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ABSTRACT 
 

 
When Americans buy food at the grocery store, only a fraction of the price they 

pay goes to the farmers who grew the original ingredients. This is called the farm share. 

The rest of the food dollar pays for additional services, such as food transportation, 

distribution, processing, and advertising. Over the past half-century, the overall farm 

share of the U.S. food supply has fallen. At the same, obesity rates have been rising 

steadily. This paper explores the relationship between these two concurrent phenomena, 

hypothesizing an inverse relationship between Americans' body mass index and the 

overall farm share of their diet. Using U.S. Department of Agriculture farm share 

calculations for a variety of food types, combined with data on people's eating habits, a 

variable is constructed to represent the total farm share of each person's diet. An ordinary 

least squares (OLS) regression model is used to investigate a link between this farm share 

variable and individuals' body mass index, controlling for demographics and physical 

activity. The results support the hypothesis, finding an inverse relationship between farm 

share and body mass index. These results suggest that the obesity epidemic could be 

mitigated by policies that support the consumption of foods with high farm shares. 



 iv 

ACKNOWLEDGEMENTS 

 

This thesis benefited from the help of many. Although all errors or oversights are 

my own, I received considerable assistance without which this research would not have 

been possible. My adviser Dr. Gillette Hall provided essential guidance, support, and 

encouragement that not only improved the quality of my work, but that also kept me 

focused and optimistic as I navigated this process. In addition, I owe a debt of gratitude to 

my workshop mates, eight fellow students who consistently provided useful feedback on 

my progress over the past eight months: Ryan Carrington, Camille D'Andrea, Mahreen 

Hasan, Cafer Orman, Aldo Ortega, Carly Reed, Alexandra Solano, and Jade Winfree. 

I would also like to thank Eric Gardner, the Data Analysis Adviser at Georgetown 

Public Policy Institute, for his invaluable assistance with cleaning, re-arranging, and 

analyzing my data. Eric does great work for virtually all of GPPI's students, and I am 

grateful for his expertise and willingness to help. I must also thank Bill Schmid, a 

classmate at GPPI, and C. Edwin Young, a senior economist at the United States 

Department of Agriculture Economic Research Service, for carefully reading draft copies 

of this paper and providing useful comments and suggestions. 

Finally, I would like to thank my family for their support. It's encouraging to 

know that there are people who believe in me, and a major motivator for this work was 

my desire to make them proud. I hope that with this thesis, I have done so. 



 v 

TABLE OF CONTENTS 

I.  Introduction..................................................................................................................1 

II. Literature Review.........................................................................................................3 

III. Conceptual Framework................................................................................................7 

IV. Data and Methods........................................................................................................9 

  Data.....................................................................................................................9 

  Empirical Model................................................................................................11 

  Variables............................................................................................................11 

V. Results...........................................................................................................................17 

  Limitations.........................................................................................................20 

VI. Discussion...................................................................................................................24 

Appendix A - Foods Included in the Model, with Farm Shares........................................27 

References..........................................................................................................................28



 vi 

LIST OF TABLES AND FIGURES 

 

 

Figure 1 - Average Farm Share of Domestically Produced Foods, 1950-2006..................7 

Figure 2 - Obesity Trends in the United States, 1961-2006................................................8 

Figure 3 - Frequency Distribution of Farm Share Calculations.........................................13 

Table 1 - Descriptive Statistics for Variables Appearing in the Model.............................16 

Table 2 - OLS Estimates of Body Mass Index..................................................................18 

Table 3 - Foods Included in the Model, with Farm Shares................................................27 



 1 

I. Introduction 

 

A hundred years ago there were no Pop-Tarts. There were no Lunchables or Lean 

Cuisines or Twinkies. There was no Mountain Dew or Hawaiian Punch, no partially 

hydrogenated soybean oil, high fructose corn syrup, cellulose gum or caramel color. 

And Americans got along just fine. In fact, we got along better than we do now, 

nutritionally speaking. America today suffers from an epidemic of obesity – one that each 

year kills more than 100,000 people and costs our economy more than $100 billion. And 

with obesity rates continuing to climb, it's hard to be optimistic about the future of 

Americans' health.  

Americans' expanding waistline over the past several decades has accompanied a 

similar rise in the amount of processed foods we consume. A century ago, very few steps 

separated our food from our farms. But today, countless middlemen have wedged their 

way between the farm and the dinner table, processing the raw farm ingredients, adding 

value, and capturing more and more of the food dollar spent by Americans. 

This phenomenon is evident in the sharply declining farm share of the foods we 

eat. Farm share is calculated as the percentage of each food dollar spent that goes to the 

farmers who grew the original ingredients; the remainder constitutes the food's total 

"marketing bill," which includes food processing, transportation, distribution, and 

advertising. Agricultural economist Stewart Smith has calculated that the average farm 

share for food consumed in America fell from 41 percent in 1910 to just 9 percent in 

1990. As food processors began to play a greater role in feeding the nation, they created 
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products that people just a few years earlier could never have imagined. In doing so, 

they've claimed greater portions of the money spent on food products, while farmers got 

less and less. 

This phenomenon would have been benign, if the processed foods weren't so 

unhealthy. But the sugars, fats, and oils that processing adds to Americans' diet – not to 

mention the convenience offered by food processors – appear to have taken a serious toll 

on our health. 

The purpose of this paper is to investigate the relationship between these two 

concurrent phenomena in the United States: falling farm shares and rising obesity. The 

results will have important implications for American food policy as a key determinant of 

people's health outcomes – and as a key driver of health-related costs. 
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II. Literature Review 

 

 Obesity is on the rise in the United States, a topic on which the literature is 

extremely rich. Countless papers have been written on the causes of obesity, and two key 

environmental factors emerge as the major determinants: an increase in energy consumed 

and a decrease in energy expended (Hill, et al, 1998). That is, Americans are eating more 

calories and getting less physical activity. The relative importance of these factors was 

examined by Bleich, et al (2008), whose analysis shows that caloric intake appears to 

have a greater effect on obesity than physical activity. The authors further examine the 

drivers of increased caloric intake, concluding that technological change (resulting in 

lower food prices) and sociodemographic factors (resulting in lifestyle changes) are key 

contributors to increased caloric supply. An analysis across 21 developed nations 

(Silventoinen, et al, 2004) resulted in a similar conclusion about the importance of energy 

supply as a factor in increasing obesity rates. Digging deeper, Swinburn, et al (2004) cite 

a variety of probable risk factors for obesity, including sedentary lifestyles; heavy intake 

of high-calorie, low-nutrient food; food marketing; abundance of sugar-sweetened drinks; 

and adverse socioeconomic conditions. 

 The literature therefore supports the notion that consumption habits are a key 

determinant of obesity. But what is driving the increase in caloric intake? Cutler, Glaeser 

and Shapiro (2003) argue that this is due to a change in the "division of labor in food 

preparation." Since the 1960s there has been a major shift from individual preparation of 

meals to mass preparation at commercial food processing plants. This significantly 
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reduced the amount of time needed to prepare meals, facilitating an increase in 

consumption. Moreover, this increase hasn't occurred equally across all types of food. 

High-calorie, low-nutrient processed food has gained a significant advantage from this 

shift in food preparation, allowing people to consume higher-calorie foods more 

frequently. In 2000, the average American consumed 300 more calories per day than in 

1985, with refined grains, added fats, and added sugars accounting for 93 percent of the 

extra calories (Putnam, Allshouse and Kantor, 2002). 

 These consumption trends are related to food prices – but not as directly as one 

might think. An analysis of U.S. food prices from 1950 through 2007 found a steady 

decline, although the authors conclude that the decline hasn't been large enough to 

account for the size of the increase in caloric intake (Christian and Rashad, 2009). 

Instead, the phenomenon appears to be related to the components of food prices – in other 

words, the proportion of each dollar spent on food that is captured by farmers who grow 

the ingredients, the processors who turn those ingredients into finished products, the 

marketers who sell those products, and the distributors who transport them. Agricultural 

economist Stewart Smith found that the overall farm share of food sold in the United 

States fell from 41 percent in 1910 to 9 percent in 1990 (Smith, 1993). This has created a 

disconnect between food prices and the cost of the farm products used as ingredients in 

the food people buy. Schluter, Lee and LeBlanc (1998) identify the processes underlying 

this phenomenon: food retailers identifying – and shaping – consumer preferences, 

finding new ways to add value to the products, and capturing more of the food dollar for 

themselves. These marketing services (food processing, advertising, and distribution) 

were examined as far back as 1966, when William Waldorf found that one-third of the 
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decline in farm share was due to increased consumer demand for marketing services (as 

expressed by consumers' increasing purchases of processed foods), while two-thirds was 

due to increased supply of farm products (Waldorf, 1966). Since then, the proportion due 

to marketing services has almost certainly climbed, as the consumption of processed 

foods has grown. 

 But the decline in farm share has not occurred at the same rate for all types of 

food. The United States Department of Agriculture has calculated farm shares for a wide 

variety of goods, from 6 percent for cereals to 39 percent for strawberries in 2003. 

Generally, fruits, vegetables, meat, and dairy products tend to have higher farm shares, 

and their rate of decline is slower than farm shares for other kinds of goods (Stewart, 

2006). This may have implications for government policies to encourage consumption of 

goods with greater farm shares, if there is a link between the farm share of people's diet 

and their health outcomes. 

 Many authors have attempted to find this link between government farm policies 

and health outcomes. Yet their findings typically rely on logical arguments rather than 

statistical analysis. Lisolette Schafer Elinder, for example, argues that subsidizing 

overproduction of some foods has led to overconsumption and poor health (Elinder, 

2005). Popular author Michael Pollan makes similar claims, explaining the process by 

which farm subsidies cause obesity and other health problems, but offering no statistical 

evidence to support his case (Pollan, 2006). Authors who attempt econometric analyses 

of this relationship typically come up empty-handed. Studies examining a link between 

farm subsidies and obesity, for example, find little correlation, because the price of farm 

products as inputs for retail food products is so small (Alston, Sumner and Vosti, 2006; 
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Miller and Coble, 2006).  An international comparison of countries with varying levels of 

farm subsidies also found no link between the subsidies and obesity (Alston, Sumner and 

Vosti, 2008). Another study looked for a link between U.S. farm subsidies and 

consumption of artificial sweeteners and found little relationship (Beghin and Jensen, 

2008). A competing brief, however, notes that while there appears to be little current 

effect of subsidies on prices of high-fructose corn syrup, the implicit subsidy caused by 

low input prices can cause oversupply and encourage greater consumption. 

 The declining farm share of many foods consumed in the United States is the 

reason that little relationship has been found between farm subsidies and obesity. Price 

cannot be the mechanism by which farm policies affect people's health, because declining 

farm shares mean that agricultural inputs account for a small proportion of the retail price 

of food. To avoid this problem, this paper will not use food prices as the mechanism 

linking farm policies to health outcomes. Instead, this analysis will use farm share as an 

indicator of the level of processing that different foods undergo, and examine whether the 

low farm shares themselves are responsible for rising obesity rates. 
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III. Conceptual Framework 

 

When people purchase food in the grocery store, only a portion of the price they 

pay ends up going to the farmers who produced the food or its ingredients. The rest of the 

retail price ends up paying for a variety of other services and "value added," such as 

transportation, distribution, food processing, and advertising. The portion of food prices 

that actually goes to farmers is called the farm share, and it varies for different kinds of 

food. Foods that are more heavily processed, for example, are marked by lower farm 

shares, while foods with minimal processing have higher farm shares. 

 

 

 

As shown in Figure 1, the average farm share of food bought in the United States 

has declined steadily since 1950. This is a product of the increasing role played by food 

United States Department of Agriculture Economic Research Service 

Figure 1 
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processors, as well as falling commodity prices. At the same time, obesity rates in the 

United States have been steadily climbing (see Figure 2). The goal of this analysis is to 

explore a possible relationship between these two trends. 

 

 

 

This analysis hypothesizes that people who eat more foods with lower farm shares 

are likely to have a higher body mass index. This is because foods with lower farm shares 

undergo more processing, which strips them of nutritional value and adds more "empty 

calories" and fat. Diets that feature less processing allow people to eat more directly from 

the farm, without food processors wedging their way in between to "add value," alter the 

foods' nutrient content, and capture more of the consumers' food dollar. Thus, individuals 

whose diets have a higher farm share are expected to have a lower BMI and a smaller 

chance of being obese.

Figure 2 

United States Centers for Disease Control 
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IV. Data and Methods 

Data 

 This study uses cross-sectional data from the National Health and Nutrition 

Examination Survey (NHANES). This survey has been conducted over many years, but 

this research will focus on 2003-2004 because the most recent U.S. Department of 

Agriculture farm share calculations for many food categories are from those years. The 

target population of NHANES is the civilian, noninstitutionalized U.S. population, and it 

includes over-samples of low-income people, adolescents aged 12 to 19 years, seniors 

older than 60 years, African Americans, and Mexican Americans. The survey design is a 

stratified, multistage probability sample of the target population. According to the 

NHANES documentation: 

The stages of sample selection are: 1) selection of Primary Sampling Units 
(PSUs), which are counties or small groups of contiguous counties; 2) 
segments within PSUs (a block or group of blocks containing a cluster of 
households); 3) households within segments; and 4) one or more 
participants within households. A total of 15 PSUs are visited during a 12-
month time period. 
 

The total sample size for NHANES 2003-2004 was 12,761 individuals aged 2 and up. 

This analysis, however, restricts the sample to only those individuals over the age of 16, 

since data for several of the key control variables were collected only for respondents 

over that age. The response rate for interviews was 79 percent, and the response rate for 

in-person examinations was 76 percent.  

NHANES 2003-2004 has four separate components: Demographics, Examination, 

Laboratory, and Questionnaire. This analysis will use data from three of these 

components: 
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 Demographics. This component of the dataset will provide the demographic 

information needed for the model's control variables. This data was collected by 

questionnaire. 

 Examination. Two data files from this component will be used: the Body 

Measurement file and the Food Frequency Questionnaire DietCalc Output file. 

These datasets will provide information on people's eating habits, as well as their 

body mass index (BMI) – two central elements of the model. The data in this 

component was collected during in-person medical exams by health 

professionals. 

 Questionnaire. This component contains information obtained through a 

comprehensive questionnaire about a variety of health measures and behaviors, 

use of medical treatments, health insurance status, and other topics. This analysis 

will focus on variables relating to respondents' typical amount of physical activity 

and exercise. This will join the demographic information as a control variable. 
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Empirical Model 

 This study will use ordinary least squares (OLS) regression to estimate the 

following model: 

BMIi = β0 + β1FARMSHAREi + β2X'i+ β3P'i + u 
 

 where  BMIi = the body mass index of person i 

  FARMSHAREi = the total farm share of person i's diet 

  X'i = a vector of person i's demographics, including gender, age, race,  

        income, and marital status 

P'i = a vector of person i's typical engagement in various physical         

activities, including walking/bicycling to work, moderate and 

vigorous exercise, and physically-demanding household chores 

 

Variables 

Dependent Variable 

 The dependent variable in this model is body mass index (BMI). This is a 

standard measure of an individual's "body fatness," in the words of the U.S. Centers for 

Disease Control, and it is useful in diagnosing possible health problems stemming from 

one's body weight. 

 

Independent Variable of Interest 

 The independent variable of interest is farm share. In order to determine the total 

farm share of each individual's diet, data from the NHANES Food Frequency 
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Questionnaire was combined with U.S. Department of Agriculture calculations of the 

farm share for a wide variety of foods. 

 The Food Frequency Questionnaire DietCalc Output is a component of NHANES 

that asks individuals to report the frequency of their consumption of 152 different types 

of food over the previous 12 months. Using this data, the analysts employed Diet*Calc 

software to convert the questionnaire responses into daily frequencies for different foods 

and food groups. The algorithms used by the Diet*Calc software assign daily frequencies 

as follows: 

 

For beverages:     For foods:  
 
Never = 0      Never= 0  
1 time per month or less = 0.03   1-6 time per year = 0.01  
2-3 times per month = 0.08    7-11 times per year = 0.028  
1-2 times per week = 0.21    1 time per month = 0.033  
3-4 times per week = 0.5    2-3 times per month = 0.08  
5-6 times per week = 0.79   1 time per week = 0.14    
1 time per day = 1     2 times per week = 0.29  
2-3 times per day = 2.5    3-4 times per week = 0.5  
4-5 times per day = 4.5    5-6 times per week = 0.79  
6 or more times per day = 7   1 time per day = 1  

       2 or more times per day = 2 

To apply farm shares to each of these frequencies, the foods included in the NHANES 

survey were first matched with the farm shares from the USDA. Matches were possible 

for 68 of the 152 food categories included in the NHANES survey (a list of these foods 

and their corresponding farm shares is provided in Appendix A). A match was not 

possible for the remaining foods for two reasons: either the USDA has not produced farm 

share calculations for those foods, or the foods were too complex – that is, they consisted 

of many different ingredients with many different farm shares. Once the matches were 
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made, a weighted average of each individual's farm share was obtained. This was done by 

multiplying each food's frequency by its farm share, summing these products across each 

type of food, and then dividing this sum by each individual's total frequency for all foods. 

The resulting figure represents the average farm share of the individual's overall diet. 

Figure 3 shows that this statistic is normally distributed across the sample. 

 

 

 

Control Variables 

 A variety of demographic data were included in the model. Gender is included as 

a basic control variable. It is a dichotomous variable equal to 1 if the respondent is male 

and equal to 0 if the respondent is female. Research shows that females are more likely to 

be obese in the United States than males, so this variable is included to account for any 

inherent gender differences in the likelihood of being obese. It is therefore expected that 

this variable will have a negative coefficient, meaning that being male will be associated 

with lower BMI. 

Figure 3 
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 Age is included in the model because research shows that people are more likely 

to gain weight as they age – up to a point. Once they reach a certain age (typically in their 

older years), people's weight then tends to fall. Thus, the model contains both a linear 

measure of age (in years) as well as a quadratic term, allowing for this type of 

relationship. It is expected that the linear term will have a positive coefficient, and the 

quadratic term will have a negative coefficient. 

 Education is another basic demographic control variable, specified as three 

dichotomous variables representing (1) less than a high school education, (2) a high 

school diploma or equivalency, and (3) more than a high school education. Research has 

shown that people with higher levels of education are less likely to be obese. This could 

be due to a greater awareness of the negative health effects of obesity, a greater ability to 

determine how to live a healthy lifestyle, or a greater likelihood of receiving and heeding 

regular medical care and advice. This variable is included in the analysis to control for 

any independent effects of education on the likelihood of being obese. Using less than a 

high school education as a reference, it is expected that the coefficients on the remaining 

education variables will be negative.  

 Income is included for reasons similar to education. In this model, it is 

represented by a continuous variable for each individual's poverty to income ratio (PIR). 

PIR measures the ratio of the individual's household income to the poverty line for his or 

her household size, thus accounting for household size in a way that a straight measure of 

income cannot. Income is included in the model because it likely has an impact on both 

the types of food one can afford to buy, as well as one's preference for different types of 

food. Moreover, like education, income could also affect people's likelihood of receiving 
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regular medical care, which typically involves advice on healthy living and proper 

nutrition. Thus, income is included in the model to control for any independent effects on 

the likelihood of being obese. It is expected that like education, PIR will have a negative 

association with the dependent variable. 

 Finally, any measure of the effects of diet on obesity must also control for 

physical activity. In this model, four dichotomous variables are used, representing 

whether in the last 30 days the individual engaged in: 

 Physical activity, such as walking or bicycling, on the way to work or 
school 

 
 Moderate exercise producing a light sweat or a slight increase in heart rate 

for at least 10 minutes 
 
 Vigorous exercise producing a heavy sweat or a large increase in heart rate 

for at least 10 minutes 
 
 Housework or yard work producing a light sweat or slight increase in heart 

rate for at least 10 minutes 
 
It is expected that each of these variables will have a negative coefficient, representing an 

inverse relationship with body mass index. 

Descriptive statistics for all variables in the model are provided in Table 1. 
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Table 1 - Descriptive Statistics for Variables Appearing in the Model 

  Variable Mean Std. Dev. 

        

Dependent Variable     

  Body Mass Index 28.61 3.23 

Explanatory Variable of Interest     

  Farm Share of Total Diet (percent) 20.87 4.79 

Demographics     

  Male (0,1) 0.46 0.50 

  Age in Years 45.99 21.93 

  Household Poverty to Income Ratio 2.53 1.61 

  Married (0,1) 0.52 0.50 

Education     

  Less than High School (0,1) 0.35 0.48 

  High School or Equivalency (0,1) 0.24 0.43 

  More than High School (0,1) 0.41 0.49 

Race       

  White (0,1) 0.52 0.50 

  Black (0,1) 0.21 0.41 

  Hispanic (0,1) 0.24 0.43 

  Other (0,1) 0.04 0.19 

Physical Activity (in past 30 days)     

  Walk or Bicycle to Work/School (0,1) 0.27 0.44 

  Moderate Exercise (0,1) 0.54 0.50 

  Vigorous Exercise (0,1) 0.31 0.46 

  Household Chores (0,1) 0.58 0.49 
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V. Results 

 
The results of the analysis are summarized in Table 2 (next page). On the key 

variable of interest, farm share of total diet, the model supports the hypothesis of an 

inverse relationship between farm share and body mass index. The model produced a 

highly statistically significant parameter estimate of -0.08641 on the farm share variable. 

Specifically, this means the model would predict that a one percentage-point increase in 

the farm share of an individual's diet is associated with a 0.08641 reduction in his or her 

BMI. Likewise, an increase in farm share of one standard deviation (4.79) is associated 

with a body mass decrease of about 0.41. While this does not represent a large effect of 

farm share on body mass index, the model nevertheless shows a meaningful, statistically 

significant relationship – one that may have implications for people's diet choices and for 

government agricultural and food policies. 

Further evidence for the robustness of the model appears in its estimates for the 

control variables. Statistically significant results – in the expected direction – were 

obtained for gender, age, income, race, and three of the four physical activity variables. 

The male dummy variable has a parameter estimate of about -0.5, indicating that males 

are likely to have slightly lower BMI than females. This finding is supported by the 

literature, which shows higher obesity rates among American females compared to males. 

The age variables (including both a linear and a quadratic term) also have statistically 

significant parameter estimates, suggesting that Americans' BMI rises as they age up to a 

certain point, when their BMI begins to decrease again in their older years. Again, this 

trend is supported by the literature. 
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Table 2 - OLS Estimates of Body Mass Index 

 

  Variable Parameter Estimate 

Explanatory Variable of Interest   
  Farm Share of Total Diet (percent) -0.08641*** 
Demographics   
  Male (0,1) -0.49725** 
  Age in Years 0.35242*** 
  Age in Years Squared -0.00340*** 
  Household Poverty to Income Ratio -0.11871* 
  Married (0,1) -0.32985 
Education   
  High School or Equivalency (0,1) 0.48859* 
  More than High School (0,1) 0.08766 
Race    
  Black (0,1) 2.25114*** 
  Hispanic (0,1) 0.97020*** 
  Other (0,1) -1.48419*** 
Physical Activity (in past 30 days)   
  Walk or Bicycle to Work/School (0,1) -0.61718*** 
  Moderate Exercise (0,1) -0.04985 
  Vigorous Exercise (0,1) -1.49653*** 
  Household Chores (0,1) 1.06945*** 

Observations: 4,074          R2: 0.1054 
*** Significant at 1%   ** Significant at 5%   * Significant at 10% 

 

 The parameter estimate on the income variable, poverty to income ratio (PIR), is 

marginally significant. PIR measures the ratio of a household's income to the poverty 

threshold for its household size. The negative coefficient on this variable, then, suggests 

that the higher an individual's household income, the lower their expected BMI. This 

finding matches research that shows poorer Americans are more likely to be obese. While 

this might be counter-intuitive, the phenomenon is likely related to the relatively high 
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cost of healthy food, and the preponderance of cheap, high-calorie foods at fast-food 

restaurants and in grocery store aisles. 

 Related to the income variable are the education control variables. However, the 

model did not find much statistical significance in these variables, and the direction of the 

predicted relationship is opposite that which was expected. Whereas theory suggested 

higher levels of education would be associated with lower BMI, the model found the 

opposite. With less than a high school education as the reference group, the model found 

a marginally significant positive association between obtaining a high school degree and 

one's BMI. There was no significant relationship between BMI and education above a 

high school degree. These unexpected results might be due to the relatively "blunt" 

measures used for specifying the education variables. It would be preferable to use a 

continuous measure of education by grade level completed, but due to the NHANES 

survey design this kind of specification was not possible. Additionally, the lack of 

statistically significant results for the education variables may simply have to do with the 

lack of an independent effect of education on BMI. Rather, any effect of education might 

have been picked up instead by other control variables, most notably age, income, and 

race/ethnicity.  

 For the race/ethnicity variables, the model did produce statistically significant 

results. Compared to whites, the model predicts that African Americans and Hispanic 

Americans will have higher BMI, while those falling into the "Other" race/ethnicity 

category will have lower BMI. This is in line with past research showing that black and 

Hispanic minorities are more likely to be obese in the United States. As for the "Other" 
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category, this is likely made up of Asian Americans, whom research shows are less likely 

to be obese than whites. 

 As expected, the physical activity variables were also found to be statistically 

significant, although with one exception. Both walking/biking to school or work and 

engaging in vigorous exercise are associated with lower BMI, while moderate exercise 

was not found to have a statistically significant effect. Interestingly, physical activity as 

part of household chores or yard work is associated with higher BMI. These mixed 

results may be due to the way that the physical activity variables were specified; that is, 

using dummy variables to represent participation in different activities at least once in the 

previous 30 days may not be the ideal way of accounting for individuals' actual levels of 

physical activity. Still, the complexity of the NHANES physical activity questionnaire 

made this type of specification most feasible, and moreover, the purpose of including 

physical activity variables in the model was for use as control variables, not to obtain 

specific parameter estimates. Thus, the specification of physical activity as four dummy 

variables is likely sufficient to serve this function. 

 

Limitations 

 Despite the generally robust results given by the model, there are a number of 

limitations to this analysis. First, the total farm share calculations for each individual's 

diet may be incomplete. This could be true for several reasons. For one, it was possible to 

match farm shares for only 68 of the 152 food items that were part of the NHANES Food 

Frequency Survey. Of the foods for which matches were not possible, some contained too 

many ingredients to attach a single farm share (such as pizza and granola bars), while 
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others simply did not have USDA farm share calculations available (such as clams and 

chocolate). Furthermore, the NHANES Food Frequency Survey applies only to foods 

eaten in the home, so it ignores people's eating habits in restaurants, at the workplace, in 

school cafeterias, and elsewhere. Finally, NHANES survey may suffer from 

measurement error, as respondents might have had difficulty accurately recalling the 

types and amounts of food they'd eaten during the preceding month. 

 Each of the above factors could result in an incomplete or inaccurate assessment 

of each individual's farm share of total diet. But despite the likelihood of not capturing a 

comprehensive view of each person's total diet, this analysis is still able to account for a 

significant enough portion of their eating habits to have explanatory power. Just because 

the model doesn't include pizza or chocolate does not mean it fails to provide a useful 

sketch of people's diets. The fact that the model produced a statistically significant 

estimate on the farm share variable is a testament to this fact. 

The issue of measurement error, however, does have important implications for 

the results of this analysis. Measurement error in the explanatory variable can have 

several consequences: it can bias that variable's parameter estimate toward zero; it can 

bias the parameter estimates of other independent variables in either direction; it can 

reduce the model's R-squared; and it can increase the standard errors of the independent 

variables' slope coefficients. The most serious problems would occur if the food 

frequencies were measured with error systematically – that is, if most of the error tended 

to come from everyone either overestimating or underestimating their food intake. It is 

impossible to say whether this occurred with the NHANES survey. What is clear, though, 

is that if measurement error did exist, it was not a fatal blow to the model. Standard errors 
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may have been inflated, but most of the parameter estimates were nonetheless statistically 

significant. The slope coefficients on the independent variables may have been biased, 

but most still indicated the expected relationships. Perhaps the most significant impact of 

measurement error would be its downward bias on the parameter estimate for the total 

farm share variable. Despite indicating the hypothesized relationship, this estimate had a 

small value and therefore reduced practical significance. 

A related issue is that of missing data. The NHANES survey had a sample size of 

more than 12,000, but the regression model included only 4,074 observations. Some of 

this was intended: the model was restricted to include only individuals over the age of 16, 

for example, since the physical activity questions only applied to respondents over that 

age. But some of this attrition is the result of missing data, caused by certain observations 

not having data recorded for one or more of the variables included in the model. Like the 

issue of measurement error, this missing data would present a problem if it occurred 

systematically – if there were a common reason that certain individuals did not record 

data for certain elements of the survey. This would mean the sample is no longer random 

and loses its explanatory power. To try to determine if this was the case, descriptive 

statistics for each variable in the model were compared between those individuals 

included in the model and those who dropped out due to missing data. Based on this 

analysis, these two groups appeared not to have structural differences between them, and 

it is likely that the missing data occurred arbitrarily. 

A final concern with the model is multicollinearity among the explanatory 

variables. If certain variables are highly correlated with one another, it could increase the 

standard errors of their slope coefficients. This risk would appear to be most significant 
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for the education and income variables, which might be highly correlated with one 

another. Looking at the results of the model, the parameter estimates of the education and 

income variables are those that showed the least statistical significance, with either 

marginal significance (at the 90% confidence level) or no statistical significance at all. It 

is possible this is the result of multicollinearity. However, since this analysis focused on 

farm share as the explanatory variable of interest – and used education and income 

simply as controls – the key relationship found in the model is unaffected by potential 

multicollinearity. 
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VI. Discussion 

 
The results of this regression analysis indicate an inverse relationship between the 

farm share of people's diet and their body mass index. 

The policy implications of these findings hinge on two factors: (1) the relationship 

of BMI to public health, and by extension, to government health expenditures; and (2) the 

elements that constitute farm share. 

A wide body of research continues to show a strong relationship between 

overweight and obesity (defined as BMI above 25 and 30, respectively) and an array of 

serious health problems, such as heart disease, diabetes, cancer, hypertension, and stroke. 

According to the U.S. Centers for Disease Control, overweight and obesity cost the 

nation up to $92.6 billion in 2002 – or 9.1% of total U.S. medical expenditures. Half of 

this cost was paid by Medicare and Medicaid, so the government has a major stake in 

reducing instances of overweight and obesity. Moreover, these costs are rising quickly. A 

recent study at Emory University estimated that at current trends, 43% of Americans 

could be obese by 2018 – costing the United States $344 billion per year and accounting 

for 21% of all health care spending. 

With the costs of overweight and obesity so high, policymakers should pursue 

policies that support lower BMIs for the American population. Such policies can take 

many forms and can target different determinants of overweight and obesity, such as 

people's eating and exercise habits. The results of this regression analysis suggest that the 

farm share of people's diet is one mechanism that can be targeted to help lower people's 

BMI and reduce the occurrence of overweight and obesity. Increasing an individual's 
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total farm share by 10 percent, for example, can lower his or her BMI by 0.8 – a 

reduction that would likely bring health benefits to the individual and cost savings to the 

health care system and state and federal governments. 

The question remains, however, of exactly which types of policies could 

encourage people to eat foods with higher farm shares. The answer lies in the 

determinants of farm share – that is, what makes some foods have higher farm shares and 

other foods have lower ones. The price paid for a food item includes two components: the 

cost of the raw products used as ingredients (which almost always originate from a farm) 

and the cost of the various marketing services involved in the food's production. These 

services include food processing, transportation, and advertising. Thus, a reduction in 

these costs will, by definition, increase the food's farm share, while foods that undergo 

large amounts of processing, are transported long distances, and are heavily advertised 

will have lower farm shares – and therefore will be associated with higher BMIs. 

Policymakers, then, should look to craft policies that encourage the consumption 

of foods that undergo less processing, travel shorter distances, and are advertised less 

frequently. Currently, a large percentage of U.S. government agricultural subsidies are 

for cereals and grains such as corn, wheat, and soy – crops that are used overwhelmingly 

in making processed foods that end up having very low farm shares. Instead, 

policymakers should re-shape the system of agricultural subsidies to support the 

production of foods with higher farm shares, such as fruits, vegetables, meats, and dairy. 

That would result in lower prices, greater production, and increased consumption of these 

foods, which would lead to increases in the average farm share of people's diet and the 

associated reductions in BMI. In addition, policies should support local farms and 
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farmers' markets to reduce the distance food must travel from the farm to the dinner table. 

That would mean greater access to fresh, non-processed and non-preserved foods, and it 

would avoid the transportation costs that drive down farm shares. 

It is important to note that farm shares are not directly related to foods' nutritional 

value. Farm share is not simply an alternative way of talking about healthy foods and 

unhealthy foods. Foods with higher farm shares are not necessarily "healthier" in the 

sense commonly accepted. High farm share foods include healthy fruits and vegetables, 

but they also include meat and dairy products, which aren't typically considered the ideal 

of healthy foods. Encouraging people to eat foods with higher farm shares, then, is not 

the same as encouraging people to eat only healthy foods as defined by the nutritional 

information on the packaging. Rather, it's about helping people eat foods that come from 

the farm more directly – and avoid foods that undergo significant processing and 

transportation. Policymakers shouldn't tell people exactly which foods to eat, but they can 

provide guidance – both directly, through public information campaigns, and indirectly, 

through production incentives and price supports – on the characteristics of a healthy diet. 

And as the results of this analysis show, a healthy diet is one that comes as directly from 

the farm as possible.



 27 

APPENDIX A -  FOODS INCLUDED IN THE MODEL, WITH FARM SHARES 
 

Food Farm 
Share     

Food Farm 
Share 

Fruit drinks: Hi-C, lemonade 3    Bagels/English Muffins 4.6 
Milk (as a beverage) 50.3    Sandwich Bread/Rolls 4.6 
Soda in Summer 3    Bread/Rolls not in sandwiches 4.6 
Soda, Rest of Year 3    Peanut Butter/Other Nut Butter 22.5 
Oatmeal - in the winter 5.2    Roast Beef/Steak in Sandwiches 45.8 
Oatmeal - rest of year 5.2    Beef Hamburgers/Cheeseburgers 45.8 
Cold cereal 3.9    Ground Beef in Mixtures 45.8 
Milk on cereal 50.3    Hot Dogs 37.5 
Applesauce 15.8    Beef Stew/Pot Pie & Veg 45.8 
Apples 24.95    Roast Beef/Pot Roast 45.8 
Pears 21.89    Steak 45.8 
Peaches, nectarines, plums - in season 23.22    Pork/Beef Spareribs 37.5 
Peaches, nectarines, plums - rest of year 23.22    Baked Ham/Ham Steak 29.2 
Grapes 22.77    Pork 29.2 
Strawberries - in season 41.05    Bacon 29.2 
Strawberries - rest of year 41.05    Corn Bread/Muffins 6.3 
Oranges - in season 18.39    Biscuits 6.3 
Oranges - rest of year 18.39    Cheese 31.5 
Grapefruit - in season 14.02    Ice Cream/Ice Cream Bars/Sherbet 18.6 
Grapefruit - rest of year 14.02    Cake 6.3 
Raw greens 24.6    Brownies/Cookies 6.3 
Broccoli 28.1    Doughnuts/Sweet Rolls/Danish 6.3 
Mixed vegetables 26    Sweet Muffins/Dessert Breads 6.3 
Tomatoes - in season 28.6    Fruit Crisp/Cobbler 6.3 
Tomatoes - rest of year 28.6    Pies 6.3 
Lettuce Salads 24.6    Sugar/Honey added to Coffee/Tea 26.5 
French Fries, Fried Potatoes 19.9    Milk added to Coffee/Tea 50.3 
Potato Salad 19.9    Sugar/Honey added to Other Foods 26.5 
Baked/Boiled/Mashed Potatoes 19.9    Apple juice 20.8 
Dried, Cooked Beans 18.8    Margarine on Breads/Pancakes 16.1 
Other Vegetables 26    Butter on Breads/Pancakes 41.3 
Rice, Other Cooked Grains 14.9    Margarine on Potatoes/Vegetables 16.1 
Pancakes/Waffles/French Toast 18.8    Butter on Potatoes/Vegetables 41.3 
Other pastas, spaghetti 18.8    Oils for Cooking 18.8 
Note: Food categories are taken from the Food Frequency Survey component of the U.S National Health and Nutrition Examination 
Survey, 2003-2004. Farm shares were calculated by the U.S. Department of Agriculture for 2003/2004. 
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