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Abstract: The National Center for Health Statistics reports that presently two-thirds of adult 
Americans are either overweight or obese.  In this paper we explore how personal and 
environmental characteristics play a role in weight determination using repeated cross-sectional 
data to model the categories of body mass index as functions of both lifestyle components and 
external factors in a multilevel framework.  Among state-level variables, higher per capita sale of 
full-service restaurants, adjusting for the number of restaurants, is associated with lower rates of 
obesity and overweight among women.  On the other hand, higher per capita sales of fast-food 
restaurants and drinking places, adjusting for the number of these restaurants, are associated with 
higher prevalence of obesity and overweight among women.  Similar results are not found 
among men.  Lower rates of obesity, among both men and women, are found in densely 
populated metropolitan areas of residency.  At the individual-level, higher income affects body 
weight of men and women differently.  Gains in income increases likelihood of women being 
healthier, and men being more likely to be obese and overweight.  Higher education and higher 
consumption of fruits and vegetables are associated with lower prevalence of obesity.  
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1.  Introduction 
 
Attitudes towards weight have changed many times throughout history. When food is scarce, 
overweight is a sign of prosperity and good health, and when food is aplenty, usually slim is 
fashionable.  But medically, overweight and obesity are unhealthy.  Obesity is a complex chronic 
condition involving environmental, genetic, metabolic, and behavioral components.  In an 
economic model, weight is a personal choice along several dimensions – occupation, leisure time 
activity, residence, and of course, food intake (Philipson, 2001).  However, the persistent and 
steep increase in rates of overweight and obesity in the United States has become a major public 
health concern.  Finkelstein et al. (2009) estimate annual medical burden of obesity to potentially 
increase from $78.5 billion in 1998 to $147 billion in 2008, with roughly half of the costs being 
financed by Medicare and Medicaid.  Meanwhile, Thorpe et al. (2004) find that obesity was 
responsible for 27% of the rise in inflation-adjusted health spending between 1987 and 2001.      
 
In an agricultural society, physical activity is part of the occupation. But in a post-industrial 
developed society, like U.S., where most work is sedentary, one has to pay to stay in shape.  
Cutler et al. (2003) claim that innovations such as vacuum packing, improved preservatives, deep 
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freezing, artificial flavors and microwaves have led to mass production of food centrally, and 
shipping to consumers for rapid consumption.  The primary implication is that increased caloric 
intake is largely due to consuming more meals than more calories per meal, which is consistent 
with lower fixed costs of food preparation.  On comparing the obesity rates of several countries, 
the authors find that obesity across countries is correlated with access to new food technologies 
and to processed food.  Countries with greater degree of regulation that support traditional 
agriculture and delivery systems have lower rates of obesity.  Chou et al. (2004) conduct 
extensive analyses using per capita number of fast-food and full-service restaurants, prices of a 
meal in each type of restaurant, food consumed at home, and alcohol, clean indoor air laws, and 
demographic variables to study the increasing body mass index (BMI). Using data from the 
Behavioral Risk Factor Surveillance System (BRFSS) for sixteen continuous years from 1984 to 
1999, the authors find that per capita number of restaurants (sum of fast-food and full-service 
restaurants) along with a downward trend in food prices have a significant and positive effect in 
explaining the increase in obesity during the time-period under study.  Strong association 
between smoking and body weight is also established, with non-smokers and former smokers 
being more likely to be obese than smokers.  Chen et al. (2005) caution that smoking is likely to 
be an endogenous decision, thus simultaneity between smoking and body weight may exist.  
Their results indicate that cigarette consumption may not have a direct long-term effect on the 
body mass index after controlling for endogeneity.   
 
Kuchler and Golan (2004) investigate whether failure in food markets may help explain the 
growth of overweight and obesity in the U.S.  Given the constant onslaught of media coverage 
devoted to diet and weight these days along with information from physicians, government 
education programs, nutrition labels, and product health claims, it is difficult to believe that 
Americans are not conscious of the relationship between a healthful diet and obesity.  
Nevertheless, the authors do find existence of two important information blackout zones – public 
perceptions of appropriate weight, and information on food sold at restaurants and fast-food 
establishments.  They find that among individuals whom professionals would classify as obese, 
13% said that their weight is about right or even too low.  Kuchler and Variyam (2003) also 
discuss misperception regarding own weight as a barrier to weight loss.  Although the 1994 
National Labeling and Education Act require that manufacturers disclose nutritional information 
on the label of almost all packaged food, it does not require the same for food purchased at 
restaurants.  This information gap is vital since the nutritional content of food from restaurants 
tends to be less healthy than food prepared at home (Guthrie et al., 2002).    Even when food 
labels are available and used as source of information among diet-conscious individuals, Mandal 
(2010) finds that gender differences persist with women more likely to pay attention to the 
labels.  Chaloupka et al. (2011) argue for taxes on sugar-sweetened beverages as they are not 
only likely to generate revenues but also reduce prevalence of obesity through reduced 
consumption of such products.   
 
Various other channels have also been studied to understand the rise in bodyweight.  Ruhm 
(2000) discusses counter-cyclical variation in physical health.  Specifically, individuals are more 
likely to be in the healthiest weight ranges during recessions, perhaps because more time is 
available to exercise and prepare healthy meals during bad economic periods.  Urban residency 
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may impact obesity and overweight either way.  American Obesity Association states that fear of 
crime in urban areas may deter outdoor exercise and leisure activities, thus impacting body 
weight in an unhealthy way.  Yet, rates of obesity have been actually found to be higher in rural 
America (Henderson and Low, 2006).  Geographic reasons could be lesser access to healthier 
food and fewer exercise facilities in rural regions.  Demographic reasons could include lower 
income levels limiting affordability of healthier food, and lower education impeding exposure to 
dietary, nutritional and health information.  It is also plausible that as urban areas become more 
densely populated, individuals are forced to use more public transportation, or even walk 
everyday to-and-from the parking lot and the work-place which may not be a very short distance.  
Finally, food stamps have also been associated with America’s obesity problem (Ploeg et al., 
2006).  If food stamp recipients purchase more healthful foods (which could be more expensive), 
then food stamps could have a healthy effect on weight.  But if participants purchase less 
healthful food or greater quantities of the same food, then food stamps could lead to weight gain.  
In investigating the effect of social networks on body weight, Carrell et al. (2011) find that 
friends’ fitness affects own fitness.  Their results suggest that individuals are likely to either 
compare their own fitness to the least fit among their peers, or adopt the diet and exercise habits 
of the least fit in the group.      
 
The objective of this study is to draw together the several individual-level personal 
characteristics and behavioral indicators and state-level socio-economic factors, that have been 
shown to be associated with the rising rates of obesity and overweight in the U.S. in the extant 
literature, in a multilevel framework of weight outcomes across time.  In the next section we 
explain the data.  We then discuss the methodology and empirical results.  In the final section we 
present the conclusions, and discuss scope for future research.   
 
2.  Data 
 
We use repeated cross-sectional individual-level data from 1992, 1997, 2002 and 2007 from the 
Behavioral Risk Factor Surveillance System (BRFSS), and state-level data from the Economic 
Census, the Current Population Surveys, and the Statistical Abstracts.  Particularly these years 
are chosen because the Economic Census is conducted every five years, ending with 2s and 7s.  
 
The individual-level data include information on age, education, gender, race, income, marital 
status, children, work status, smoking status, and self-reported weight and height.  Only those 
variables are included in the multivariate analyses whose questionnaire wordings were consistent 
across the four years.  The BRFSS surveys interview individuals who are 18 years of age or 
older.  Body Mass Index (BMI) is calculated as the ratio of weight in kilograms to the square of 
height in meters.  BMI is a reasonable assessment of total body fat for the general population.  It 
is not a perfect measure, since athletes may measure a high BMI, but have more muscle than fat.  
Yet, it is the cheapest method to easily determine the degree to which one may be overweight or 
obese.  BMI has four main categories – underweight (BMI < 18.5), healthy (18.5-24.9), 
overweight (25-29.9), and obese (BMI ≥ 30).  These cut-of-points apply to both adult men and 
women.  At the individual-level, we retain only those respondents who provide complete 
information on the demographics and other variables of interest.  We exclude individuals older 
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than 65 years, underweight individuals, and pregnant women.  After these considerations, we 
have 72,990, 95,910, 166,542 and 261,035 observations from 1992, 1997, 2002 and 2007 
respectively.  Smaller samples of individuals were also asked questions regarding exercise and 
consumption of fruits and vegetables.  However, the data on exercise is neither consistent nor 
very informative across the four surveys.  Separate analyses are conducted for the smaller 
samples who were asked the number of times they consumed fruits and vegetables per day.      
 
State-level data of annual average unemployment rates and percentage of the population living in 
metropolitan, micropolitan and outside core-based statistical areas are obtained from the Current 
Population Surveys.  A metropolitan area contains an urban core of 50,000 or more individuals, 
while a micropolitan area contains an urban core of at least 10,000 but less than 50,000 
individuals.  Each metro and micro area consists of one or more counties that have a degree of 
social and economic integration (as measured by commuting to work) with the urban core 
(Census Bureau).  Number of individuals participating in the federal food-stamp program and the 
cost of the program (benefits, excluding administrative expenditures) are obtained from the 
Statistical Abstracts.  The program provides low-income households with benefits they can use 
like cash at most food stores.   
 
From the Economic Census we obtain numbers and sales of full-service restaurants, limited-
service restaurants and drinking places.  Full-service restaurants are establishments primarily 
engaged in (1) providing food services where patrons generally order or select items and pay 
after eating, or (2) selling a specialty snack or nonalcoholic beverage for consumption on or near 
the premises.  Food and drink may be consumed on the premises, taken out, or delivered to the 
customer's location.  Limited-service or fast-food restaurants are primarily engaged in providing 
food services (except snack and nonalcoholic beverage bars) where patrons generally order or 
select items and pay before eating.  Food and drink may be consumed on premises, taken out, or 
delivered to customers' location.  Some full-service and limited-service establishments (except 
snack and nonalcoholic beverage bars) may provide these food services in combination with 
selling alcoholic beverages.  Drinking places comprise of establishments primarily engaged in 
preparing and serving alcoholic beverages for immediate consumption.  These establishments 
may also provide limited food services.  There are several ways to include the state-level data on 
limited-service and full-service restaurants, and drinking places in the model, such as density of 
restaurants and per capita sales.  We combine the two and use per capita sales divided by the 
number of these places as measures of demand for food-away-from-home.  We call these 
variables density of per capita sales of full-service restaurants, density of per capita sales of 
limited-service restaurants and density of per capita sales of drinking places.     
 
We begin by presenting the descriptive statistics of the state-level and individual-level variables 
in Table 1 and the distribution of BMI categories for men and women in Table 2.  At the state-
level, measures related to the sales of restaurants and food stamp benefits are inflation adjusted.  
Income is categorized differently in the four survey years; thus, we combine them into a smaller 
number of categories.  However, it is not possible to adjust income for inflation because the true 
income is unknown.  Age is the only continuous variable at the individual-level.  Percentage of 
individuals with college degree or higher education increased between 1992 and 2007.  Race and 
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ethnicity distribution remained quite stable across the fifteen years.  Percentage of smokers fell 
in the same time span.  Prevalence of obesity is found to be similar across gender in the BRFSS 
data, while men were more likely to be overweight than women.  Almost 15% more women were 
within the normal weight range, and a significantly higher percentage of men were overweight.     
 
3.  Methodology 
 
We investigate the factors that explain the rising rates of obesity and overweight in the U.S. in a 
multilevel framework where we incorporate the influence of state-level factors on the individual-
level characteristics by constructing random intercept hierarchical models (Raudenbush and 
Bryk, 2002).  In order to distinguish between the severity of obesity and overweight, we use the 
categories of BMI as the dependent variable, and compare obesity and overweight to normal 
weight in separate models.     
 
In each model there are two possible outcomes – healthy or obese (overweight).  Thus, the 
probability of a response, R, may be expressed as  
 

( 1 obese or overweight)

( 0 healthy) 1
ij ij

ij ij
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P R
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= = =
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               (1) 

 
where,  implies ith individual from  jth state is obese (overweight), and  implies ith 
individual from  jth state is healthy.  The binary individual-level (level 1) sub-model may then be 
written as: 
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Thus, in level 1, we model individual’s log-odds of being obese (overweight) compared to being 
healthy as a function of individual-level predictors ijX .  The intercept at this level, 0 jβ , is 
considered to be a random variable that is influenced by state-level predictors, and is expressed 
as a function of state specific variables 0 jZ  in level 2 equation: 
 

0 00 0 0j j jZ uβ α α= + +                  (3) 
 
where, 2

0 ~ (0, )ju N σ  and 00α  is the intercept in level 2 model. 
 
Thus, the combined model, obtained by substituting (3) in (2), is a sum of two parts – fixed and 
random.  Vectors 00 ,α α  and β  represent the fixed part, while the residual includes the variation 
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in intercepts among states.  In other words, the log-odds of an individual being obese or 
overweight compared to normal weight is not only affected by his/her lifestyle and 
demographics, but also by certain external factors.  Given the number of covariates at the 
individual-level and for simplicity, it is assumed that the environmental factors do not influence 
the slopes at the individual-level.  This means that, in this model, there is no interaction between 
external factors and lifestyle components.  Thus, this model provides a convenient framework for 
studying multilevel data and systematically analyzes how covariates measured at various levels 
of a hierarchical structure affect the outcome variable. 
 
If individual-level data were available with all relevant information (such as consumption of fast-
food) then standard regression analyses would have sufficed.  Historically, there are three 
approaches with OLS regression while dealing with hierarchical structure for a linear model.  
The first approach is to ignore this structure and give each individual the group or cluster values.  
Efficient estimation and accurate hypothesis testing based on the ordinary least squares (OLS) 
regression require that the random errors are independent, normally distributed, and have 
constant variance.  Structurally, however, the data is hierarchical because individuals are nested 
within states.  There are variables measured on individuals and each state.  Because individuals 
tend to share certain state characteristics, the primary assumption of independence among 
observations no longer applies, i.e. individuals from a state are more homogenous than if 
randomly sampled from a larger population.  Under the violation of this assumption, OLS 
regression produces standard errors that are too small.  This, in turn, leads to a higher probability 
of rejection of a null hypothesis (Cohen et al., 2003).  
 
The second approach is to obtain a mean on each predictor variable and the dependent variable 
for each cluster rather than individual-level values.  This analysis, also called the aggregate 
analysis, fails to capture the within group information, leading to inaccurate conclusions 
(Raudenbush and Bryk, 2002).  This is because the relations between aggregated variables are 
much stronger, and can be very different from the relations between the individual-level 
variables.  The third OLS approach is to create dummy variables indicating each cluster.  The 
dependent variable is then regressed on the set of individual-level variables and the set of 
dummy variables.  This method focuses on the relationship of the individual-level predictors to 
the dependent variable when differences among group means are taken care of (Cohen et al., 
2003).  This is often called the fixed effect approach to clustering, and if the number of clusters 
is small, then this method is recommended for the analysis of nested data (Snijders and Bosker, 
1999). This approach is the analysis of covariance (ANCOVA) model.  However, this model 
does not allow for higher level covariates. 
 
The multilevel or hierarchical model is a more precise solution to the issues discussed above, 
since it takes care of the violation of homoskedasticity.  In such models, each cluster or group 
essentially has a different regression model, with its own intercept and slope.  They express 
relationships among variables within a level, and specify how variables in different levels are 
associated, as they allow for the partitioning of variance into within-group and between-group 
components.  Note that our model is more complex because the level 1 model is discrete choice 
whereas level 2 model is linear involving a continuous dependent variable.  The most commonly 
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used estimation method in multilevel modeling is Maximum Likelihood, because it is generally 
robust and produces asymptotically efficient and consistent estimates (Hox, 2002).   
 
4.  Results 
 
The analysis is conducted separately for men and women because of differences between the two 
genders in certain lifestyle areas, such as labor market outcome.  In Table 3, we present the odds 
ratios and standard errors from the multilevel logistic regressions.  At the state-level, lower rates 
of obesity and overweight among both men and women are reported in metropolitan areas.  
Additionally, prevalence of obesity among women is found to be lower in micropolitan statistical 
areas.  Higher density of per capita sales of full-service restaurants is associated with lower rates 
of obesity and overweight among women.  On the other hand, higher densities of per capita sales 
of fast-food restaurants and drinking places are associated with higher rates of obesity and 
overweight among women.  Demand for food-away-from home in limited-service restaurant and 
full-service restaurant is not as strong a predictor in explaining obesity and overweight among 
men.  We find that only higher density of per capita sales of drinking places is associated with a 
higher rate of overweight among men.  Benefits from food-stamp participation per participant 
and unemployment rate are not found to be significant in the multilevel models of weight 
outcomes.     
 
At the individual-level, rates of obesity and overweight increased from 1992 to 2007.  BMI of 
older men and women are less likely to be within the normal range.  Healthier weight outcome is 
associated with higher education, especially among women.  White non-Hispanics are less likely 
to obese and overweight compared to Hispanics and other races, while black non-Hispanics are 
more likely to be obese and overweight.  Individuals with at least one child living at home are 
more likely to be obese and overweight.  Self-employed women are healthier, while self-
employed men tend to be overweight.  Employed men and women, and short-term unemployed 
individuals are more likely to be obese and overweight.  Men and women who have been 
unemployed for more than one year are more likely to be obese.  Lower rates of obesity and 
overweight are found among current smokers, with greater impact observed among women.  The 
opposite is true for former smokers.  Perhaps the most prominent difference between men and 
women is that, unlike men, higher income is associated with better weight outcomes women.  
Additionally, separated or widowed women are less likely to be obese and overweight compared 
to single women, while separated or widowed men are more likely to be obese and overweight.  
Married men are also more likely to be above normal weight.  Married women, on the other 
hand, are more likely to be overweight but less likely to be obese compared to single women.   
 
A smaller number of individuals were asked about their daily intake of fruits and vegetables.  We 
present the results of regressions controlling for this covariate in Table 4.  Odds ratios and 
standard errors are shown only for the intake of fruits and vegetables, as similar results to that in 
Table 3 are obtained for the rest of the individual-level and state-level factors.  As expected, 
higher consumption of fruits and vegetables are associated with better weight outcomes.  
5.  Discussion and Conclusion 
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The contribution of this study is to model BMI as a function of both individual and external 
factors, while taking into account that individual characteristics may be influence by state-
specific variables.  Our model is based on repeated cross-sectional data.  Thus, ‘implications’ 
and ‘associations’ are two different aspects.  If the independent variable is exogenous, then they 
imply a certain result with respect to the dependent variable.  On the other hand, if the 
independent variable is thought to be endogenous, it is more accurate to just point out the 
association.  In this paper, with such a complex model and unavailability of longitudinal 
individual-level data, it is beyond our scope to correct for endogeneity.  We need instrumental 
variables to replace the endogenous factors, and more theoretical work is needed to study the 
workings of instrumental variables in a multilevel model.  External environment factors and 
demographic variables may be considered exogenous.  However, some of the behavioral 
components, such as smoking status, could be deemed endogenous in this model.  For such 
variable we only discuss the association. 
 
Food-away-from-home, especially the fast-food industry, is often blamed for the increasing 
waistline.  With decreasing percentage of homemakers, even food-at-home meals are often pre-
cooked or ready-to-cook meals so abundantly available in all groceries.  Thus, Philipson’s (2001) 
observation – is there any caloric difference between food-at-home and food-away-from-home – 
is very much valid.  One reason for the caloric difference could stem from the quality of 
ingredients used in the restaurant prepared food.  Meals could be lower priced due to lower price 
and quality of the ingredients.  Thus, we divide food-away-from home into three categories – 
food at full-service restaurants, at fast-food restaurants and at drinking places.  We then use the 
per capita sales of each of the restaurant type adjusting for the number of that type of restaurant.  
We do find significant differences between the type of restaurant and weight outcomes among 
women.  Prevalence of obesity and overweight among men are not associated with the measures 
of food-away-from-home used in our models. 
 
Increased urban residency, especially more densely populated metropolitan residency, is 
associated with lower prevalence of obesity.  This could be due to increased levels of awareness 
on nutrition and health, and greater availability of exercise facilities.  It is also possible that in 
highly dense urban areas, people tend to walk more to office from parking-lots and to use public 
transportation systems.  To control for macroeconomic conditions and differential socio-
economic conditions across states, we include state-specific unemployment rates and food-stamp 
benefits per participant.  Neither is found to be significant predictors of weight outcomes.  On the 
other hand, corresponding individual-level variables are found to be significantly correlated with 
prevalence of overweight and obesity.  Self-employed women are healthier than women out of 
labor market, while self-employed men are more likely to be overweight.  Short-term 
unemployment is associated with higher rates of overweight and obesity among both genders, 
while long-term unemployment is found to be associated with higher prevalence of obesity.  
Employed individuals are more likely to be overweight and obese compared to out of labor 
market individuals.  Among both genders, current smokers are less likely to be either obese or 
overweight than non-smokers.  Former smokers are more likely to be obese and overweight.  
Differences across race and education categories exist, and agree with results found in the 
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literature.  Higher consumption of fruits and vegetables per day is associated with lower rates of 
obesity and overweight among both genders. 
 
At the individual-level, income plays a vital yet differential role in men and women in explaining 
their body weight.  Among men, higher income is associated with higher rates of obesity and 
overweight, whereas, for women, it is just the opposite.  Thus, it seems possible that demand for 
healthier weight is greater among women, and given gains in income, they are likely to invest it 
in exercise facilities and more nutritious food.  Another difference across gender is noted among 
the weight outcomes of separated, divorced and widowed men and women.  Philipson (2001) 
mentions an interesting role of marital status in determining weight.  If thinness contributes to 
physical attractiveness, then those seeking marriage will be more careful with their body weight.  
We find that separated, divorced and widowed women are less likely to obese and overweight, 
while separated, divorced and widowed men are more likely to obese as well as overweight.     
 
Additional variables such as type of occupation, proximity of fast-food restaurants from work 
place, type of food consumed at home, whether or not parents and/or close relatives are obese, 
and frequency of consumption of fast-foods would have contributed greatly to this study.  For 
simplicity we used only one type of multilevel structure – random intercept hierarchical model.  
However, more complex models such as random slopes hierarchical models would test if the 
characteristics at one particular level are affected by the characteristics from other levels.  We 
hope to address such models in future research. 
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Table 1. Descriptive Statistics 
 
Variables                 Mean (Std. dev.) or Frequency 
 1992 1997 2002 2007
     
Sample size  72,990 95,910 166,542 261,035
State-level variables  
    Per capita sales/number of (’00)  

Full-service restaurants 0.32 (0.37) 0.31 (0.36) 0.31 (0.32) 0.29 (0.39)
Limited-service restaurants 0.30 (0.35) 0.30 (0.31) 0.26 (0.28) 0.22 (0.25)

Drinking places 0.16 (0.24) 0.17 (0.28) 0.14 (0.18) 0.15 (0.27)
    Unemployment rate, % 6.42 4.74 5.36 4.32
    Residency in  

Metropolitan area, % 73.51 74.41 73.75 77.10
Micropolitan area, % 16.66 16.36 17.65 13.86

Outside core-based area, % 10.52 11.13 10.14 9.04
    Food-stamp benefits/number     
    of participants  

1211.47 
(154.52)

1084.69 
(141.21)

1079.25 
(125.52) 

1131.31 
(112.09)

Individual-level variables  
    Age  39.62 (12.49) 40.43 (12.24) 42.24 (12. 41) 46.25 (12.12)
    Education, %  

High school or less 45.44 40.40 37.16 34.05
    Some college 27.87 29.75 28.43 27.69

    College or higher 26.69 29.85 34.41 38.26
    Race, %  

    White non-Hispanic 81.54 81.28 79.76 79.43
    Black non-Hispanic 9.11 8.78 7.66 7.63

Hispanic 5.37 5.84 6.81 7.04
Other races 3.98 4.10 5.77 5.09

    Marital status, %  
Never married 20.04 19.64 18.91 14.10

Married  60.49 60.49 60.89 65.38
Separated/divorced/widowed 19.47 19.87 20.20 20.52

    Children, %  
None 55.72 54.49 54.92 57.98

    At least one child at home 44.28 45.51 45.08 42.02
    Work status, %  

Employed 63.50 68.64 66.08 63.35
Self-employed 10.19 10.39 11.03 11.59

Unemployed for > 1 year 3.30 1.72 1.78 2.05
Unemployed for < 1 year 3.44 2.43 3.64 2.83

Home-maker/student/retired 19.57 16.82 17.47 20.18
    Household income, %  

Less than $20,000 30.61 16.73 13.48 10.80
$20,000 to less than $50,000 48.85 52.00 43.64 35.72

$50,000 or more 20.54 31.27 42.88 53.58
    Smoker status, %  

Smoker 25.91 25.53 24.51 20.54
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Former smoker 23.72 21.83 23.31 24.81
Non-smoker 50.37 52.64 52.18 54.65

    Exercise, %  
    At least some in last 30 days 73.92 71.46 79.65 79.96

None 26.08 28.54 20.35 20.04
    Intake of fruits and veg., %  

1-2 servings/day 36.23 37.18 40.76 39.88
3-5 servings/day 42.53 40.17 36.76 35.87

More than 5 servings/day 21.24 22.65 22.48 24.25
 
Note:  Residency in metropolitan, micropolitan and outside core-based statistical areas may exceed 100% 
due to possible overlaps in type of residence. 
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Table 2. Distribution of Body Mass Index Categories by Gender 
 
BMI category  Women Men 
  1992 1997 2002 2007 1992 1997 2002 2007 
          
Obese, %  13.88 16.81 18.15 24.13 13.37 17.57 20.70 26.18 
Over weight, %  25.06 27.41 28.81 30.62 44.17 46.28 45.09 43.16 
Normal weight, %  61.06 55.77 53.04 45.25 42.46 36.15 34.21 30.66 
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Table 3. Odds-Ratios and Standard Errors from Multilevel Logistic Regression 
 
Variables  Women Men 
  Obese  

or normal 
Overweight  
or normal 

Obese  
or normal 

Overweight  
or normal 

  OR SE OR SE OR SE OR SE 
          
State-level variables          
    Per capita sales/number of (’00)          

Full-service restaurants  0.644*** 0.131 0.707*** 0.100 0.862 0.155 0.934 0.112 
Limited-service restaurants  1.230** 0.106 1.213** 0.079 0.969 0.123 1.024 0.084 

Drinking places  1.391** 0.150 1.286** 0.107 1.062 0.175 1.004** 0.122 
    Unemployment rate, %  1.007 0.009 1.010 0.007 1.013 0.011 1.011 0.008 
    Residency in          

Metropolitan area, %  0.433*** 0.236 0.706** 0.141 0.524** 0.262 0.707** 0.160 
Micropolitan area, %  0.480*** 0.275 0.863 0.184 0.780 0.314 1.049 0.208 

    Food-stamp benefits/ number of  
    participants (‘000 individuals) 

 0.861 0.128 0.905 0.088 0.905 0.147 0.970 0.100 

Individual-level variables          
    Time dummies          

1997  1.192** 0.084 1.134* 0.068 1.321*** 0.099 1.010 0.073 
2002  2.176*** 0.066 1.447*** 0.054 1.977*** 0.079 1.061 0.057 
2007  3.129*** 0.165 2.258*** 0.135 2.898*** 0.199 1.759*** 0.157 

    Age   1.030*** 0.001 1.027*** 0.001 1.026*** 0.001 1.020*** 0.001 
    Education          

    Some college  0.974* 0.014 0.930*** 0.013 1.022 0.018 1.014 0.016 
    College or higher  0.610*** 0.015 0.701*** 0.014 0.600*** 0.018 0.816*** 0.016 

    Race          
    White non-Hispanic  0.824*** 0.018 0.796*** 0.017 0.936*** 0.022 0.947*** 0.019 
    Black non-Hispanic  2.222*** 0.026 1.657*** 0.025 1.437*** 0.035 1.167*** 0.031 

    Marital status          
Married  0.827*** 0.019 1.061*** 0.018 1.504*** 0.022 1.458*** 0.018 

Separated/divorced/widowed  0.727*** 0.020 0.908*** 0.020 1.163*** 0.026 1.258*** 0.022 
    Children          

    Has at least one child at home  1.143*** 0.013 1.091*** 0.012 1.112*** 0.016 1.112*** 0.014 
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    Work status          
Employed  1.280*** 0.014 1.190*** 0.013 1.282*** 0.024 1.234*** 0.020 

Self-employed  0.855*** 0.023 0.952** 0.020 1.005 0.028 1.141*** 0.024 
Unemployed for > 1 year  1.340*** 0.040 1.039 0.040 1.551*** 0.055 1.094* 0.051 
Unemployed for < 1 year  1.346*** 0.034 1.262*** 0.032 1.451*** 0.044 1.155*** 0.039 

    Household income          
Less than $20,000  1.783*** 0.020 1.262*** 0.019 0.779*** 0.027 0.691*** 0.024 

$20,000 to less than $50,000  1.534*** 0.013 1.239*** 0.012 0.909*** 0.017 0.860*** 0.014 
    Smoker status          

Smoker  0.638*** 0.015 0.854*** 0.013 0.535*** 0.018 0.715*** 0.015 
Former smoker  1.148*** 0.014 1.082*** 0.013 1.190*** 0.017 1.147*** 0.015 

 
*** p < 0.01; ** p< 0.05; * p <0.10 
 
Note:  At the state-level, residency outside core-based statistical area is the comparison category in type of residency.  At the individual-level, year 
1992, High school education or less, Hispanic and other races, never married, no children living at home, homemaker or student or retired, 
household income greater than or equal to $50,000, non-smoker, 1-2 servings/day intake of fruits and vegetables, and no exercise outside work in 
last 30 days are comparison categories in time dummies, education, race, marital status, children, work status, marital status, and smoker status, 
respectively. 
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Table 4. Odds-Ratios and Standard Errors from Multilevel Logistic Regressions in Restricted Sample 
 
Intake of fruits and vegetables  Women Men 
  Obese  

or normal 
Overweight 
or normal 

Obese  
or normal 

Overweight  
or normal 

  OR SE OR SE OR SE OR SE 
          

More than 5 servings/day  0.845*** 0.015 0.934*** 0.013 0.694*** 0.020 0.768*** 0.017 
3-5 servings/day  0.921*** 0.013 0.987 0.012 0.847*** 0.016 0.915*** 0.014 
1-2 servings/day          

Sample size  159,794  170,301  90,865  123,791  
 
*** p < 0.01 
 

 


