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Nutrition, Food Security, and Obesity among Low-Income Residents of the South  
 

"Nothing so needs reforming as other people's habits." ~ Mark Twain 

 

Rates of overweight and obesity are on the rise across all income levels in the United States 

(Flegal et al., 2002).  Poverty and food insecurity have been linked to increased likelihood of 

excess body weight, especially among adult women (Wardle, 2002; Olson, 1999; Townsend et 

al., 2001; Wilde and Peterman, 2006).  Education, race, and ethnicity have also been found to 

affect rates of overweight and obesity (Seo and Torabi, 2006; Schoenborn et al., 2004; 

Kumanyika, 1999).   

 The heightened risk of poor nutrition and nutrition-related diseases associated with 

socioeconomic status is well documented (see for example recent articles by Kant and Graubard, 

2007, and by Loucks et al., 2007).  Some recent work has also explored the links between food 

insecurity and diet quality (Darmon, Ferguson, and Briend, 2003; Drewnowski and Specter, 

2004).  Previous research by Guo et al. (2004) has found a link between diet quality, as measured 

by the Healthy Eating Index (HEI), and obesity.   

The objectives of this project are to analyze the factors affecting BMI and obesity with a 

focus on the South.  The project proceeded in three phases.  In the first phase, relationships 

between variables of interest were explored for the nation as a whole.  In the second phase, 

regional identifiers were added and the South was compared to the rest of the nation.  In the third 

phase, following unexpected results in the second phase, the Southern region was further 

categorized as “Deep South” and “other South” and additional analyses were conducted.  
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Phase I:  National Models 

Conceptual Framework  

From a physiological perspective, the cause of overweight and obesity is reasonably well 

understood; over time, the individual consumes more energy than is expended and the excess is 

stored as body fat.  Biological research has focused on individual differences in metabolic rates 

or on factors that affect metabolism and thus may lead to weight gain or loss.  (See for example 

Keith et al., 2006, or Kimm et al., 2001).    

 A line of economic research on the obesity problem has drawn on the biological 

underpinnings of obesity, through a "thrifty genotype" phenomenon (Neel, 1962).  Evolutionary 

biology suggests that the tendency toward body fat accumulation would serve populations well 

in a feast or famine cycle, and that populations that developed in areas more prone to famine may 

have higher rates of obesity in societies where famine no longer occurs.  This hypothesis may 

explain differing rates of obesity among sub-groups of the U.S. population.  Richards and 

Patterson (2006) found some empirical support for the "thrifty genotype" hypothesis among a 

Native American population.    

 The "thrifty phenotype" hypothesis (Hales and Barker, 1992), on the other hand, relates 

decreased metabolic rate to poor intrauterine or early childhood environments.  This hypothesis 

could also explain different rates of obesity among different populations if these populations 

were more likely to have low-birth weights and early childhood deprivation. 

Previous Work 

The mechanism that links food insecurity to increased risk of obesity and overweight is not well 

understood, but some previous work sheds light on the subject. In what may have been the first 

research paper to address this issue, Dietz (1995), using a case study framework, speculated that 
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low income and food insecurity could be related to obesity if weight gain were an adaptive 

response to periodic food shortages. Drewnowski and Specter (2004) argued that an increase in 

energy density in the diet of food insecure individuals may be at the root of this linkage. Block et 

al. (2004) found that environmental factors, such as higher numbers of fast food restaurants in 

low-income neighborhoods, may also contribute to increased obesity among the poor.  Those 

currently living in poverty may also have been more likely to experience low birth weight, or 

deprivation in early childhood, consistent with the "thrifty phenotype" hypothesis. 

 Smoking has been found to correlate with an increased risk of food insecurity (Armour, 

Pitts, and Lee, 2007) and with reduced diet quality (Dallongeville et al., 1998).  It has also been 

found to increase resting energy expenditures and thus to have a negative effect on obesity and 

overweight (Akbartabartoori, Lean, and Hankey, 2005; Kimm et al., 2001; Flegal et al., 1995, 

Pinkowish,1999). Some recent research in economics has linked the rising rates of obesity in the 

United States, at least in part, to lower rates of smoking (Chou, Grossman, and Saffer, 2004).  

The relationship between smoking and obesity is complex, however.  Insofar as smoking 

increases food insecurity and lowers diet quality, it would have a positive impact on body fat 

level. The net effect of smoking would thus depend on the magnitude of these effects.  Fewer 

empirical studies have been conducted on the impact of alcohol consumption on body weight.  

However, recent work by Breslow and Smothers (2005) has found that light drinking correlates 

with lower BMI while heavy drinking with increased BMI. 

Data and Methods 

This project used the 1999-2002 National Health and Nutrition Examination Survey (NHANES) 

survey. Data used in the first phase of this study were limited to individuals 20 to 60 years of 

age, who are not pregnant or lactating, and who had body measurements taken at the NHANES 

Mobile Examination Center (MEC).  The body mass index (BMI) was used as a measure of the 
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individual's weight in relation to height.  A BMI of less than 18.5 indicates an underweight 

individual.  A BMI of 18.5 to 24.9 indicates a normal weight individual.  A BMI of 25 to 29.9 

indicates an overweight individual.  Scores at or above 30 indicate obesity.  For a 5'6" individual, 

a one unit change in BMI is roughly equal to a change in weight of 6 pounds. 

 Food security is reported in four levels in NHANES: fully food secure (FFS), marginally 

food secure (MFS), food insecure without hunger (FIWOH), and food insecure with hunger 

(FIWH).  These categories are based on responses to a food security questionnaire, originally 

developed by the United States Department of Agriculture, which contains 18 questions 

concerning behaviors and experiences related to household food security and a method of 

classifying responses (Bickel et al., 2000).  Ten items (household and adult measures) are asked 

of all respondents.  The remaining 8 items are asked only of households with children. Measures 

of food security for households consisting solely of adults are based on responses to 10 items 

(adult measure), while measures for households with children may be based on 18 items 

(household measure).  For households without children, the adult measure equals the household 

measure.  For all households included in the NHANES survey, both the adult and household 

measures of food security are provided.  The adult measure of food security is used in this study 

to provide consistency across households of different types.    

 Race and ethnicity were coded in the NHANES data as Mexican American, Other 

Hispanic, Non-Hispanic White, Non-Hispanic Black and Other Race - Including Multi-Racial.  

All categories are mutually exclusive.  For this study, Mexican Americans and other Hispanics 

were combined into one sub-group, Hispanic.  

 In phase 1 of the study, diet quality was measured by the Healthy Eating Index-2000.  

The Healthy Eating Index-2000 (HEI-2000) is a measure of diet quality that assesses 

conformance to federal dietary guidelines across 10 dietary components, five of which are food 
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based (grains, vegetables, fruit, dairy, and meats).  Four components measure compliance with 

dietary guidelines for fat, saturated fat, cholesterol and sodium. The final component is a variety 

index.  Bowman et al. (1998) provide details of the calculation of HEI-2000.  The HEI-2000 

ranges in value from 0 (worst possible score) to 100 (best possible score), with a score over 80 

considered a "good" score, and a score below 50 considered a "poor" score. 

 HEI-2000 scores are not included in the NHANES data files, but are publicly available 

from USDA with identifiers allowing merger with the public NHANES data releases for the 

years of this project.  TheHEI-2000 scores were calculated by USDA using the NHANES dietary 

intake data.  For NHANES, individuals’ dietary intakes were collected through an in-person, 

interviewer-administered 24-hour dietary recall method. Research has shown that food intake 

data based on 1-day dietary recall are reliable measures of usual intakes of population groups 

(Basiotis et al., 1987).    

The Healthy Eating Index was revised in 2006 to reflect the 2005 Dietary Guidelines for 

Americans.  However, HEI-2005 scores or guidelines for their calculations were not available for 

the NHANES data during phase 1 of this study.  Guidelines on calculating the HEI-2005 for the 

NHANES data were released during the course of this study.  The HEI-2005 was therefore used 

in a later phase of this project. 

 For phase 1 of the project, data were retained if complete information was available for 

BMI, food security category, HEI-2000, income, race, education, ethnicity, age, marital status, 

home ownership, and whether the respondent consumed alcohol or smoked (4217 observations).  

Because of a focus on smoking behavior in this phase of the study, and the difficulty in 

comparing cigarette smokers to those who smoke pipes and cigars, data were retained in phase 1 

only for those who either did not smoke at all currently or who, if they currently smoked, 

smoked cigarettes.  Eliminating pipe and cigar smokers netted 4154 observations.       
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Analysis of Variance  

BMI and HEI-2000 were first analyzed using analysis of variance techniques. Women and men 

were analyzed separately. Women and men were also analyzed separately for BMI by race and 

ethnicity, given previous research on racial differences in BMI and/or metabolism (Kimm et al., 

2001; Flegal et al., 2002).  Unadjusted survey means are reported by food security category, with 

significance for MFS, FIWOH, and FIWH respondents tested against the FFS in each group.  To 

account for possible socio-economic confounders, the survey means were adjusted for age, 

income, and education level, and the adjusted means for MFS, FIWOH, and FIWH responders 

were then tested against the fully food secure subgroup.     

Multi-Stage Model 

Although food security is reported in four levels, for the multi-stage analysis these four 

categories were collapsed into two because of the difficult of tracing the marginal effects of 

smoking on food security with an ordered probit.  Food insecure (FI) households are those in the 

category FIWOH or FIWH. 

 We traced out the effect of smoking and alcohol consumption on BMI by a three level 

model.  In the first level, we estimate the logistic model: 

1)  Prob (FI = 1 | X) =   eX'β  / (1 +  eX'β)   =  Λ (X'β) 

Where FI represents food insecurity (e.g. FIWOH or FIWH), "Prob" is a probability operator, X 

is a vector of variables assumed to influence household food security and β is a vector of 

parameters to be estimated.  Smoking behavior is included in the vector X through the addition 

of  a 0-1 indicator that takes the value 1 for those who currently smoke cigarettes and 0 

otherwise. Alcohol consumption was modeled similarly, with an indicator variable if the 

respondent indicated that he or she had consumed at least 12 alcohol drinks in the past year. 

Other variables included in X are age, the square of age, income as a percentage of poverty, race 
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and ethnicity (0-1 variables for black and Hispanic respondents), having less than a high school 

education (0-1), home ownership (0-1), and marital status (0-1).  A squared term for age is 

included in the food insecurity model based on previous work (Armour, Pitts, and Lee, 2007). 

Because food security is measured at the household level, men and women were combined in 

this analysis.  The income variable in the model, household income as a ratio to the 

corresponding poverty level for the household, is top-coded at 5 in NHANES. 

 An alternative specification that includes variables that measure the amount of smoking 

in average packs per month and the amount of drinks consumed per drinking occasion was also 

estimated.  If the impact of smoking and drinking on food insecurity is caused by a reduction in 

money to buy food, the impact on food insecurity should increase with consumption. 

 In the next step, energy consumption (measured in kilocalories) and diet quality 

measured by the HEI-2000 were regressed against possible explanatory variables.  These 

regressions take the form: 

2a)  KCAL  = α + β1S + β2D + β3incpov + β4age + β5lowed + β6FI + β7black + β8 hisp + 

β9fdstamp + β10wic + β11highact + β12lowact + β13wtlim  

2b)  HEI  = α + β1S + β2D + β3incpov + β4age + β5lowed + β6FI + β7black + β8 hisp + β9fdstamp 

+ β10wic + β11highact + β12lowact + β13wtlim  

Where KCAL is energy consumption in kilocalories per day, HEI is diet quality measured by the 

Healthy Eating Index 2000, S indicates current cigarette smoking, D indicates a person who 

drank at least 12 alcoholic drinks in the past year, incpov is defined as above, lowed indicates no 

high school degree, black is an indicator variable for African American, hisp is an indicator for 

Mexican or other Hispanic, fdstamp is an indicator for participation in the food stamp program, 

wic is an indicator for participation in WIC, highact is a self-reported level of activity above that 
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of peers, lowact is self-reported activity below that of peers (omitted category is similar activity 

level), wtlim is a indicator for self-reported efforts to loose weight or control weight.   

 In the final stage, BMI is modeled using the following specification: 

3)  BMI =  α + β1S + β2FS + β3D + β4age + β5lowed  + β6incpov + β7FI + β8black + β9 hisp +  

β10highact + β11lowact + β12KCAL + β13HEI 

Where variables are defined as above and FS indicates a former smoker.  In the multi-stage 

model, the usable observations were reduced as complete information was not available for all 

respondents on all right-hand side variables.  The formulation in (3) requires the assumption that 

the HEI-2000 and energy consumption on the day of the dietary recall are reasonably 

representative of the individual's dietary choices over a longer period of time.    

 All analyses included appropriate adjustments for survey weights and survey design as 

specified by the NHANES analytical guidelines.  Significance is reported at both the 0.05 and 

0.10 percent levels. The education variable is a dummy variable coded as 1 for individuals with 

less than a high school degree, 0 otherwise.  Age is a continuous variable measured in years.  

The variables Black and Hispanic are also dummy variables, based on race/ethnicity responses.  

They are mutually exclusive categories in NHANES, representing the primary race/ethnicity 

identification of the respondent.   

Results 

Table 1 reports BMI by food security category, for all men, for all women, and for racial and 

ethnic subsets of the sample. Without considering possible socioeconomic confounding factors, 

BMI was found to be significantly higher for women who were MFS and FIWOH compared to 

FFS women. For men, BMI was significantly lower for FIWOH men compared to FFS men. 

White men and black men exhibited the same pattern as the entire group, but for white women, 

only those who were MFS had a significantly higher BMI than the fully food secure reference 
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group.  For Hispanic women, those who were FIWH had higher BMI than the FFS reference 

group, although the significance level was only 10 percent.  Black women who were FIWOH 

had the highest average BMI in this sample, 35.2.  For Hispanic men, no differences in mean 

BMI were found across categories. The overall finding from this table is that food insecurity 

appears to have a negative effect on BMI for men, but a positive effect on BMI for women. 

 Income, age, and education level, which have been found to be associated with BMI, may 

differ substantially across food security categories and also across race and ethnic groups.  

Hence, to see if the patterns of impact of food security status on BMI were artifacts of these 

variables, adjusted means were computed. Table 2 reports mean BMI for men and women, both 

all together and by race and ethnicity, after adjusting for income, age, and education level (less 

than high school or otherwise).  The means of all women and all men were further adjusted for 

race and ethnicity (e.g. black or Hispanic).  Reported means are calculated for the average values 

of each variable in the category, using the parameters form multivariate regressions to form the 

estimates.  

 For all women, the adjusted means show no difference in BMI across food security 

categories. The adjusted means for all men, however, show an increase in BMI associated with 

the MFS category, and a decrease in BMI for the FIWOH category.  White women showed an 

increased BMI if they were MFS, while black women showed a decrease in BMI if they were 

MFS but an increase in BMI if they were FIWOH.      

 Tables 3 and 4 provide a similar analysis for HEI-2000 by food security category, for all 

men, all women, and for men and women by race and ethnicity.  As with BMI, the significance 

of food security category varies for some groups.  When means are adjusted for the socio-

economic variables, the significance of food security category is nearly eliminated except for a 

significant decrease associated with being FIWH for Hispanic women and black men.  White 
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women show an increase in HEI-2000 at the 10 percent level associated with being marginally 

food secure.   

Multi-Stage Model 

In this framework, models were estimated sequentially. The first model relates smoking and 

drinking status along with socio-economic variables to the likelihood of being food insecure.  

Food insecurity took the value 1 if the respondent was classified as FIWOH or FIWH, and 0 

otherwise.  Results are reported in table 5, both for the entire sample and for those whose income 

fell at or below 185 percent of poverty.  Cigarette smoking had a significant effect on the 

probability of being food insecure, both for the entire sample and for the low-income subsample.  

The magnitude of the effect was larger for those at or below 185 percent of poverty.  The mean 

marginal effect of cigarette smoking on food insecurity for the full sample is 0.027.  For those at 

or below 185 percent of poverty, the mean marginal effect of cigarette smoking on the 

probability of being food insecure was 0.082.    

 An alternative specification, including amount of cigarettes smoked and drinks per 

occasion, was also fit to the data.  In this specification, smoking had no effect on food insecurity 

for the entire sample and the variable for the amount smoked was also insignificant.  For the 

subset below 185 percent of poverty, however, the dummy variable for smoking had nearly an 

identical impact on food insecurity (mean marginal effect of 0.089), while the amount smoked 

was not significant.  Alcohol consumption remained insignificant in both models in the 

alternative specification. Variables for race and ethnicity were not significant in these models.   

 It is notable that merely being a smoker increases the likelihood of an individual 

reporting that the household is food insecure, regardless of the amount smoked.  If smoking 

caused an increased likelihood of food insecurity strictly through reducing the money available 

to buy food, it would be expected that the amount smoked (and hence the amount potentially 
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diverted from food expenditures) would matter.  That it did not matter makes it appear that 

something other than a reduced food budget is at the basis of the relationship between smoking 

and food insecurity. 

 The relationships of HEI-2000 and energy consumption (KCAL) for all men, all women, 

poor men (below 185 percent of poverty), and poor women (below 185 percent of poverty) are 

reported in table 6.  The R-squares in these models were generally very low, explaining less than 

10 percent of the observed variation in the dependent variables, but some explanatory variables 

were significant. Cigarette smoking had a negative and significant impact on HEI-2000 in all 

models, dropping the HEI-2000 score by -2.17 for all men to -5.12 for all women.  For both men 

and women, smoking had a larger effect on HEI-2000 for the low-income subset.   

 Consuming alcohol lowered HEI-2000 for poor women, but was not significant in any 

other model, although all parameter estimates were negative. Food insecurity reduced HEI-2000 

for poor women, but was not significant in other models.  Being black was associated with lower 

HEI-2000 in all models, while being Hispanic was associated with higher HEI-2000 for poor 

women, all men, and poor men.  Income was associated with improved HEI-2000 for all women 

and all men, but had a paradoxical negative effect on HEI-2000 for poor men.   

 Smoking did not affect energy intake for any group. Energy consumed increased by about 

200 kilocalories per day for women who drank alcohol.  This increase would be roughly equal to 

the calories in one or two drinks. Drinking alcohol did not affect total energy consumed for men.  

Self-reporting a high level of activity relative to peers was associated with higher energy intake 

in all models.  Efforts to lose weight or limit weight gain were associated with lower energy 

intake for all women, poor women, and all men, but not for poor men.  Age was negatively 

associated with energy intake in all models.  Being black was associated with reduced energy 

intake for all men, while being Hispanic was associated with reduced energy intake for all 
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women and poor men.  Food insecurity reduced HEI-2000 for poor women, but not for poor 

men.  Receipt of food stamps or WIC benefits was not found to be associated with energy intake 

nor with HEI-2000. 

  Because race and ethnicity were found to be significant in some models, models were 

also estimated by racial and ethnic subgroup.  In these models, smoking was found to affect HEI-

2000 negatively for poor white men, but not for poor white women, or for poor blacks or 

Hispanics of either sex.  Food insecurity had a larger negative effect on HEI-2000 for poor white 

men and women than was found when all low-income individuals were grouped together, but 

there was no effect of food insecurity on the diet quality of low-income blacks or Hispanics of 

either gender.  Cigarette smoking was associated with higher energy intake for all Hispanic men 

and for poor Hispanic men.  Drinking alcohol was not significantly associated with energy intake 

for poor white women or poor black women.    

 In dividing the sample by race and ethnicity as well as gender, the number of 

observations per regression fell to less than 200 for some groups.  Given the complicated survey 

design of the NHANES data, loss of significance may be related to the reduced number of 

observations, rather than to inherent differences in these groups.    

The models for BMI are reported in table 7. Explanatory power of the models was low, 

with R-square values of less than 0.20.  Income was negatively associated with BMI for all 

women, but not for men or poor women.  Age was positively associated with BMI in all models.  

HEI-2000 was negatively associated with BMI for all women and all men, but not for poor 

women or poor men.  Energy consumption was significant in the regressions for all women and 

poor men, but the parameter value is very small.  An increase in this energy measure of 1000 

kilocalories is associated, at most, with about 2.5 additional pounds on a 5'6" individual.   
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 The self-reported activity levels were significantly related to BMI in all models, 

indicating that people appear to make accurate assessments of their own activity relative to peers.  

The effects of moving from low activity to high activity were relatively large, ranging from an 

estimated 4.37 units of BMI for all men, to 6.18 units of BMI for all women. A small, partial 

offset occurs in some models, via increased energy consumption associated with high activity, 

but this indirect effect is associated with no more than about 0.1 unit of BMI. Chen, Yen, and 

Eastwood (2007) also found activity level to be significantly related to BMI.  Being black was 

significantly and positively related to BMI for all women and for poor women, but not for all 

men or poor men.  These results are in line with previous work on the effect of race on BMI and 

obesity.  Hispanic ethnicity was not related to BMI significantly in any model.   

 For women, food insecurity was not related to BMI, but it was negatively related to BMI 

for men.  To test whether using all food security categories would change the results, the models 

were rerun with dummy variables for MFS, FIWOH, and FIWH, but the finding did not change.  

No food insecurity category was associated with BMI for all women or poor women.  For all 

men and poor men, being FIWOH was negatively associated with BMI.   

 Cigarette smoking was significantly and negatively related to BMI in all models.  Being a 

former smoker had no effect on BMI for women compared to never smokers, but had a 

significant effect on the BMI for all men. The estimated impact of smoking was fairly large in 

these models, ranging from about 8 to 14 pounds for a 5'6" individual. Drinking alcohol did not 

affect BMI for women, other than through its indirect effect on KCAL, but for men it had an 

independent negative effect on BMI.  

 When the models were run by race and ethnicity, major findings did not change greatly 

for whites and blacks.  However, few variables were significant for Hispanics.  For Hispanic 

women, only age and activity level were significantly related to BMI.  For poor Hispanic men, 



 

cigarette smoking in addition to age and activity level was significant.  Further, when models 

were run by race and ethnicity with inclusion of all food security categories, being marginally 

food secure was positively associated with BMI for white women but negatively associated with 

BMI for black women.  Being FIWOH was positively associated with BMI for poor black 

women, but significance was at the 10 percent level.  For men, being FIWOH was associated 

with lower BMI for white and black men, but not Hispanics. 

Direct and Indirect Effects of Smoking and Drinking on BMI 

The full effect (direct and indirect) of smoking and drinking on BMI were computed using the 

following structural equation implied by the multi-stage model: 

(4)   BMI = h[S,D,FI(S,D),HEI(FI,S,D),KCAL(FI,S,D)] 

The full effect of smoking is found by taking the derivative of (4) with respect to S, yielding: 
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where the first term on the right side of (5a) indicates the direct effect and the second and third 

terms indicate the indirect effect.   The analogue expression for drinking is: 
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In applying (5) insignificant effects in equations (1) – (3) are treated as zero.   Results for all 

men, all women, and poor men and poor women are reported in table 8.  

 For all women, all men, and poor men, small but significant indirect effects of smoking 

were found.  For all men and all women, these effects were positive so that the net impact of 

smoking on BMI was reduced, although by a very small amount.  For poor men, these indirect 

effects were negative, increasing the impact of smoking in reducing BMI, although by a very 

small amount.   

14 
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 Smoking may also correlate with activity level.  Smoking was not found to affect the 

probability of having a high activity level when age, income, education, and gender were 

controlled.  It was found to affect the probability of having a low activity level, however, with 

mean marginal effect of 0.053.  At most, this effect would account for an offset of about 0.16 

units in BMI, far less than the direct effect.   (This effect is not reported in table 8).   

 Alcohol consumption was found to have significant direct impact (reduction) in BMI for 

all men and poor men.  For all women, alcohol had a small but significant indirect positive 

impact on BMI through an increase in energy consumption. 

Limitations 

Specification bias is a potentially serious limitation of this study.  Unspecified factors may affect 

the decision to smoke and/or drink simultaneously with decisions about diet quality and total 

energy consumption, causing correlation with the error terms in models for HEI-2000 and 

KCAL.  Specification bias could arise between BMI and smoking and drinking if characteristics, 

such as "present bias" (O'Donoghue and Rabin, 1999) make these variables jointly determined or 

if smoking and drinking are either substitutes or complements to food consumption.  Chen, Yen, 

and Eastwood (2006) found that the effect of smoking on long-term BMI was not significant 

when maximum likelihood estimates of a simultaneous system were used.  Gruber and Frakes 

(2006) found smoking to be positively associated with likelihood of obesity by using cigarette 

taxes as a proxy variable for smoking.   

 One solution to specification error would be to find instruments, such as taxes related to 

alcohol and cigarettes that are exogenous, following the approach taken by Gruber and Frakes 

(2006).  Although state taxes are viewed as completely exogenous to the individual smoker in 

Gruber and Frakes (2006), tax levels are largely determined by voter attitudes in a state.  Levels 

of smoking in the sate population may thus determine cigarette tax levels, rather than the other 



 

16 

way around.  Further, instrumental variable (IV) analyses are always biased and may not be 

consistent unless stringent conditions are met (Wooldridge, 2002).  Further, as Gruber and 

Frakes (2006) point out, the estimates obtained via their IV approach were implausibly large. 

Because of these problems, an instrumental variable approach was not pursued in this work. 

Thus, our results relating smoking to decreased BMI must be interpreted with caution.  While 

smoking is clearly associated with lower BMI in this cross-section, causality cannot be 

determined.    

 Another limitation of this study is that when analyses are performed by race and 

ethnicity, which may be a better method to examine the factors related to obesity, sample sizes 

may become too small for use in a survey with such a complex design. Continuous NHANES 

data are designed for ease of merger.  However, HEI-2000 had not been released for more recent 

rounds, limiting the size of this sample.  Repeating this analysis with a data source that contains 

a dietary quality indicator, state identifiers, possible confounding variables, and sufficient 

observations for analyses by race, ethnicity, gender and income level may thus be useful.  

 A final limitation is that the NHANES data do not provide an indicator for spousal 

smoking.  Although the questionnaire asks if anyone smokes inside the house, it does not provide 

an indicator for whether other family members smoke at all.  Since food insecurity is reported at 

the household level, household level smoking information is preferred in that model.  

Conclusions for Phase 1 

This paper adds to the emerging literature linking smoking to an increased risk of food 

insecurity.  Results are similar to those reported by Armour, Pitts, and Lee (2007) who found a 

relationship between smoking and food insecurity, but not between alcohol consumption and 

food insecurity.    
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 When means of BMI were adjusted based on socio-economic variables only (age, 

income, education) some significant relationships were found between intermediate levels of 

food insecurity and higher BMI.  These findings are similar to those of Wilde and Peterman 

(2006), using the same data set, with different adjustments.  In the multi-stage model, where 

BMI is modeled not only on socio-economic characteristics but also on energy consumed, 

dietary quality, activity level, and smoking and drinking behavior, food insecurity was not 

associated with BMI for all women or for poor women.  For men, however, being food insecure 

was associated with a significantly lower BMI in the multi-stage model.  When analyses are 

stratified by race and ethnicity, the impact of food insecurity on BMI appears to differ among 

different racial and ethnic groups.  

 Being a black woman was significantly related to an increase in BMI, even when income, 

age, energy consumption, diet quality, and other factors were controlled.  Because this effect was 

not present for black men, the results may lend some support to the "thrifty genotype" 

hypotheses rather than the "thrifty phenotype" hypotheses.  Genetic tendencies would be more 

likely to differ by gender than would intrauterine or early childhood environments.  

Alternatively, the increased BMI among black women, but not among black men, may relate to 

cultural norms (Barnes et al., 2007).  Higher life stress may also play a role as stress has been 

found to affect women's body weight to a higher degree than men's (Serlachius, Hamer and 

Wardle, 2007).      

 A difference of twenty points on the HEI-2000 score was associated with roughly a 1 unit 

drop in BMI for all men and all women, but HEI-2000 had no effect on BMI for the low-income 

subsamples.  Although cigarette smoking was found to have some significant indirect effects on 

BMI via its effect on food insecurity and HEI-2000, the effects were very small.  The direct 

effect of smoking on BMI was far larger, so much so that the indirect effects appear to have no 
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meaningful impact on the likelihood of an individual being overweight or obese.  Alcohol had no 

direct effect on BMI for women, but a significant direct effect on men and poor men, with those 

who drank alcohol having an associated 1.6 to 2.4 unit drop in BMI compared to non-drinkers.   

A change in activity level, from low activity to high activity, was associated with large 

changes in BMI., ranging from an estimated 4.37 units of BMI (approximately 26 pounds on a 

5'6" individual) to 6.18 units of BMI (approximately 37 pounds on a 5'6" individual).  Indirect 

off-setting effects from increased energy consumption were found in some models, but the 

indirect effect was small relative to the direct effect.  Thus, activity level had a much large effect 

on BMI than smoking or drinking.  

 Although results obtained here were preliminary and specification bias is a concern, they 

may point to areas of future research.  The significance of food security on body weight appears 

to depend on control variables and/or stratification by race and ethnicity.  Activity level appears 

to have important effects on BMI, and yet a measure of activity level is seldom included among 

the control variables in models of BMI.  Further, economic studies often group men and women 

together in analyzing BMI or likelihood of obesity (see for example Chen, Yen, and Eastwood, 

2007), while biologically based fields normally separate men and women (see for example Wilde 

and Petermen, 2007).  Results here support the practice of stratifying by gender, as responses to 

key variables were not the same for men and women.  

Phase II:  Focus on the Southern Census Region 

In the second phase of this project, regional identifiers for the four Census regions were added to 

the data set, following submission and approval of a request to the National Center for Health 

Statistics, Research Data Center. The focus in this phase of the project was:  1) to test for 

regional differences in BMI and obesity, and 2) to provide a separate analysis for the Southern 

region. 
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Data and Methods 

Geographical regions in NHANES follow Census region definitions. Census regions for this 

study are the Northeast, the Midwest, the South, and the West.  The Northeast includes Maine, 

New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, 

and Pennsylvania.  The Midwest includes Ohio, Indiana, Illinois, Michigan, Wisconsin, 

Minnesota, Iowa, Missouri, Kansas, and Nebraska.  The West includes Alaska, Arizona, 

California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, 

Washington, and Wyoming.  The South includes Florida, Georgia, North Carolina, South 

Carolina, Virginia, West Virginia, Maryland, Washington, D.C., Delaware, Alabama, Kentucky, 

Mississippi, Tennessee, Arkansas, Louisiana, Oklahoma and Texas.   

In phase 2, to increase the number of observations available for analyses for the Southern 

region, more observations were retained.  Data were retained for respondents 18 to 60 years of 

age (as opposed to the lower limit of 20 years of age in phase 1), who were not pregnant or 

lactating.  A total of 3,424 observations were available for men and 3052 for women. Of these, 

3304 men and 2988 women had regional identifiers.   In analyses with covariates, the number of 

observations was often decreased because of missing values on covariates.   

Means for BMI and percentage of respondents who are obese were calculated by region 

and significance tests were conducted for differences, correcting for survey weights and survey 

design methods.  Next, regression analysis was used to test for differences in BMI and obesity 

across regions while adjusting for possible covariates.  Then, regression models were fit to 

respondents in the Southern Census region and parameters compared to those for the entire U.S.  

All analyses corrected for survey weights and survey design factors.  A separate set of analyses 

were performed for respondents at or below 185 percent of poverty.  
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Results 

Results for mean BMI by Census region are reported in table 9.  No significant differences 

across regions were found.  Table 10 reports the obesity rates across regions.  Again, no 

significant differences were found.  For men, the Southern Census region had the lowest BMI 

and the lowest percentage obesity, although the differences were not significant.  For women, the 

Midwest, not the South, had the highest mean BMI and highest percentage of obesity, although 

the difference was not significant.  The lack of significantly higher BMI and rates of obesity for 

the South was unexpected, given the BRFSS reports.  Reasons for these results were explored in 

phase 3 of the project. 

 Models with the covariates similar to those used in phase 1 were next fit to the data with 

the inclusion of regional dummies.  In addition, for these models, the different levels of food 

insecurity were included, with the fully food secure group serving as the omitted or reference 

category. BMI and the probability of obesity were the dependent variables.  No regional dummy 

variables were significant, either for women or men; hence, the models with the regional 

dummies are not reported here. 

 Regression analyses were also performed to test for significant response differences to 

key variables for the South versus the entire U.S.  Results are reported in tables 11 to 14.  The 

analyses were conducted for all men and all women, and also for those at or below the 185 

percent poverty level.  Few significant differences were found in the parameters and results 

closely mirror those found in phase 1 of the project.  Inclusion of different categories for food 

insecurity did yield some results not found in phase 1.  For the full U.S. sample of women, being 

FIWH was negatively associated with BMI, but not with the probability of obesity.  Being 

FIWOH was positively associated with the probability of obesity for women, but not with BMI.  
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For men, being FIWOW was negatively associated with BMI in all four regressions, but was 

negatively associated with obesity only in the regression for the low-income U.S. regression.   

   Some interpretations of the logistic model, based on the national sample include the 

following:  A 30-year old, white non-smoking women with income at 200 percent of poverty has 

about a 50 percent chance of being obese if she has low activity level, a 30 percent chance if she 

has normal activity and 15 percent chance if she has high activity.  If the woman is a smoker, the 

probabilities are 44 percent, 25 percent, and 12 percent across activity levels. For a black, non-

smoker, the probabilities are 70 percent, 50 percent, and 30 percent. For a black smoker, they are 

63 percent, 42 percent, and 23 percent.  Being FIWOH raises probability of being obese for 

women by around 15 percent.  For women, a 20-point increase in HEI-2000 decreases 

probability of being obese by about percent.  Drinking alcohol was not related to obesity.  

 For a 30-year old man, non-smoking, there is a 44 percent probability of obesity at low 

activity level, 33 percent at normal activity level, and 16 percent at high activity level.  For a 

male drinker, these probabilities are 38 percent, 24 percent, and 11 percent.  A 20-point increase 

in HEI-2000 decreases the probability of being obese by around 7 percent.  Race, ethnicity, and 

income were not related to obesity for men. 

HEI-2000 

Scores on the HEI-2000 were examined for regional differences.  Complicating this work was 

the pattern of collection of the 24-hour recalls across the Census regions.  Months of collection 

are reported in table 15.  As can be seen, collections were not uniform across regions.  

(Collection was relatively uniform across regions in terms of days of the week, however.)  Mean 

HEI-2000 for the South was 61.5.  For other regions combined it was 63.4.  The South was 

significantly lower in HEI-2000 overall, but when adjusted for demographic factors and gender, 

there was no difference at the 5 percent level.  
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Phase III:  Further Explorations 

Lack of significant difference for the South in terms of obesity and BMI was not expected, given 

the results from the BRFSS reports (CDC, 2007).  One possible explanation for the lack of 

significance is that the BRFSS data are self-reported, and respondents in the Southern region 

may have reported relatively heavier weights (or shorter heights) than respondents in the other 

Census regions compared to their actual heights and weights.   

In addition to measurements, the NHANES data include self-reported heights and 

weights.  Accordingly, to test the possibility of different regional biases in self-reports, the self-

reported heights and weights were used to construct a BMI measure.  The difference between 

this measure and the actual BMI, based on measurements, was then calculated.  The mean 

difference was about 0.4 units, with respondents typically under-reporting weight or over-

reporting height.  However, no significant difference in reporting error was found across regions.  

 Another possibility for the difference between our results and the BRFSS reports is that 

the Census region of the South includes a number of states, such as Florida and Virginia, which 

do not have higher than average rates of obesity.  Accordingly for phase 3 of the project, the 

South was split into two regions, the Deep South and the “other South” with the “Deep South” 

defined as South Carolina, Tennessee, Georgia, Alabama, Mississippi, Louisiana and Arkansas.  

NHANES data are not collected for all U.S. states; however, confidentiality concerns prohibit 

release of information on which states are included in the data.   

Healthy Eating Index 2005 

The Healthy Eating Index -2005 (HEI-2005) is the newer measure of overall diet quality that was 

created by the U.S. Department of Agriculture (Guenther et al., 2007). This index measures the 

degree to which an individual is following the Dietary Guidelines for Americans 2005, and 

includes 12 food and nutrient based components. The food based components include amounts of 
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total fruit (includes 100 percent juice); whole fruit (not juice); total vegetables; dark green and 

orange vegetables and legumes; total grains; whole grains; milk; meat and beans; and oils. The 

nutrient based components include intakes of saturated fat; sodium; and calories from solid fat, 

alcohol, and added sugar (SoFAAS).   

 USDA-CNPP released guidelines and SAS code for calculation of the HEI-2005 from the 

24-hour diet recall files (USDA-CNPP, 2008).  These guidelines were followed in development 

of the HEI-2005, which was used in phase 3 of the project. An HEI-2005 score was created only 

for those participants with complete and reliable dietary data.  

Other Refinements 

The recent work by Breslow and Smother (2005) has shown a relationship between alcohol 

consumption and obesity, with those who drink small amounts frequently less likely to be obese, 

while those who consume large amounts on each drinking occasion more likely to be obese.  

NHANES data contain information on drinking patterns that can be used to develop variables for 

frequency of alcohol consumption as well as number of drinks per occasion.  These variables 

were accordingly developed for incorporation into the third phase of the project as a refinement 

on the dummy variable used in phase 1. Alcohol questions are only asked of respondents 20 

years of age or older, so analyses with alcohol pattern variables as covariates will be restricted to 

those age 20 to 60. 

 The public NHANES files include masked strata and primary survey unit (psu) variables.  

However, because state-level identifiers were used in this phase of the study to create a small- 

area sample, actual strata and psu variables were provided by the National Center for Health 

Statistics, Research Data Center, for design corrections in this phase. 
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Analyses 

BMI, obesity, and HEI-2005 were analyzed by region.  Men and women were analyzed 

separately.  Both simple analyses (without covariates) and regression analyses were performed.  

Based on previous work, age, race/ethnicity, income, and education were included as covariates 

in the regression analyses of BMI and obesity (see for example, Wilde and Peterman, 2006).  In 

addition, food insecurity status, smoking status, diet quality, energy consumption, alcohol 

consumption patterns, and self-reported activity level were included as covariates in an 

alternative model that corrects for more possible confounding factors.  

Results 

Mean BMI, mean HEI-2005, and percentage of respondents who are obese, by region, are 

reported in Table 16.  In all cases, corrections for survey weights in NHANES have been 

applied.  (Some of this information is repeated from table 10, but it is included here for ease of 

comparison.) The lowest regional BMI for women, along with the lowest obesity rate, occurs in 

the Northeast, with a mean BMI of 27.7 and a 29.1 percent obesity rate.  For men, the lowest 

mean BMI and obesity rate occurs in the South, with a mean BMI of 27.4 and a 24.4 percent 

obesity rate.  There is no significant difference in mean BMI or the probability of obesity across 

the four Census regions, either for men or women.  (Significance tests were conducted to account 

for survey design factors.) 

 For both men and women, the highest mean HEI-2005 occurs in the West, 52.4 for 

women and 49.4 for men.  For diet quality, significant differences were found across the four 

Census regions.  For women, the South has a significantly lower diet quality than either the West 

(rho =  0.0004) or the Northeast (rho = 0.0707).  For men, in both the South (rho = 0.0080) and 

the Midwest (rho = 0.0009) diet quality is significantly worse than in the West.   
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For the Deep South mean BMI for women was 29.2, which was significantly different 

from the other South (rho = 0.0184) and from the Western region (rho = 0.0770).  The 

probability of obesity for women was correspondingly higher in the Deep South than in the other 

South (rho = 0.0455) and the West (rho =  0.0907).  For men, there were no significant 

differences in BMI or the probability of obesity for the Deep South compared to other regions.  

In terms of HEI-2005, both the Deep South and the other South were significantly lower than the 

Western region.  For men, both the Deep South and the other South were significantly lower than 

both the Western region and the Northeast.   

Table 17 provides the parameter estimates for the regression model with BMI as the 

dependent variable and age, income, education level, and race/ethnicity as covariates. Models 

were run in SAS, PROC SURVEYREG, with corrections for weights and survey design.  

Once demographic variables are included in the models, no significant regional effects 

were found for either men or women.  For both men and women, age was a significant factor 

affecting BMI.  For women, but not men, income was negatively associated with BMI.  A 

women moving from the poverty level to twice the poverty level, would be expected to have 

about a 0.6 unit drop in BMI, or approximately 4 pounds on a 5'6" person.  Being black or 

Hispanic was positively associated with BMI for women, but not for men.  For women, being 

black was associated with over a 3 unit increase in BMI, or approximately 18 pounds for a 5'6" 

individual, while being Hispanic was associated with slightly less than a 1 unit increase in BMI.   

Table 18 presents results for the regression models with additional covariates for 

"lifestyle factors". (Models were run in SAS, PROC SURVEYREG, with corrections for weights 

and survey design.)    The variable "low activity" is a dummy variable with the value of 1 if a 

respondent reported less physical activity than same-age, same-sex peers, 0 otherwise.  "High 

activity" is a dummy variable coding for those who reported more activity than their peers.  The 
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variable for drinking alcohol is a dummy variable with a value of 1for those who drank at least 

12 alcoholic drinks in the last year (threshold is set by NHANES), 0 otherwise.  The frequency 

of drinking is the typical number of times per week that respondents reported drinking alcohol 

(set to 0 for non-drinkers).  The number of drinks is the typical number of drinks per drinking 

occasion.  Energy is kilocalories consumed on the day of the 24h diet recall. 

As with the previous regression, no differences across regions were found.  In addition to 

the demographic covariates found to have a significant association with BMI for women, several 

lifestyle factors were also found to be associated with BMI for women, including smoking status, 

diet quality as measured by the HEI-2005, self-reported activity level, and alcohol consumption 

patterns.  Diet quality, as measured by the HEI-2005, was significantly and negatively associated 

with BMI; however the effect was not large.  To achieve a 1-unit decrease in BMI, the HEI-2005 

score would need to increase by 24 units, about a 50% increase from the mean values.   

As in previous phases of the study, the results for self-reported physical activity level 

were relatively large for women.  Going from low to high activity would be associated with over 

5 units in BMI.  Caution in interpreting these results is needed as causality cannot be established 

with cross-sectional data and it is possible that higher body weight may interfere with physical 

functioning.   

Being a current cigarette smoker was associated with almost a 2 unit decrease in BMI in 

women, which is not surprising given the known metabolic effect of smoking.  The results for 

alcohol consumption are similar to those found by Breslow and Smothers (2005).  Drinking 

small amounts of alcohol frequently is associated with a lower BMI, while "binge drinking" is 

associated with a higher BMI.  Food security and energy consumption were not significantly 

associated with BMI in this model framework.   
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Results for men were similar to those for women in terms of the impact of cigarette 

smoking and alcohol consumption patterns.  Although diet quality was significant for men, the 

effect was smaller than for women.  For men, a 53-point increase in HEI-2005 would be required 

to see a 1 unit drop in BMI.  For men, being food insecure without hunger (FIWOH) was 

associated with lower BMI. 

The models reported in tables 17 and 18 were also fit to a logistic model with obesity (0-

1) as the dependent variable.  (Models were run in PROC SURVEYLOGISTIC in SAS with 

corrections for weights and survey design).  The results were very similar to those found with the 

continuous variable, BMI, as the dependent variable.  Because the models with BMI as the 

dependent variable are much easier to interpret, the logistic models are not reported in this paper, 

but are available on request.  Finally, regression models were fit to the HEI-2005 to account for 

demographic and lifestyle variables.  A significant negative association was found between the 

HEI-2005 and living in the South (both Deep South and “other South”) even when demographic 

variables and seasonality were included as covariates. 

Discussion and Conclusions 

When obesity rates and BMI are analyzed across the four Census regions, the South as a region 

is not significantly "fatter" than the rest of the U.S.  When the Deep South is broken out of the 

Southern region, however, there is a significant increase in mean BMI for women compared to 

the Northeast region and also the rest of the South.  When demographic factors are controlled, 

however, the significance disappears.  Low-income women and black women have significantly 

higher BMI than higher-income women and white women.  The South is a region with lower 

than average income and a higher than average minority population; hence, these factors most 

likely are at the root of the reportedly higher than average rates of obesity for many deep 

Southern States. 
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 Diet quality for both men and women, as measured by the HEI-2005, was significantly 

lower in the entire Southern Census region than in the Western Census region, which reported 

the highest diet quality.  The difference was about 5 points for women and 4 for men. Although 

poor diet quality is associated with higher BMI, the effect is small.  A 5 point decrease in diet 

quality would result in only about a 0.20 increase in BMI, or a little over a pound on a 5'6" 

individual.  Although diet quality does not appear to be a primary cause of increased rates of 

obesity or higher BMI in the Deep South, poor diet quality is of concern because of its links to 

other sources of poor health and morbidity. 
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Table 1.  BMI by Food Security Category, Unadjusted Means, NHANES 1999-2001a 
 All Women White Women Black Women Hispanic Women 
FFS 28.0   27.5   31.8   28.4   
MFS 29.9 ** 30.8 ** 29.5 ** 29.6   
FIWOH 30.0 ** 29.0   35.2 ** 29.4   
FIWH 28.5   27.6   30.2   30.1 * 
 Number (1984)   (960)  (389)  (565)   
                  
  All Men White Men Black Men Hispanic Men 
FFS 27.9   28.1   27.8   27.4   
MFS 29.3   30.3   27.2   28.9   
FIWOH 26.2 ** 26.0 ** 24.8 ** 27.1   
FIWH 27.7   27.6   26.4   26.6   
 Number (2170)   (1021)  (406)  (622)   
                  

a Respondents aged 20 to 60, who participated in MEC examination.  Significance is compared to 
the fully food secure (FFS) group within each column, with * indicating significance at the 10% 
level and ** indicating significance at the 5% level.  Analyses include appropriate adjustment for 
survey weights and survey design.  
 
 
Table 2.  BMI by Food Security Category, Adjusted Means, NHANES 1999-2001 a 
 All Women White Women Black Women Hispanic Women 
FFS 28.8   27.7   31.9   28.6   
MFS 29.5   30.4 ** 29.5 ** 29.9   
FIWOH 29.6   28.2   35.2 ** 29.4   
FIWH 27.9   26.5   29.9   29.7   
 Number (1984)   (960)  (389)  (565)   
                  
  All Men White Men Black Men Hispanic Men 
FFS 27.8   28.1   27.6   27.3   
MFS 29.4 * 30.5   27.6   28.9   
FIWOH 26.6 ** 26.5 * 25.7   27.3   
FIWH 27.9   28.0   27.5   27.0   
 Number (2170)   (1021)  (406)  (622)   
                  

a Respondents aged 20 to 60, who participated in MEC examination.  Means adjusted for age, 
income, and education.  Means of all women and all men adjusted for race and ethnicity.  
Significance is compared to the fully food secure (FFS) group within each column, with * 
indicating significance at the 10% level and ** indicating significance at the 5% level.  Analyses 
include appropriate adjustment for survey weights and survey design. 

 



 

Table 3.  Healthy Eating Index-2000 by Food Security Category, Unadjusted Means, NHANES               
    1999-2001a 
 All Women White Women Black Women  Hispanic Women 
FFS 63.7   63.8   59.8   64.1   
MFS 63.4   64.2   60.7   65.0   
FIWOH 61.5 * 59.5 * 57.4   65.5   
FIWH 57.5 ** 57.3 * 60.1   57.6 * 
 Number (1984)             (960)           (389)          (565)   
                  
        All Men        White Men Black Men        Hispanic Men 
FFS 62.2   62.0   60.0   63.9   
MFS 59.4 * 57.5   56.1 ** 63.0   
FIWOH 61.6   60.4   58.3   64.5   
FIWH 57.4 ** 56.1 ** 52.6 ** 62.7   
 Number (2170)   (1021)  (406)  (622)   
                  

a Respondents aged 20 to 60, who participated in MEC examination.  Significance is compared to 
the fully food secure (FFS) group within each column, with * indicating significance at the 10% 
level and ** indicating significance at the 5% level.  Analyses include appropriate adjustment for 
survey weights and survey design.  
 
Table 4.  Healthy Eating Index-2000 by Food Security Category, Adjusted Means, NHANES            
              1999-2001a 
 All Women White Women Black Women Hispanic Women 
FFS 62.8   63.3   59.5   64.2   
MFS 65.1   66.5 * 61.6   64.7   
FIWOH 63.5   62.7   58.6   66.3   
FIWH 59.6   60.9   61.6   57.8 ** 
  (1984)   (960)  (389)  (565)   
                  
        All Men  White Men Black Men Hispanic Men 
FFS 62.0   61.8   59.5   63.9   
MFS 60.1   58.9   56.9   62.9   
FIWOH 62.9   62.4   59.9   64.7   
FIWH 58.7 ** 58.2   54.1 ** 62.6   
  (2170)   (1021)  (406)  (622)   
                  

a Respondents aged 20 to 60, who participated in MEC examination.  Means adjusted for age, 
income, education, marital status, and home ownership.  Means of all women and all men 
adjusted for race and ethnicity.  Significance is compared to the fully food secure (FFS) group 
within each column, with * indicating significance at the 10% level and ** indicating 
significance at the 5% level.  Analyses include appropriate adjustment for survey weights and 
survey design. 

 



 

 

Table 5.  Probability of Being Food Insecure, Parameter Estimates from Logistic Regression, 
NHANES 1999-2001 
  Full Sample   Below 185% Poverty  
             
 Intercept -2.5946 **   -2.4498 **  
 Income as a % of poverty -0.8227 **   -0.8003 **  
 Age 0.1241 **   0.1066 **  
 Age squared -0.0016 **   -0.0013 **  
 Married -0.1019     0.1802    
 Owns a home -0.5184 **   -0.5075 **  
 Current smoker 0.2787 *   0.4509 **  
 Black -0.2510     -0.1625    
 Hispanic 0.1817     0.1738    
 Less than high  school education 0.5822 **   0.5330 **  
 Drinks alcohol -0.0073     -0.1897    
            
Concordance 80%     68.5%    
Wald 305.5 **   64.0 **  

* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for survey 
weights and survey design. 
 
 
 
 



 

Table 6.  Healthy Eating Index (HEI) and Daily Energy (KCAL) for Women and Men, NHANES, 1999-2001 
  HEI  KCAL 

  All Women Poor Women  All Men Poor Men  All Women Poor Women All Men Poor Men 
                                     
Intercept 62.54 ** 61.52 **  58.17 ** 59.13 **  2207.67 ** 2012.80 ** 3309.31 ** 3030.59 ** 
Inc. as % Pov 0.77 ** 0.52    0.53 ** -2.02 **  4.48   92.76   28.06   67.51    
Age 0.03   0.02    0.07 ** 0.12 **  -10.65 ** -8.04 ** -14.72 ** -15.60 ** 
Smoker -5.12 ** -3.20 **  -2.17 ** -2.85 **  -69.82   -12.51   -2.26   -39.07    
Drinks Alcohol -0.84   -2.01 **  -1.50   -1.57    194.69 ** 185.11 ** -34.06   111.40    
Low Education -1.65 ** -0.80    -0.72   0.70    -75.01 * -122.50   -79.92   4.02    
Food Insecure -1.07   -1.66 *  0.12   -0.81    18.67   14.97   -26.00   -61.94    
Food Stamps 0.02   -1.05    -0.89   -1.51    177.84   143.58   2.70   -108.83    
WIC 0.38   1.30    0.43   1.10    4.59   95.61   162.89   267.90    
Low activity -2.04 ** -0.74    -0.06   0.41    45.76   55.58   43.38   169.50    
High activity 1.34   1.96    2.11   1.11    136.01 ** 241.27 ** 101.26 ** 247.71 ** 
Makes efforts to 
control weight -0.33   -0.28    0.88   1.88    -68.99 * -178.50 ** -251.62 ** -158.29    
Black -3.02 ** -2.15 **  -1.90 * -3.41 **  10.26   36.01   -183.56 ** -97.71    
Hispanic 1.40   3.80 **  3.41 ** 3.76 **  -115.14 ** -65.07   -117.11   -247.81 ** 
R-square 0.08   0.09    0.05   0.08    0.05   0.07   0.04   0.05    
N 1883   773    1828   717    1883   773   1828   717    
                                     

* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for survey weights and survey design. 

 



 

Table 7.  BMI for Women and Men, NHANES, 1999-2001 
                    
  All Women Poor Women  All Men Poor Men 
                    
 Intercept 27.02 ** 25.19 **   29.46 ** 28.83 ** 
 Income as a % of poverty -0.54 ** 0.37     0.01   -0.25   
 Age 0.14 ** 0.16 **   0.08 ** 0.09 ** 
Less than high school 
education 0.38   -0.25     -0.34   -1.18 ** 
Current smoker -1.63 ** -2.27 **   -1.38 ** -1.86 ** 
Former smoker 0.12   1.65     0.90 ** 1.06   
Drinks alcohol -0.63   0.28     -1.61 ** -2.66 ** 
HEI -0.05 ** -0.03     -0.05 ** -0.03   
Energy (KCAL) 0.000413 * -0.000011     0.000196   0.000463 ** 
Low activity 2.79 ** 3.25 **   2.77 ** 3.04 ** 
High activity -2.53 ** -2.93 **   -1.60 ** -1.38 * 
Food insecure -0.17   0.27     -0.86 * -1.11 ** 
Black 3.17 ** 2.62 **   -0.44   -1.62 ** 
Hispanic 0.50   -0.21     0.05   0.42   
                    
R-Square 0.18   0.17     0.14   0.17   
Number 1883   773     1828   717   
                    

 
* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for survey weights and survey design.

 



 

Table 8.  Direct and Indirect Effects of Smoking and Alcohol Consumption  
               on BMI, NHANES, 1999-2001 
            

    
All 

Women Poor Women All Men Poor Men 
  Smoking     
     Direct  -1.63 -2.27 -1.38 -1.86 
     Indirect  0.25 0.00 0.09 -0.09 
  Total -1.38 -2.31 -1.29 -1.95 
   Difference in pounds+ -8.3 -13.9 -7.7 -11.7 
        
  Alcohol     
    Direct 0.00 0.00 -1.61 -2.66 
    Indirect 0.08 0.00 0.00 0.00 
  Total 0.08 0.00 -1.61 -2.66 
   Difference in pounds+ 0.5 0.0 -9.7 -16.0 

 
+ Approximate change in pounds on a 5'6" individual for total effects.    
 
 
 

Region Mean BMI N Mean BMI N Mean BMI N

South 27.1 1353 27.9 1170 27.6 2523
Northeast 27.4 501 27.7 474 27.8 975
Midwest 27.5 514 28.7 465 28.3 979
West 27.5 936 27.9 879 27.8 1815

Men Women Both
Table 9.  BMI by Census Region, NHANES 1999-2002, adults 18-60.

 
 
Respondents aged 18 to 60, who participated in the MEC examination.  Analyses include 
appropriate adjustment for survey weights.  

 



 

 

Region Percent Obese N Percent Obese N Percent Obese N

South 24.4 1353 32.7 1170 28.4 2523
Northeast 27.2 501 29.2 474 28.1 975
Midwest 26.5 514 35.5 465 30.9 979
West 27.5 936 31.7 879 29.5 1815

Men Women Both
Table 10.  Percent Obese by Census Region, NHANES 1999-2002, adults 18 to 60.

 
 
Respondents aged 18 to 60, who participated in the MEC examination.  Analyses include 
appropriate adjustment for survey weights.  
 
 

U.S. South U.S. South
Intercept 26.801 ** 27.962 ** 25.098 ** 26.103 **
Income -0.503 ** -0.534 ** 0.535 -0.216
Age 0.138 ** 0.143 ** 0.157 ** 0.111 **
Lowed 0.266 0.335 -0.287 0.184
Smoker -1.440 ** -1.377 ** -2.062 ** -2.206 **
Fm Smk 0.344 2.272 **^ 1.715 * 2.897
HEI -0.051 ** -0.064 * -0.038 -0.015
KCAL (1000) 0.460 * 0.178 0.009 0.057
High Act -2.579 ** -3.129 -2.910 ** -3.098 **
Low Act 2.904 ** 2.575 3.352 ** 3.321 **
MFS 0.686 0.729 0.588 0.883
FIWOH 0.794 1.498 1.381 2.398 *
FIWH -1.155 * -0.806 -0.737 -0.564
Black 3.143 ** 3.553 2.587 ** 3.268 **
Hisp 0.572 0.553 -0.126 0.534
Drinker -0.638 -1.351 * 0.272 -0.840
R-square 0.173 0.231 0.192 0.228

N 2074 812 846 342

^ indicates difference between South and entire U.S. 

All Respondents 185% Poverty or Less
Table 11.  BMI for Women, U.S. versus South, NHANES 1999-2002.

* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for survey weights and 
survey design

 



 

U.S. South U.S. South
Intercept 28.802 ** 30.026 ** 28.346 ** 28.792 **
Income 0.076 0.116 -0.216 0.565
Age 0.074 ** 0.049 **^ 0.082 ** 0.040 ^
Lowed -0.213 -0.17 -0.875 ** -0.718
Smoker -1.457 ** -1.672 ** -1.806 ** -1.580 **
Fm Smk 0.700 0.613 0.678 1.086
HEI 0.049 ** -0.059 ** -0.300 -0.051 **
KCAL (1000) 0.199 0.1337 0.565 0.492
High Act -1.558 ** -1.434 ** -1.608 ** -1.669 **
Low Act 2.757 ** 3.326 2.735 ** 4.000 **
MFS 1.416 * 1.991 ** 1.051 1.810 *
FIWOH -1.278 ** -1.162 ** -1.773 ** -1.395 **
FIWH -0.116 0.029 -0.505 0.149
Black -0.157 0.041 ** -1.086 ** -0.387 **
Hisp 0.159 -0.158 0.737 0.618
Drinker -1.388 ** -1.284 ** -2.582 ** -1.606 *
R-square 0.134 0.157 0.166 0.178

N 2347 955 917 393

* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for 
survey weights and survey design
^ indicates difference between South and entire U.S. 

Table 12.  BMI for Men, U.S. versus South, NHANES 1999-2002.

All Respondents 185% Poverty or Less

 



 

U.S. South U.S. South
Intercept -1.1626 ** -0.6237 -1.9845 ** -1.2949
Income -0.1346 ** -0.2 ** 0.1831 0.0452
Age 0.0403 ** 0.0452 ** 0.0383 ** 0.0272 **
Lowed -0.0338 -0.124 -0.1804 -0.0649
Smoker -0.2927 ** -0.4375 **^ -0.3061 -0.312
Fm Smk -0.1253 0.4292 0.3841 0.4986
HEI -0.0145 ** -0.0168 * 0.00195 0.00543
KCAL (1000) 0.139 ** 0.0022530 ^ -0.07 -0.27
High Act -0.8843 ** -1.0103 ** -0.9866 ** -0.6873
Low Act 0.8686 ** 0.6937 ** 0.7695 ** 0.7235 **
MFS 0.3746 0.2366 0.21 0.3648
FIWOH 0.6967 ** 0.72 ** 0.9081 ** 0.9046 **
FIWH -0.2094 -0.3038 0.0247 -0.2641
Black 0.8011 ** 0.7364 ** 0.6145 ** 0.61 **
Hisp 0.1394 0.1232 -0.1725 0.1569
Drinker -0.3028 -0.4642 ** -0.0833 -0.2744
Concordance 71% 71% 68% 68%

N 2074 812 846 342

^ indicates difference between South and entire U.S. 

All Respondents 185% Poverty or Less

Table 13.  Obesity for Women, U.S. versus South, NHANES 1999-2002.

* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for survey weights 
and survey design

 



 

U.S. South U.S. South
Intercept -0.8005 ** -0.6164 -0.6922 -0.1163
Income 0.0252 0.0179 -0.045 0.2574
Age 0.0282 ** 0.272 ** 0.0312 ** 0.0246 **
Lowed -0.1096 0.1137 -0.2351 -0.3131
Smoker -0.345 ** -0.6405 ** -0.3775 ** -0.6459 **
Fm Smk 0.125 0.3839 0.0765 0.4489
HEI -0.0161 ** -0.0246 ** -0.0149 ** -0.0269 **
KCAL (1000) 0.075 0.087 0.155 ** 0.100
High Act -0.9724 ** -1.1313 ** -1.1386 ** -1.5768 **
Low Act 0.6698 ** 1.0263 ** 0.6565 ** 0.980 **
MFS 0.4111 0.9398 ** 0.1223 1.005 **
FIWOH -0.2084 -0.0974 -0.5816 ** -0.3685
FIWH -0.0781 0.0151 -0.4819 ** -0.2838
Black -0.0158 0.011 -0.2708 -0.2927
Hisp -0.0555 -0.2187 0.1121 -0.1464
Drinker -0.4452 ** -0.3353 * -0.695 ** -0.6115 **
Concordance 68% 70% 67% 72%

N 2347 955 917 393

^ indicates difference between South and entire U.S. 

All Respondents 185% Poverty or Less

Table 14.  Obesity for Men, U.S. versus South, NHANES 1999-2002.

* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for survey 
weights and survey design

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Number Percent Number Percent Number Percent Number Percent
January 143 5.71 182 10.19
February 232 9.27 229 12.82
March 216 8.63 225 12.6
April 543 21.69 14 1.45 52 2.91
May 237 9.46 140 14.49 51 5.25 235 13.16
June 13 0.52 192 19.88 186 19.14 118 6.61
July 64 2.56 73 7.56 299 30.76
August 66 2.64 157 16.25 358 36.83
September 87 3.47 248 25.67 78 8.02 133 7.45
October 307 12.26 142 14.7 201 11.25
November 365 14.58 226 12.65
December 231 9.23 185 10.36

Table 15. Month of Dietary Recall, NHANES, 1999-2002.
WestMidwestSouth Northeast

 
 
 
 
 
 

Mean BMI Obesity HEI-2005 Mean BMI Obesity HEI-2005

U.S. 28.0 32.40% 50.2 27.6 25.90% 47.3
Northeast 27.7 29.10% 52.2 27.9 24.50% 48.7
MidWest 28.7 35.50% 50.0 27.9 26.50% 45.9
West 27.9 31.70% 52.4 27.8 27.50% 49.4
South 27.9 32.70% 48.1 27.4 24.40% 46.3
Deep South* 29.2 39.30% 47.2 27.6 24.10% 45.1

Observations
U.S. 3052 3052 2952 3424  3424 3268
Northeast 474 474 470 501 501 496
MidWest 465 465 463 514 514 507
West 879 879 863 936 936 922
South 1170 1170 1156 1353 1353 1343
Deep South* 387 387 375 416 416 399

Table 16.  Mean BMI, Obesity, and Healthy Eating Index-2005, by Region, NHANES, 1999-2002.

Analyses conducted for adults ages 18 to 60, not pregnant or lactating

Women Men

*South Carolina, Tennessee, Georgia, Alabama, Mississippi, Lousiana, Arkansas

 



 

Parameter Std Error Parameter Std Error
Intercept 23.870 ** 1.012 24.471 ** 0.724
Deep South 0.900 0.977 0.415 0.659
Other South -0.274 0.773 -0.094 0.677
Midwest 1.243 0.848 0.290 0.705
West 0.489 0.795 0.270 0.691
Age 0.125 ** 0.014 0.087 ** 0.012
Income -0.563 ** 0.094 -0.058 0.118
Low Education 0.100 0.456 -0.291 0.440
Black 3.184 ** 0.556 -0.289 0.358
Hispanic 0.985 ** 0.357 -0.077 0.364
R-square 0.078 0.033
N 2695 3018

Analyses conducted for adults ages 18 to 60, not pregnant or lactating.

Men

Table 17. BMI with Demographic Covariates,  NHANES, 1999-2002.

Women

* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for survey weights and 
survey design
 

 



 

Parameter Std Error Parameter Std Error
Intercept 25.468 ** 1.250 26.308 ** 1.150
Deep South 0.286 0.739 0.521 0.649
Other South -0.772 0.836 -0.403 0.710
Midwest 0.401 0.761 0.396 0.696
West 0.238 0.692 0.029 0.667
Age 0.145 ** 0.015 0.091 ** 0.011
Income -0.358 ** 0.106 0.082 0.098
Low Education 0.179 0.600 -0.430 0.412
Black 3.375 ** 0.592 -0.062 0.404
Hispanic 0.761 * 0.380 0.178 0.376
Current Smoker -1.976 ** 0.423 -1.229 ** 0.333
Former Smoker 0.616 0.514 0.685 0.412
HEI-2005 -0.042 ** 0.011 -0.019 * 0.010
Energy (KCAL) 0.0002 0.000 0.0001 0.000
Low Activity 2.888 ** 0.553 2.500 ** 0.458
High Activity -2.518 ** 0.384 -1.604 ** 0.227
MFS 0.616 0.556 1.124 0.784
FIWOH 0.955 0.713 -1.212 * 0.624
FIWH -0.989 0.745 0.210 0.867
Drinks Alcohol -1.313 ** 0.642 -1.366 ** 0.567
Number of Drinks 0.415 ** 0.110 0.074 ** 0.020
Frequency of Drinks -0.385 ** 0.117 -0.194 ** 0.062
R-square 0.198 0.135
N 1934 2060
 
Analyses conducted for adults ages 20 to 60, not pregnant or lactating.

Table 18. BMI with Demographic and Lifestyle Covariates,  NHANES, 1999-2002.

Women Men

* significant at the 10% level; ** significant at the 5% level. Analyses adjusted for survey weights and 
survey design
 
 
 
 
 
 
 
 
 

 


