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Beyond Tobacco Prevention:  

The Effects of Tobacco 21 Laws on Young Adults’ Body Weight 

 

Abstract 

Tobacco 21 (T21) laws effectively reduce youth tobacco use by preventing initiation. This study 

examines their impact on body weight among young adults aged 18-20. Using 2009-2019 

Behavioral Risk Factor Surveillance System data and a two-way fixed-effects difference-in-

differences (DID) design, we find limited evidence of broad weight changes in either direction 

across the BMI distribution. Obesity declines due to modest weight reductions concentrated near 

the upper BMI threshold, with no significant changes in overweight status or average BMI. 

Event study shows that the obesity decline emerges in the first post-T21 year and attenuates 

afterwards. Results are robust to alternative specifications, including an imputation DID 

approach addressing staggered adoption. Effects are driven by “never smokers”, consistent with 

a prevention-based pathway, and are more pronounced among males and non-White individuals, 

with heterogeneity observed across education levels in the upper BMI tail. Supplemental 

analyses using Youth Risky Behavior Survey data show reduced adverse weight outcomes 

among high schoolers aged 18+. T21 laws increase exercise, improve diets, and reduce sedentary 

behavior, underage drinking, marijuana use, and mental distress. Overall, T21 laws avoid the 

typical cessation-related weight gain and modestly improve weight outcomes among at-risk 

young adults, suggesting broader public health benefits beyond tobacco prevention. 
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1. INTRODUCTION 

Obesity, defined as a Body Mass Index (BMI) ≥30,1 has become a major public health concern 

in the United States (Courtemanche, 2009). Adult obesity rates rose from 13.4% in the 1960s to 

42.8% in the late 2010s, and the prevalence of “overweight or obese” (BMI≥25) increased from 

44.9% to 73.1% (Fryar et al., 2020). Adolescent obesity increased from 4.6% to 21.2% over the 

same period (Fryar et al., 2018). Obesity elevates risks of chronic diseases (Cawley, 2015) and 

has been linked to an estimated 300,000 premature deaths annually in the early 2000s (Flegal et 

al., 2004), second only to tobacco (Mokdad et al., 2000), and this number continues to grow 

(IHME, 2024). The associated economic burden is substantial, with direct medical costs 

estimated at $261 billion and total costs reaching $422 billion annually (Cawley et al., 2021; 

Woods and Miljkovic, 2022). 

Tobacco use remains the leading cause of preventable death in the U.S., with cigarette 

smoking alone accounting for over 480,000 deaths annually (HHS, 2014). Broad tobacco 

regulations, such as excise taxes, smokefree laws, and flavor bans, have contributed to 

substantial declines in tobacco use over recent decades (Evans et al., 1999; Tauras, 2006; 

Carpenter and Cook, 2008; DeCicca and McLeod, 2008; Carton et al., 2016; Courtemanche et 

al., 2017; Cotti et al., 2024a).2 Adult smoking prevalence fell from 42.4% in 1965 to 11.5% in 

2021 (CDC, 1999; Cornelius et al., 2023). Yet 18.7% of adults and 10% of middle and high 

school students still report current tobacco use (Cornelius et al., 2023; Birdsey et al., 2023). 

Nearly 90% of daily smokers initiate before age 18 and 99% before age 26 (HHS, 2014), 

making tobacco prevention among youth and young adults critical for reducing long-run tobacco 

 
1 Body Mass Index = Weight(kg) / Height(m)2. 
2 DeCicca et al. (2022) provide a comprehensive review of the impacts of tobacco regulations. 
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use (Friedson et al., 2024). Broad tobacco regulations covering all age groups have been shown 

to reduce youth smoking (Carpenter and Cook, 2008; DeCicca et al., 2008; Courtemanche et al., 

2017; Titus et al., 2021). Among others, Tobacco 21 (T21) laws, which raise the minimum legal 

purchasing age (MLPA) for tobacco products to 21,3 directly target young adults aged 18-20 and 

have proven highly effective (Friedman and Wu, 2020; Ali et al., 2020; Hansen et al., 2023; Cotti 

et al., 2024b; Abouk et al., 2024; Friedman and Pesko., 2024). By preventing early initiation, 

T21 laws are expected to reduce long-run tobacco use and its associated health and economic 

costs.4 

A related policy question is whether tobacco regulations affect body weight. An established 

literature, largely focused on cigarette taxes and broad adult populations, documents mixed 

evidence. Some studies find weight loss from higher cigarette prices/taxes (Gruber and Frakes, 

2006; Courtemanche, 2009; Wehby and Courtemanche, 2012), while others report weight gain 

effects (Chou et al., 2004; Baum, 2009; Tchernis et al., 2022). Worksite smoking bans and 

randomized cessation programs have also been linked to weight gain (Liu et al., 2010; 

Courtemanche et al., 2018). While this debate raises concerns that cessation-oriented tobacco 

regulations may unintentionally increase adult body weight and offset some public health gains, 

much less is known about whether such concerns apply to prevention-oriented, youth-targeting 

tobacco regulations such as T21 laws.  

Using 2009-2019 Behavioral Risk Factor Surveillance System (BRFSS) data, we estimate 

the effects of statewide T21 laws on body weight among young adults aged 18-20. Two-way 

 
3 Before T21, most states set the MLPA for tobacco at 18. Alabama, Alaska, and Utah set it at 19. Hansen et al. 

(2023) detail the history of tobacco MLPA and T21 laws in the U.S., which we briefly summarize in Section 2.1. 
4 The National Academy of Medicine estimates that T21 laws could prevent 223,000 deaths among cohorts born 

between 2000 and 2019. 
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fixed effects (TWFE) difference-in-differences (DID) estimates show that statewide T21 

adoption reduces the probability of being obese by 2.1 percentage points, a 17.9% decline 

relative to pre-treatment obesity prevalence for this age group in treated states. Event study 

results indicate a 2.0-percentage-point decline in obesity in the first post-T21 year, with effects 

attenuating thereafter. There’re no significant effects on average BMI or on the probability of 

being overweight or obese. Quantile regression estimates validate that T21 laws do not shift the 

overall BMI distribution; instead, effects are concentrated in the upper tail near the obesity cutoff 

for this sample. These findings are robust to various robustness checks and falsification tests, 

including modern DID methods that address staggered policy adoption, such as imputation DID 

estimators (Borusyak et al., 2024). 

We further document heterogeneity in T21’s body weight effects, with more pronounced 

obesity reductions found among males and non-White individuals. We observe a decrease in 

obesity among individuals with a high school diploma (HSD) and a decrease in “overweight or 

obese” among those without one. The effects are driven primarily by “never smokers”, consistent 

with evidence that T21 laws work mainly by preventing initiation rather than increasing 

cessation (Hansen et al., 2023; Cotti et al., 2024b). This pattern points to a “prevention effect”, 

whereby avoiding early smoking initiation supports healthier lifestyle formation for weight 

management. A “spillover effect” may also play a role, as even those who would not have 

initiated smoking regardless may benefit from healthier peer environments (Courtemanche, 

2009). 

Supplemental analyses using the 2009-2019 Youth Risky Behavior Surveys (YRBS) also 

find reductions in adverse weight outcomes among high school students aged 18+, while effects 

among those aged 15-17 are weaker and transitory. To explore mechanisms, we examine weight-
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related behaviors using multiple data sources. BRFSS results show increases in exercise 

participation and fruit/vegetable consumption and reduced underage drinking and mental 

distress. YRBS results indicate declines in excessive TV watching, heavy soda consumption, and 

marijuana use. Evidence from the 2009-2019 American Time Use Survey (ATUS) data further 

shows increased exercise time, reduced sedentary leisure, and more time eating at home rather 

than dining out, all consistent with improved weight outcomes. 

As the first study to examine the impact of T21 laws on body weight, this paper extends the 

tobacco-obesity literature by exploring a youth-centered, prevention-oriented tobacco regulation. 

Prior studies largely frame the tobacco-obesity link through cessation-driven mechanisms in 

broad adult populations, with youth and young adults typically appearing only as part of samples. 

While related work has examined youth physical activity (Choudhury and Conway, 2020), body 

weight of young children with smoking-age parents (Mellor, 2011), and the effect of body weight 

on youth smoking initiation (Cawley et al., 2004; Rees and Sabia, 2010), the direct effects of 

tobacco regulations on the body weight of smoking-age youth and young adults remain 

understudied, especially for prevention-oriented policies. By studying T21 laws, we highlight 

youth and young adults and show that such prevention-oriented regulations do not induce 

adverse weight gain often linked to cessation. Rather, while average body weight is not 

significantly changed, T21 laws appear to promote healthier lifestyles among young adults at risk 

of obesity and reduce extreme adverse weight outcomes. 

More broadly, our study speaks to a question that interests health economists beyond 

tobacco issues: whether early-life, prevention-oriented policies generate larger welfare gains than 

corrective interventions targeting already-formed bad habits. From a policy perspective, our 

findings imply that youth-focused substance prevention regulations might yield public health 
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benefits beyond their primary goals and can be cost-effective complements to traditional 

interventions. 

2. BACKGROUND 

2.1 T21 laws and tobacco use 

The U.S. has regulated the MLPA for tobacco since the 19th century, with age limits varying by 

states and over time. After decades of advocacy, modern T21 laws began locally in Needham, 

Massachusetts, in 2005 (Reynolds et al., 2019). By 2015, over 100 localities had adopted T21 

laws, including 79 in Massachusetts, 16 in New Jersey, and New York City. Hawaii became the 

first state to enact a statewide T21 law in January 2016, followed by California in June 2016, the 

District of Columbia and New Jersey in 2017, and Oregon, Maine, and Massachusetts in 2018. In 

2019, ten more states adopted statewide T21 laws before the federal law was enacted on 

December 20.5 

Early local and statewide T21 laws (e.g., Hawaii, California) have been shown to reduce 

youth tobacco use and product sales (Friedman and Wu, 2020; Ali et al., 2020; Glover-Kudon et 

al., 2021; Grube et al., 2021; Wilhelm et al., 2022). Using 2009-2019 BRFSS data, Hansen et al. 

(2023) provide the first comprehensive economic analysis of statewide T21 laws, finding 

significant reductions in smoking participation and daily smoking among young adults aged 18-

20. Their YRBS analysis shows declines in frequent and daily smoking and e-cigarette use 

among high school students aged 18+, along with spillover effects on younger adolescents and 

 
5 Appendix Table A1 lists statewide T21 enactment dates and each state’s population coverage of local T21 laws 

prior to statewide or federal adoption. Over 500 localities enacted T21 laws before the higher-level implementation. 
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reductions in marijuana and alcohol use in some groups. They find no evidence of increased 

cessation, implying that the reduced smoking participation is driven by reduced initiation. 

Other notable studies include Cotti et al. (2024b), Abouk et al. (2024), and Friedman and 

Pesko (2024). Using longitudinal data from the Population Assessment of Tobacco Use and 

Health (PATH), Cotti et al. (2024b) find that T21 laws reduce smoking among 18- to 20-year-

olds. The panel structure of PATH allows them to show that these declines are mostly driven by 

fewer “never smokers” initiating than by increased cessation, a finding consistent with Hansen et 

al. (2023). Abouk et al. (2024) use Monitoring the Future (MTF) survey data and find that T21 

laws reduce cigarette and e-cigarette use among 12th graders. Their analysis of Nielsen Retail 

Scanner data shows reduced cigarette sales in counties with larger under-21 populations. 

Friedman and Pesko (2024) show that greater T21 population coverage reduces tobacco use 

among 18- to 20-year-olds, especially when “possession, use, or purchase” (PUP) penalties are 

not enforced together.  

More recent studies have examined T21’s effects on maternal smoking. Using National 

Vital Statistics System (NVSS) data, Bersak et al. (2025) find modest but statistically significant 

reductions in smoking among mothers aged 18-20 before and during pregnancy following T21 

adoption, driven primarily by fewer women entering pregnancy as smokers rather than increased 

cessation during pregnancy. Also using the NVSS data but employing alternative identification 

strategies, Flynn (2025) finds no evidence that T21 laws reduce prenatal smoking or improve 

birth outcomes.  

2.2 Smoking, tobacco regulations, and body weight 



8 
 

Identifying the causal effects of smoking on body weight is challenging due to confounding 

factors and potential reverse causality. Economists often address this by using exogenous 

instruments for smoking, most commonly tobacco regulations like cigarette taxes. However, 

findings remain mixed. Several U.S. studies find that higher cigarette taxes/prices reduce 

smoking but increase BMI and obesity (Chou et al., 2004; Nonnemaker et al., 2009; Baum, 2009; 

Tchernis et al., 2022),6 while others, using same data sources (e.g., BRFSS, NLSY79) but 

alternative model specifications, find reductions in both smoking and BMI (Gruber and Frakes, 

2006; Courtemanche, 2009; Wehby and Courtemanche, 2012). Courtemanche et al. (2016) point 

out that the results appear sensitive to the set of economic controls included. Other regulations 

and interventions, such as worksite smoking bans and randomized cessation programs, generally 

reduce smoking but increase body weight (Liu et al., 2010; Courtemanche et al., 2018).  

Findings on weight-related behaviors are similarly mixed. Some studies find that cigarette 

taxes increase overall food consumption (Rozema and Ziebarth, 2017), while others report 

improvements in diet quality such as increased fruit/vegetable intake (Courtemanche, 2009; 

Wehby and Courtemanche, 2012). Several studies suggest cigarette taxes reduce exercise 

(Conway and Niles, 2017; Choudhury and Conway, 2020), whereas others find the opposite 

(Courtemanche, 2009; Wehby and Courtemanche, 2012).  

Despite mixed findings, prior studies typically link tobacco regulations to body weight by 

assuming their effects operate primarily through promoting cessation among established 

smokers. Several mechanisms have been proposed. On the negative side, quitting smoking can 

slow metabolism and increase food cravings from nicotine withdrawal (Williamson et al., 1991; 

 
6 International studies have similar findings (Fang et al, 2009; Sen et al., 2010; Amialchuk et al., 2018).  
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Nicklas et al., 1999) and may lead to “oral fixation” whereby individuals substitute food for 

cigarettes (Loud et al., 2021). It may also trigger compensatory behaviors such as increased 

alcohol consumption (Koksal and Wohlgenant, 2016) or reduced exercise (DeRuiter and 

Faulkner, 2006), often rationalized by “compensatory health beliefs”, the idea that quitting 

smoking justifies engaging in other unhealthy behaviors (Radtke et al.,2011; Radtke et al., 2012).  

On the positive side, quitting smoking may motivate healthier behaviors, such as more 

exercise and better diets, to avoid post-cessation weight gain (Courtemanche, 2009). Improved 

lung capacity may also make exercise more enjoyable (Hedenström et al., 1986). In addition, 

savings from reduced tobacco spending can facilitate healthier consumption choices of food and 

fitness (Busch et al., 2004). Successfully resisting smoking may further strengthen willpower, 

helping individuals resist other unhealthy temptations (Ozdenoren et al., 2012). Supporting this 

view, studies have found strong complementarity between smoking and alcohol consumption 

(Dee, 1999; Picone and Sloan, 2003). 

While prior studies offer important insights for the general population, evidence for youth 

and young adults remains limited. Some research has examined how body weight affects youth 

smoking initiation (Cawley et al., 2004; Rees and Sabia, 2010), yet few explore the reverse. 

Mellor (2011) analyzes how cigarettes taxes affect the body weight of young children with 

smoking-age parents, yet direct evidence for smoking-age youths and young adults themselves 

remains scarce. Therefore, understanding how early-life, prevention-oriented tobacco 

regulations, such as the T21 laws, affect body weight among this young population fills an 

important gap in the literature. 

2.3 How T21 laws might affect body weight 
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T21 laws work primarily by preventing initiation among youth and young adults, most of whom 

have never smoked and are still forming long-term health habits. Therefore, the pathways linking 

broad tobacco regulations to body weight, typically through promoting cessation among 

established smokers, may not fully apply in this setting. 

First, because T21 laws primarily work by preventing initiation rather than increasing 

cessation, metabolic disruptions and food cravings associated with nicotine withdrawal are 

largely avoided. While nicotine withdrawal is linked to weight gain (Nicklas et al., 1999), 

initiating nicotine use does not necessarily lead to weight loss. Recent medical evidence shows 

that smokers tend to accumulate more abdominal fat than non-smokers, challenging the notion 

that smoking always promotes weight loss (Carrasquilla et al., 2024).  

Second, by deterring smoking initiation, T21 laws may generate a “prevention effect” that 

help young adults avoid adopting downstream unhealthy behaviors, such as overeating, underage 

drinking, and physical inactivity, that can undermine weight management. In other words, young 

adults without exposure to T21 laws are more likely to initiate smoking and subsequently engage 

in these risky behaviors, potentially leading to weight gain, compared to their T21-treated peers. 

This aligns with previously discussed pathways where smoking can impair lung capacity, 

weaken willpower, diminish health prioritization, and strain financial resources, all of which can 

make it more difficult to maintain healthy habits. 

T21 laws may also generate a “spillover effect” even among “true never smokers” who are 

unlikely to have initiated smoking regardless. People’s eating and exercise behaviors are strongly 

influenced by those around them (Christakis and Fowler, 2007), and peer influence is especially 

pronounced during young adulthood. A more health-conscious peer environment, marked by less 

smoking and other downstream risky behaviors but better dietary and exercise habits, may 
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therefore encourage young adults to keep healthy lifestyles. Similar spillovers have been 

documented; for instance, Courtemanche (2009) finds that cigarette taxes can reduce body 

weight among non-smokers when their peers smoke less and adopt healthier habits. 

Supporting these pathways, Hansen et al. (2023) show that T21 laws reduce alcohol and 

marijuana use among some young adults, indicating broader behavioral improvements beyond 

tobacco prevention. While not studying T21 laws, Conway and Niles (2017) find that cigarette 

taxes increase exercise among “never-smoking” young adults, suggesting that even broad 

tobacco regulations may have a “prevention effect” in this age group. 

3. DATA 

3.1 BRFSS  

We use data from the 2009-2019 Behavioral Risk Factor Surveillance System (BRFSS), a 

nationally representative cross-sectional survey of U.S. adults that collects information on 

chronic health conditions, risky behaviors, and preventive care utilization. We focus on young 

adults aged 18-20, the age group directly subject to T21 laws.  

The main outcomes include BMI (kg/m2) and two binary indicators of adverse weight 

status: “overweight or obese” (BMI≥25) and “obese” (BMI≥30). We exclude observations in the 

bottom and top 1% of the BMI distribution to remove outliers. We also examine weight-related 

behaviors (all in binary form), including exercise participation, daily fruit and vegetable intake 

meeting USDA guidelines,7 current smoking, daily smoking, current drinking, binge drinking, 

and frequent mental distress (FMD), defined by the CDC as ≥14 mentally unhealthy days in the 

 
7 USDA dietary guidelines recommend that females (males) in this age group consume 1.5 (2) cups of fruits and 2 

(3) cups of vegetables daily (Lee, 2022). 



12 
 

past 30 days. Table A2, Column (1), reports weighted summary statistics for this BRFSS sample. 

The average BMI is 24.4; 35.7% of respondents are overweight or obese, and 12.4% are obese. 

About 85% report exercising in the past month, 29.4% meet USDA daily fruit intake guidelines, 

and 21% meet vegetable intake guidelines. Additionally, 11.8% are current smokers, 6.9% smoke 

daily,8 33.6% are current drinkers, 15.5% report binge drinking, and 13.4% experience FMD.  

Demographic covariates include binary indicators for age, gender, race/ethnicity, education, 

student status, and employment status, plus logarithmic group average income.9 In this sample, 

16.6% do not have a high school diploma (HSD), 46.6% are high school graduates, and the rest 

have at least some college educations. Approximately 49% are students (not employed), and 37% 

are employed (not students).  

3.2 YRBS 

As a supplemental analysis, we follow Hansen et al. (2023) and use 2009-2019 waves of the 

State Youth Risk Behavior Surveys (YRBS), which collect information on risky behaviors 

among U.S. middle and high school students. The state YRBS is conducted biennially, mostly in 

odd-numbered years. Our sample includes 44 states and 234 state-years, as not all states 

participated in each wave. Among states with statewide T21 laws, Massachusetts, Ohio, Oregon, 

and the District of Columbia are not included in the state YRBS, leaving 13 “treated states” for 

analysis. 

We focus on high school students aged 18+. Table A2, Column (2), presents weighted 

summary statistics for this sample. The “overweight or obese” rate (35.8%) and average BMI 

 
8 We construct smoking indicators following Hansen et al. (2023). As in their study, only 16.3% of our sample report 

“having ever smoked 100+ cigarettes in lifetime”, meaning that 83.7% are classified as “never smokers.” 
9 We impute average income grouped by race and education in each state-year to mitigate potential reverse causality 

with body weight (Ruhm, 2005). 



13 
 

(24.5) match those in the BRFSS sample, though the obesity rate is slightly higher (13.7%). 

These outcomes are based on standard adult BMI thresholds (BMI≥25 for “overweight or 

obese”, BMI≥30 for obese). The YRBS also provides age-sex-specific BMI percentiles and 

corresponding adverse weight indicators (≥85th percentile for “overweight or obese”, ≥95th for 

obese), which are commonly used for children and adolescents.  

Regarding weight-related behaviors, 81.1% of students report exercising at least one day 

per week,10 29.5% meet USDA daily fruit intake guidelines, and 19.3% meet vegetable intake 

guidelines. Additionally, 27.2% watch TV for three or more hours per school day, and 5.6% drink 

soda more than three times daily. Nearly 17.8% report current smoking, with 6.5% smoking 

frequently (≥20 days/month); 42.9% drink alcohol; 25.8% report marijuana use, with 12% 

reporting frequent marijuana use (≥10 times/month) (Anderson et al., 2015; Anderson and Rees, 

2023). Compared to BRFSS, the YRBS sample includes more non-Hispanic blacks and 

Hispanics. Most respondents are in 12th grade (91%). 

3.3 Additional control variables 

We control for state-level covariates, including population coverage of local T21 laws;11 other 

tobacco regulations: cigarette taxes, population coverage of comprehensive indoor smoking 

restriction (ISR) and indoor vaping restrictions (IVR) by venue (workplaces, restaurants, bars), 

presence of indoor smoking bans on campus (K-12, university/college), standardized e-cigarette 

taxes, and presence of e-cigarette MLPA at 18; alcohol and marijuana regulations: beer excise 

taxes and presence of medical and recreational marijuana laws; weight-related policies: gasoline 

 
10 YRBS defines exercise as ≥60 minutes of activity, unlike BRFSS, which counts any physical activity. 
11 We hold local T21 population coverage at its maximum pre-statewide level after statewide adoption (see Table 

A1), ranging from 0% (no local T21) in some states to 74.5% in New York. Some states without statewide T21 laws 

like Alaska and Missouri exceeded 40% local T21 coverage by the time of federal adoption.  
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taxes, soda and food sales taxes, and high school physical education requirements, nutrition 

education standards, and beverage nutrition standards by school venue (cafeterias, vending 

machines, school stores, fundraisers); and economic conditions: personal income per capita and 

unemployment rates.12. All monetary variables are adjusted to 2017 dollars using the Personal 

Consumption Expenditures Price Index. 

4. METHODS 

For the BRFSS analysis, we estimate the following TWFE DID model: 

𝑌𝑖𝑠𝑡 = 𝛽0 + 𝛽1𝑇21𝑠𝑡 + 𝛽2𝑋𝑖𝑠𝑡 + 𝛽3𝑍𝑠𝑡 + 𝛿𝑠 + 𝜏𝑡 + 𝜀𝑖𝑠𝑡 (1) 

where 𝑌𝑖𝑠𝑡 denotes the outcome of interest for individual 𝑖 in state 𝑠 and year-by-month 𝑡. 𝑇21𝑠𝑡 

is a binary indicator for the presence of a statewide T21 law; 𝛽1 captures the average treatment 

effects on the treated (ATT). 𝑋𝑖𝑠𝑡 are individual demographics (see Section 3.1) and age-specific 

trends (Hansen et al., 2023). 𝑍𝑠𝑡 are state-level covariates (see Section 3.4). State fixed effects, 

𝛿𝑠, absorb time-invariant state-level unobservable (e.g., cultural norms). Year-by-month fixed 

effects, 𝜏𝑡, capture common national shocks and seasonality. 𝜀𝑖𝑠𝑡 denotes idiosyncratic errors. All 

regressions apply BRFSS sampling weights and cluster robust standard errors at the state level. 

For continuous outcomes like BMI, we estimate Equation (1) using ordinary least squares 

(OLS). For binary body weight outcomes, we use linear probability models (LPM) throughout 

for computational convenience.13 For weight-related behavioral outcomes (all in binary form), 

some of which have very low prevalence in later years (e.g., daily smoking <3% in 2019),14 so 

 
12 Appendix A describes the sources and measures/definitions of all state-level covariates used in this paper. 
13 Results for binary body weight outcomes are robust to alternative Logit models (Appendix Figure A1). 
14 When outcome probabilities are close to 0, LPM can perform poorly, and nonlinear models are preferable (Von 

Hippel, 2015; Greene and Wilson, 2021). 
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we report marginal effects from Logit models as our preferred specification and also display 

LPM estimates for comparison. 

Body weight reflects cumulative calorie balance, so policy effects may evolve over time. 

To capture dynamic responses, we estimate an event study specification that replaces 𝑇21𝑠𝑡 with 

binary indicators for post-T21 periods (the first year, and the second year onward). We also 

include pre-event indicators for the second, the third, and the fourth year onward before T21 

adoption, using the first year immediately prior as the reference period. These pre-event 

estimates allow us to assess the parallel trends assumption, which posits that, absent T21 laws, 

trends in body weight would have been similar across states.15 

For the supplemental YRBS analysis, we estimate Equation (1) with 𝑡 denoting year rather 

than year-by-month. 𝑇21𝑠𝑡 is defined as the share of months in year 𝑡 that a statewide T21 law 

was in effect (Hansen et al., 2023). We also report corresponding event study estimates. 

5. RESULTS 

5.1 BRFSS findings 

5.1.1 DID analysis 

Body weight reflects long-term calorie balance, so its response to the adoption of T21 laws may 

evolve gradually, making it important to examine dynamic effects first. Figure 1, Panel (A), 

presents event study estimates using the full set of controls from Equation (1), with solid circles 

indicating point estimates and bars representing 95% confidence intervals. We find no 

 
15 Recent work on staggered adoption DID cautions against relying solely on pre-trend estimates to assess parallel 

trends (De Chaisemartin and d’Haultfoeuille, 2020; Goodman-Bacon, 2021; Callaway and Sant’Anna, 2021; Sun 

and Abraham, 2021; Baker et al., 2022). In Sections 5.1.2, we show that our results are robust to modern DID 

approaches that address staggered adoption, especially the imputation DID estimator of Borusyak et al. (2024). 
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statistically significant post-treatment effects on average BMI or on the probability of being 

overweight or obese. The probability of being obese declines by 2 percentage points in the first 

year following T21 adoption, with the effect attenuating and becoming statistically insignificant 

thereafter. The statistically insignificant pre-event estimates support the parallel trends 

assumption, suggesting that the observed post-T21 changes in obesity are not driven by pre-

existing differences between treated and control states. 

Figure 1, Panel (A), also displays ATT estimates (solid squares and bars), showing a 

statistically significant reduction in obesity. Table 1 presents ATT estimates using a built-up 

strategy that sequentially adds controls. Column (1) begins with a parsimonious TWFE 

specification including only state and year-by-month fixed effects. Column (2) adds individual 

demographics. Column (3) further incorporates local T21 population coverage. All estimates in 

Columns (1)-(3) are statistically insignificant. Column (4) adds other tobacco control regulations, 

tripling the estimated effect on obesity and making it statistically significant, which is expected 

given the strong correlation between a state’s broader tobacco control environment and statewide 

T21 adoption. Columns (5)-(7) sequentially add controls for alcohol and marijuana regulations, 

other weight-related policies, and economic conditions, with little change in the estimated effect 

on obesity. Interpreting the ATT estimate in Column (7), which is also plot in Figure 1, statewide 

T21 implementation reduces the probability of being obese among 18- to 20-year-olds by 2.1 

percentage points, a 17.9% decline relative to pre-treatment obesity prevalence among this age 

group in treated states. For robustness check, Column (8) adds state-specific time trends to 

capture unobserved, time-varying state factors, slightly attenuating but not eliminating the 
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statistically significant effect on obesity.16 Across all columns, we find no significant effects on 

average BMI or on the probability of being overweight or obese. 

5.1.2. Robustness checks for staggered adoption 

A growing body of methodological work cautions that TWFE DID estimators may be biased 

under staggered policy adoption with heterogeneous treatment effects (De Chaisemartin and 

d’Haultfoeuille, 2020; Goodman-Bacon, 2021; Callaway and Sant’Anna, 2021; Sun and 

Abraham, 2021; Baker et al., 2022). To assess the robustness of our findings, we apply two 

modern DID approaches designed for staggered adoption settings: the imputation DID estimator 

of Borusyak et al. (2024) and the trimmed stacked DID estimator following Wing et al. (2024). 

We first apply the imputation DID estimator, which imputes counterfactual outcomes for 

treated units using untreated observations and aggregates treatment effects across cohorts and 

event-time (horizons). One merit of this approach is that it retains all treated states and does not 

require trimming later adopters, making it particularly well suited to our context, where most 

treated states adopted statewide T21 laws in 2019. Figure 1, Panel (B), presents the event study 

and ATT estimates. By design of this approach, the “four year onward pre-T21” period serves as 

the reference period. The imputation DID estimates closely track our TWFE DID estimates but 

are slightly smaller in magnitude. The ATT estimate indicates a 1.2-percentage-point reduction in 

the probability of being obese. The event study shows a significant 1.6-percentage-point decline 

 
16 We exclude state-specific trends from the event study in Figure 1(A) due to multicollinearity concerns. Including 

them raises the variance inflation factor (VIF) to 19.7 (compared to 8.9 without), exceeding the commonly cited 

threshold of 10 that warns multicollinearity (Wooldridge, 2012, pp.98). While point estimates remain qualitatively 

similar when state-specific trends are included (Appendix Figure A2), standard errors unsurprisingly increase. In the 

static DID specification for ATT estimates, adding state-specific trends raises the VIF from 4.4 to 5.7. 
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in obesity in the first post-T21 year, with effects attenuating thereafter. There is no evidence of 

differential pre-treatment trends.  

We next implement the trimmed stacked DID approach of Wing et al. (2024). Following 

their recommended practice, we aggregate individual-level BRFSS data to state-level using 

survey weights and construct event-time stacks centered on statewide T21 effective date. Late 

adopters are trimmed to ensure balanced pre- and post-treatment windows across stacks, each 

constituting a canonical two-by-two DID comparison between treated states and not-yet-treated 

or never-treated control states. We use a 60-month (five-year) pre-treatment period and consider 

two post-treatment specifications: (1) retaining five treated states with a 24-month post-treatment 

window, and (2) retaining six treated states with an 18-month post-treatment window. Both allow 

us to average monthly estimates into “the first post-T21 year” and “thereafter”. Using the 

trimmed stacked samples, we estimate Weighted Least Squares regressions, with weights based 

on sample share as recommended by Wing et al. (2024). 

Figure 1, Panel (C), presents the trimmed stacked DID results, which are qualitatively 

consistent with our main findings by showing significant declines in obesity after T21 adoption, 

though the effects emerge after the first post-T21 year rather than immediately. Perhaps because 

we lose many treated states in trimming, the ATT are less precisely estimated and do not reach 

conventional significance levels. We therefore view these stacked DID results as merely 

complementary to the imputation DID results. 17 

5.1.3 Other robustness checks and falsification tests 

 
17 In Section 5.4, we show that extending the study period into the post-federal T21 era allows us to retain all 17 pre-

federal adopting states, yielding more precise stacked DID estimates that remain consistent with our main findings. 
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We conduct some additional robustness checks. First, we replace year-by-month fixed effects 

with quadratic year-month trends. While prior studies show that such alternative time controls 

can flip the estimated effects of cigarette taxes/prices on body weight (Chou et al., 2004; Gruber 

and Frakes, 2006), our results remain robust, as shown in Figure 2, Panel (A). Second, we 

alternatively define treatment using the share of the state’s population covered by statewide or 

local T21 laws (Friedman and Pesko, 2024). Figure 2, Panel (B), shows that our results still 

hold.18 Lastly, we conduct a “leave-one-treated-state-out” analysis. Appendix Figure A3 displays 

ATT estimates for all body weight outcomes and event study estimates for obesity, showing that 

the results remain robust no matter which treated state is excluded, suggesting that no single state 

disproportionately drives our findings. 

We perform two falsification tests. First, we pretend that statewide T21 adoptions occurred 

earlier in the sample period, such as 2013-2016 or 2012-2015, instead of the actual 2016-2019. 

As shown in Figure A4, Panel (A), all placebo estimates are statistically insignificant. Second, 

we run a Fisher Randomization Test by randomly reassigning T21 adoption across states and re-

estimating Equation (1) 500 times. Figure A4, Panel (B), plots the resulting placebo distributions 

of ATT estimates and t-statistics, all centered near zero. The true ATT estimate and t-statistic for 

“obese” (marked by red lines) lie in the right tail of these distributions, with only 1% of placebo 

ATT estimates and 0.6% of placebo t-statistics exceeding the true values. This test provides 

strong non-parametric evidence that our results are not driven by spurious trends in body weight 

but reflect the causal impact of T21 laws. 

5.1.4 Heterogeneous effects 

 
18 It applies an event study design with a continuous treatment (Callaway et al., 2024). 
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Our main results suggest that the effects of T21 laws among 18- to 20-year-olds are not uniform 

across the BMI distribution but are concentrated at the upper tail. To further characterize this 

heterogeneity, we estimate quantile regressions at BMI deciles (0.1, 0.2, …, 0.8, 0.9). As shown 

in Table 2, Panel A, T21 laws are associated with statistically significant BMI reductions of 0.58 

and 1.12 units at the 0.8 and 0.9 quantiles, respectively, corresponding to relative declines of 

2.1% and 3.6% from pre-treatment BMI centile levels. These results indicate that T21 laws 

primarily affect individuals at higher risk of adverse weight outcomes, modestly reducing BMI 

near the obesity threshold without shifting the broader distribution.19  

We next examine heterogeneity across demographic and socioeconomic subgroups. Table 3 

reports subsample DID estimates by gender (male vs. female), race (Whites vs. non-Whites), 

income (above vs. below the state median household income), and education attainment (with vs. 

without a high school diploma, HSD). Panel A and Panel B indicate that obesity reduction is 

more pronounced among males and non-White young adults,20 respectively. Panel C shows 

statistically insignificant effects for both income groups. The larger point estimates for higher-

income individuals are accompanied by larger standard errors, thus yielding no statistical 

evidence of heterogeneity by income. Panel D shows a reduction in obesity among young adults 

with a HSD and a reduction in “overweight or obese” among those without one, indicating 

heterogenous effects at different points of the upper BMI distribution across education groups. 

Finally, motivated by evidence that T21 laws work primarily by preventing smoking 

initiation rather than increasing cessation (Hansen et al., 2023; Cotti et al., 2024b), we examine 

 
19 Small positive point estimates appear at lower quantiles, but they are statistically insignificant and lie within the 

normal weight range. In additional analyses (available upon request), we find that T21 laws have no significant 

effect on overweight status among individuals with BMI < 30 but reduce the probability of obesity by 6.6 percentage 

points (20%) among those with BMI ≥ 25, consistent with our main findings and the quantile regression results. 
20 The effect is especially stronger among non-Hispanic blacks and Hispanics (available upon request). 
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whether their effects on body weight are also driven by “never smokers”. As shown in Table 3, 

Panel E, the reduction in obesity is expectedly concentrated among “never smokers”. While prior 

research finds limited effects of tobacco regulations on “never smokers” in broad adult samples 

(Nonnemaker et al., 2009), this need not apply to young adults who are still forming long-term 

health habits. As discussed in Section 2.3, by deterring initiation among those who might 

otherwise have started smoking, T21 laws may generate a “prevention effect” that helps avert 

downstream consequences, such as impaired lung capacity, weakened willpower, diminished 

health prioritization, and financial strain, that foster unhealthy behaviors (e.g., poor diet, physical 

inactivity, underage drinking) and hinder weight management. A “spillover effect” may also 

operate, whereby even “true never-smokers”, those who would not have initiated smoking 

regardless, may benefit from healthier peer environments (Courtemanche, 2009).  

Consistent with prior evidence of reduced initiation, we estimate that T21 laws increase the 

probability of being a “never smoker” by 4.4 percentage points. Conditioning on smoking status 

in repeated cross-sectional data such as the BRFSS raises potential selection concerns, because 

the composition of “never smokers” may differ before and after T21 adoption. However, our 

main results using the full BRFSS sample, which is randomly drawn and not compositionally 

affected by T21,21 remain statistically significant. Because “never smokers” comprise 83.7% of 

the full sample and no significant effects are found among “ever smokers”,22 we infer that the 

estimated weight management effects are largely driven by “never smokers”. 

 
21 Appendix Table A3 reports BRFSS covariate balance tests, showing no significant differences in most 

demographics. After applying a Bonferroni correction for multiple hypothesis testing, no differences remain 

statistically significant, indicating no meaningful changes in sample composition around T21 implementation. 
22 We also observe a statistically significant obesity reduction among “former smokers”. However, given their small 

sample size (N=3,800; 4% of the full sample), it’s unlikely that this group drives the main results. 
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5.2 YRBS findings 

Figure 3 presents ATT and event study estimates of T21’s effects on body weight using YRBS 

data. Panel (A) reports results for high schoolers aged 18+. TWFE ATT estimates (solid blue 

circles) show significant reductions in BMI, BMI Z-scores (standardized BMI percentiles), and 

the probability of being overweight or obese under both BMI and Z-score definitions. 

Corresponding TWFE event study estimates (solid black circles) indicate that these declines 

emerge in the first post-T21 survey wave and strengthen thereafter. A significant reduction in 

obesity is observed after the first post-T21 survey wave. For comparison, hollow circles report 

imputation DID estimates, which are broadly consistent with the TWFE results, except that first-

wave effects are no longer statistically significant while ATT estimates for obesity become 

significant.  

Overall, these results suggest that T21’s weight management effects among high schoolers 

aged 18+ are more pronounced near the overweight cutoff, interestingly aligning with the 

BRFSS results for young adults without HSD. Mirroring this pattern, quantile regressions in 

Table 2, Panel B, show significant effects at the 0.5, 0.6, and 0.7 quantiles, corresponding to 

centile levels of 23.0-25.6. Quantile regressions on BMI Z-scores yield similar patterns (not 

reported for brevity).  

Appendix Table A4 presents subsample analyses by gender and race for YRBS sample, 

showing effects concentrated among male students, consistent with our BRFSS results and 

Hansen et al. (2023). While effects on all body weight outcomes are more pronounced among 

non-Hispanic White students, non-White students also experience a statistically significant 

decline in the probability of being overweight or obese. 
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We also examine whether T21’s effects on body weight extend to adolescents aged 15-17. 

As shown in Figure 3, Panel (B), TWFE ATT estimates indicate statistically significant but much 

smaller reductions in BMI and BMI Z-scores. Event study estimates show small declines in all 

body weight outcomes in the first post-T21 survey wave that effects fade thereafter. The 

Imputation DID estimates are even smaller and close to zero. Table 2, Panel C, shows generally 

weaker effects across BMI quantiles (and BMI Z-score quantiles, not reported for brevity) than 

for students aged 18+, but with any detectable effects larger at higher quantiles. 

5.3 Weight-related behaviors 

We examine behavioral mechanisms underlying T21’s weight management effects using multiple 

data sources. Table 4, Panel A, presents results for our BRFSS sample. Replicating Hansen et al. 

(2023), we find T21 laws significantly reduce smoking participation and daily smoking by 3.6 

percentage points (-32.5%) and 2.7 percentage points (-44.2%), respectively. We also find T21 

laws lead to a small (but barely significant, p=0.104) increase in exercise participation, a higher 

probability of meeting USDA daily fruit intake guidelines, a decline in binge drinking, and 

improved mental health as indicated by reduced FMD. As another placebo test, we also examine 

weight-related outcomes unlikely to be directly affected by T21 laws, such as health insurance 

coverage and medical care affordability, and find no significant effects.  

To unpack the dynamics of these behavioral responses, Figure 4 plots event study estimates 

(alongside ATT estimates). Circles denote TWFE Logit marginal effects, our preferred 

specification for behavioral outcomes as in Table 4. Squares and triangles are TWFE LPM and 

imputation DID estimates, respectively, for comparison. Logit and LPM estimates are very 

similar across outcomes. All specifications show consistent declines in current and daily smoking 

following T21 adoption. While post-treatment effects on exercise participation are statistically 
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insignificant in the TWFE specifications, the imputation DID estimates indicate a significant 

increase. All specifications show increases in fruit and vegetable intake in the first post-T21 year. 

Interestingly, the imputation DID estimates reveal significant post-T21 reductions in alcohol 

drinking, but with anticipation effects that may explain the attenuation of TWFE estimates.23 

Reductions in FMD are consistently observed across specifications. 

Table 4, Panel B, presents mechanism results for high schoolers aged 18+ in YRBS. Again, 

consistent with Hansen et al. (2023), T21 laws significantly reduce frequent smoking but not 

overall smoking participation. While effects on exercise, fruit and vegetable intake, and alcohol 

drinking are statistically insignificant, we find significant declines in excessive TV watching and 

heavy soda consumption. We also replicate Hansen et al. (2023)’s finding that T21 laws reduce 

marijuana use, which may contribute to improved weight outcomes given biomedical evidence 

linking marijuana use to increased appetite and caloric intake (Greenberg et al., 1976; Mattes et 

al., 1994; Sansone and Sansone, 2014). Meanwhile, evidence shows that marijuana legalization 

is associated with lower body weight (Sabia et al., 2017), implying a likewise complex 

relationship between marijuana use, marijuana regulations, and body weight. Nonetheless, the 

observed declines in unhealthy behaviors suggest that T21 laws may help prevent harmful habits. 

Event study estimates for YRBS behavioral outcomes are presented in Figure A5. Results are 

generally consistent across Logit and LPM specifications,24 but only the Logit model reproduces 

the significant post-T21 decline in frequent smoking as in Hansen et al. (2023). 

 
23 Such anticipation effects may reflect retailer training and stricter ID-checking practices prior to formal T21 

enforcement (Muralidharan et al., 2019), which could plausibly spill over to underage drinking control. 
24 Since YRBS is biennial and not all states participate in every wave, state-year cells are sparse. Moreover, some 

behavioral outcomes become very rare in later survey waves (e.g., frequent smoking near 2% in 2019). These 

features undermine the reliability of linear-based imputation DID estimators, which depend on precisely estimated 

cell means and are sensitive to sampling noise when cells are sparse and outcomes are rare. Thus, we do not report 

imputation DID results for YRBS behavioral outcomes. 



25 
 

Subsample results for BRFSS and YRBS weight-related behaviors are reported in 

Appendix Table A5. Behavioral improvements are generally more pronounced in subgroups 

exhibiting stronger weight management effects, including young adults with BMI≥25, consistent 

with the main findings on body weight.  

We additionally examine weight-related daily activities using 2009-2019 ATUS data. 

Because some outcomes like daily exercise minutes have many zeros, we estimate a two-part 

model, using Logit for participation and negative binomial for conditional duration. Appendix B 

provides details on our ATUS sample (Table A6) and methods. Table A7 reports coefficient 

estimates from each part in Columns (1)-(2) and overall marginal effects in Column (3), and 

Figure A6 presents event study estimates of the two-part model marginal effects. We find 

significant increases in exercise time and reductions in sedentary leisure time. Time spent eating, 

particularly eating at home, increases significantly in the first post-T21 year and then attenuates, 

while the conditional duration of eating out declines in the same period. Spending more time 

eating, alongside a shift toward at-home meals from dining out, may support healthier weight 

outcomes (Restrepo and Zeballos, 2020).  

5.4 Exploratory evidence from the post-federal T21 period 

Our main analysis follows the literature in focusing on pre-federal T21 period through 2019 

(Hansen et al., 2023; Abouk et al., 2024; Cotti et al., 2024b; Bersak et al., 2025). After the 

federal T21 law took effect in December 2019, its enforcement varied across states, and many 

states continued to adopt their own statewide T21 laws (Abouk et al., 2024). As of 2025, only 

seven states remain without a statewide T21 law, motivating an exploratory analysis of post-

federal effects of statewide T21 laws.  
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Identifying post-federal statewide T21 effects is empirically challenging because states 

without statewide laws often claim compliance with the federal law, leaving few clean control 

states. Nevertheless, we extend our BRFSS and YRBS data through 2023 and still define 

treatment by statewide T21 adoption, implicitly assuming weak federal enforcement. We 

additionally control for flavored tobacco sales restrictions and COVID-19 incidence.  

Appendix Figure A7 reports results for BRFSS body weight and smoking outcomes. Using 

the full 2009-2023 sample (left panels), obesity reductions remain similar to our main findings, 

with additional declines in “overweight or obese” and average BMI, but effects on smoking 

disappear. Estimates from 2020-2023 (middle panels) are highly noisy, even after excluding pre-

federal adopters. Allowing longer pre-treatment periods for the remaining post-federal adopters 

(right panels) yields more stable estimates but shows no significant effects on smoking or BMI, 

aside from a transitory decline in “overweight or obese”. Figure A8 reports results for the YRBS. 

Estimates based on the 2021-2023 waves (middle panels) are extremely noisy and implausibly 

large. With longer pre-treatment periods (right panels), smoking outcomes show significant 

reductions, whereas body weight effects are all statistically insignificant. We note that these 

results are exploratory and should be interpreted with caution. 

In addition, extending data into the post-federal period allows us to re-estimate the stacked 

DID models while retaining all 17 pre-federal adopters (excluding post-federal adopters). The 

extended stacked DID estimates shown in Figure A9 continue to qualitatively support our main 

findings of reduced adverse weight outcomes. 

6. DISCUSSION 
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A central motivation of our study is to assess whether T21 laws, a prevention-oriented tobacco 

regulation, lead to adverse weight gain often associated with cessation. Our results indicate they 

do not. We find no evidence that T21 laws worsen body weight outcomes among young adults. 

Meanwhile, we do not find broad weight reductions either. Instead, we find that statewide T21 

adoption leads to a 2.1-percentage-point decline in the probability of being obese, a 17.9% 

decline relative to the pre-treatment obesity prevalence for this age group in treated states. These 

results reflect that T21-induced weight reductions are concentrated in the upper tail of the BMI 

distribution, a pattern later made explicit by quantile regression results. The implied BMI 

reductions at upper quantiles are modest by themselves (e.g., a 1.1-unit, 3.6% decrease at the 0.9 

quantile), but they occur near the obesity cutoff and therefore translate into a noticeable decline 

in obesity in our BRFSS sample.25  

Our main findings are robust across extensive robustness checks and falsification tests, 

including modern DID estimators (e.g., imputation DID) that address staggered adoption. 

Exploring heterogeneity further, we find that the effects are stronger among males and non-

White young adults. We detect no heterogeneity by income. Individuals with and without HSD 

both experience reductions in adverse weight outcomes but concentrated in different upper 

segments of the BMI distribution. The effects are driven primarily by “never smokers”, aligning 

with a prevention-based pathway. Supplemental YRBS analysis finds similar reductions in 

 
25 Our estimates are no larger than those in prior literature. Courtemanche (2009) finds that a $1-per-pack increase in 

cigarette prices/taxes reduces obesity by up to 3.6 percentage points, whereas Baum (2009) implies a similarly sized 

obesity increase. To benchmark magnitudes, we provide a back-of-the-envelope translation of T21 adoption into a 

cigarette-price/tax-equivalent change based on smoking reduction. T21 lowers youth smoking by 32.5%. Assuming 

a price elasticity of -0.7 and a $2.49/pack average pre-treatment price (Courtemanche, 2009), this implies a 46% 

(32.5%/0.7) or $1.15/pack (0.46×2.49) price increase, making our estimates comparable to the $1-cigarette-price/tax 

effects. Other binary-form tobacco regulations, such as workplace bans and randomized cessation treatment, have 

been shown to generate similar or larger weight responses, albeit in the opposite direction (Liu et al., 2010; 

Courtemanche et al., 2018). While relative changes in obesity may appear larger considering lower youth obesity 

prevalence, we note that prior studies often focus on single tobacco products (e.g., cigarettes), whereas T21 targets 

all tobacco use and may have broader impacts. 
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adverse weight outcomes among high school students aged 18+, but weight reductions among 

adolescents aged 15-17 are weaker and transitory. 

Our behavioral evidence points to plausible mechanisms. In BRFSS, T21 laws are 

associated with increased exercise participation and fruit/vegetable intake, alongside reductions 

in alcohol drinking and mental distress. In YRBS, T21 laws reduce excessive TV watching, 

heavy soda consumption, and marijuana use. ATUS evidence shows increased exercise time, less 

sedentary leisure, and a shift toward at-home eating from dining-out. Together, these findings 

suggest that T21 laws encourage healthier lifestyles and discourage downstream risky behaviors 

beyond smoking. 

We acknowledge some limitations of this study. First, as noted earlier, subgroup analyses 

conditional on smoking status using repeated cross-sectional data may raise selection concerns. A 

natural alternative is to use longitudinal PATH data like in Cotti et al. (2024b). However, public-

use PATH reports adult age only in broad intervals (e.g., 18-24). Future work applying restricted-

use PATH can address this limitation. This would also allow researchers to study how T21 affects 

tobacco use intensity among continuing users and related body weight effects. Nonetheless, large 

sample, repeated cross-sectional data like the BRFSS are still widely acceptable for evaluating 

“population-level” T21 effects. Second, our post-federal period exploratory analysis implicitly 

assumes weak federal T21 enforcement and in fact lacks clean control states. Future research 

should examine heterogeneity in federal enforcement and disentangle federal versus statewide 

T21 effects.  

Despite these limitations, this study contributes to the tobacco-obesity literature by 

providing the first causal evidence that T21 laws, a prevention-oriented tobacco control policy, 

do not generate the adverse weight gain often associated with cessation and instead improve 
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weight outcomes among young adults at higher risk of obesity. By preventing initiation among 

youth and young adults, T21 laws steer them away from clusters of unhealthy behaviors that 

often come with smoking and create better peer environments that may benefit those unlikely to 

smoke regardless (Courtemanche, 2009).  

More broadly, this study offers important insights for economists and policymakers beyond 

tobacco issues. Our findings suggest that early-life, prevention-oriented substance control 

policies can achieve goals without the unintended side effects often associated with corrective 

interventions, while also improving related behaviors and generating larger welfare gains. This 

speaks to broader economic discussions on behavioral complementarities and the welfare 

implications of public policies. From a policy perspective, such youth-focused prevention 

policies may be cost-effective complements to conventional interventions. Their multi-

dimensional public health benefits can be further enhanced when paired with other health 

initiatives (e.g., fitness, nutrition, mental health services) and when tailored to heterogeneous 

behavioral responses across subpopulations.  
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Table 1. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 2009-2019, DID Estimates 

Dependent Variables (1) (2) (3) (4) (5) (6) (7) (8) 

BMI 

 

 

-0.112 

(0.107) 

[-0.5%] 

-0.091 

(0.100) 

[-0.4%] 

-0.088 

(0.097) 

[-0.4%] 

-0.141 

(0.216) 

[-0.6%] 

-0.151 

(0.220) 

[-0.6%] 

-0.158 

(0.199) 

[-0.7%] 

-0.123 

(0.205) 

[-0.5%] 

-0.0001 

(0.232) 

[0.0%] 

Overweight or Obese 

 

 

-0.0004 

(0.014) 

[-0.1%] 

0.002 

(0.013) 

[0.7%] 

0.002 

(0.013) 

[0.6%] 

0.012 

(0.021) 

[3.4%] 

0.009 

(0.022) 

[2.6%] 

0.006 

(0.021) 

[1.8%] 

0.009 

(0.021) 

[2.7%] 

0.024 

(0.027) 

[6.9%] 

Obese 

 

 

-0.008 

(0.005) 

[-6.4%] 

-0.007 

(0.006) 

[-5.9%] 

-0.007 

(0.006) 

[-6.1%] 

-0.023** 

(0.009) 

[-19.2%] 

-0.022*** 

(0.009) 

[-18.6%] 

-0.022*** 

(0.008) 

[-18.6%] 

-0.021*** 

(0.008) 

[-17.9%] 

-0.016* 

(0.009) 

[-13.9%] 

         

Demographics  Y Y Y Y Y Y Y 

Local T21 Coverage   Y Y Y Y Y Y 

Other Tobacco Policies    Y Y Y Y Y 

Alcohol & Marijuana Policies     Y Y Y Y 

Weight-related Policies      Y Y Y 

Economic Conditions       Y Y 

State-specific Trends        Y 
Note: Regressions include individuals in 50 states and the District of Columbia (N=88,534). All regressions use BRFSS-provided sampling weights. Robust 

standard errors in parenthesis are clustered at the state level. Percent changes relative to pre-treatment means for treated states are reported in brackets. 

Demographics include binary indicators for respondent’s age (along with age-specific time trends), gender, race/ethnicity, educational attainment, student status, 

and employment status, as well as logarithmic group average income. Other tobacco policies include cigarette taxes, state population coverages of comprehensive 

ISR by venue (bars, restaurants, and workplaces), state population coverages of comprehensive IVR by venue (bars, restaurants, and workplaces), standardized e-

cigarette taxes, and presence of MLPA for e-cigarettes at 18. Alcohol and marijuana policies include beer taxes, medical marijuana laws, and recreational 

marijuana laws. Other weight-related controls include gasoline taxes, soda sales taxes, food sales taxes, state PE time requirements, state nutrition education 

standards, and state school beverage nutrition standards by venue (cafeterias, vending machines, school stores, fundraisers). Economic conditions include 

personal income per capita and unemployment rates. All regressions control state fixed effects and time (year-by-month) fixed effects. *** p<0.01, ** p<0.05, * 

p<0.1. 
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Table 2. Effects of T21 Laws on BMI, 2009-2019, Quantile Regression Estimates 

Quantile 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Panel A: Age group 18-20, BRFSS 

BMI -0.235 

(0.204) 

[-1.2%] 

0.039 

(0.150) 

[0.2%] 

0.236 

(0.159) 

[1.1%] 

0.240 

(0.164) 

[1.1%] 

0.105 

(0.158) 

[0.5%] 

0.361 

(0.228) 

[1.5%] 

0.070 

(0.272) 

[0.3%] 

-0.580** 

(0.295) 

[-2.1%] 

-1.124** 

(0.525) 

[-3.6%] 

Centile Level 19.4 20.5 21.5 22.4 23.3 24.4 25.8 27.6 31.0 

 

Panel B: Age group 18+, YRBS 

BMI -0.536 

(0.329) 

[-2.8%] 

-0.232 

(0.341) 

[-1.1%] 

-0.339 

(0.389) 

[-1.6%] 

-0.468 

(0.379) 

[-2.1%] 

-0.817* 

(0.436) 

[-3.5%] 

-1.136** 

(0.507) 

[-4.7%] 

-1.493** 

(0.596) 

[-5.8%] 

-0.977 

(0.731) 

[-3.5%] 

-1.092 

(1.005) 

[-3.5%] 

Centile Level 19.1 20.3 21.2 22.1 23.0 24.2 25.6 27.6 31.4 

          

Panel C: Age group 15-17, YRBS 

BMI -0.067 

(0.139) 

[-0.4%] 

-0.160 

(0.113) 

[-0.8%] 

-0.206 

(0.132) 

[-1.0%] 

-0.125 

(0.129) 

[-0.6%] 

-0.192 

(0.130) 

[-0.9%] 

-0.303* 

(0.169) 

[-1.3%] 

-0.395** 

(0.199) 

[-1.6%] 

-0.354 

(0.309) 

[-1.3%] 

-0.992* 

(0.397) 

[-3.4%] 

Centile Level 18.5 19.6 20.4 21.2 22.1 23.0 24.3 26.2 29.6 

Note: Regressions in Panel A include individuals in 50 states and the District of Columbia (N=88,534). Regressions in Panel B include YRBS sampled high 

school students aged 18+ in 44 states (N=86,472). Regressions in Panel C include YRBS sampled high school students aged 15-17 in 44 states (N=662,144). All 

regressions use survey-provided sampling weights. Robust standard errors in parenthesis are clustered at the state level. Percent changes relative to corresponding 

pre-treatment centiles for treated states are reported in brackets. Regressions in Panel A control respondents’ age (along with age-specific time trends), gender, 

race/ethnicity, educational attainment, student status, and employment status, as well as logarithmic group average income. Regressions in Panels B and C 

control binary indicators for respondents’ age and age-specific time trends, gender, race/ethnicity, and grades. All regressions control cigarette taxes, state 

population coverages of comprehensive ISR by venue (bars, restaurants, and workplaces), state population coverages of comprehensive IVR by venue (bars, 

restaurants, and workplaces), standardized e-cigarette taxes, presence of MLPA for e-cigarettes at 18, beer taxes, medical marijuana laws, recreational marijuana 

laws, gasoline taxes, soda sales taxes, food sales taxes, state PE time requirements, state nutrition education standards, state school beverage nutrition standards 

by venue (cafeterias, vending machines, school stores, fundraisers), personal income per capita, and unemployment rates. Regressions in Panel A control state 

fixed effects and year-by-month fixed effects. Regressions in Panels B and C control state fixed effects and year fixed effects.  *** p<0.01, ** p<0.05, * p<0.1.
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Table 3. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

2009-2019, DID Estimates, Subsamples 

 BMI  

(1) 

Overweight or Obese  

(2) 

Obese 

(3) 

# Obs. 

Panel A: Gender     

Male -0.125 (0.190) 

[-0.5%] 

-0.006 (0.023) 

[-1.5%] 

-0.023 (0.010) ** 

[-19.0%] 

48,580 

Female -0.061 (0.313) 

[-0.3%] 

0.036 (0.035) 

[11.7%] 

-0.016 (0.018) 

[-14.2%] 

39,954 

Panel B: 

Race/Ethnicity 

    

White -0.030 (0.309) 

[-0.1%] 

0.013 (0.032) 

[4.1%] 

-0.017 (0.012) 

[-15.5%] 

56,514 

Nonwhite -0.185 (0.233) 

[-0.8%] 

0.009 (0.038) 

[2.3%] 

-0.025 (0.012) ** 

[-19.5%] 

32,020 

Panel C: Income     

High Income -0.383 (0.553) 

[-1.6%] 

-0.030 (0.053) 

[-9.7%] 

-0.038 (0.025)  

[-38.0%] 

23,730 

Low Income -0.026 (0.203) 

[-0.1%] 

0.018 (0.020) 

[5.0%] 

-0.014 (0.010) 

[-11.6%] 

64,804 

Panel D: Education     

HSD or above -0.117 (0.199) 

[-0.5%] 

0.021 (0.021) 

[6.0%] 

-0.023 (0.007) *** 

[-19.7%] 

77,990 

Less than HSD -0.547 (0.510) 

[-2.3%] 

-0.104 (0.053) * 

[-29.3%] 

-0.026 (0.031) 

[-21.3%] 

10,544 

Panel E: Smoking 

Status 

    

Never Smokers -0.073 (0.212) 

[-0.3%] 

0.013 (0.024) 

[3.8%] 

-0.021 (0.009) ** 

[-17.9%] 

71,663 

Ever Smokers 0.010 (0.475) 

[0.0%] 

0.016 (0.051) 

[4.3%] 

-0.015 (0.030) 

[-11.3%] 

15,061 

Note: Full sample includes individuals in 50 states and the District of Columbia (N=88,534). All regressions use 

BRFSS-provided sampling weights. Robust standard errors in parenthesis are clustered at the state level. Percent 

changes relative to pre-treatment means for treated states are reported in brackets. Regressions control respondents’ 

age (along with age-specific time trends), gender, race/ethnicity, educational attainment, student status, employment 

status, logarithmic group average income, cigarette taxes, state population coverages of comprehensive ISR by 

venue (bars, restaurants, and workplaces), state population coverages of comprehensive IVR by venue (bars, 

restaurants, and workplaces), standardized e-cigarette taxes, presence of MLPA for e-cigarettes at 18, beer taxes, 

medical marijuana laws, recreational marijuana laws, gasoline taxes, soda sales taxes, food sales taxes, state PE time 

requirements, state nutrition education standards, state school beverage nutrition standards by venue (cafeterias, 

vending machines, school stores, fundraisers), personal income per capita, unemployment rates, state fixed effects, 

and year-by-month fixed effects. *** p<0.01, ** p<0.05, * p<0.1.  
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Table 4. Effects of T21 Laws on Weight-Related Behaviors, 2009-2019, DID Estimates 

Panel A: 

BRFSS  

18-20 

Current 

Smoking 

Everyday 

Smoking 

Exercise Fruit Vegetable Current 

Drinking 

Binge 

Drinking 

FMD Health 

Insurance 

Medical 

Care  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

 -0.036*** 

(0.008) 

[-32.5%] 

-0.027*** 

(0.006) 

[-44.2%] 

0.021 

(0.013) 

[2.4%] 

0.045** 

(0.020) 

[4.6%] 

0.014 

(0.009) 

[1.4%] 

-0.036 

(0.025) 

[-10.0%] 

-0.023* 

(0.014) 

[-14.1%] 

-0.017* 

(0.009) 

[-14.3%] 

0.020 

(0.018) 

[2.4%] 

-0.001 

(0.012) 

[-1.0%]  

Panel B: 

YRBS  

18+ 

Current 

Smoking 

Frequent 

Smoking 

Exercise Fruit Vegetable Current 

Drinking 

Excessive 

TV 

Heavy 

Soda 

Marijuana 

Use 

Frequent 

Marijuana 

(1) (2) (3) (4) (5) (6) (7) (8) (10) (10) 

 -0.008 

(0.033) 

[-4.3%] 

-0.056*** 

(0.017) 

[-86.5%] 

0.039 

(0.043) 

[4.8%] 

0.007 

(0.021) 

[2.2%] 

-0.041 

(0.052) 

[-4.0%] 

0.008 

(0.030) 

[1.7%] 

-0.076*** 

(0.028) 

[-26.9%] 

-0.038** 

(0.017) 

[-73.2%] 

-0.036* 

(0.019) 

[-13.6%] 

-0.066*** 

(0.017) 

[-52.8%] 

Note: All regressions use survey-provided sampling weights. Robust standard errors in parenthesis are clustered at the state level. Percent changes relative to 

corresponding pre-treatment means for treated states are reported in brackets. Regressions in Panel A control respondents’ age (along with age-specific time 

trends), gender, race/ethnicity, educational attainment, student status, and employment status, as well as logarithmic group average income. Regressions in Panel 

B control binary indicators for respondents’ gender, race/ethnicity, and grades. All regressions control cigarette taxes, state population coverages of 

comprehensive ISR by venue (bars, restaurants, and workplaces), state population coverages of comprehensive IVR by venue (bars, restaurants, and workplaces), 

standardized e-cigarette taxes, presence of MLPA for e-cigarettes at 18, beer taxes, medical marijuana laws, recreational marijuana laws, gasoline taxes, soda 

sales taxes, food sales taxes, state PE time requirements, state nutrition education standards, state school beverage nutrition standards by venue (cafeterias, 

vending machines, school stores, fundraisers), personal income per capita, and unemployment rates. Regressions in Panel A control state fixed effects and year-

by-month fixed effects. Regressions in Panel B control state fixed effects and year fixed effects.  *** p<0.01, ** p<0.05, * p<0.1.



34 
 

References 

Abouk, R., De, P. K., & Pesko, M. F. (2024). Estimating the effects of Tobacco-21 on youth 

tobacco use and sales. Journal of Health Economics, 94, 102860. 

Ali, F. R. M., Rice, K., Fang, X., & Xu, X. (2020). Tobacco 21 policies in California and Hawaii 

and sales of cigarette packs: a difference-in-differences analysis. Tobacco Control, 29(5), 588-

592. 

Amialchuk, A., Bornukova, K., & Ali, M. M. (2018). Will a decline in smoking increase body 

weights? Evidence from Belarus. Eastern Economic Journal, 44, 190-210. 

Anderson, D., Hansen, B., & Rees, D. I. (2015). Medical marijuana laws and teen marijuana use. 

American Law and Economics Review, 17(2), 495-528. 

Anderson, D. M., & Rees, D. I. (2023). The public health effects of legalizing marijuana. Journal 

of Economic Literature, 61(1), 86-143.  

Baker, A. C., Larcker, D. F., & Wang, C. C. (2022). How much should we trust staggered 

difference-in-differences estimates?. Journal of Financial Economics, 144(2), 370-395. 

Baum, C. L. (2009). The effects of cigarette costs on BMI and obesity. Health Economics, 18(1), 

3-19. 

Birdsey, J. (2023). Tobacco product use among US middle and high school students—National 

Youth Tobacco Survey, 2023. Morbidity and Mortality Weekly Report, 72. 

Borusyak, K., Jaravel, X., & Spiess, J. (2024). Revisiting event-study designs: robust and 

efficient estimation. Review of Economic Studies, 91(6), 3253-3285. 

Busch, S. H., Jofre-Bonet, M., Falba, T. A., & Sindelar, J. L. (2004). Burning a hole in the 

budget: tobacco spending and its crowd-out of other goods. Applied Health Economics and 

Health Policy, 3, 263-272. 

Callaway, B., Goodman-Bacon, A., & Sant'Anna, P. H. (2024, May). Event studies with a 

continuous treatment. In AEA Papers and Proceedings (Vol. 114, pp. 601-605). 2014 Broadway, 

Suite 305, Nashville, TN 37203: American Economic Association. 

Callaway, B., & Sant’Anna, P. H. (2021). Difference-in-differences with multiple time 

periods. Journal of Econometrics, 225(2), 200-230. 

Carpenter, C., & Cook, P. J. (2008). Cigarette taxes and youth smoking: new evidence from 

national, state, and local Youth Risk Behavior Surveys. Journal of Health Economics, 27(2), 

287-299. 



35 
 

Carrasquilla, G. D., García‐Ureña, M., Romero‐Lado, M. J., & Kilpeläinen, T. O. (2024). 

Estimating causality between smoking and abdominal obesity by Mendelian randomization. 

Addiction, 119(6), 1024-1034.  

Carton, T. W., Darden, M., Levendis, J., Lee, S. H., & Ricket, I. (2016). Comprehensive indoor 

smoking bans and smoking prevalence: evidence from the BRFSS. American Journal of Health 

Economics, 2(4), 535-556. 

Cawley, J. (2015). An economy of scales: A selective review of obesity's economic causes, 

consequences, and solutions. Journal of Health Economics, 43, 244-268. 

Cawley, J., Biener, A., Meyerhoefer, C., Ding, Y., Zvenyach, T., Smolarz, B. G., & Ramasamy, 

A. (2021). Direct medical costs of obesity in the United States and the most populous 

states. Journal of Managed Care & Specialty Pharmacy, 27(3), 354-366. 

Cawley, J., Markowitz, S., & Tauras, J. (2004). Lighting up and slimming down: the effects of 

body weight and cigarette prices on adolescent smoking initiation. Journal of Health 

Economics, 23(2), 293-311. 

Centers for Disease Control and Prevention (CDC. (1999). Tobacco use--united states, 1900-

1999. Morbidity and Mortality Weekly Report, 48(43), 986-993. 

Chou, S. Y., Grossman, M., & Saffer, H. (2004). An economic analysis of adult obesity: results 

from the Behavioral Risk Factor Surveillance System. Journal of Health Economics, 3(23), 565-

587. 

Choudhury, R. S., & Conway, K. S. (2020). The effect of tobacco policies on youth physical 

activity. Economics & Human Biology, 38, 100872. 

Christakis, N. A., & Fowler, J. H. (2007). The spread of obesity in a large social network over 32 

years. New England journal of medicine, 357(4), 370-379.  

Conway, K. S., & Niles, D. P. (2017). Cigarette Taxes, Smoking—and Exercise?. Health 

Economics, 26(8), 1019-1036.  

Cornelius, M. E. (2023). Tobacco product use among adults–United States, 2021. Morbidity and 

Mortality Weekly Report, 72. 

Cotti, C. D., Courtemanche, C. J., Liang, Y., Maclean, J. C., Nesson, E. T., & Sabia, J. J. 

(2024a). The effect of e-cigarette flavor bans on tobacco use (No. w32535). National Bureau of 

Economic Research. 

Cotti, C., DeCicca, P., & Nesson, E. (2024b). The effects of tobacco 21 laws on smoking and 

vaping: Evidence from panel data and biomarkers. Journal of Health Economics, 98, 102932.  



36 
 

Cotti, C., Nesson, E., Pesko, M. F., & Phillips, S. (2024c). Standardising the measurement of e-

cigarette tax rates in the USA, 2010–2023. Tobacco Control. 

Courtemanche, C. (2009). Rising cigarette prices and rising obesity: Coincidence or unintended 

consequence?. Journal of Health Economics, 28(4), 781-798. 

Courtemanche, C. (2011). A silver lining? The connection between gasoline prices and 

obesity. Economic Inquiry, 49(3), 935-957. 

Courtemanche, C. J., Palmer, M. K., & Pesko, M. F. (2017). Influence of the flavored cigarette 

ban on adolescent tobacco use. American Journal of Preventive Medicine, 52(5), e139-e146. 

Courtemanche, C. J., Pinkston, J. C., Ruhm, C. J., & Wehby, G. L. (2016). Can changing 

economic factors explain the rise in obesity?. Southern Economic Journal, 82(4), 1266-1310. 

Courtemanche, C., Tchernis, R., & Ukert, B. (2018). The effect of smoking on obesity: Evidence 

from a randomized trial. Journal of Health Economics, 57, 31-44. 

Dave, D. M., & Yang, M. (2022). Maternal and fetal health effects of working during 

pregnancy. Review of Economics of the Household, 20(1), 57-102. 

De Chaisemartin, C., & d’Haultfoeuille, X. (2020). Two-way fixed effects estimators with 

heterogeneous treatment effects. American Economic Review, 110(9), 2964-2996. 

DeCicca, P., Kenkel, D., & Mathios, A. (2008). Cigarette taxes and the transition from youth to 

adult smoking: smoking initiation, cessation, and participation. Journal of Health 

Economics, 27(4), 904-917. 

DeCicca, P., & McLeod, L. (2008). Cigarette taxes and older adult smoking: Evidence from 

recent large tax increases. Journal of Health Economics, 27(4), 918-929. 

DeCicca, P., Kenkel, D., & Lovenheim, M. F. (2022). The economics of tobacco regulation: a 

comprehensive review. Journal of Economic Literature, 60(3), 883-970. 

Dee, T. S. (1999). The complementarity of teen smoking and drinking. Journal of Health 

Economics, 18(6), 769-793. 

Dubois, P., Griffith, R., & O’Connell, M. (2020). How well targeted are soda taxes?. American 

Economic Review, 110(11), 3661-3704. 

Evans, W. N., Farrelly, M. C., & Montgomery, E. (1999). Do workplace smoking bans reduce 

smoking?. American Economic Review, 89(4), 728-747. 

Fang, H., Ali, M. M., & Rizzo, J. A. (2009). Does smoking affect body weight and obesity in 

China?. Economics & Human Biology, 7(3), 334-350. 



37 
 

Flegal, K. M., Williamson, D. F., Pamuk, E. R., & Rosenberg, H. M. (2004). Estimating deaths 

attributable to obesity in the United States. American Journal of Public Health, 94(9), 1486-

1489. 

Friedman, A. S., & Pesko, M. F. (2024). Tobacco 21 Laws and Youth Tobacco Use: The Role of 

Policy Attributes. American Journal of Public Health, 114(1), 90-97. 

Friedman, A. S., & Wu, R. J. (2020). Do local tobacco-21 laws reduce smoking among 18 to 20 

year-olds?. Nicotine and Tobacco Research, 22(7), 1195-1201. 

Friedson, A., Li, M., Meckel, K., Rees, D. I., & Sacks, D. W. (2024). Exposure to Cigarette 

Taxes as a Teenager and the Persistence of Smoking into Adulthood. Health Economics, 33(9), 

1962-1988. 

Fryar, C. D., Carroll, M. D., & Afful, J. (2020). Prevalence of overweight, obesity, and severe 

obesity among adults aged 20 and over: United States, 1960–1962 through 2015–2016. NCHS 

Health E-Stats.  

Fryar, C. D., Carroll, M. D., & Ogden, C. L. (2018). Prevalence of overweight, obesity, and 

severe obesity among children and adolescents aged 2–19 years: United States, 1963–1965 

through 2015–2016. NCHS Health E-Stats.  

Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2021 (GBD 

2021). Seattle, United States: Institute for Health Metrics and Evaluation (IHME), 2024. 

Available from https://vizhub.healthdata.org/gbd-results/. 

Glover-Kudon, R., Gammon, D. G., Rogers, T., Coats, E. M., Loomis, B., Johnson, L., ... & 

Lavinghouze, R. (2021). Cigarette and cigar sales in Hawaii before and after implementation of a 

Tobacco 21 Law. Tobacco Control, 30(1), 98-102. 

Goodman-Bacon, A. (2021). Difference-in-differences with variation in treatment 

timing. Journal of Econometrics, 225(2), 254-277. 

Greenberg, I., Kuehnle, J., Mendelson, J. H., & Bernstein, J. G. (1976). Effects of marihuana use 

on body weight and caloric intake in humans. Psychopharmacology, 49, 79-84. 

Greene, W., & Wilson, P. (2021). Zombie econometrics. The linear probability 

model. International Society for Efficiency and Productivity Analysis. 

Grube, J. W., Lipperman-Kreda, S., García-Ramírez, G., Paschall, M. J., & Abadi, M. H. (2022). 

California’s tobacco 21 minimum sales age law and adolescents’ tobacco and nicotine use: 

differential associations among racial and ethnic groups. Tobacco Control, 31(e2), e126-e133. 

Gruber, J., & Frakes, M. (2006). Does falling smoking lead to rising obesity?. Journal of Health 

Economics, 25(2), 183-197. 

https://vizhub.healthdata.org/gbd-results/


38 
 

Hansen, B., Sabia, J. J., McNichols, D., & Bryan, C. (2023). Do tobacco 21 laws work?. Journal 

of Health Economics, 92, 102818. 

Hedenström, H., Malmberg, P., & Fridriksson, H. V. (1986). Reference values for lung function 

tests in men: regression equations with smoking variables. Upsala journal of medical 

sciences, 91(3), 299-310. 

Koksal, A., & Wohlgenant, M. K. (2016). How do smoking bans in restaurants affect restaurant 

and at-home alcohol consumption?. Empirical Economics, 50, 1193-1213.  

Lee, S. H. (2022). Adults meeting fruit and vegetable intake recommendations—United States, 

2019. MMWR. Morbidity and mortality weekly report, 71.  

Liu, F., Zhang, N., Cheng, K. W., & Wang, H. (2010). Reduced smoking and rising obesity: Does 

smoking ban in the workplace matter?. Economics Letters, 108(3), 249-252. 

Loud, E. E., Duong, H. T., Henderson, K. C., Reynolds, R. M., Ashley, D. L., Thrasher, J. F., & 

Popova, L. (2022). Addicted to smoking or addicted to nicotine? A focus group study on 

perceptions of nicotine and addiction among US adult current smokers, former smokers, non‐

smokers and dual users of cigarettes and e‐cigarettes. Addiction, 117(2), 472-481. 

Mattes, R. D., Engelman, K., Shaw, L. M., & Elsohly, M. A. (1994). Cannabinoids and appetite 

stimulation. Pharmacology Biochemistry and Behavior, 49(1), 187-195. 

Mellor, J. M. (2011). Do cigarette taxes affect children's body mass index? The effect of 

household environment on health. Health Economics, 20(4), 417-431. 

Mokdad, A. H., Marks, J. S., Stroup, D. F., & Gerberding, J. L. (2004). Actual causes of death in 

the United States, 2000. Jama, 291(10), 1238-1245. 

Muralidharan, N., Ferketich, A. K., Keller-Hamilton, B., & Roberts, M. E. (2019). Tobacco 

advertising and ID checks in Columbus, Ohio, in advance of Tobacco 21. American Journal of 

Health Promotion, 33(7), 1077-1080. 

Nicklas, B. J., Tomoyasu, N., Muir, J., & Goldberg, A. P. (1999). Effects of cigarette smoking 

and its cessation on body weight and plasma leptin levels. Metabolism, 48(6), 804-808. 

Nonnemaker, J., Finkelstein, E., Engelen, M., Hoerger, T., & Farrelly, M. (2009). Have efforts to 

reduce smoking really contributed to the obesity epidemic?. Economic Inquiry, 47(2), 366-376. 

Ozdenoren, E., Salant, S. W., & Silverman, D. (2012). Willpower and the optimal control of 

visceral urges. Journal of the European Economic Association, 10(2), 342-368. 

Picone, G., & Sloan, F. (2003, January). Smoking cessation and lifestyle changes. In Forum for 

Health Economics & Policy (Vol. 6, No. 1). De Gruyter.  



39 
 

Radtke, T., Scholz, U., Keller, R., Knäuper, B., & Hornung, R. (2011). Smoking‐specific 

compensatory health beliefs and the readiness to stop smoking in adolescents. British Journal of 

Health Psychology, 16(3), 610-625. 

Radtke, T., Scholz, U., Keller, R., & Hornung, R. (2012). Smoking is ok as long as I eat 

healthily: Compensatory Health Beliefs and their role for intentions and smoking within the 

Health Action Process Approach. Psychology & Health, 27(sup2), 91-107.  

Rees, D. I., & Sabia, J. J. (2010). Body weight and smoking initiation: Evidence from Add 

Health. Journal of Health Economics, 29(5), 774-777. 

Restrepo, B. J., & Zeballos, E. (2020). The effect of working from home on major time 

allocations with a focus on food-related activities. Review of Economics of the Household, 18(4), 

1165-1187.  

Reynolds, M. J., Crane, R., & Winickoff, J. P. (2019). The emergence of the tobacco 21 

movement from Needham, Massachusetts, to throughout the United States (2003–

2019). American Journal of Public Health, 109(11), 1540-1547. 

Rozema, K., & Ziebarth, N. R. (2017). Taxing consumption and the take-up of public assistance: 

The case of cigarette taxes and food stamps. The Journal of Law and Economics, 60(1), 1-27.  

Ruhm, C. J. (2005). Healthy living in hard times. Journal of Health Economics, 24(2), 341-363. 

Sabia, J. J., Swigert, J., & Young, T. (2017). The effect of medical marijuana laws on body 

weight. Health Economics, 26(1), 6-34. 

Sansone, R. A., & Sansone, L. A. (2014). Marijuana and body weight. Innovations in Clinical 

Neuroscience, 11(7-8), 50. 

Seidenberg, A. B., Braganza, K., Chomas, M., Diaz, M. C., Friedman, A. S., Phillips, S., & 

Pesko, M. (2024). Coverage of Indoor Smoking and Vaping Restrictions in the US, 1990–

2021. American Journal of Preventive Medicine, 67(4), 494-502. 

Sen, A., Entezarkheir, M., & Wilson, A. (2010). Obesity, smoking, and cigarette taxes: Evidence 

from the Canadian Community Health Surveys. Health Policy, 97(2-3), 180-186. 

Sturm, R., Powell, L. M., Chriqui, J. F., & Chaloupka, F. J. (2010). Soda taxes, soft drink 

consumption, and children’s body mass index. Health Affairs, 29(5), 1052-1058. 

Sun, L., & Abraham, S. (2021). Estimating dynamic treatment effects in event studies with 

heterogeneous treatment effects. Journal of Econometrics, 225(2), 175-199. 

Tauras, J. A. (2006). Smoke‐free air laws, cigarette prices, and adult cigarette demand. Economic 

Inquiry, 44(2), 333-342. 



40 
 

Tchernis, R., Teltser, K., & Teotia, A. (2022). Does quitting smoking increase obesity? Evidence 

that accounts for misreporting. Southern Economic Journal. 

Titus, A. R., Xie, Y., Colston, D. C., Patrick, M. E., Elliott, M. R., Levy, D. T., ... & Fleischer, N. 

L. (2021). Smoke-free laws and disparities in youth smoking in the US, 2001–2018. American 

Journal of Preventive Medicine, 61(6), 841-851. 

U.S. Department of Health and Human Services. The Health Consequences of Smoking: 50 

Years of Progress. A Report of the Surgeon General. Atlanta, GA: U.S. Department of Health and 

Human Services, Centers for Disease Control and Prevention, National Center for Chronic 

Disease Prevention and Health Promotion, Office on Smoking and Health, 2014. 

Wehby, G. L., & Courtemanche, C. J. (2012). The heterogeneity of the cigarette price effect on 

body mass index. Journal of Health Economics, 31(5), 719-729. 

Wilhelm, A. K., Kingsbury, J. H., Eisenberg, M. E., Shyne, M., Helgertz, S., & Borowsky, I. W. 

(2022). Local Tobacco 21 policies are associated with lower odds of tobacco use among 

adolescents. Nicotine and Tobacco Research, 24(4), 478-483. 

Williamson, D. F., Madans, J., Anda, R. F., Kleinman, J. C., Giovino, G. A., & Byers, T. (1991). 

Smoking cessation and severity of weight gain in a national cohort. New England Journal of 

Medicine, 324(11), 739-745. 

Wing, C., Freedman, S. M., & Hollingsworth, A. (2024). Stacked difference-in-differences (No. 

w32054). National Bureau of Economic Research. 

Woods, T., & Miljkovic, T. (2022). Modeling the economic cost of obesity risk and its relation to 

the health insurance premium in the United States: a state level analysis. Risks, 10(10), 197. 

Wooldridge, J. M. (2012). Introductory econometrics: a modern approach. Southwestern College 

Publishing, Nashville, Τ АTN, 41, 673-690. 

Von Hippel, P. (2015). Linear vs. logistic probability models: Which is better, and 

when. Statistical Horizons. 

 



41 
 

Figure 1. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 2009-

2019 

Figure 2. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 2009-

2019, Additional Robustness Checks 

Figure 3. Effects of T21 Laws on Body Weight among High Schoolers, YRBS, 2009-2019 

Figure 4. Effects of T21 Laws on Weight-related Behaviors among Young Adults Aged 18-20, 

BRFSS, 2009-2019 

Figure A1. Effects of T21 Laws on Body Weight, 2009-2019, Logit Models for Binary Outcomes 

Figure A2. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

2009-2019, State-Specific Time Trends 

Figure A3. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

2009-2019, Leave-One-Treated-State-Out Robustness Check 

Figure A4. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

2009-2019, Falsified Timing and Falsified States 

Figure A5. Effects of T21 Laws on Weight-related Behaviors among High Schoolers Aged 18+, 

YRBS, 2009-2019 

Figure A6. Effects of T21 Laws on Weight-Related Daily Activities among Young Adults Aged 

18-20, ATUS, 2009-2019, Two-Part Model Marginal Effects 

Figure A7. Effects of T21 Laws on Body Weight and Smoking among Young Adults Aged 18-20, 

BRFSS, 2009-2023 
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Figure A8. Effects of T21 Laws on Body Weight and Smoking among High Schoolers Aged 18+, 

YRBS, 2009-2023 

Figure A9. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

Stacked DID with All 17 Pre-Federal Adopters   
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Figure 1. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 
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Figure 2. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

2009-2019, Additional Robustness Checks 
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Figure 3. Effects of T21 Laws on Body Weight among High Schoolers, YRBS, 2009-2019
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Figure 4. Effects of T21 Laws on Weighted Related Behaviors among Young Adults Aged 

18-20, BRFSS, 2009-2019 
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Appendix A: Data Sources and Measures/Definitions of State-level Control Variables 

Variables  Measures / 

Definitions 

Sources and links (if available) 

State population coverage of 

local T21 laws 

% University of Michigan T21 Population Coverage 

Database 

https://sph.umich.edu/cseph/helper/our-research/t21-

data.html 

Other Tobacco Control Policies 

Cigarette taxes $/pack Tax Policy Center 

https://taxpolicycenter.org/statistics/state-cigarette-tax-

rates 

State population coverage of 

comprehensive ISR by 

venue (bars, restaurants, and 

workplaces - separately) 

% Seidenberg, A. B., Braganza, K., Chomas, M., Diaz, M. 

C., Friedman, A. S., Phillips, S., & Pesko, M. (2024). 

Coverage of Indoor Smoking and Vaping Restrictions in 

the US, 1990–2021. American Journal of Preventive 

Medicine, 67(4), 494-502. State population coverage of 

comprehensive IVR by 

venue (bars, restaurants, and 

workplaces - separately) 

% 

Presence of indoor smoking 

bans on K-12 campus 

binary State Tobacco Activities Tracking and Evaluation 

(STATE) System Legislation (custom report) 

Presence of indoor smoking 

bans on university campus 

binary 

E-cigarette taxes $/ml Cotti, C., Nesson, E., Pesko, M. F., & Phillips, S. 

(2024). Standardising the measurement of e-cigarette tax 

rates in the USA , 2010–2023. Tobacco Control. 

Presence of MLPA for e-

cigarettes at 18 

Binary State Tobacco Activities Tracking and Evaluation 

(STATE) System Legislation (custom report) 

Alcohol and Marijuana Policies 

Beer excise taxes $/gallon Tax Policy Center 

https://www.taxpolicycenter.org/statistics/state-alcohol-

excise-tax-rates 

Presence of medical 

marijuana laws 

binary Insurance Institute of Highway Safety 

https://www.iihs.org/research-areas/alcohol-and-

drugs/marijuana-laws-table Presence of recreational 

marijuana laws 

binary 

Weight-related Policies 

Gasoline taxes $/gallon Tax Policy Center 

https://www.taxpolicycenter.org/statistics/state-motor-

fuels-tax-rates 

Soda sales taxes % Bridging the Gap 

https://bridgingthegap.ihrp.uic.edu/research/sodasnack_t

axes/index.html [Note: this link has expired, but we had 

the data.] 

Supplemented by Tax Foundation 

https://taxfoundation.org/data/all/state/sales-tax-rates/ 

https://taxfoundation.org/data/all/state/halloween-candy-

tax-groceries-soda-sales-tax/ 

Food sales taxes % 

https://sph.umich.edu/cseph/helper/our-research/t21-data.html
https://sph.umich.edu/cseph/helper/our-research/t21-data.html
https://taxpolicycenter.org/statistics/state-cigarette-tax-rates
https://taxpolicycenter.org/statistics/state-cigarette-tax-rates
https://www.taxpolicycenter.org/statistics/state-alcohol-excise-tax-rates
https://www.taxpolicycenter.org/statistics/state-alcohol-excise-tax-rates
https://www.iihs.org/research-areas/alcohol-and-drugs/marijuana-laws-table
https://www.iihs.org/research-areas/alcohol-and-drugs/marijuana-laws-table
https://www.taxpolicycenter.org/statistics/state-motor-fuels-tax-rates
https://www.taxpolicycenter.org/statistics/state-motor-fuels-tax-rates
https://bridgingthegap.ihrp.uic.edu/research/sodasnack_taxes/index.html
https://bridgingthegap.ihrp.uic.edu/research/sodasnack_taxes/index.html
https://taxfoundation.org/data/all/state/sales-tax-rates/
https://taxfoundation.org/data/all/state/halloween-candy-tax-groceries-soda-sales-tax/
https://taxfoundation.org/data/all/state/halloween-candy-tax-groceries-soda-sales-tax/
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(Continue) 
Variables  Measures / 

Definitions 

Sources and links (if available) 

Weight-related Policies 

High school Physical 

education (PE) time 

requirement 

Binary 

(≥60min/wk) 

National Cancer Institute 

https://class.cancer.gov/StateProfiles 

High school Nutrition 

education standards 

Binary 

(Curriculum 

required) 

High school beverage 

nutrition standards by venue 

(cafeterias, vending 

machines, school stores, 

fundraisers - separately) 

Binary 

(Meet/exceed 

federal 

guidelines) 

Economic Conditions 

State personal income per 

capita 

$ Bureau of Economic Analysis 

https://www.bea.gov/itable/regional-gdp-and-personal-

income 

State unemployment rates % Bureau of Labor Statistics Local Area Unemployment 

Statistics  https://data.bls.gov/cgi-bin/dsrv?la 

Additional Controls for Extended Study Periods to 2023 

State population coverage of 

comprehensive flavored 

tobacco sales restrictions (by 

product) 

 

% Donovan, E. M., Braganza, K., Diaz, M. C., Seidenberg, 

A. B., Kreslake, J. M., & Pesko, M. F. (2025). 

Population coverage and comprehensiveness of 

flavoured tobacco sales restrictions in the USA, 2010–

2023. Tobacco Control. 

State COVID-19 incidence 

 

cases per 

100,000 

population 

CDC COVID-19 Data Tracker  

http://covid.cdc.gov/covid-data-tracker 
U.S. Census Bureau population estimates 

https://www.census.gov/topics/population/data.html 

  

https://class.cancer.gov/StateProfiles
https://www.bea.gov/itable/regional-gdp-and-personal-income
https://www.bea.gov/itable/regional-gdp-and-personal-income
https://data.bls.gov/cgi-bin/dsrv?la
http://covid.cdc.gov/covid-data-tracker
https://www.census.gov/topics/population/data.html
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Appendix B: Description of ATUS Data and Methods 

As another supplemental analysis of weight-related behaviors, we use data from the 2009-2019 

American Time Use Survey (ATUS), a nationally representative cross-sectional survey on how 

Americans allocate their daily time. We focus on young adults aged 18-20. Given the relatively 

small sample size (N=4,170), the ATUS results should be interpreted as suggestive. 

Table A6 presents summary statistics for the ATUS sample. On average, young adults 

report 15 minutes of daily exercise, though 86% report no exercise at all (not shown). To account 

for exercise intensity, we convert exercise minutes into metabolic equivalent of task (MET) 

values,1 which average 72 minutes daily. Respondents also spend 262 minutes (over 4 hours) per 

day in sedentary leisure (excluding sleep) and 85 minutes eating (excluding food preparation), 

including 65 minutes eating at home and 20 minutes eating out.  

Due to the high prevalence of zeros for variables like daily exercise minutes, we estimate a 

two-part model based on Equation (1), consisting of a Logit model for participation and a 

negative binomial model for conditional duration. Due to the small sample size, we estimate at 

annual level to avoid sparse cells, but we control month fixed effects and day-of-week fixed 

effects. We also estimate corresponding event study estimates for marginal effects from the two-

part model.  

 

 
1 MET is defined as working metabolic rate relative to resting metabolic rate (Dave and Yang, 2022).  
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Appendix C: Ancillary Tables and Figures 

Table A1. Statewide T21 Laws Effective Dates and Local T21 Population Coverage before 

Statewide or Federal T21 Laws 

States Statewide  

T21 Laws  

Effective Dates 

Local T21 Population 

Coverage before 

Statewide T21 Laws 

Local T21 Population 

Coverage before 

Federal T21 Law 

17 states that adopted statewide T21 laws before federal T21 

Hawaii 1-01-2016 13.8%  

California 6-09-2016 0.2%  

District of Columbia 2-18-2017   

New Jersey 11-01-2017 9.0%  

Oregon 1-01-2018 9.1%  

Maine 7-01-2018 5.0%  

Massachusetts 12-31-2018 72.0%  

Illinois 7-01-2019 37.8%  

Virginia 7-01-2019   

Delaware 7-16-2019   

Arkansas 9-01-2019 1.0%  

Texas 9-01-2019 5.4%  

Vermont 9-01-2019   

Connecticut 10-01-2019 17.2%  

Maryland 10-01-2019   

Ohio 10-16-2019 17.1%  

New York 11-13-2019 74.6%  

27 states that adopted statewide T21 laws after federal T21 

Washington 1-1-2020   

Kentucky 3-26-2020   

Oklahoma 5-19-2020   

Iowa 6-29-2020   

Wyoming 7-1-2020   

Pennsylvania 7-1-2020   

South Dakota 7-1-2020   

Utah 7-1-2020 2.7% 2.5% 

Indiana 7-1-2020   

Mississippi 7-8-2020   

Colorado 7-14-2020 22.5% 17.2% 

Georgia 7-22-2020 0.5%  

New Hampshire 7-30-2020 6.5% 6.5% 

Minnesota 8-1-2020 51.3% 34.7% 
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(Continue Table A1) 

States Statewide  

T21 Laws  

Effective Dates 

Local T21 Population 

Coverage before 

Statewide T21 Laws 

Local T21 Population 

Coverage before 

Federal T21 Law 

Nebraska 8-15-2020   

New Mexico 1-1-2021   

Tennessee 1-1-2021   

Nevada 5-27-2021   

Rhode Island 7-7-2021 3.6% 3.4% 

North Dakota 8-1-2021   

Louisiana 8-1-2021   

Alabama 8-1-2021   

Florida 10-1-2021 3.6% 2.1% 

Idaho 7-1-2022   

Michigan 7-21-2022   

Kansas 7-1-2023 34.0% 32.5% 

West Virginia 6-7-2024   

7 states without statewide T21 as of 2025 

Alaska   41.1% 

Arizona   2.6% 

Missouri   41.8% 

Montana    

North Carolina    

South Carolina    

Wisconsin    

Note: Statewide Tobacco 21 (T21) law effective dates are from Tobacco21.org. Data on local T21 population 

coverage are from the University of Michigan T21 Population Coverage Database. For states without statewide T21 

adoption during our study period, empty cells indicate 0% local coverage. 
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Table A2. Summary Statistics for BRFSS and YRBS Samples 

 Weighted Mean (St. D.) 

 BRFSS 18-20 YRBS 18+ 

[N=88,534] [N=86,472] 

Outcome Variables   

BMI 24.37 (4.73) 24.50 (5.37) 

Overweight or Obese 0.357 (0.479) 0.358 (0.479) 

Obese 0.124 (0.330) 0.137 (0.344) 

Exercise participation 0.852 (0.355) 0.811 (0.392) 

Adequate fruit intake (meet USDA standard) 0.294 (0.456) 0.295 (0.456) 

Adequate vegetable intake (meet USDA standard) 0.210 (0.407) 0.193 (0.395) 

Excessive TV watching (3+ hours per school day)  0.272 (0.445) 

Heavy soda intake (>3 times per day)  0.056 (0.231) 

Current smoking 0.118 (0.322) 0.178 (0.383) 

Frequent smoking  0.065 (0.247) 

Everyday smoking 0.069 (0.253)  

Current drinking 0.336 (0.472) 0.429 (0.495) 

Binge drinking 0.155 (0.362)  

Frequent mental distress 0.134 (0.341)  

Marijuana use  0.258 (0.437) 

Frequent marijuana use  0.120 (0.325) 

   

Demographic Covariates   

Age 18 0.373 (0.484)  

Age 19 0.318 (0.466)  

Age 20 0.309 (0.462)  

Female 0.464 (0.499) 0.460 (0.498) 

White, non-Hispanic 0.547 (0.498) 0.514 (0.500) 

Black, non-Hispanic 0.128 (0.335) 0.179 (0.383) 

Hispanic 0.211 (0.408) 0.231 (0.422) 

Other races, non-Hispanic 0.113 (0.317) 0.076 (0.265) 

Some high school 0.166 (0.372)  

High school graduate 0.466 (0.499)  

Some college 0.360 (0.480)  

Student 0.490 (0.500)  

Employed 0.373 (0.484)  

Group average household income ($) 49,184 (16,878)  

Grade 11  0.081 (0.272) 

Grade 12  0.907 (0.291) 

Note: Summary statistics use data-provided sampling weights. 
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Table A3. BRFSS Covariate Balance Tests 

Variables Estimated Effects (St. Errors) 

Age 19 0.016 (0.016) 

Age 20 0.004 (0.012) 

Female -0.012 (0.009) 

Black, non-Hispanic 0.017 (0.017) 

Hispanic -0.025 (0.011)** 

Other races, non-Hispanic 0.003 (0.015) 

High school graduate 0.001 (0.012) 

Some high school -0.004 (0.008) 

Student -0.016 (0.009)* 

Employed 0.002 (0.011) 

Ln (group average household income) -0.008 (0.017) 
Note: The balance test is conducted by regressing each covariate on the statewide T21 indicator, controlling other 

individual demographics, state covariates, state fixed effects, and year-month fixed effects. Regressions include 

individuals in 50 states and the District of Columbia (N=88,534). All regressions use BRFSS-provided sampling 

weights. Robust standard errors in parenthesis are clustered at the state level. State covariates include cigarette taxes, 

state population coverages of comprehensive ISR by venue (bars, restaurants, and workplaces), state population 

coverages of comprehensive IVR by venue (bars, restaurants, and workplaces), standardized e-cigarette taxes, 

presence of MLPA for e-cigarettes at 18, beer taxes, medical marijuana laws, recreational marijuana laws, gasoline 

taxes, soda sales taxes, food sales taxes, state PE time requirements, state nutrition education standards, state school 

beverage nutrition standards by venue (cafeterias, vending machines, school stores, fundraisers), personal income 

per capita, and unemployment rates. *** p<0.01, ** p<0.05, * p<0.1. 
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Table A4. Effects of T21 Laws on Body Weight among High School Students Aged 18+, 

YRBS, 2009-2019, Subsample by Gender and Race, DID Estimates 

 

BMI 

Overweight 

or Obese Obese 

BMI 

Z-Scores 

Overweight 

or Obese 

(BMIZ) 

Obese 

(BMIZ) 

 

 (1) (2) (3) (4) (5) (6) # Obs. 

By Gender 

Male 

 

-1.150*** 

(0.399) 

[-4.6%] 

-0.141*** 

(0.036) 

[-34.9%] 

-0.024 

(0.026) 

[-16.8%] 

-0.331*** 

(0.095) 

[-26.8%] 

-0.178*** 

(0.035) 

[-54.5%] 

-0.050* 

(0.027) 

[-29.6%] 

47,202 

Female -0.198 

(0.406) 

[-0.8%] 

0.008 

(0.029) 

[2.5%] 

0.023 

(0.025) 

[18.7%] 

-0.025 

(0.076) 

[-2.4%] 

0.025 

(0.035) 

[9.0%] 

0.023 

(0.023) 

[21.5%] 

39,270 

By Race/Ethnicity 

White -0.980*** 

(0.344) 

[-4.1%] 

-0.131*** 

(0.043) 

[-41.8%] 

0.009 

(0.021) 

[8.5%] 

-0.310*** 

(0.077) 

[-27.8%] 

-0.131*** 

(0.039) 

[-52.7%] 

-0.037 

(0.031) 

[-32.4%] 

49,307 

Nonwhite -0.792 

(0.572) 

[-3.2%] 

-0.070* 

(0.037) 

[-16.8%] 

-0.010 

(0.036) 

[-6.3%] 

-0.208* 

(0.107) 

[-18.1%] 

-0.078** 

(0.037) 

[-22.5%] 

-0.010 

(0.038) 

[-6.8%] 

37,165 

Note: Regressions include YRBS sampled high school students aged 18+ in 44 states (N=86,472). All regressions 

use YRBS -provided sampling weights. Robust standard errors in parenthesis are clustered at the state level. 

Regressions control binary indicators for respondents’ gender, race/ethnicity, and grades, local T21 population 

coverage, cigarette taxes, state population coverages of comprehensive ISR by venue (bars, restaurants, and 

workplaces), state population coverages of comprehensive IVR by venue (bars, restaurants, and workplaces), 

standardized e-cigarette taxes, presence of MLPA for e-cigarettes at 18, beer taxes, medical marijuana laws, 

recreational marijuana laws, gasoline taxes, soda sales taxes, food sales taxes, state PE time requirements, state 

nutrition education standards, state school beverage nutrition standards by venue (cafeterias, vending machines, 

school stores, fundraisers), personal income per capita, unemployment rates, state fixed effects, and year fixed 

effects.  *** p<0.01, ** p<0.05, * p<0.1. 
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Table A5. Effects of T21 Laws on Weight-Related Behaviors, 2009-2019, Subsample Analysis, TWFE 

Logit Marginal Effects 

Panel A: 

BRFSS 18-20 

Current 

Smoking 

Everyday 

Smoking 
Exercise Fruit Vegetable 

Current 

Drinking 

Binge 

Drinking 
FMD 

 (1) (2) (3) (4) (5) (6) (7) (8) 

By Gender         

Male  -0.037*** 

(0.012) 

-0.032*** 

(0.008) 

0.013 

(0.017) 

0.041 

(0.028) 

0.026 

(0.019) 

-0.017 

(0.021) 

-0.032 

(0.021) 

-0.016** 

(0.008) 

Female -0.035*** 

(0.011) 

-0.020*** 

(0.007) 

0.029 

(0.021) 

0.043 

(0.038) 

-0.038** 

(0.016) 

-0.054 

(0.045) 

-0.014 

(0.022) 

-0.021 

(0.017) 

By Race         

White  -0.065*** 

(0.022) 

-0.047*** 

(0.011) 

-0.003 

(0.011) 

0.008 

(0.036) 

-0.009 

(0.028) 

-0.032 

(0.022) 

-0.019 

(0.020) 

-0.048*** 

(0.017) 

Nonwhite -0.011 

(0.007) 

-0.010* 

(0.006) 

0.048* 

(0.026) 

0.100*** 

(0.029) 

0.012 

(0.020) 

-0.027 

(0.044) 

-0.033* 

(0.017) 

0.014 

(0.022) 

By Income         

High Income  -0.078 

(0.050) 

-0.042 

(0.029) 

-0.047 

(0.031) 

0.289*** 

(0.098) 

0.071* 

(0.039) 

-0.068 

(0.063) 

0.026 

(0.051) 

-0.024 

(0.015) 

Low Income -0.025*** 

(0.009) 

-0.020*** 

(0.006) 

0.036* 

(0.020) 

0.027 

(0.025) 

-0.006 

(0.017) 

-0.016 

(0.026) 

-0.022* 

(0.012) 

-0.009 

(0.010) 

By Education         

With HSD -0.023** 

(0.009) 

-0.015** 

(0.007) 

0.023 

(0.017) 

0.023 

(0.020) 

0.014 

(0.019) 

-0.024 

(0.026) 

-0.015 

(0.013) 

-0.017** 

(0.008) 

Without HSD -0.132*** 

(0.028) 

-0.115*** 

(0.021) 

0.019 

(0.053) 

0.236** 

(0.096) 

-0.060 

(0.042) 

-0.120** 

(0.053) 

-0.081** 

(0.036) 

-0.016 

(0.031) 

By BMI         

BMI≥25 -0.023** 

(0.011) 

-0.031*** 

(0.010) 

0.030 

(0.020) 

-0.055** 

(0.022) 

0.049* 

(0.027) 

-0.084** 

(0.040) 

-0.041*** 

(0.015) 

-0.008 

(0.019) 

BMI<25 -0.039*** 

(0.013) 

-0.026*** 

(0.007) 

0.002 

(0.011) 

0.089** 

(0.037) 

-0.013 

(0.024) 

-0.007 

(0.020) 

-0.003 

(0.021) 

-0.013 

(0.011) 

Panel B: 

YRBS 18+ 

Current 

Smoking 

Frequent 

Smoking 
Exercise 

Excessive 

TV 

Heavy 

Soda 

Current 

Drinking 

Marijuana 

Use 

Frequent 

Marijuana 

 (1) (2) (3) (4) (5) (6) (7) (8) 

By Gender         

Male  -0.055 

(0.046) 

-0.099*** 

(0.026) 

-0.010 

(0.035) 

-0.114*** 

(0.030) 

-0.074*** 

(0.026) 

-0.032 

(0.039) 

-0.062** 

(0.030) 

-0.107*** 

(0.026) 

Female 0.039 

(0.029) 

-0.018 

(0.022) 

0.084 

(0.052) 

-0.053 

(0.039) 

0.016 

(0.016) 

0.042 

(0.035) 

-0.008 

(0.028) 

-0.024 

(0.018) 

By Race         

White  -0.055 

(0.037) 

-0.052 

(0.040) 

-0.074*** 

(0.023) 

-0.077 

(0.063) 

-0.185*** 

(0.047) 

-0.016 

(0.036) 

0.010 

(0.027) 

-0.052*** 

(0.019) 

Nonwhite 0.009 

(0.045) 

-0.039*** 

(0.012) 

0.160** 

(0.063) 

0.003 

(0.034) 

-0.034 

(0.026) 

0.007 

(0.032) 

-0.113*** 

(0.038) 

-0.097*** 

(0.020) 
Note: All regressions use survey-provided sampling weights. Robust standard errors in parenthesis are clustered at the state level. 

Regressions in Panel A control respondents’ age (along with age-specific time trends), gender, race/ethnicity, educational attainment, 

student status, and employment status, as well as logarithmic group average income. Regressions in Panel B control binary indicators 

for respondents’ gender, race/ethnicity, and grades. All regressions control cigarette taxes, state population coverages of 

comprehensive ISR by venue (bars, restaurants, and workplaces), state population coverages of comprehensive IVR by venue (bars, 

restaurants, and workplaces), standardized e-cigarette taxes, presence of MLPA for e-cigarettes at 18, beer taxes, medical marijuana 

laws, recreational marijuana laws, gasoline taxes, soda sales taxes, food sales taxes, state PE time requirements, state nutrition 

education standards, state school beverage nutrition standards by venue (cafeterias, vending machines, school stores, fundraisers), 

personal income per capita, and unemployment rates. Regressions in Panel A control state fixed effects and year-by-month fixed 

effects. Regressions in Panel B control state fixed effects and year fixed effects.  *** p<0.01, ** p<0.05, * p<0.1.  
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Table A6. Summary Statistics for ATUS Samples 

 Weighted Mean (Standard Deviation) 

[N=4,170] 

Dependent Variables  

Minutes doing exercise per day 14.9 (64.7) 

MET value of minutes doing exercise per day 71.8 (317.0) 

Minutes relaxing sedentarily per day 262.1 (303.0) 

Minutes eating per day 84.8 (123.5) 

Minutes eating at home per day 65.1 (98.9) 

Minutes eating out per day 19.7 (82.0) 

Demographic Characteristics  

Female 0.484 (0.500) 

White, non-Hispanic 0.559 (0.497) 

Black, non-Hispanic 0.108 (0.311) 

Hispanic 0.260 (0.439) 

Other races, non-Hispanic 0.073 (0.259) 

Some high school 0.338 (0.473) 

High school graduate 0.321 (0.467) 

Some college 0.336 (0.472) 

Group average household income ($) 84,743 (60,728) 

Employed 0.534 (0.499) 

Student 0.600 (0.490) 

Note: Summary statistics use ATUS-provided sampling weights. 
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Table A7. Effects of T21 Laws on Weight-Related Daily Activities among Young Adults 

Aged 18-20, ATUS, 2009-2019, Two-Part Model 

 Estimated  

Coefficients 
Marginal 

Effects 
Dependent  

Variables 

First Part 

(Logit) 

Second Part 

(Negative 

Binomial) 

(1) (2) (3) 

MET value of minutes doing exercise -0.169 

(0.803) 

0.880*** 

(0.218) 

38.53 

(34.87) 

[82.2%] 

Minutes relaxing sedentarily -0.143 

(0.280) 

-0.187 

(0.119) 

-50.61* 

(45.41) 

[-20.1%] 

Minutes eating 1.428** 

(0.610) 

0.378** 

(0.163) 

47.19*** 

(15.06) 

[58.5%] 

Minutes eating at home 1.106*** 

(0.354) 

0.322* 

(0.169) 

36.44*** 

(11.83) 

[56.1%] 

Minutes eating out 0.112 

(0.364) 

-0.591** 

(0.278) 

-10.03 

(7.40) 

[-63.6%] 
Note: All regressions use ATUS-provided sampling weights. Robust standard errors in parenthesis are clustered at 

the state level. Percent changes relative to pre-treatment means for treated states are reported in brackets. 

Regressions control respondents’ age (along with age-specific time trends), gender, race/ethnicity, educational 

attainment, student status, employment status, logarithmic group average income, cigarette taxes, state population 

coverages of comprehensive ISR by venue (bars, restaurants, and workplaces), state population coverages of 

comprehensive IVR by venue (bars, restaurants, and workplaces), standardized e-cigarette taxes, presence of MLPA 

for e-cigarettes at 18, beer taxes, medical marijuana laws, recreational marijuana laws, gasoline taxes, soda sales 

taxes, food sales taxes, state PE time requirements, state nutrition education standards, state school beverage 

nutrition standards by venue (cafeterias, vending machines, school stores, fundraisers), personal income per capita, 

unemployment rates, state fixed effects, year fixed effects, month fixed effects, and day-of-week fixed effects. *** 

p<0.01, ** p<0.05, * p<0.1. 
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Figure A1. Effects of T21 Laws on Body Weight, 2009-2019, Logit Models for Binary 

Outcomes 
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Figure A2. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

2009-2019, State-Specific Time Trends 
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Figure A3. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

2009-2019, Leave-One-Treated-State-Out Robustness Check 
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Figure A4. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

2009-2019, Falsified Timing and Falsified States 
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Figure A5. Effects of T21 Laws on Weighted Related Behaviors among High Schoolers Aged 18+, YRBS, 2009-2019 
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Figure A6. Effects of T21 Laws on Weight-Related Daily Activities among Young Adults 

Aged 18-20, ATUS, 2009-2019, Two-Part Model Marginal Effects
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Figure A7. Effects of T21 Laws on Body Weight and Smoking among Young Adults Aged 

18-20, BRFSS, 2009-2023
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Figure A8. Effects of T21 Laws on Body Weight and Smoking among High Schoolers Aged 

18+, YRBS, 2009-2023
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Figure A9. Effects of T21 Laws on Body Weight among Young Adults Aged 18-20, BRFSS, 

Stacked DID with All 17 Pre-Federal Adopters 


