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Effective obesity prevention requires intervening at all levels of society, including the governmental level.
Policy interventions at the governmental level are especially promising as they tend to involve minimal indi-
vidual effort while, at the same time, reach many people. The amount of state‐level obesity‐related legislation
in the United States has increased over the years, and several laws were installed in contexts that reach young
people, such as schools. Given this increase in state‐level obesity‐related legislation targeting youth, we tested
whether the quantity of obesity‐related legislation in U.S. states was associated with adolescent BMI and over-
weight/obesity prevalence. Linear and multilevel analyses showed that the quantity of physical activity‐related
legislation was associated with lower overweight/obesity prevalence yet with very modest effect size (b = ‐
0.002, p = .042). Our results underline the likely importance of obesity‐related legislation. In addition, the
value of examining both BMI and overweight/obesity prevalence when evaluating interventions is
demonstrated.
1. Introduction

Obesity is affecting more than 13 million youth under the age of 19 in
the United States [1], and the short‐term and long‐term risks and conse-
quences of childhood obesity are well‐described [2,3]. Effective obesity‐
related policy requires intervening at all levels of society, including at the
governmental level, and necessitates the involvement of multiple sectors
and stakeholders to create a healthier environment. In line, recent efforts
to combat childhood obesity have focused not only on the individual but
also on their surroundings [4]. An obesogenic environment impedes the
choice of healthful behaviors. In the past 30 years, two developments
have resulted in the obesogenic environment that many children and
adolescents now live in: the increasing availability of high‐calorie food
and beverages, and the emergence of technology that facilitates seden-
tary behavior (e.g., internet, video gaming). To modify the obesogenic
environment with respect to nutrition and physical activity, intervening
at the policy‐level is considered inevitable [5–7].

Policy interventions are especially promising as they require mini-
mal individual effort while at the same time reach many people [8].
Politicians, local governments and other stakeholders at policy‐level
are urged to implement interventions that facilitate and promote mak-
ing healthier choices [9], and several policy‐level interventions have
already resulted in improved health outcomes. Legislation that
imposes a sales tax on sugar‐sweetened beverages to discourage con-
sumers to buy these drinks, and to encourage producers to create alter-
natives that contain less sugar [10] is just one example. “Sugar taxes”
have been associated with decreased BMI [11] and reduced soda con-
sumption [12] among adolescents. U.S. state laws also regulate “com-
petitive foods” in schools, which are products sold outside of federal
meal programs, such as snacks sold through vending machines or
school stores. For a long time, competitive foods did not need to com-
ply with regulations concerning the nutritional value and contents of
foods and generally contained high levels of sugar and fat [13,14].
States that installed legislation to regulate the nutritional value of
competitive foods showed a decrease in adolescents’ BMI [15,16].
Likewise, the Safe Routes to School program, adopted by all U.S.
states, supports the improvement of sidewalks, bike paths, and safe
street crossings and resulted in increased numbers of youth walking
or bicycling to school [17]. These examples show that implementing
interventions at policy‐level can help in creating environments that
facilitate choosing health‐improving behaviors over health‐impairing
behaviors, and contribute to modifying the obesogenic environment.

The number of obesity‐related laws that were introduced and adopted
by states in the U.S. has increased over the years [18–20], and the largest
numbers of laws were introduced in the school environment, community
environment, and health care environment [19]. Likewise, between 1992
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and 2006, the amount of funding spent on obesity‐related legislation rose
from $660k for seven states to nearly $248 million for all states [21].
These growing numbers of obesity‐related legislation and obesity‐
related funding show that governments increasingly invest time and
money into obesity prevention and treatment from the level of the policy.
Given this growing attention for obesity‐related legislation, we examined
whether the increased number of obesity‐related legislation can be asso-
ciated with better, i.e., more healthful, weight‐outcomes.

Previous research on links between the number of active state‐level
legislation and weight status has found no statistically significant asso-
ciations [18,22]. However, these studies examined the association
between state‐level laws and adult BMI. However, school nutrition
standards, physical education and activity regulations, and Safe Routes
to School programs [18] – i.e., child‐related adjustments ‐ were among
the most frequently installed obesity‐related laws. Given that the envi-
ronments of youth are more often the target of obesity‐related legisla-
tion, we hypothesized that obesity‐related legislation would be more
effective for youth than was previously found for adults. To this end,
we examined associations between obesity‐related policy making in
U.S. states and adolescents’ BMI z‐score by employing anthropometric
data obtained in 2017 from the Youth Risk Behavior Survey (YRBS)
and publicly available data on obesity‐related legislation in U.S. states.
In line with previous research [22], we hypothesized that a greater
number of active laws can be seen as an expression of greater effort
to modify the obesogenic environment and are expected to be associ-
ated with lower BMI z‐score among adolescents. Additionally, we
tested whether this association was stronger when taking into account
only laws that explicitly target youth, e.g., concern school nutrition
policy or after‐school physical activity legislation. Finally, it might
take some time for a law to have an effect on health outcomes. Adher-
ing to previous investigations that took into account a one‐to‐three‐
year‐lag period [12,22], we analyzed the association between
obesity‐related legislation implemented before 2015 and adolescents’
BMI, thereby accounting for a three‐year‐lag period.

2. Materials and methods

2.1. Procedure and participants

The Youth Risk Behavior Surveillance System (YRBS) conducts
biannual school‐based surveys to gain insight in the health‐related
behaviors of youth. For the 2017 state‐level YRBS, samples of high
school students in grades 9 to 12 were drawn and surveyed according
to a two‐stage cluster design during February‐May. The sampling
design has been described in detail elsewhere [23]. Students com-
pleted questionnaires voluntarily and anonymously during school
hours. Data were weighted to adjust for school and student non‐
response, as well as the oversampling of black and Hispanic students,
and are representative at state‐level. Surveys of adolescents that did
not complete ≥60% of the questionnaires were not weighted, and
unweighted data were not made publicly available. Data can be
retrieved from the YRBS website [24].

In 2017, the sample consisted of 107,664 adolescents from 33 states.
Data of 17 states could not be weighted and were thus not released as
publicly available data. Of the 107,664 adolescents, 54,106 (50.25%)
were girls and 52,444 (48.71%) were boys; 1,114 adolescents did not
report their sex (1.03%). Adolescents were aged 12 to 18 with a mean
age of 15.88 years (SD = 1.24). The majority of adolescents (51.42%)
described themselves as White, 20.1% described themselves as Hispanic
or Latino, and 10.37% as Black or African American. 15.08% identified
as other ethnicities, and 3.03% did not report their ethnicity.

2.2. Measures

BMI z‐score. Since 1999, participants were asked how tall they
were without their shoes on, measured in feet and inches, and how
2

much they weighed without their shoes on, measured in pounds.
Height and weight were converted to centimeters and kilograms by
the Centers for Disease Control and Prevention (CDC) and translated
to BMI, and we converted these scores to age‐specific BMI z‐scores.
The adolescents’ age‐range of 12 to 18 meant that we used a standard-
ized anthropometric score instead of regular BMI, because regular BMI
is interpreted differently for different ages. For example, a 13‐year‐old
boy with a BMI of 23.8 would be considered overweight, while a 17‐
year‐old girl with a BMI of 23.8 would be considered healthy weight.
According to CDC recommendations, a BMI z‐score of 1.04 indicates
overweight, while a z‐score of 1.64 indicates obesity [25]. These
cut‐off scores correspond to a BMI of 25 for adults and a BMI of 30
for adults, respectively. For this sample, we used the CDC reference
standard. BMIz was used as dependent variable.

Legislation. The CDC published policy data for U.S. states from
2001 to 2017 including information on: a) the state in which a law
was implemented and the exact geographical location; b) in which
year a law was implemented and the exact enactment date; c) the
health topic the law pertains to (i.e., nutrition, obesity, physical activ-
ity); d) the policy topic it fits in (e.g., media campaigns, food restric-
tions, initiatives and programs); e) the setting it was implemented in
(e.g., community, school/after school, work place); f) the law’s title
and corresponding title code; and g) the law’s status, i.e., introduced
(a law that is drafted and introduced to the appropriate legislative
body), dead (an introduced law that is not further acted upon by leg-
islators), vetoed (a law that is opposed by the state Governor), or
enacted (an active law). For every law, a short description clarifies
the law’s content, e.g., “Creates the Healthy Food Financing Act to pro-
vide financing for grocery stores to operate in low income areas and
food deserts in order to increase the availability of nutritious food to
underserved communities. Appropriates monies to the Healthy Food
Financing Fund consisting of federal, state, and private loans” [26].

After removing laws that were not enacted from the data file, the
CDC file contained 5,859 laws in 50 states, however, these were not
all unique laws. Laws with equal title codes and titles that were imple-
mented in the same state and same year and quarter, and that shared
the exact enactment date and geolocation, were considered definite
duplicates. A total of 1,475 unique enacted laws remained for the 33
states for which YRBS information was available (Fig. 1).

We categorized laws into four different groups based on their title
and description: 1) laws that pertained to nutrition, such as laws that
concerned food and drinks at schools or child care facilities, food label-
ing, or nutritional information on menus (n = 524); 2) laws that per-
tained to physical activity, such as laws that concerned the amount of
mandatory physical exercise at schools, or Safe Routes to School initia-
tives (n = 464); 3) laws that pertained to physical activity and nutri-
tion, or obesity in general. This latter category includes, for example,
laws that govern the establishment of a “fitness month” in which citi-
zens of a state are actively encouraged to enrich their lives through
healthy diet and exercise, or laws that fund interventions to decrease
obesity (n = 188); 4) laws that did not explicitly concern nutrition,
physical activity, or obesity in general, such as laws that installed a
committee to promote the lease of land for use of beginning farmers
(n = 299). Furthermore, we categorized laws into two target groups:
a) laws that focused explicitly on minors, i.e., targeting schools, child
care facilities, or playgrounds (n = 436), and b) laws targeting the
general audience, such as a law that forced restaurants to mention
nutritional information on their menus. These laws could affect adoles-
cents but were not explicitly targeting them (n = 1039).

2.3. Analytic procedure

For every state, we created four summary variables. Variable p0
expressed the total number of all obesity‐related legislation that was
installed between 2001 and 2017; variable p1 expressed the total num-
ber of nutrition‐related laws between 2001 and 2017; variable p2



Fig. 1. Overview of the number of laws per state.Note. Each bar represents the number of laws that were installed in that specific year (2001-2017).
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expressed the total number of physical activity‐related laws between
2001 and 2017; and variable p3 expressed the total number of physical
activity‐ and nutrition‐related laws, or laws that pertained to obesity in
general. This is called the combined category from here on; and vari-
able p4 expressed the total number of laws that do not explicitly con-
cern nutrition, physical activity, or obesity in general.

We used multilevel regression models to analyze the data with BMI
z‐score as dependent variable and variables p0 to p4 as predictor vari-
ables. Using a multilevel model allowed us to include BMI z‐score as an
individual‐level variable and to preserve all variance in the dependent
variable, while including predictors at the group‐level. Four models
were estimated: 1) Model 1 estimated the effect of the total number
of laws p0 on BMI z‐score; 2) Model 2: p1, p2, p3 and p4 were included
as predictor variables to estimate their effect on BMI z‐score; 3) Model
3: Similar to model 2, estimated the effects of p1, p2, p3, and p4 on
BMIz, however, the predictor variables in this model consisted of only
legislation specifically targeting youth; 4) Model 4: Similar to model 2,
we estimated the effects of p1, p2, p3, and p4 on BMIz. However, the
predictor variables in model 4 included only laws that were imple-
mented before 2015.

Theoretically, random intercepts and slopes models should repre-
sent the data used here most optimally as the effect of the predictor
variables might vary between states. However, estimating random
intercept and slope models in “lme4” in R [27] returned a singular
fit warning, which implies that the variance of one or more effects is
estimated near zero. Therefore, we estimated random intercept and
fixed slopes models instead, and compared the results of these models
to the results of the model with random intercepts and slopes as sensi-
tivity check. Furthermore, the dependent variable contained missing
information of 9.2% of BMI z‐scores. Missing information would
impact our results if adolescents in states with high prevalence of over-
weight/obesity were less likely to report their height and weight. To
test this, we computed the correlation between the prevalence of over-
weight/obesity in a state and the proportion of missing data in a state
(r = 0.48, p = .004), showing that the proportion of missing data was
smaller in states with high prevalence of overweight/obesity than in
states with low prevalence of overweight/obesity. To adjust for miss-
ing data bias, we used multiple imputation. Data was imputed twenty
times, and analyses were conducted in R using the package “mice”
[28]. We compared the results of these analyses to results obtained
with multilevel analyses on the original data to understand the impact
of the missing values on BMI z‐score. Finally, we conducted explora-
tory analyses with proportion overweight/obesity as dependent vari-
able instead of BMI z‐score. We conducted these exploratory
3

analyses, because previous research has shown that patterns over time
of average BMI and prevalence of overweight/obesity are not necessar-
ily equivalent [29,30]. Given that the proportion overweight/obesity
is a state‐level variable, and so are the predictor variables, we con-
ducted linear regression models instead of multilevel models. We
applied a false discovery rate approach to adjust for multiple compar-
isons [31].
3. Results

3.1. Descriptive statistics

BMIz was 0.54 on average (SD = 1.06), and was within the bound-
aries for healthy weight, i.e., BMIz−1.64 to 1.04. Overweight/obesity
prevalence was 32.60% among all adolescents, and higher among boys
than among girls (p< .001). Average BMIz was 0.57 for boys and 0.51
for girls. Average BMIz differed significantly between age categories
(p < .001), and was highest among 12‐year‐olds and indicated over-
weight status (MBMIz = 1.33, SD = 0.93), but overweight/obesity
prevalence was lowest in this group: 18.74%. A possible explanation
for this result is that relatively many 12‐year‐old children scored very
highly on BMIz. BMIz was lowest among 18‐year‐olds (MBMIz = 0.46,
SD = 1.14), and prevalence of overweight/obesity was 28.93%.
3.2. Association between obesity-related laws and BMI

None of the predictor variables, that is, the total number of enacted
laws (p0), nutrition‐related legislation (p1), physical activity‐related
legislation (p2), combined legislation (p3), or other legislation (p4)
showed a statistically significant effect on BMIz (Table 1). Solely phys-
ical activity‐related laws showed a trend towards a decreasing effect
on BMIz (p = .066), suggesting that for every additional physical
activity‐related law, the average BMIz among children and adolescents
would decrease by 0.005. Table 1 also shows that including only laws
that were implemented before 2015 did not result in different effects
on BMIz. Comparisons with the results of random intercepts and ran-
dom slopes models presented no different results that would lead to
other conclusions (Table S1). Comparisons with multilevel regression
analyses conducted without multiple imputation showed that results
were similar to the extent that the results of analyses on non‐
imputed data did not lead to different conclusions (Table S2).

The results of exploratory analyses showed that physical activity‐
related legislation enacted before 2015 had a statistically significant,



Table 1
Results of random intercepts models with imputed data.

Model 1 Model 2 Model 3 Model 4

Est SE p-value Est SE p-value Est SE p-value Est SE p-value

Intercept 0.551 0.031 <0.001 0.551 0.032 <0.001 0.547 0.028 <0.001 0.551 0.032 <0.001
P0: Total 0.000 0.001 0.733
P1: Nutrition 0.004 0.003 0.149 −0.005 0.005 0.284 0.004 0.003 0.150
P2: PA −0.005 0.003 0.066 0.003 0.007 0.634 −0.005 0.003 0.063
P3: Combined 0.007 0.006 0.267 0.006 0.007 0.408 0.007 0.006 0.269
P4: Other −0.003 0.004 0.461 0.013 0.033 0.689 −0.003 0.004 0.479

Note. Model 1 estimated the effect of the total number of laws p0 on BMI z-score; Model 2 estimated the effects of p1, p2, p3, and p4 on BMI z-score; Model 3
estimated the effects of p1, p2, p3, and p4 on BMI z-score, however, only legislation that specifically targeted youth were included; Model 4 estimated the effects of
p1, p2, p3, and p4 on BMI z-score, however, only legislation that was implemented before 2015 was included.
Note. Estimates and corresponding standard errors and p-values of multilevel regression models with imputed data (m = 20): random intercepts.

Table 2
Results of linear regression models.

Model 1 Model 2 Model 3 Model 4

Est SE p-value Est SE p-value Est SE p-value Est SE p-value

Intercept 0.307 0.013 <0.001 0.307 0.013 <0.001 0.304 0.012 <0.001 0.307 0.013 <0.001
P0: Total 0.000 0.000 0.927
P1: Nutrition 0.002 0.001 0.216 −0.002 0.002 0.343 0.001 0.001 0.314
P2: PA −0.002 0.001 0.057 0.000 0.003 0.927 −0.002 0.001 0.042*
P3: Combined 0.003 0.002 0.170 0.003 0.003 0.381 0.004 0.002 0.097
P4: Other −0.001 0.002 0.412 0.013 0.013 0.328 −0.001 0.001 0.554

Note. Model 1 estimated the effect of the total number of laws p0 on BMI z-score; Model 2 estimated the effects of p1, p2, p3, and p4 on BMI z-score; Model 3
estimated the effects of p1, p2, p3, and p4 on BMI z-score, however, only legislation that specifically targeted youth were included; Model 4 estimated the effects of
p1, p2, p3, and p4 on BMI z-score, however, only legislation that was implemented before 2015 was included.
Note. Estimates and corresponding standard errors and p-values of exploratory linear regression models with proportion overweight/obesity as dependent variable.
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but very modest association with the prevalence of overweight/obesity
among adolescents in a state (Table 2). More specifically, a larger num-
ber of physical activity‐related legislation was associated with lower
overweight/obesity prevalence among adolescents (b = −0.002,
p = .042). The p‐value exceeded 0.05 after correcting for multiple
comparisons.
4. Discussion

The aim of this study was to test whether differences in numbers of
obesity‐related legislation were associated with adolescents’ BMIz and
prevalence of overweight/obesity. Main analyses showed that there
were no statistically significant associations between state‐level legis-
lation and adolescent BMIz, however, exploratory analyses did show
a statistically significant effect: a higher number of state‐level physical
activity‐related legislation implemented before 2015 was statistically
significantly associated with a lower proportion overweight/obesity
among adolescents in that state, before correcting for multiple compar-
isons. In detail, implementing ten more laws would be associated with
2% fewer adolescents with overweight/obesity, but only after a few
years, i.e., three years according to our analyses. It seems likely that
it takes time before obesity‐related legislation might affect over-
weight/obesity prevalence, as the period of time between the enact-
ment of a law and its execution in the real world (e.g., improving a
side walk, or changing the contents of vending machines at schools)
might be considerable. Likewise, the lag between the execution of leg-
islation and the noticeable effects it has on adolescents might be con-
siderable; it takes a time before someone notices that the sidewalk has
improved and that it may now be safe to cycle or walk to school.

How can we explain that an intervention or measure is associated
with lower overweight/obesity prevalence but not with decreased
BMI? Previous research has shown that the prevalence of over-
4

weight/obesity had changed, while average or median BMI remained
practically the same [29,30]. This was likely due to the group of peo-
ple who were borderline overweight, i.e., those who do not severely
impact the group average but contribute – potentially crucially ‐ to
the weight status categories, i.e., normal weight or overweight/obese.
This goes to suggest that the association between the quantity of leg-
islation and weight‐related outcomes might differ for distinct groups
of individuals, and might perhaps not be linear either; it seems unli-
kely that installing 100 laws would be associated with 20% fewer ado-
lescents with overweight/obesity and installing 200 laws with 40%
fewer adolescents with overweight/obesity, et cetera. To speculate,
we would expect that the association might have the form of an
inverse S‐shaped curve, hypothesizing that a very small number of
laws would not affect overweight/obesity prevalence, as these hardly
constitute a change in the obesogenic environment. But a larger quan-
tity of laws can, and we would expect that the more laws are installed,
the more enforcing the changes in the obesogenic environment are,
until the effects level off. Here, we only modeled linear effects to estab-
lish first insights into associations between quantity of laws and
weight‐related outcomes but future studies are needed where non‐
linear effects are examined to draw firmer conclusions about potential
levelling‐off. The results of this study might also explain why previous
studies have not found any statistically significant associations
[18,22]; these studies considered BMI as dependent variable and did
not take into account overweight/obesity prevalence.

Furthermore, only physical‐activity related laws were associated
with weight‐related outcomes (and only prior to correction for multi-
ple testing was applied) – not nutrition‐related or combined legisla-
tion. This is somewhat surprising, as combined interventions tend to
be more effective than single‐focus interventions [32,33]. As the
nutrition‐related category contained the most laws, it is unlikely that
number of laws per category played a major role. Compared to other
groups in society, adolescents might relatively easily increase their
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physical activity, as they often have mandatory exercise classes at
school and are more frequently participating in sports teams, whereas
changing dietary habits requires more intrinsic motivation. Moreover,
the dietary habits of adolescents usually depend to a large part on the
groceries their parents purchase.

Finally, we analyzed the effects of the quantity of obesity‐related
legislation on the average BMI and overweight/obesity prevalence of
adolescents, because previous research showed that the most fre-
quently installed obesity‐related laws explicitly target youth [18].
Notably, in our data, only 436 out of 1475 (30%) enacted laws explic-
itly targeted youth, which could potentially explain why there was no
statistically significant association with adolescent BMI, and merely
one statistically significant association with overweight/obesity preva-
lence before correcting for multiple comparisons. Another possibility is
that the effects of the installed legislation have a longer lag period,
thus, it might be that future youth do experience benefits from a
greater number of obesity‐related laws, or that the youth included in
this research will experience greater effects as they grow up to be
young adults. Therefore, examining the association between installed
legislation and the population of young adults specifically might be
a valuable addition to the existing literature on the quantity of
obesity‐related legislation.

4.1. Limitations and implications for future research

Height and weight data used in our analyses were based on self‐
reports. Although YRBS questions generally have good test–retest reli-
ability [34], weight is known to be subject to biased self‐reporting
[35], which might have influenced our results if specific subgroups
are more likely to under‐ or over‐report their weight than others. Fur-
thermore, height and weight data were only available from partici-
pants in 33 states. Our results might have been different if the
remaining states were included in the analyses, however, this would
imply that adolescents in states with certain obesity‐related character-
istics are less likely to participate in the YRBS. Future research might
replicate and extend this study’s findings by employing objectively
measured anthropometric data and by including data of the 17 states
that were absent in the YRBS 2017 data file.

With regards to the use of the YRBS several drawbacks of this data
set could be mentioned that are outlined elsewhere [36]. For example,
the YRBS is administered at schools, therefore excluding adolescents
that do not (regularly) attend school. This is of relevance, because
many health risk behaviors are more prevalent among youth that do
not attend school. Moreover, we cannot be certain that the CDC’s data
set on obesity‐related legislation is complete.

Previous studies have shown that individual‐level characteristics
such as SES and ethnicity might interact with policy‐level interven-
tions [16,37]. Given that the level of analysis in the present study
was the state rather than the individual, and there was no reason to
assume that state‐level SES or ratio of ethnic groups would impact
the association, we did not include SES or ethnicity here. That said,
future research could explore how characteristics of states might affect
how the quantity of obesity‐related legislation leads to changes in the
population. Furthermore, for this research, we assumed that all laws
have equal impact on weight‐related outcomes, however, it might be
that some laws have a more severe impact on weight‐related outcomes
than others. For instance, earlier enacted laws might have more impact
than later implemented laws, or laws that are supported by scientific
research might have a greater effect on weight‐related outcomes than
laws that cannot be supported by scientific knowledge. Future studies
could focus on the design of such a weighting system that informs
which laws should be weighted more heavily than others.

Finally, studies on associations between policy‐level interventions
and individual‐level health outcomes emphasize the difficulty of inves-
tigating this association [37–41]. Many different frameworks and
methodologies [42,43] have been proposed and tested, but consensus
5

on how to evaluate policy‐level interventions has not yet been
reached, which highlights the relevance for future research of clearly
defined and described concepts and methods, to facilitate comparison
between studies, and eventually to evaluate the evidence base for the
effectiveness of policy‐level interventions to prevent and reduce
(childhood) obesity.
5. Conclusions

The findings of this study contribute to the existing literature on
the quantity of policy‐level interventions and its effect on weight out-
comes. Over the years, the number of introduced and installed legisla-
tion has grown [18–20], suggesting that the attention paid and effort
undertaken to combat (childhood) obesity at policy‐level has
increased. The current study suggests a possible association between
the quantity of obesity‐related legislation and adolescent weight‐
outcomes. The results emphasize the importance of policy‐level inter-
ventions as a strategy for combatting youth obesity, and show the
value of including both BMI and prevalence of overweight/obesity.
CRediT authorship contribution statement

Annita Kobes: Conceptualization, Methodology, Formal analysis,
Writing – original draft, Visualization. Tina Kretschmer: Conceptual-
ization, Methodology, Writing – review & editing, Supervision. Mar-
garetha C. Timmerman: Conceptualization, Writing – review &
editing, Supervision.
Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.
Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.hpopen.2021.100056.
References

[1] CDC. Childhood Obesity Facts 2019. https://www.cdc.gov/obesity/data/
childhood.html [accessed June 18, 2020].

[2] Must A, Strauss RS. Risks and consequences of childhood and adolescent obesity.
Int J Obesity 1999;23(S2):S2–S11. https://doi.org/10.1038/sj.ijo.0800852.

[3] Daniels SR. The consequences of childhood overweight and obesity. Future
Children 2006;16(1):47–67. https://doi.org/10.1353/foc.2006.0004.

[4] Specchia ML, Barbara A, Campanella P, Parente P, Mogini V, Ricciardi W, et al.
Highly-integrated programs for the prevention of obesity and overweight in
children and adolescents: results from a systematic review and meta-analysis.
Annali Dell’Istituto Superiore Di Sanità 2018;54. https://doi.org/10.4415/ANN_
18_04_10.

[5] Pereira MMCe, Padez CMP, Nogueira HGdSM. Describing studies on childhood
obesity determinants by Socio-Ecological Model level: a scoping review to identify
gaps and provide guidance for future research. Int J Obes 2019;43(10):1883–90.
https://doi.org/10.1038/s41366-019-0411-3.

[6] Nestle M, Jacobson MF. Halting the obesity epidemic: a public health policy
approach. Public Health Rep 2000;115:12–24. https://doi.org/10.1093/phr/
115.1.12.

[7] World Health Organization. Report of the commission on ending childhood
obesity. World Health Organization; 2016.

[8] Frieden TR. A framework for public health action: the health impact pyramid. Am
J Public Health 2010;100(4):590–5. https://doi.org/10.2105/AJPH.2009.185652.

[9] Frieden TR, Dietz W, Collins J. Reducing childhood obesity through policy change:
acting now to prevent obesity. Health Aff 2010;29(3):357–63. https://doi.org/
10.1377/hlthaff.2010.0039.

[10] Kamerow D. The case of the sugar sweetened beverage tax. BMJ 2010;341.
https://doi.org/10.1136/bmj.c3719.

[11] Powell LM, Han E, Chaloupka FJ. Economic contextual factors, food consumption,
and obesity among U.S. adolescents. J Nutr 2010;140:1175–80. https://doi.org/
10.3945/jn.109.111526.

https://doi.org/10.1016/j.hpopen.2021.100056
https://doi.org/10.1016/j.hpopen.2021.100056
https://www.cdc.gov/obesity/data/childhood.html
https://www.cdc.gov/obesity/data/childhood.html
https://doi.org/10.1038/sj.ijo.0800852
https://doi.org/10.1353/foc.2006.0004
https://doi.org/10.4415/ANN_18_04_10
https://doi.org/10.4415/ANN_18_04_10
https://doi.org/10.1038/s41366-019-0411-3
https://doi.org/10.1093/phr/115.1.12
https://doi.org/10.1093/phr/115.1.12
http://refhub.elsevier.com/S2590-2296(21)00027-7/h0035
http://refhub.elsevier.com/S2590-2296(21)00027-7/h0035
https://doi.org/10.2105/AJPH.2009.185652
https://doi.org/10.1377/hlthaff.2010.0039
https://doi.org/10.1377/hlthaff.2010.0039
https://doi.org/10.1136/bmj.c3719
https://doi.org/10.3945/jn.109.111526
https://doi.org/10.3945/jn.109.111526


A. Kobes et al. Health Policy OPEN 3 (2022) 100056
[12] Fletcher JM, Frisvold DE, Tefft N. The effects of soft drink taxes on child and
adolescent consumption and weight outcomes. J Public Econ 2010;94(11-
12):967–74. https://doi.org/10.1016/j.jpubeco.2010.09.005.

[13] Taber DR, Chriqui JF, Powell L, Chaloupka FJ. Association between state laws
governing school meal nutrition content and student weight status: implications
for new USDA school meal standards. JAMA Pediatr 2013;167:513–9. https://doi.
org/10.1001/jamapediatrics.2013.399.

[14] Larson N, Story M. Are ‘competitive foods’ sold at school making our children fat?
Health Aff 2010;29(3):430–5. https://doi.org/10.1377/hlthaff.2009.0716.

[15] Taber DR, Chriqui JF, Perna FM, Powell LM, Chaloupka FJ. Weight status among
adolescents in states that govern competitive food nutrition content. Pediatrics
2012;130(3):437–44. https://doi.org/10.1542/peds.2011-3353.

[16] Sanchez-Vaznaugh EV, Sánchez BN, Baek J, Crawford PB. ‘Competitive’ food and
beverage policies: are they influencing childhood overweight trends? Health Aff
2010;29(3):436–46. https://doi.org/10.1377/hlthaff.2009.0745.

[17] McDonald NC, Steiner RL, Lee C, Rhoulac Smith T, Zhu X, Yang Y. Impact of the
safe routes to school program on walking and bicycling. J Am Plan Assoc 2014;80
(2):153–67. https://doi.org/10.1080/01944363.2014.956654.

[18] Boehmer TK, Brownson RC, Haire-Joshu D, Dreisinger ML. Patterns of childhood
obesity prevention legislation in the United States. Prev Chronic Dis 2007;4:1–11.

[19] Lankford T, Hardman DM, Dankmeyer C, Schmid T. Analysis of state obesity
legislation from 2001 to 2010. J Public Health Manage 2013. https://doi.org/
10.1097/PHH.0b013e3182847f2d.

[20] Eyler AA, Nguyen L, Kong Jooyoung, Yan Yan, Brownson R. Patterns and
predictors of enactment of state childhood obesity legislation in the United States:
2006-2009. Am J Public Health 2012;102:2294–302. https://doi.org/10.2105/
AJPH.2012.300763.

[21] McGeary KA. The impact of state-level nutrition-education program funding on
BMI: evidence from the behavioral risk factor surveillance system. Soc Sci Med
2013;82:67–78. https://doi.org/10.1016/j.socscimed.2013.01.023.

[22] Chan SS. Fighting obesity in the United States with State Legislation. Pardee RAND
Graduate School (PRGS); 2013.

[23] CDC, Brener ND, Kann L, Shanklin S, Kinchen S, Eaton DK, et al. Methodology of
the youth risk behavior surveillance system — 2013. MMWR 2013;62:1–20.

[24] CDC. YRBSS Data & Documentation 2019. https://www.cdc.gov/
healthyyouth/data/yrbs/data.htm [accessed July 14, 2020].

[25] Barlow Sarah E. Expert Committee Recommendations Regarding the Prevention,
Assessment, and Treatment of Child and Adolescent Overweight and Obesity:
Summary Report. Pediatrics 2007;120(suppl 4):S164–92. https://doi.org/
10.1542/peds.2007-2329C.

[26] CDC. CDC Nutrition, Physical Activity, and Obesity - Legislation 2018. https://
chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/CDC-Nutrition-
Physical-Activity-and-Obesity-Legisl/nxst-x9p4 [accessed February 12, 2020].

[27] Bates D, Maechler M, Bolker B, Walker S. lme4: Linear Mixed-Effects Models using
“Eigen” and S4; 2020.

[28] van Buuren S. Multivariate Imputation by Chained Equations; 2020.
[29] Chrzanowska Maria, Koziel Sławomir, Ulijaszek Stanlej J. Changes in BMI and the

prevalence of overweight and obesity in children and adolescents in Cracow,
Poland, 1971–2000. Econ Human Biol 2007;5(3):370–8. https://doi.org/10.1016/
j.ehb.2007.08.004.
6

[30] Ekblom Örjan B, Oddsson Kristjan, Ekblom Björn T. Prevalence and regional
differences in overweight in 2001 and trends in BMI distribution in Swedish
children from 1987 to 2001. Scand J Public Health 2004;32(4):257–63. https://
doi.org/10.1080/1403494031009498.

[31] Glickman Mark E, Rao Sowmya R, Schultz Mark R. False discovery rate control is a
recommended alternative to Bonferroni-type adjustments in health studies. J Clin
Epidemiol 2014;67(8):850–7. https://doi.org/10.1016/j.jclinepi.2014.03.012.

[32] Greaves Colin J, Sheppard Kate E, Abraham Charles, Hardeman Wendy, Roden
Michael, Evans Philip H, et al. Systematic review of reviews of intervention
components associated with increased effectiveness in dietary and physical
activity interventions. BMC Public Health 2011;11(1). https://doi.org/10.1186/
1471-2458-11-119.

[33] Gonzalez-Suarez Consuelo, Worley Anthea, Grimmer-Somers Karen, Dones
Valentine. School-based interventions on childhood obesity: a meta-analysis. Am
J Prev Med 2009;37(5):418–27. https://doi.org/10.1016/j.amepre.2009.07.012.

[34] Brener N, Kann L, McManus T, Kinchen S, Sundberg E, Ross J. Reliability of the
1999 youth risk behavior survey questionnaire. J Adolesc Health 2002;31
(4):336–42. https://doi.org/10.1016/S1054-139X(02)00339-7.

[35] Gorber S Connor, Tremblay M, Moher D, Gorber B. A comparison of direct vs. self-
report measures for assessing height, weight and body mass index: a systematic
review. Obes Rev 2007;8(4):307–26. https://doi.org/10.1111/obr.2007.8.issue-
410.1111/j.1467-789X.2007.00347.x.

[36] National Academies of Sciences, Engineering, and Medicine. Promoting Positive
Adolescent Health Behaviors and Outcomes: Thriving in the 21st Century.
Washington, DC: The National Academies Press; 2020. https://doi.org/10.
17226/25552.

[37] Cummins S, Macintyre S. Food environments and obesity—neighbourhood or
nation? Int J Epidemiol 2006;35:100–4. https://doi.org/10.1093/ije/dyi276.

[38] Feng Jing, Glass Thomas A, Curriero Frank C, Stewart Walter F, Schwartz Brian S.
The built environment and obesity: a systematic review of the epidemiologic
evidence. Health & Place 2010;16(2):175–90. https://doi.org/10.1016/j.
healthplace:2009.09.008.

[39] Kirk SFL, Penney TL, McHugh T-LF. Characterizing the obesogenic environment:
the state of the evidence with directions for future research. Obes Rev
2010;11:109–17. https://doi.org/10.1111/j.1467-789X.2009.00611.x.

[40] Thow Anne Marie, Jan Stephen, Leeder Stephen, Swinburn Boyd. The effect of
fiscal policy on diet, obesity and chronic disease: a systematic review. Bull World
Health Organ 2010;88(8):609–14. https://doi.org/10.2471/BLT.09.070987.

[41] Thow Anne Marie, Downs Shauna, Jan Stephen. A systematic review of the
effectiveness of food taxes and subsidies to improve diets: understanding the
recent evidence. Nutr Rev 2014;72(9):551–65. https://doi.org/10.1111/
nure.2014.72.issue-910.1111/nure.12123.

[42] Ding Ding, Gebel Klaus. Built environment, physical activity, and obesity: what
have we learned from reviewing the literature? Health & Place 2012;18(1):100–5.
https://doi.org/10.1016/j.healthplace:2011.08.021.

[43] Mayne SL, Auchincloss AH, Michael YL. Impact of policy and built environment
changes on obesity-related outcomes: a systematic review of naturally occurring
experiments. Obes Rev 2015;16(5):362–75. https://doi.org/10.1111/
obr.2015.16.issue-510.1111/obr.12269.

https://doi.org/10.1016/j.jpubeco.2010.09.005
https://doi.org/10.1001/jamapediatrics.2013.399
https://doi.org/10.1001/jamapediatrics.2013.399
https://doi.org/10.1377/hlthaff.2009.0716
https://doi.org/10.1542/peds.2011-3353
https://doi.org/10.1377/hlthaff.2009.0745
https://doi.org/10.1080/01944363.2014.956654
http://refhub.elsevier.com/S2590-2296(21)00027-7/h0090
http://refhub.elsevier.com/S2590-2296(21)00027-7/h0090
http://refhub.elsevier.com/S2590-2296(21)00027-7/h0090
https://doi.org/10.1097/PHH.0b013e3182847f2d
https://doi.org/10.1097/PHH.0b013e3182847f2d
https://doi.org/10.2105/AJPH.2012.300763
https://doi.org/10.2105/AJPH.2012.300763
https://doi.org/10.1016/j.socscimed.2013.01.023
https://www.cdc.gov/healthyyouth/data/yrbs/data.htm
https://www.cdc.gov/healthyyouth/data/yrbs/data.htm
https://doi.org/10.1542/peds.2007-2329C
https://doi.org/10.1542/peds.2007-2329C
https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/CDC-Nutrition-Physical-Activity-and-Obesity-Legisl/nxst-x9p4
https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/CDC-Nutrition-Physical-Activity-and-Obesity-Legisl/nxst-x9p4
https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/CDC-Nutrition-Physical-Activity-and-Obesity-Legisl/nxst-x9p4
https://doi.org/10.1016/j.ehb.2007.08.004
https://doi.org/10.1016/j.ehb.2007.08.004
https://doi.org/10.1080/1403494031009498
https://doi.org/10.1080/1403494031009498
https://doi.org/10.1016/j.jclinepi.2014.03.012
https://doi.org/10.1186/1471-2458-11-119
https://doi.org/10.1186/1471-2458-11-119
https://doi.org/10.1016/j.amepre.2009.07.012
https://doi.org/10.1016/S1054-139X(02)00339-7
https://doi.org/10.1111/obr.2007.8.issue-410.1111/j.1467-789X.2007.00347.x
https://doi.org/10.1111/obr.2007.8.issue-410.1111/j.1467-789X.2007.00347.x
https://doi.org/10.17226/25552
https://doi.org/10.17226/25552
https://doi.org/10.1093/ije/dyi276
https://doi.org/10.1016/j.healthplace:2009.09.008
https://doi.org/10.1016/j.healthplace:2009.09.008
https://doi.org/10.1111/j.1467-789X.2009.00611.x
https://doi.org/10.2471/BLT.09.070987
https://doi.org/10.1111/nure.2014.72.issue-910.1111/nure.12123
https://doi.org/10.1111/nure.2014.72.issue-910.1111/nure.12123
https://doi.org/10.1016/j.healthplace:2011.08.021
https://doi.org/10.1111/obr.2015.16.issue-510.1111/obr.12269
https://doi.org/10.1111/obr.2015.16.issue-510.1111/obr.12269

	The association between obesity-related legislation in the United States �and adolescents’ weight
	1 Introduction
	2 Materials and methods
	2.1 Procedure and participants
	2.2 Measures
	2.3 Analytic procedure

	3 Results
	3.1 Descriptive statistics
	3.2 Association between obesity-related laws and BMI

	4 Discussion
	4.1 Limitations and implications for future research

	5 Conclusions
	CRediT authorship contribution statement

	Declaration of Competing Interest
	Appendix A Supplementary material
	References


