2.30 (2.01, 2.59) b  

*Rows with no matching letters are significantly different. Rows with at least one matching letter 
are not different. 

**The baseline 13 year old cohort was centered on age 16.5 due to lapse in data collection.  
Note: Models are adjusted for race (white/non-white), plans to attend college (yes/no), having $10 
or more dollars spending money per week (yes/no), and presence of a smoker in the household 
(yes/no). 
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Appendix 5.1: Path diagrams for parallel process latent curve models 

Path diagrams specify the relationships that create the growth curve, that is, how the 

directly observed variables create the latent intercept and slope variables (see below). 

Arrows point away from the intercept and slope (represented as circles) indicating that 

these latent variables give rise to the observed, repeated local short-term outcomes 

(represented as boxes). The coefficient for each slope refers to the amount of linear 

change that would occur in a one-year time increase (Ullman, 2001). These bivariate path 

diagrams represent a parallel process between two random growth processes, a single 

long-term youth smoking behavior outcome and a single short-term local outcome. 

Arrows connect the intercepts and slopes from the two outcomes to each other, specifying 

their covariances.  The arrows in bold represent the covariances of interest for Aim #3. 

(Note: Path diagrams below illustrate examples, but the text describes the general set of 

models conceptually.) 
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Sample unconditional bivariate parallel process latent curve model for a long-
term and single short-term (measured every six months) outcome.  Path 
coefficients lead from: 1) intercept and slope of short-term outcome presence of home 
smoking bans to repeated measures of that short-term outcome; 2) intercept and slope 
of short-term outcome presence of home smoking bans to intercept and slope of the 
smoking stage outcome and vice versa; 3) intercept and slope of presence of home 
smoking bans outcome to repeated measures of that outcome. SS = smoking stage; 

HSB = presence of home smoking bans; and #1-10 = youth survey wave. 
a
Fixed 

loading. 
b
Time interval from initial assessment by year. 
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Sample unconditional bivariate parallel process latent curve model for long-term 
and single short-term (measured annually) outcome. Path coefficients lead from: 
1) intercept and slope of the smoking stage outcome to repeated measures of that 
outcome; 2) intercept and slope of short-term outcome youth access law enforcement 
to intercept and slope of the smoking stage outcome and vice versa; and 3) intercept 
and slope of short-term outcome youth access law enforcement to repeated measures 
of that short-term outcome. SS = smoking stage; ENF = youth access law 

enforcement; and #1-10 = youth survey wave. 
a
Fixed loading. 

b
Time interval from 

initial assessment by year.  



 

245 
 

Appendix 5.2: Correlation coefficients between short-term outcomes and community demographic 
characteristics per survey wave/year 
COMMUNITY DEMOGRAPHIC 
CHARACTERISTICS 

SHS indoor ordinance strength with Baseline 
Wave 

2 
Wave 

3 
Wave 

4 
Wave 

5 
Wave 

6 
Wave 

7 
Wave 

8 
Wave 

9 
Wave 

10 
Percent with < high school education *** *** -0.028 -0.094 -0.094 -0.094 -0.094 -0.094 -0.094 -0.173 
p-value *** *** 0.833 0.476 0.476 0.476 0.476 0.476 0.476 0.186 
Percent urban *** *** 0.096 0.132 0.132 0.132 0.132 0.132 0.132 0.584 
p-value *** *** 0.468 0.315 0.315 0.315 0.315 0.315 0.315  <.0001 
Median income *** *** -0.088 -0.013 -0.013 -0.013 -0.013 -0.013 -0.013 0.171 
p-value *** *** 0.503 0.920 0.920 0.920 0.920 0.920 0.920 0.191 

Median housing value *** *** -0.104 -0.063 -0.063 -0.063 -0.063 -0.063 -0.063 0.341 
p-value *** *** 0.427 0.634 0.634 0.634 0.634 0.634 0.634 0.008 
Percent unemployed ages 16+ *** *** 0.183 0.096 0.096 0.096 0.096 0.096 0.096 -0.007 
p-value *** *** 0.161 0.466 0.466 0.466 0.466 0.466 0.466 0.956 
Percent with an income-to-poverty ratio < 1.5  *** *** 0.120 0.038 0.038 0.038 0.038 0.038 0.038 0.071 
p-value *** *** 0.359 0.775 0.775 0.775 0.775 0.775 0.775 0.588 

SHS recreational/outdoor policy strength with Baseline 
Wave 

2 
Wave 

3 
Wave 

4 
Wave 

5 
Wave 

6 
Wave 

7 
Wave 

8 
Wave 

9 
Wave 

10 
Percent with < high school education *** -0.100 -0.153 -0.197 -0.213 -0.290 -0.254 -0.359 -0.396 -0.399 
p-value *** 0.449 0.242 0.131 0.103 0.025 0.050 0.005 0.002 0.002 
Percent urban *** 0.090 0.158 0.202 0.233 0.277 0.286 0.367 0.394 0.401 
p-value *** 0.493 0.228 0.123 0.073 0.032 0.027 0.004 0.002 0.002 
Median income *** 0.061 0.105 0.098 0.024 0.159 0.104 0.253 0.286 0.287 
p-value *** 0.645 0.426 0.458 0.856 0.226 0.430 0.051 0.027 0.026 
Median housing value *** 0.010 0.079 0.100 0.041 0.108 0.030 0.170 0.192 0.194 
p-value *** 0.941 0.548 0.448 0.754 0.413 0.818 0.193 0.141 0.137 
Percent unemployed ages 16+ *** -0.036 -0.098 -0.149 -0.157 -0.213 -0.141 -0.206 -0.238 -0.242 
p-value *** 0.786 0.454 0.255 0.232 0.103 0.281 0.115 0.068 0.063 

Percent with an income-to-poverty ratio < 1.5  *** -0.057 -0.120 -0.148 -0.115 -0.177 -0.118 -0.228 -0.275 -0.279 
p-value *** 0.665 0.360 0.260 0.384 0.176 0.368 0.080 0.034 0.031 

Youth access ordinance strength with Baseline 
Wave 

2 
Wave 

3 
Wave 

4 
Wave 

5 
Wave 

6 
Wave 

7 
Wave 

8 
Wave 

9 
Wave 

10 
Percent with < high school education -0.172 -0.215 -0.233 -0.238 -0.238 -0.244 -0.247 -0.247 -0.252 -0.293 
p-value 0.189 0.099 0.073 0.067 0.067 0.060 0.057 0.057 0.052 0.023 
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Percent urban 0.063 0.104 0.116 0.106 0.106 0.109 0.097 0.097 0.108 0.123 
p-value 0.633 0.429 0.378 0.421 0.421 0.405 0.463 0.463 0.411 0.349 
Median income 0.088 0.104 0.130 0.128 0.128 0.137 0.139 0.139 0.143 0.201 
p-value 0.503 0.429 0.322 0.332 0.332 0.296 0.290 0.290 0.275 0.124 
Median housing value 0.031 0.044 0.070 0.067 0.067 0.077 0.070 0.070 0.071 0.122 
p-value 0.815 0.740 0.595 0.612 0.612 0.560 0.593 0.593 0.589 0.353 
Percent unemployed ages 16+ -0.074 -0.111 -0.125 -0.115 -0.115 -0.119 -0.130 -0.130 -0.131 -0.161 
p-value 0.576 0.398 0.342 0.383 0.383 0.365 0.323 0.323 0.319 0.221 

Percent with an income-to-poverty ratio < 1.5  -0.222 -0.247 -0.263 -0.266 -0.266 -0.271 -0.283 -0.283 -0.287 -0.325 
p-value 0.088 0.057 0.042 0.040 0.040 0.037 0.028 0.028 0.026 0.011 

Youth access law enforcement with Baseline   2002   2003   2004   2005   
Percent with < high school education -0.162   -0.266   -0.119   -0.196   -0.208   
p-value 0.216   0.040   0.364   0.133   0.111   
Percent urban 0.288   0.568   0.419   0.207   0.464   
p-value 0.025   <.0001   0.001   0.112   0.000   
Median income 0.217   0.242   0.174   0.095   0.278   
p-value 0.096   0.062   0.185   0.471   0.031   
Median housing value 0.242   0.319   0.320   0.124   0.419   
p-value 0.063   0.013   0.013   0.343   0.001   

Percent unemployed ages 16+ -0.069   -0.085   -0.056   -0.116   -0.187   
p-value 0.602   0.521   0.668   0.377   0.153   
Percent with an income-to-poverty ratio < 1.5  -0.069   -0.036   0.054   -0.148   -0.127   
p-value 0.601   0.783   0.680   0.261   0.333   

P-values in bold signify the correlation between the short-term outcome and community demographic characteristic is significant at p<0.05. 

 


