
 

 

TOWARDS A BIOCULTURAL APPROACH:  A REVIEW OF FOOD INSECURITY, LOW 

INCOME AND OBESITY IN THE UNITED STATES 

by 

REBA MAKEDA MENDOZA 

(Under the Direction of Susan Tanner) 

ABSTRACT 

Currently the United States and other industrialized nations are experiencing the stark impact of 
a global nutrition transition through a radical and national increase in obesity rates.   The 
increasing presentation of this disease, however, is concentrated in food insecure, and low-
income populations.  Research that has examined the etiology of this correlation has approached 
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presented by both camps, however, is unable to fully elucidate the presentation of obesity in 
these populations.  Instead this review argues for the integration of these perspectives in a 
biocultural approach that addresses how structural inequalities work in conjunction with human 
biological processes, and cultural coping mechanisms to affect national obesity distributions.    
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Chapter 1:  Introduction 

 

 The United States and other industrialized nations are currently experiencing the 

stark impact of a post-World War II nutrition transition through a national and radical 

increase in obesity rates (Table 1). In the United States national obesity rates (BMI > 30) 

increased dramatically from 12% in 1978 to 20% in 1990 (Swinburn et. al. 2004: 124).   

This national increase in obesity rates is situated within a larger global nutrition transition 

and its associated patterns of food production and consumption. Human diet, activity 

patterns, and nutritional status are often delineated into five shifts (collecting foods, 

famine, receding famine, nutrition-related noncommunicable diseases, and behavioral 

changes), each defined by broad periods of food use and corresponding nutrition-related 

disease.  The nutrition transition is synonymous with the transition from the third period, 

receding famine, to the fourth period, nutrition-related noncommunicable disease.  

  During the nutrition transition, industrial societies converged on diets high in 

total fat, cholesterol, sugar, refined carbohydrates, and low in polyunsaturated fatty acids 

and fiber.  These dietary changes were accompanied by a reduction in traditional labor-

intensive activities (Drewnowski 2000: 486, Popkin and Gordon-Larsen 2004: S2, 

Swinburn et al. 2004: S3). Overall, the shifts associated with the global nutrition-

transition have intensified the presentation of diet-related non-communicable diseases in 

contemporary industrial communities (Popkin and Gordon-Larsen 2004: S2). 

“Underlying these trends are the major and rapid shifts in diets of the developing world, 



particularly with respect to the greater intake of fat, caloric sweeteners, and added 

saturated fats” (Popkin and Gordon-Larsen 2004: S8). 

 In industrial societies, researchers have been most confounded by the unequal 

distribution of obesity rates across socioeconomic gradients. In the United States, diet-

induced obesity is concentrated in marginalized low-income populations (Alaimo et al. 

1998, Cole 2001, Drewnowski and Levine 2003, Drewnowski and Spector 2004, 

Drewnowski and Darmon 2005, Gibson 2003, Gibson 2004, Gibson 2006, Townshead et 

al. 2001, VanEenwyck and Sabel 2003). In addition, researchers have consistently noted 

a significant, inverse correlation between food security and obesity. Food insecure 

populations are defined by their inability to acquire nutritionally adequate and safe foods 

in socially acceptable ways (WHO 1999). Although there is no one-to-one relationship 

between food insecurity and income measures of poverty, food insecure populations and 

low-income populations overlap significantly (Alaimo et al. 1998, Drewnowski and 

Spector 2004), as moderate to severe food insecurity appears most often in low-income 

populations. Due to this overlap, I will assume that low-income populations experience 

some degree of food insecurity. 

 Kendall et al. (1995), Basiotis and Lino (2002), and Wilde and Peterman (2006) 

examined the relationship between hunger, food insecurity, and obesity prevalence using 

National Health and Nutrition Examination Survey (NHANES) Census Bureau Current 

Population Survey (CPS) Food Security Supplement1.  These researchers found that 

mean body mass index (BMI) was higher in food-insecure households.  The prevalence 

of overweight and obesity was also highest in food-insecure households.  Because obesity 

                                                 
1 1995 NHANES, CPS Food Security Supplement has a core-module questionnaire (Appendix A), which 
consists of 18 questions.  “This core-module addresses specific households conditions, event, behaviors, 
and subjective reactions” (WHO 1999) 
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connotes excessive energy intake, and low-income populations traditionally experience 

some degree of food insecurity (limited or uncertain availability of adequate food 

supply), the prevalence of both obesity and substandard food supply in the same 

population appears paradoxical (Alaimo 2001: 1161).   

 This paradoxical distribution of diet-induced obesity in population subset(s) 

historically vulnerable to disease, and the elevated risk of coronary heart disease, and 

type 2 diabetes associated with obesity (Flegal et al. 2002: 1726, Kuczmarski et al. 1994: 

272), have prompted research to determine the causal or underlying variables that 

structure this relationship. Currently, research that focuses on the distribution of diet-

induced obesity in industrial populations can be separated into two distinct camps: 

economically-structured research and biologically-situated research.  Figure 1 illustrates 

key variables that I will focus on in this thesis.     
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Biologists study food insecurity and obesity within a purely cellular framework, 

specifically the impact of hormones such as leptin on satiety, and energy expenditure 

(Drewnowski and Spector 2004:12).  Their literature examines the impact of adipose 

tissue mass (Ainslie et al. 2000, Considine et al. 1996, Wisse et al. 1999 Zhang and 

Scarpace 2006), macronutrient composition (low-fat high-carbohydrate diets vs. high-fat 

low-carbohydrate diets) (Ainslie et al., Wilsey and Scarpace 2004, Wisley et al. 2004, 

Zhang and Scarpace 2005) and erratic eating patterns (Dullo et al. 1997, Dullo and 

Jacquet 1998) on the presentation of a traditional leptin response (reduced appetite, 

increased energy expenditure).  Specifically, they argue that these factors can work 

independently or in conjunction with one another to alter traditional leptin responses and 

negatively influence satiety and energy expenditure in favor of fat storage.   

In contrast, economic anthropologists approach the relationship between food 

insecurity and poverty from an economic perspective. They situate the relationship 

between food insecurity and obesity within food choice literature.  Their research 

examines the economics of food choice (Drewnowksi and Levine 2003, French et al. 

2001, Glanz et al. 1998) and the relationships between dietary energy and socioeconomic 

status (Daemon et al., 2003, Drewnowksi and Levine 2003, Drewnowski and Spector 

2004).  They believe that low-income populations adopt energy-dense diets as a coping 

mechanism to ameliorate the discrepancy between high food costs and individual 

energetic requirements (Drewnowski et al. 2004).  Energy-dense diets, however, may 

contribute to the elevated obesity rates associated with low-income and food insecure 

populations.     
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This review of the literature will illustrate that the etiology of food insecurity and 

obesity cannot be understood exclusively through either of these perspectives.  Biological 

anthropologists have been inattentive to the global and national processes that define 

individual’s environments and shape individual’s biologies.  Economic approaches have 

ignored the consequences of a mismatch between a swiftly-changing dietary environment 

and human biological systems.  Instead, I will argue that the interaction between obesity 

and socioeconomic status demonstrates the necessity of combining both economic and 

biological theories into a synthetic biocultural approach.  Biocultural approaches address 

the structured inequalities and social relationships that work in conjunction with human 

biology’s to impact illness expression.  As such, a biocultural approach is pertinent when 

addressing the inter-relationships between low socioeconomic status and obesity.  

Presently, volume-satiety studies provide the best framework for the application of this 

approach (See Figure 1).  

Previous volume-satiety research has illustrated that individuals consume a 

constant volume of food every day (Lissner et al. 1987, Rolls and Shide 1994, Saltzman 

et al. 1997). This relationship is couched in gastric and hormonal satiety responses.  

These biological adaptations, however, impede individuals’ ability to identify and 

compensate for fluctuations in the macronutrient content of food (Drewnowski and 

Spector 2004, Hayes et al. 2002).  In industrial populations, global shifts in production 

have simultaneously impacted food costs and consumption patterns.  Economic 

constraints limit food-insecure and low-income consumers’ ability to purchase energy-

dilute diets that have low caloric content per unit weight and induce volume-based and 

hormone-based satiety responses without initiating spontaneous disinhibition (or 
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excessive calorie intake), and obesity expression (Drewnowski and Spector 2004, Hayes 

et al. 2000).  

Biocultural studies are able to incorporate the concurrent effects of biological 

cues (gastric-volume and hormonal satiety responses) and economic constraints on low-

income and food insecure populations. These studies will best address how structural 

inequalities work in conjunction with human biological processes and cultural coping 

mechanisms (food cost verses energy-density) to affect national obesity distribution  

(Leatherman 2005:  51). 
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Chapter 2:  Review of Biologically-situated Literature 

 

Biologically-situated literature addresses the mechanism between food-insecurity 

and obesity exclusively as a relationship between dietary patterns, adipose tissues stores, 

and their impact on the expression of the adrenocortical hormone leptin (Drewnowski and 

Spector 2004:  12).  Leptin is an adipocyte-derived hormone that circulates in the blood 

in proportion to whole body adipose tissue (Ainslie et al. 2000, Considine et al. 1996, 

Zhang and Scarpace 2006).  Serum leptin levels regulate consumption patterns, energy 

expenditure, and overall adiposity.  Normal serum leptin levels average (12 + 4.4 ng/ml) 

(Sinha et. al. 1995), and fluctuate in a circadian rhythm (physiological rhythm associated 

with the 24-hr cycle of the earths rotation) (Lazreg et al. 2007, Sinha et al. 1995, Zhao et 

al. 2002) and in response to consumption patterns (Ainslie et al. 2000, Wisee et al. 

1999,Zhang and Scarpace 2006).  

 Serum leptin levels function on a loop-like system.  During fasting leptin levels 

decline, this reduces energy expenditure and increases hunger to prompt food 

consumption.  When food is consumed, leptin secretion increases.  These elevated leptin 

levels induce satiation (to reduce hunger) and increase energy expenditure.  Body fat 

composition and dietary consumption patterns, however, can impair leptin signaling.  

Leptin levels, however, can be influenced by factors other than consumption events.  

Currently, biological literature stresses three related sources that can impair normal serum 

leptin levels and leptin signaling: excessive adipose tissue, high-fat, low-carbohydrate 
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diets, and erratic eating patterns (periods of binge eating followed by periods of energy 

restriction).   

Researchers have found that individuals with high levels of adipose tissue 

maintain elevated leptin levels in concurrence with high levels of body fat.  They believe 

that obese subjects exhibit a hyperleptin response that reduces cell sensitivity to 

endogenous leptin.  This response helps maintain high fat stores in these individuals.  In 

addition, inefficient leptin responses are associated with high-fat, low-carbohydrate diets.  

Leptin levels are more responsive to low-fat, high-carbohydrate diets than high-fat, low-

carbohydrate diets.  This response could contribute to the hyperphagic consumption and 

obesity associated high-fat diets.  Finally, erratic eating patterns such as chronic periods 

of moderate to severe energy restriction can dramatically reduce leptin levels, 

independently of changes in whole body adipose tissue.  Suppressed leptin levels reduce 

energy expenditure (to maintain fat stores) and elevate hunger levels (to encourage 

consumption).  Leptin levels return to normal after calorie restriction ends.  This leptin 

response to calorie restriction (reduction of energy expenditure and satiety independent of 

changes to whole body adipose tissue) encourages the maintenance of high adipose tissue 

levels. Biologists argue that in low-income populations-which are often characterized by 

high-levels of whole body adipose tissue, high-fat low-carbohydrate diets, and erratic 

eating patterns-these factors can work independently or in conjunction with one anther to 

impair the production and signaling of leptin, in favor of fat storage.  I will discuss each 

of these sources for inefficient leptin regulation in turn.  

As previously noted the ob protein leptin directs weight maintenance (through 

appetite, and energy expenditure) (Ainslie et al. 2000, Considine et al. 1996, Zhang and 
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Scarpace 2006). In ob/ob hyperphagic (obese) mice, however, the ob gene is mutated and 

does not produce leptin.  When external leptin is administered to ob/ob mice, they reduce 

food consumption and increase energy expenditure. Research conducted on obese human 

subjects has not yielded similar results.  

Researchers have found that obese human subjects display elevated leptin levels 

in concurrence with high levels of body fat (Considine et al. 1996). Scientists believe that 

individuals who display diet-induced obesity are leptin resistant and are unable to 

produce a traditional leptin response (elevated energy expenditure and reduced hunger 

levels) in the presence of elevated leptin levels. The presentation of leptin resistance in 

low-income and food-insecure populations, who (as previously noted) are at a higher risk 

of obesity, could work to maintain the presentation of obesity of these populations.   

Considine et al. (1996) examined the relationship between serum leptin 

concentrations and body weight in humans.  Serum leptin levels were taken from lean 

and obese subjects.  The effects of fasting, weight loss, and food consumption were then 

examined in subsets of these populations.  Considine et al. (1996) found that serum leptin 

levels in humans were positively associated with whole body adipose tissue.  In addition, 

Considine et al. (1996) also found that despite the presence of elevated leptin levels in 

obese subjects, these individuals did not manifest a traditional leptin response (reduced 

food consumption and increased energy expenditure).  Instead, these individuals 

maintained chronically elevated levels of whole body adipose tissue.  These data suggest 

that the maintenance of obesity in humans may be influenced by the central mechanism-

leptin that regulates food intakes and energy expenditure. High levels of adipose tissue 

can induce a hyperleptin response and chronically elevate leptin levels.  This condition 
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can impair the neuroendocrine regulation of the afferent satiety signals that direct 

appetite, satiety, and energy expenditure in favor of positive energy storage and the 

overall maintenance of high levels of whole body adipose tissue (Ainslie et al. 2000, 

Wisse et al. 1999, Zhang and Scarpace 2006).  

Despite the research conducted by Considine et al. (1996), traditional research on 

hyperleptinemia and leptin resistance has focused on rodents.  The invasive methods 

associated with traditional leptin-administration have limited the scope of leptin research 

on humans. Leptin is traditionally administered through a single intracerebroventricular 

injection into the third cerebral ventricle. Data gathered on the impact of leptin on 

patterns of consumption and energy expenditure through non-human subjects 

(specifically rodents), however, can provide insight into the presence of a similar leptin 

processes in more complex organism, such as humans.    

Conventional rodent-based studies have examined the impact of chronically 

elevated leptin levels on food intake, energy expenditure, and body weight.   Rodents are 

traditionally separated into two groups: a control group which is administered a control 

vector and a group receiving recombinant Adeno-associated virus-leptin (rAAV) or 

synthetic leptin.  Rats are administered a single dose of either a control vector or a rAAV-

leptin by intracerebroventricular injection into the third cerebral ventricle.  Control and 

leptin rats have access to food ad libitum.  The food consumption body weight and whole 

body oxygen consumption (energy expenditure) are examined.  

 Scarpace et al. (2002) examined the relationship between obesity, elevated leptin 

levels, and leptin resistance in rats.  They hypothesize that the elevated leptin levels 

traditionally found in obese populations encourage to the presentation of leptin resistance 
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in these populations. Rats were administered a single dose of either a control vector or 

rAAV-leptin.  Food consumption, body fat, and energy expenditure (as a function of 

whole body oxygen consumption) was examined over the course of 138 days. At the 

conclusion of this period, all rats were infused with artificial cerebrospinal fluid or 

recombinant mouse leptin by mini-pump for seven days.  Rats were allowed food ad 

libitum.  Food consumption and body weight were recorded for an additional seven days.   

Scarpace et al. (2002) found that the conventional leptin response (anorexic 

consumption and increased energy expenditure) in individuals chronically exposed to 

leptin wanes over time.  Although rAAV administered rats initially consumed 

significantly less food and had higher rates of whole body oxygen consumption than 

control rats, this response declined until there was no difference in the food consumption 

and whole body oxygen consumption of  rAAV-leptin rats and the control rats.  Oxygen 

consumption displayed a similar pattern.  Additionally, the infusion of leptin by mini-

pump at the conclusion of the experiment did not induce a leptin-response in rAAV-

leptin rats.  In rats pre-treated with the control-vector, food intake and BMI decreased 

following the infusion.  This research indicates that populations chronically exposed to 

elevated leptin levels can become resistant to leptin and lose their ability to produce a 

traditional response to high leptin levels (energy expenditure and reduced hunger 

response).  Therefore, these data suggest that the maintenance of high adipose tissue 

levels and elevated leptin levels in obese populations may be due to leptin resistance and 

this group’s inability to produce a traditional leptin response.  

Scarpace et al. (2003) examined leptin-induced leptin resistance in young, lean 

rats.  In previous experiments, young, lean rats maintained a normal leptin response 
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(anorexic behavior and increased energy-expenditure) when exposed to exogenously 

administered leptin over a seven week period.  Scarpace et al. (2003), however, argued 

that even young, lean rats would develop leptin resistance if researchers increased the 

amount of exogenously administered leptin and extended the length of the exposure.  

Rodents were separated into two groups: control rats and rAAV-rats. Both groups were 

then allowed access to food ad libitum. Data on food consumption, body weight, energy 

expenditure (whole body oxygen consumption) and serum leptin was collected 

periodically.  After 300 days both groups of rats were administered recombinant mouse 

leptin (rAAV) by a mini-pump for seven days.  Rats were allowed access to food ad 

libitum and food consumption and body weight were recorded daily for an additional 

seven days.   

Scarpace et al. (2003) found that rAAV-leptin rats initially demonstrated an 

anorexic response to food and high levels of whole body oxygen consumption.  This 

response, however, declined over time until there was no difference between the control 

rats and the rAAV-leptin rats.  In addition, the augmented administration of exogenous 

leptin by mini-pump for seven days did not induce the traditional leptin response in 

rAAV-rats.  In contrast, control rats reduced their food consumption, increased energy 

expenditure, and lost weight. This study indicates that populations chronically exposed to 

elevated leptin levels can become resistant to leptin and lose their ability to produce a 

traditional response to high leptin levels (energy expenditure and reduced hunger 

response).  This research provides good evidence for the possibility of leptin-induced 

leptin resistance in obese populations (who traditionally display elevated levels of 

endogenous leptin).   
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The results from Scarpace et al. (2002) and Scarpace et al. (2003) indicate that 

chronically elevated leptin levels can induce leptin resistance in all subjects.  This 

information suggests that populations who maintain elevated leptin levels due to their 

own endogenous production (such as obese population) could develop leptin resistance.  

The loss of the traditional biological response to elevate leptin levels (increased energy 

expenditure and reduced hunger) could contribute to the maintenance of high levels of 

whole body adipose tissue in these populations.  

Despite the exclusive use of rodents, these experiment can provide insight on 

leptin pathways in humans.   Specifically, the results from Scarpace et al. (2002) and 

Scarpace et al. (2003), suggest the probability of a similar hyperleptin response and 

subsequent leptin resistance in more complex organisms, such as humans.  The presence 

of hyperleptin induced leptin resistance in human populations favors positive energy 

storage and could contribute to the presentation of overweight and obesity in human 

populations.  

Inefficient leptin responses are also associated with high-fat, low-carbohydrate 

diets (Ainslie et al. 2000, Wilsey and Scarpace 2004, Wilsey et al. 2004, Zhang and 

Scarpace 2005).  In mixed fat-carbohydrate diets, carbohydrates are preferentially 

oxidized (Schutz et al. 1989: 307). “The short-term adjustment of oxidation to intake 

must be more accurate for carbohydrates than fat because the body’s glycogen stores (in 

terms of energy content) are two orders of magnitude smaller than its fat reserves” 

(Schutz et al. 1989: 307).  Researchers have associated this preferential oxidation with 

serum leptin levels.  
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The consumption of low-fat, high-carbohydrate diets stimulates a swift and 

elevated leptin response (Jenkins et al. 1997, Romon et al. 1999, Schutz et al. 1989).  

This reaction induces satiation (which reduces calorie intake) and increases energy 

expenditure (Havel et al. 1999).  “Carbohydrate intake elicits a complex metabolic 

response [leptin] which serves to maintain homeostasis by promoting glucose storage and 

oxidation” (Schutz et al. 1989: 307).  In contrast, high-fat, low-carbohydrate diets 

suppress leptin levels.  These reductions in circulating leptin levels lower satiety 

(encourages consumption) and reduce energy expenditure (Ainslie et al. 2000: 441).  The 

blunted response of leptin to high-fat low-carbohydrate diets indicates that the fat content 

of  diets can have a potent impact on individual satiation and fat oxidation.  This 

relationship could encourage hyperphagic consumption and the appearance of obesity in 

populations with high-fat, low-carbohydrate diets.    

Jenkins et al. (1997) examined the relationship between macronutrient intakes, 

leptin concentrations and changes in body composition.  They argue that macronutrient 

intake (low-fat high-carbohydrate diets verses high-fat low-carbohydrate diets) will affect 

leptin levels.  Nine obese individuals matched for age and dietary intake were recruited.  

Baseline anthropometry, body composition, and habitual dietary intake were determined 

one week before the initiation of a formula diet, which was instituted for four weeks.  

During this period weight, body composition, and blood were analyzed. Jenkins et al. 

(1997) found that macronutrient content of diet was related to leptin levels.  High leptin 

levels were produced after high-carbohydrate diets.  This response was not duplicated 

after the consumption of high-fat diets.  Overall, Jenkins et al. (1997) indicates that leptin 

levels are linked to carbohydrate consumption and less tightly coupled to fat 
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consumption.  The blunted leptin response to high fat, low-carbohydrate meals can 

encourage hyperphagic consumption and can induce/maintain overweight and obesity in 

populations with high-fat, low-carbohydrates diets.  

Romon et al. (1999) examined the postprandial (post-meal) leptin response to 

meals differing in macronutrients (high-carbohydrates low-fat, verses low-carbohydrate 

high-fat meals).  They argue that the presentation of a traditional, postprandial leptin 

response will be affected by the macronutrient composition of the diets that individuals 

consume.  Twenty-two individuals were given isoenergetic meals in a randomized order 

or remained fasting.  Blood samples, and satiety and hunger rating were collected after 

the consumption of these meals. Romon et al. found that high-carbohydrate low-fat meals 

induced a greater postprandial leptin response than low-carbohydrate high-fat meals in all 

individuals.  These data suggest that high fat and low-carbohydrates diets can impair the 

expression of a traditional leptin response.  This blunted reaction reduces energy 

expenditure and satiety, and can influence the occurrence of overweight and obesity in 

individuals.   

Havel et al. (1999) examined the relationship between the macronutrient 

composition of individual diets and leptin levels.  They believe that leptin levels may be 

more responsive to low-fat, high-carbohydrate meals than high-fat, low-carbohydrate 

meals and help contribute to weight gain in populations with high-fat, low-carbohydrate 

diets.  The study was conducted with nineteen normal-weight women.  These women 

were split into two groups.  One group was administered three isocaloric (730 kcal) high-

fat, low-carbohydrate meals.  The other group was administered three isocaloric (730 

kcal) low-fat, high-carbohydrate meals.  After a ten-day buffer the two groups switched.  
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Havel et al. found that leptin levels were higher after individuals consumed low-fat, high-

carbohydrate meals than high-fat, low-carbohydrate meals.  This indicates that leptin 

levels are affected by the macronutrient composition of individual diets.  This response 

could initiate hyperphagic consumption and obesity in populations with low-fat, high-

carbohydrate diets.   

 Jenkins et al. (1997), Romon et al. (1999), and Havel et al. (1999) found that 

leptin’s ability to increase energy expenditure and satiety in favor of fat oxidation is 

dependant on the macronutrient composition of individual diets.  Leptin levels are more 

responsive to low-fat, high-carbohydrate diets than high-fat, low-carbohydrate diets.  

Schutz notes that, “The shift towards a preferential metabolic use of carbohydrate rather 

than of fat results in an increased deposition of body fat, and along with the general 

decrease in physical activity, and the inability to organism to adjust its metabolism, so as 

to attenuate the effect of changes in fat intake on the fat balance…” (Schutz et al. 1989: 

313). This response could contribute to the elevated obesity rates in food-insecure and 

low-income populations who rely on high-fat, low-carbohydrate diets. Inefficient leptin 

responses are also associated erratic eating patterns (chronic periods of moderate to 

severe energy restriction).   

 Nutritional research on eating behaviors has found that periods of moderate to 

severe energy restriction predispose individuals to binge eating and weight gain after the 

cessation of the semi-starvation regime (Dullo et al. 1997, Dullo and Jacquet 1998, 

Frisancho 2003). This relationship has been documented in the United States (Dullo et al. 

1997, Keyes et al. 1950), hunting-gathering populations in Bolivia (Holmberg 1950), and 

the Ache of Paraguay (Hill and Hurtado 1996, Hurtado and Hill 1991). Results in humans 
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suggest that post-starvation hyperphagia and reduction in basal metabolic rates (BMR) is 

determined to a large extent by auto-regulatory feedback control systems from fat and 

lean tissues that link the state of depleted fat stores to compensatory mechanism that 

suppress thermogenesis (Dullo et al. 1997, Dullo and Jacquet 1998). Researchers have 

implicated the fat-derived leptin auto-regulatory feedback control systems as the basis of 

this relationship.  They argue that moderate to severe energy restriction dramatically 

reduces leptin levels independent of changes in whole body adipose tissue.  Reduced 

leptin levels suppress energy expenditure to maintain fat storage and elevate hunger 

levels.  This response encourages consumption and wanes only after calorie restriction 

ends.  This reduced fat mobilization (through reduced energy expenditure), coupled with 

additional consumption (independent of actual whole body tissue), favors obesity.    

 Keim et al. (1998) examined the relationship between plasma leptin 

concentrations and hunger, or appetite-related variables in healthy overweight women, 

during a prolonged energy restriction. The study consisted of a three-week stabilization 

period in which subjects were given sufficient energy intake to maintain their weight.  

This was followed by a twelve-week intervention period, in which subjects consumed a 

diet 2MJ/d less than the diet they consumed for the stabilization period.  Diet and activity 

levels were controlled during the stabilization period and intervention period.  Data was 

gathered on body weight, glucose, leptin, insulin and self-reported appetite.  Keim et al. 

(1998) found a significant decrease in weight, percentage of body fat, and plasma leptin 

levels during the intervention period.  The drop in the plasma leptin level was greatest 

during the first week, after which leptin levels remained low.  Hunger and desire to eat 

increased, doubling in response to the energy deficit.  Circulating leptin levels and 
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changes in leptin correlated to changes in hunger, desire to eat, and prospective 

consumption. Overall, Keim et al. (1998) found an inverse relationship between leptin 

levels and hunger-related variables independent of body fat and weight.  Lower leptin 

levels were associated with increased hunger and desire to eat, while higher leptin 

concentrations were related to decreased feelings of hunger and desire to eat.   

 Wilsey and Scarpace (2004) examined the effect of short-term calorie restriction 

on leptin expression and function.  Brown Norway rats were divided into two groups.  

One group was administered a standard chow diet, the other group was administered a 

high-fat diet.  Individuals that experienced diet-induced obesity (DIO) on the high-fat diet 

were separated from the animals whose weight remained constant (DR).  After 100 days 

subgroups of the DIO, DR, and chow fed groups were switched to a calorie-restricted 

(CR) diet.  Animals were given single hypothalamic injections of rAAV-leptin.  All 

groups were then euthanized and blood and adipose tissue was collected for analysis.  

Wilsey and Scarpace (2004) found that after the injection of artificial leptin DIO and 

chow fed animals experienced an increase in STAT3 phospoylation.  This increase was 

six-fold in chow fed animals  and two-fold in DIO animals.  In addition, animals that 

experienced calorie restriction: DIO animals had an 85% increase in leptin expression 

and protein; there was a 45% increase in expression in chow fed rats.   Overall research 

indicates that calorie restriction may enhance leptin responsiveness in previously DIO 

leptin resistant rodents.  This reaction could encourage high adipose tissue levels in 

populations that experience chronic energy-restriction.   

 Researchers have suggested that the relationship between leptin, satiety, and 

energy expenditure that is displayed by individuals experiencing mild to moderate 
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starvation, probably represents a compensatory adaptation to maintain energy reserves in 

situations where access to food is uncertain.  “…humans exposed to moderate energy 

restriction that can be sustained over years adapt through a reduction in EE [energy 

expenditure] and preferential accumulation of body fat.  This form of energy 

conservation is a biologically meaningful mechanism, in the face of dangerously and 

moderately low energy supplies…” (Frisancho 2003: 525).  Food insecurity, however, 

characterizes low-income populations, as low-income populations commonly experience 

periods of short-term calorie restriction (VanEewych and Sabel 2003: 840).  The 

reduction of leptin levels (reduced energy expenditure, and elevated hunger levels) in 

response to short-term calorie restriction (independently of changes in adipose tissue) 

encourages over consumption in low-income and food-insecure populations when 

economic access to food is resumed. This reaction Frisancho states, “…exposure to under 

nutrition even during adulthood accelerates the replenishment of fat stores during 

refeeding and thereby increase[es] the risk of obesity (Frisancho 2003:525). This research 

indicates that leptin responses to dietary restriction in food-insecure and low-income 

individuals contribute to the presentation of obesity in these populations.  

Overall, leptin provides the missing link for researchers who have long argued 

that overweight and obesity maintenance is the result of an inefficient system that 

connects the brain, food ingestion, and adipose-tissue mass (Dullen et al. 1997).  This 

body of literature provides good evidence for the role of leptin in regulating satiety, 

energy expenditure, and fat storage.  In addition, scientists have successfully illustrated 

how high levels of whole body adipose tissue, high-fat, low-carbohydrate diets, and 
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erratic eating patterns influence the expression of a traditional leptin response and 

subsequent fat mobilization, maintenance, and storage.   

This narrow and increasingly specialized focus, however, ignores the dialectic 

relationship between biology and culture.  It reduces the relationship between food 

insecurity and obesity to an analysis of biological micro-processes and ignores the larger 

global and national forces that structure food choice, food access, and individual health. 

Global transitions, national policy, and individual’s placement within these dynamic 

processes impact personal environments and health. Pearl states, “….economic and social 

factors and forces are among the most important elements in determining the biologically 

significant environment of human beings…” (Pearl 1930:540). 

 To fully understand the elevated presentation of obesity in food insecure 

industrialized populations, we need to incorporate food choice literature and data from 

hormone-derived satiety response into a synthetic biocultural approach.   This approach 

will provide an effective framework for analysis of how the processes of inequality and 

social change interact with human biologies. 
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Chapter 3:  Review of Economically-Situated Literature 

 

Traditionally, social science research on the relationship between low income and 

high obesity prevalence has addressed this paradox as a function of education (Gorbach 

et al. 1990, McCann et al. 1990).  Researchers argued that increasing individuals’ 

nutritional knowledge through educational programs would elevate the number of healthy 

foods that individuals purchased and consumed and help lower obesity rates (McCann et 

al. 1990). Economic anthropologists, however, hypothesize that the unequal 

concentration of obesity in low-income and food insecure populations is not due to 

insufficient knowledge of healthy eating practices. Instead, these researchers believe that 

individuals have sufficient knowledge of nutrition and that individual and household-

level access to economic resources impact food choice (Drewnowski and Darmon 2005: 

903).  

Economic anthropologists argue that families of low socioeconomic status 

preferentially purchase and consume energy-dense foods as a coping mechanism to 

ameliorate the discrepancy between high food costs and individual energy requirements 

(Kearney and McElhone 1999, Lloyd et al. 1995). Energy-dense diets are inexpensive, 

less perishable, and highly palatable. Drewnowski and Spector state, “[F]ats and oils, 

sugar, refined grains, potatoes, and beans [represent] some of the lowest-cost options and 

provided dietary energy, at minimal cost.” (Drewnowski and Spector 2004: 9). The 

ability to purchase diets low in energy-density, however, can impact individuals ability to 
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maintain healthy weight (Drewnowski and Darmon 2005: 903, Poppitt and Prentice 1996: 

154).  

 Research that has examined the relationship between socioeconomic 

characteristics and food choices, (purchase and consumption patterns) has found that 

economic status impacts which types of food individuals purchase (Glanz et al. 1998: 

1120).  Economic resources, therefore, affect overall dietary quality (Drewnowski and 

Specter 2004:11).  Wealthier households buy higher-quality meats, fish, seafood, fruits 

and vegetables (Drewnowski and Specter 2004:10).  In contrast, individuals of low 

socioeconomic status place an increased emphasis on food cost (Glanz et al. 1998: 1120) 

and buy more energy-dense foods, which are high in added sugars and fats.     

 The Healthy Eating Index (HEI) has been used to evaluate the relationship 

between household dietary quality and socioeconomic factors.  It is a statistic that refers 

to an overall picture of household diet and nutrition and includes factors such as 

preparation, style and specific dietary requirements.  Relying on a portion of the 1992-

2002 National Health and Nutrition Examination Survey (NHANES) 2 set Basiotis et al. 

(2004) examined the dietary status of Americans. They found HEI score to vary across 

demographic and socioeconomic lines, increasing with both education and income. 

People in higher income households had a higher HEI scores (better scores on grains, 

vegetables, fruits, milk, meat, and variety components of the HEI) than people with 

household incomes below the poverty line.  Overall, this study indicates that consumption 

patterns are influenced by socioeconomic status.  Individuals of lower socioeconomic 

status consume diets further away from the American nutritional ideal than individuals of 

                                                 
2 NHANES provides information on individuals’ food and nutrient consumption (via 24hr. dietary recall), 
health-related data, demographic and socioeconomic data. 
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higher socioeconomic status.   The consumption patterns associated with socioeconomic 

status (low-income consumers purchase diets further from the American ideal) have been 

linked to food cost.  Low-income consumers place a greater emphasis on food costs than 

consumers with greater access to resources.  Accordingly, low-income consumers 

differentially purchase energy-dense, low cost foods. 

 French et al. (2001) examined the association between individual food selection 

and food cost. This CHIPS (Changing Individuals’ Purchase of Snacks) study 

investigated the association between targeted price reductions and point-of-purchase 

promotions on low-fat vending machine snacks and the sales of these products.  The 

prices on lower fat snacks in twelve vending machines at twelve work sites and twelve 

secondary schools in Minnesota were reduced relative to the higher fat snacks by 10%, 

25%, and 50%.  The percentage of lower fat snacks sold under each price reduction was 

then examined.  French et al. (2001) found that food selection was strongly correlated 

with food cost. Price reductions of 10%, 25%, and 50% on lower fat snacks were 

associated with a 9%, 39%, and 93% respective increase in the percentage of these snacks 

sales.  Overall French et al. (2001) found that food price had a strong and consistent 

impact of food purchase patterns, such that decreasing the price of low-fat foods 

increased the sales of those foods. 

 Glanz et al. (1998) examined the relationship between taste, nutrition, cost, 

convenience, and weight control on individual food selection and consumption. Health 

lifestyles, dietary data, and food choice determinants were assessed through a nationwide 

lifestyle and “health-styles” survey.  Glanz et al. (1998) found that taste was the most 

important consideration for respondents when determining food choice.  This was 
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followed by cost, nutrition, convenience, and weight control.  In addition, demographic 

factors were significant predictors of the relative importance of these variables for 

consumers.  Cost and convenience were the most important factors to individuals of low 

socioeconomic status. “Income predicts the importance of cost and convenience, both of 

which matter most to individuals of low socioeconomic status” (Glanz et al. 1998: 1120).  

These individuals consumed high quantities of fast foods, which are less expensive and 

perceived as more convenient.  Overall Glanz et al. (1998) found that socioeconomic 

status influences the importance of food cost in determining patterns of food selection 

and consumption.  

 The results of Basiotis et al. (2004), French et al. (2001), and Glanz et al. (1998) 

suggest that the reason for rising obesity rates in low-income, food-insecure populations 

is not insufficient nutritional information. Instead, the literature suggests that 

socioeconomic status impacts dietary quality through individuals and households food 

purchase and consumption patterns. The uneven distribution of obesity across a 

socioeconomic gradient may be affected by the ability of an individual or a household to 

purchase and consume healthy food products.   French states, “In general people may 

possess knowledge about healthful food choices, but when considered in tandem with the 

choice dimensions of price and taste, they may choose the tastier and cheaper, but less 

nutritious food” (French 2003: 842S). 

 Dietary energy-density could provide the link to understanding the concurrent 

expression of food insecurity and obesity. The energy density of foods is defined by that 

items caloric content per unit weight.  Energy-dense foods have a high caloric content 

and are characterized by refined sugars, oils, and fats. Energy-dense foods also 
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traditionally have low nutrient value (low in essential vitamins and nutrients).   Currently, 

economic models indicate that household economic resources influence the purchase of 

energy-dense food items.  Wealthier U.S. households (mean annual income $77, 311) 

spend more money on food ($748 more per person per year) than low-income households 

(mean annual income $6,669) (Drewnowski and Spector 2004: 9).  These additional 

funds are invested in the purchase of energy-dilute products such as fruits and vegetables, 

which are traditionally high in essential nutrients and minerals (Drewnowski and Spector 

2004:10).   

 In contrast, low-income households have energy-dense diets and preferentially 

purchase energy-dense items in place of energy-dilute foods. Low-income diets are 

characterized by products such as refined grains, processed meats, and soft drinks 

(Drewnowski and Levine 2003, Drewnowski and Spector 2004: 7).  These items have 

high levels of refined sugars, fats and oils, and low quantities of beneficial vitamins and 

minerals.  

Therefore, the increased purchase of energy-dense foods by low-income 

consumers is problematic in two ways.  First, energy-dense items are high in calories and 

low in nutritional value.  Second, populations that invest in energy-dense items consume 

these foods in place of energy-dilute foods such as fruits and vegetables, which are low-

calorie and traditionally have high nutritional values.  The purchase patterns associated 

with socioeconomic status, therefore, could significantly impact the obesity rates in low-

income populations. 

  Darmon et al. (2003) examined the role of economic constraints in the selection 

of energy dense diets. They believe that economic constraints encourage the selection of 
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energy-dense diets.  Darmon et al. (2003) found that the introduction of progressively 

stronger energy constraints correlated to a direct increase in dietary energy density.  

These diets contained smaller quantities of fruits, vegetables, seafood and fiber but were 

high in fats, sugars and cereals. Overall, Darmon et al. (2003) found that populations 

endeavoring to maintain a traditional French diet at a low cost will necessarily increase 

energy density (Darmon et al. 2003: 320).  This study indicates that economic constraints 

impact the percentage of energy-dense foods in individual’s diets. This relationship 

between economic access and food selection may impact obesity trends and encourage 

the presentation of elevated obesity rates in low-income populations.   

Drewnowski et al. (2004) argues that the relationship between food supply trends 

(dietary quality, dietary energy density) in freely-chosen French diets is structured by the 

economics of food choice. Consumers with limited resources may select energy-dense 

diets high in refined grains, added sugars and fats as an effective way to save money. 

Nutrient and cost analysis was collected on 527 families.  Multivariate analysis was then 

used to determine the relationship between diet composition and diet costs.  Drewnowski 

et al. (2004) found that higher consumption of fats, refined grains and sugars were 

associated not only with reduced energy costs, but also with lower absolute diet costs 

(Drewnowski et al. 2004: 1558). In contrast, higher intakes of energy dilute foods such as 

fruits, and vegetables were associated with increased diet costs. This research illustrates 

that fats and sweets offer high dietary energy at low costs.  Drewnowski et al. (2004) 

argues that limited economic resources and food costs pose a barrier to the acquisition of 

healthy diets for low-income and minority populations.  These populations may consume 

less prudent, energy-dense diets to maintain energy at low costs.  
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Previous research has illustrated that reduced access to economic resources is a 

barrier to individuals and households who want to maintain an energy-dilute diet and a 

healthy weight.  The data provided by Darmon et al. (2003), and Drewnowski et al. 

(2004) support these conclusions.   Their research illustrates that energy-dense food may 

function as a coping mechanism for low-income consumers by resolving the conflict 

between high food costs and low income. Energy-dense foods that are high in fats and 

refined sugars are economically savvy.  These diets provide low-income consumers with 

high concentrations of energy at low-cost (Drewnowski and Darmon 2005: 901). Energy-

dense diets, however, are associated with obesity, and this decision may affect obesity 

expression in these populations.     

The National Institutes of Health strategies for obesity research have argued that 

one of the reasons for rising obesity rates in low-income and food insecure populations 

may be the abundance of relatively inexpensive, calorically-dense foods that are 

convenient and taste good (Drewnowski and Darmon 2005: 900).  Economically-situated 

literature that has explored the juxtaposition of obesity across a socioeconomic gradient 

has provided excellent support for this hypothesis and for the impact of economic 

restrictions on food choice and obesity.  This research indicates that lower-income and 

food insecure consumers make sound food choice decisions when confronted with the 

disparity between their economic limitation and energetic needs.  These individuals 

differentially purchase and consume energy-dense foods that are inexpensive and taste 

good.  These foods ameliorate the disparity between economic limitations and energy 

requirements because energy-dense foods are high calorie and inexpensive.  The purchase 

of these food items, however, despite its economic validity, may impact individual health. 
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 Despite the breadth of this literature, however, researchers have ignored the 

biological relationships (hormonal satiety based responses) that structure food 

consumption and weight gain. A comprehensive understanding of the relationship 

between food insecurity and obesity is best structured through a biocultural analysis that 

situates this relationship within the larger framework of the biology of poverty. This will 

enable researchers to explicitly link larger global processes, such as the nutrition 

transition to smaller-scale economic choices and their impact on individual biological 

processes, to examine how these interactions work to create and maintain the relationship 

between food insecurity, low-income and obesity. 
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Chapter 4:  A Biocultural Synthesis:  Volume-Satiety Studies 
 
 
 
 

Currently volume-satiety studies provide the best framework for exploring the 

relationship between low-income, food-insecurity, and obesity within a biocultural 

perspective.  Volume-satiety studies explore the biological relationships that structure the 

expression of traditional satiety responses to consumption events. These studies, 

however, also addresses the economic and cultural factors influence the types of foods we 

eat at meals and where, when, and how we eat our meals (Marshall and Bell 2002: 53).  

Consumption patterns (the foods that we eat and our eating behaviors) vary greatly based 

on socioeconomic status. As previously noted in the United States wealthier households 

consume diets closer to the American ideal, while low-income households preferentially 

purchase and consume energy-dense diets. Consumption patterns are also impacted by 

cultural variables such as time of day (Kramer Rock &Engall 1992), social environment 

(Clendenen Herman & Polivy 1994, DeCastro 1990), location (Marshal 2000, Stroebele 

and DeCastro 2006) and occasion (Marshall and Bell 2003). Volume-satiety studies, 

therefore, are able to examine the concurrent effects of biological cues (gastric-volume 

and hormonal satiety responses) and economic constraints on low-income and food 

insecure populations.  The integrative effects of volume-satiety studies make them the 

best framework for the application of a biocultural approach 

Although research indicates that cultural variables (time of day, social 

environment, location and occasion) impact discrete consumption events. Results from 

satiety studies (Saltzman et al., 1997, Stubbs et al., 1996, Van Stratum et al., 1978) have 
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consistently found that sensory-specific satiety-or the decline in the perceived 

pleasantness of food as it is consumed that contributes to the cessation of eating (Bell et 

al. 2003: 593) and gastric satiety are linked to food volume.  These biological satiety 

responses cause individuals to consume a fixed volume of food daily (Lissner et al.1987, 

Rolls and Shide 1994, Saltzman et al. 1997 Stubbs et al., 1996).  

These volume-based (visual and gastrointestinal) satiation cues induce 

disinhibition, or the passive over-consumption of fats and energy in the presence of 

energy-dense food (Poppitt and Prentice 1996: 154).  This occurs because individuals do 

not alter their consumption volume to compensate for changes in energy density (Lissner 

et al.1987, Rolls and Shide 1994, Saltzman et al. 1997 Stubbs et al., 1996). The portion 

of energy dense foods in individuals’ diets, therefore, spontaneously impacts daily energy 

intake and the ability to maintain a health body weight (Drewnowski and Spector 2004: 

8, Hayes et al. 2002). Poppitt and Prentice state, “When selecting an energy-dense diet 

individuals readily consume a sufficient weight of food to maintain a high energy intake.  

However, when selecting a low energy-dense diet, individuals appear unable to eat 

sufficient weight of food to maintain a high intake and consequently energy intake falls” 

(Poppitt and Prentice 1996: 170).   

In addition, individuals who consume diets high in energy-dense foods have an 

increased risk of marginal nutrient intake.  This occurs because energy-dense foods are 

traditionally low in essential vitamins and minerals.  Energy-dense foods are also often 

consumed at the expense of energy-dilute foods such as fruits and vegetables, which 

provide high micronutrient loads (Kant 2000: 934).  Overall, the higher caloric load per 

unit weight and marginal nutrient intake associated with energy-dense diets can initiate 
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(Drewnowski and Spector 2004: 8, Hayes et al. 2002) or help maintain high BMI’s in 

populations that consume diets high in energy-dense foods (Drewnowski and Spector 

2004: 8, Hayes et al. 2002: 479).  

Studies that investigate the effect of macronutrient composition and volume on 

satiety have utilized the common method of preloading.  During preloading, individuals 

are provided with a preload (fixed amount of food) that differs in macronutrient 

composition, volume, etc. Researchers then assess the effects of these preloads on 

subsequent food consumption by individuals. Results from preloading satiety studies 

(Saltzman et al. 1997, Stubbs et al.1996, Van Stratum et al. 1978) have consistently 

found that macronutrient variation does not influence satiety when palatability and 

energy density are controlled.    Instead, sensory-specific satiety and gastric satiety are 

consistently linked to food volume. 

Bell et. al. (2003) examined the independent influences of volume and energy 

content on individual perceptions of sensory specific satiety. They argue that short-term 

consumption is affected by the volume of the food they consume and not the energy 

content.  By having women assess the palatability of milk-based foods that varied in both 

volume and energy-density, Bell et al. (2003) found that the volume of liquid consumed 

significantly affected satiety.  There were greater declines in ratings of the pleasantness 

of odor, taste, texture and prospective consumption after the high-volume energy-dilute 

preload, than after the low-volume energy-dense preload. Overall, the data collected by 

Bell et al. (2003) supports the hypothesis that the volume of food that individuals 

consume has a greater impact on satiety than energy content.        
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Rolls and Roe (2002) examined the relationship between food volume and energy 

content on the gastric and postgastric factors that influence satiety.  Previous research has 

noted a strong relationship between the energy density of food and energy regulations.  

The mechanism that structures this relationship, however, is poorly understood.  This 

experiment manipulates two factors that influence energy density, food volume and 

energy content, and examines their independent impact on satiety when sensory clues are 

bypassed by infusing foods intragastrically.   

This study was conducted with fifty-four women: twenty-five lean and twenty-

nine obese.  The women were of a similar age, health, and had similar scores of dietary 

restraints.  Physical information (BMI, height, and weight) was collected on all 

individuals through a physical examination.  In addition, psychosocial information on 

food behaviors (eating patterns and perceptions) was collected.  Preloads were 

administered intragastrically and varied in volume and/or energy content: 200ml/200 

kcal, 400ml/200kcal and 400ml/200kcal and 400ml/400kcal.  Analysis of food intake and 

ratings of hunger were conducted using the mixed linear model.  The outcomes for 

energy density and food weight were analyzed.  In addition, a summary measure of 

hunger and satiety was evaluated throughout the day.  

Rolls and Roe (2002) found that lean and obese subjects exhibited similar satiety 

responses to variations in energy and food volume.  Volume significantly affected energy 

intake.  Mean energy intake decreased after the 400-ml preload when compared with the 

iso-energetic 200-ml preload.  Variations in the energetic content of the preload, 

however, did not impact food consumption.  Overall, this study indicates that humans 
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satiety responses are dependant on gastric and postgastric process.  These processes 

respond to changes in food volume and not the energy content of those foods.   

 Rolls et al. (1998) examined the impact of food volume on satiation.  Rolls et al. 

(1998) hypothesize that fluctuations in food volume will impact the appearance of a 

satiety response in subjects independent of energy, macronutrient content, and sensory 

properties.  The study was conducted with twenty normal-weight young men.  Physical 

information (BMI, height, and weight) was collected on all individuals through a physical 

examination.  In addition, psychosocial information on food behaviors (eating patterns 

and food perceptions) was collected.  On four separate days, all men consumed all of 

their meals in the laboratory.  On three of the four days, subjects were served a milk-

based drink, followed by a self-selected lunch and a self-selected dinner.  On one day, no 

pre-load was administered (control).  The milk-based preloads were similar in energy 

content (2088kJ), macronutrient composition, and sensory properties (palatability).  They 

varied, however, in volume (300, 450, or 600-mL). Subjects also rated their hunger, 

thirst, nausea, fullness, and prospective consumption on visual analog scales (VAS) 

before and after each meal.  

 Rolls et al. (1998) found that preload volume impacted consumption patterns such 

that greater preload volume was associated with reduced consumption.  Higher preload 

volume also reduced individual ratings of hunger, fullness, and the amount that 

individuals believed they could comfortably consume. Overall, these results indicate that 

food volume can impact satiety independent of that foods sensory properties, energy, and 

macronutrient content.   
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 The results of Bell et al. (2003), Rolls and Roe (2002), and Rolls et al. (1998) 

indicate that individuals consume a fixed volume of food daily and do not adjust the food 

consumption (volume) in response to changes in energy density and macronutrient 

composition. Instead, these data indicate that individual satiety is linked to food volume.  

Although energy density does not impact individual satiety responses, changes in 

energy density can spontaneously impact energy intake. Poppit and Prentice state, 

“Increasing the energy density of a diet, which normally occurs when [the] fat content [of 

said food] increase[s], may result in a passive increase in energy intake, simply because; 

people who maintain a constant body weight are habituated to eating a relatively constant 

weight of food” (Poppitt and Prentice 1996: 157).  

 Bell and Rolls (2001) examined the relationship between energy density food 

consumption (volume) and energy intake in lean and obese individuals.  They believe that 

individual satiety is linked to the volume of a diet and not to the macronutrient content of 

a diet.  They argue that this volume-specific satiety response can lead individuals to 

spontaneously increase or decrease their energy intake in response to diets that maintain 

constant volume but vary in macronutrient composition.  Subjects participated in six 

experimental sessions.  During these sessions, all individuals consumed all meals in the 

laboratory.  Meals included a manipulated entrée that was consumed ad libitum.  These 

entrees varied by percentage of fat (low-fat, medium-fat, and high-fat) and energy density 

(low energy density and high energy density).  Food and beverages were weighed before 

and after each meal to determine the amount of food consumed.   Subjects also rated their 

hunger, thirst, nausea, fullness, and prospective consumption on visual analog scales 

(VAS) before and after each meal.  
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 Bell  and Rolls (2001) found that all individuals (lean and obese) consumed a 

constant volume of food (mL) across all manipulations.  They did not adjust their 

consumption volume (mL) in response to changes in energy density and fat content of the 

diet.  All women consumed less energy in low-energy dense diets than in high-energy 

dense diets.  These differences are due to the differences in energy intake of high-energy 

dense diets and low-energy dense diets. These results indicate that manipulation of 

dietary energy density spontaneously impacts the amount of energy individuals consume.   

 Bell et al. (1998b) examined the relationship between energy density and energy 

intake.  They hypothesize that individual satiation is not sensitive to energy density, but is 

sensitive to food volume.  Therefore, they argue that changes in the energy density of 

foods will result in a corresponding and spontaneous change in energy intake.  Eighteen 

normal-weight women participated in this study.  Physical information (BMI, height, and 

weight) was collected on all individuals through a physical examination.  In addition, 

psychosocial information on food behaviors (eating patterns and eating perceptions) was 

collected. Food volume (mL) (energy and macronutrient intake) and satiety were 

calculated.   

 Bell et al. (1998b) found that individual cumulative intake (by meals) did not 

fluctuate to accommodate changes in dietary energy density.  Energy intake was larger 

under high-energy density conditions than under medium conditions and low energy 

density conditions.  This study indicates that the energy density of individual diets can 

significantly impact energy intake and weight.    

Using data gathered by Bell and Rolls (2001), Bell et al. (1998b) indicates that 

energy density directly affects energy intake. The relationship of sensory-specific and 
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gastric satiety to food volume (and not to the macronutrient composition of food) links 

individual energy intake to dietary energy density.  In populations that consume diets 

high in energy-dense foods  (such as low-income and food-insecure populations) this 

relationship encourages high-energy intake and could contribute to the elevated 

presentation of obesity in these populations.   

Volume-satiety studies explore the effects of biological satiety responses within 

the larger cultural and economic frameworks that define meal events.   This unique 

feature makes these studies the best avenue to combine economic and biological 

approaches in order to explore the seemingly paradoxical relationship between low-

income and obesity. 
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Chapter 5:  Conclusion 

 

 Currently literature that addresses the high presentation of obesity in low-income 

and food insecure populations is divided into separate economic and biological 

perspectives. Biological perspectives address this relationship as a function of individual 

hormonal responses (serum leptin levels).   Biological anthropologists argue that the 

high-fat, low-carbohydrate diets, erratic eating patterns, and high percentages of whole 

body adipose tissue that characterize food insecure populations impair leptin’s ability to 

impact satiety, energy expenditure, and fat storage.  Economic perspectives, in contrast 

attribute this association to the economic underpinnings of individual food choice.  They 

believe that the energy-dense diets that characterize low-income populations function as 

coping mechanisms to alleviate the incongruence between individual energetic 

requirements and food costs.  Energy-dense diets are inexpensive and contain more 

energy per unit weight than healthier alternatives.  Energy-dense diets, however, could 

encourage the presentation of obesity in these populations. 

 The data presented by both camps does not fully explain the high presentation of 

obesity in food insecure and low-income populations. Biological approaches have not 

addressed the larger national and local processes that structure human consumption 

patterns. Economic approaches have ignored the biological adaptations that exacerbate 

the obesiogenic effects of energy-dense diets.  Instead analysis of these camps indicates 

that both areas would benefit from the integration of their hypotheses into a single and 

synthetic biocultural perspective.   “Biocultural approaches address the dynamic 
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interactions between human beings as biological beings and the social, cultural, and 

physical environments they inhabit.  They focus on understanding variability in human 

biology, as a function of responsiveness to the large (social and physical) environment” 

(Dufour 2006: 1).  

 Further development of existing volume-satiety studies provides the best option to 

elucidate the expression of obesity prevalence in the United States.  As previously 

acknowledged, volume-satiety studies indicate that individuals eat a constant weight of 

food daily.   This consumption pattern is independent of macronutrient content; therefore, 

changes in the macronutrient content of an individual’s diet can spontaneously impact 

individual energetic consumption.  

 A larger-scale application of this information suggests that populations whose 

diets are high in energy-dense foods, (such as low-income food-insecure populations), are 

consuming more calories per gram of food than they would if they replaced these items 

with energy-dilute foods.  This economic-biological correlation could affect the 

appearance and/or maintenance of obesity in these populations. An expansion of existing 

volume-satiety studies, however, is needed to support this inference.  Currently, volume-

satiety studies are conducted exclusively within the confines of controlled laboratory 

conditions. Observational studies of consumption patterns (volume, energy density) 

across socioeconomic status are needed to see if data produced under controlled 

laboratory conditions are mimicked in non-controlled environments.  In addition, long-

term studies are needed that observe the effect of manipulations of energy density and the 

maintenance and/or appearance of whole body adipose tissue.   
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 Finally researchers need to explore the relationship between volume-derived 

satiety responses and leptin levels.  Does leptin influence the maintenance of constant 

daily volume intakes in human individuals?  If so, constant volume consumption and high 

energy diets could lead to obesity in low-income and food insecure populations, not only 

because of increases in energy, (cal/g) but also due to the decreased leptin levels (and 

reduced energetic mobilization) associated with the blunted leptin response to high-fat 

diets vs. high-carbohydrate diets.  

 Overall, a biocultural approach that investigates consumption patterns (volume 

and energy density) and leptin levels across a socioeconomic status within a traditional 

volume-satiety framework is better able to explain the relationship between food 

insecurity and obesity.  It can explore the multidimensional social and economic 

phenomenon of poverty and how disease prevalence (the relationship between food 

insecurity and obesity) is a function of human action shaped and maintained through 

intuitions and policies that structure access to power and resources.   
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