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One in three adult Americans is reported to be obese. Data from the 1989-91 National
Health and Nutrition Examination Survey (NHANES III) place the prevalence of
obesity at 33%.' This represents a sharp increase from the 1976-80 NHANES 1I
survey, which found that 24.4% of men and 26.7% of women were obese.> Obesity
was defined by the 85th percentile cutpoint of BMI values (BMI = wt/ht?) for a
reference population in the third decade of life.> According to some reports, the
prevalence of obesity has increased most rapidly among children, teenagers, minori-
ties, and newly immigrant ethnic groups.** Adolescent women, in particular, showed
the greatest increase in both energy intakes and body weights® and appear to be the
population at most risk.

Dieting to lose weight is a relatively common behavior, particularly among
women. Most women, regardless of their body weight, wish to be thinner than they
are.® However, the precise nature of weight management practices can be difficult
to establish, partly because of differing definitions of the word *‘diet.”’ Survey studies
that define dieting as restricting calories for the purpose of losing weight suggest
that two out of five adult women are dieting at any one time.® Lifetime prevalence
of dieting to lose weight is, of course, much higher, and it is estimated that 80 or
90% of the female population have dieted at some point in their lives.”® Psychologists
and social scientists have noted that dieting to lose weight has become a normative
behavior among young women, even among those women who are not overweight
or obese.’

The management of body weight is a major societal preoccupation and a multibil-
lion dollar industry. Studies of weight management practices of overweight men and
women suggest that reducing the amount of sugar and fat in the diet is the most
common option by far.”'* Most dieters, whether male or female, have at some point
used foods containing macronutrient substitutes for weight control. Such foods are
likely to contain intense sweeteners, fat replacement products, or both. Though not
intended as appetite suppressants, foods containing macronutrient substitutes help to
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maintain the variety and the diversity of energy-restricted diets.!® The effectiveness
of foods containing macronutrient substitutes in the management of body weight is
a topic of both clinical and public health interest.

WEIGHT MANAGEMENT PRACTICES

Not all attempts at weight control are benign. Dieting behaviors are distributed
along a continuum that ranges from complete lack of concern with body weight to
pathological dieting and eating disorders."" Among scales and measures designed to
assess the degree of concern with dieting and the type of efforts at weight control
are the restraint scale,’ the eating pathology scale,'' the dieting severity scale,'? and
numerous questionnaires that deal with binge eating and other symptoms of eating
disorders.'*"* Clinically significant eating disorders, anorexia and bulimia nervosa,
are generally regarded as the pathological extreme of a broader continuum of dieting
behaviors.!" Epidemiological studies have estimated the prevalence of anorexia ner-
vosa among teenage women at approximately 1%." Bulimia nervosa, a disorder
characterized by binge eating and vomiting, is reported to affect between 1 and 3%
of college-age women.'s The recently defined binge-eating disorder (BED), a proposed
DSM 1V diagnostic category, is characterized by compulsive binge eating that is not
followed by purging.'” BED is reported to affect up to one-third of all obese women,
especially those with early onset obesity and a high proportion of obese parents and
siblings. Early age at onset and high familial risk are the best current indices of
genetic obesity.”® It is worth noting that the literature on obesity, binge eating, and
eating disorders contains numerous references to food ‘‘cravings’’ or food ‘‘addic-
tions,”” generally involving those foods that are either sweet or rich in fat.'*

Human obesities are currently viewed as the outcome of an interaction between
genetic predisposition and exposure to environmental variables, including diet. Much
of recent research, conducted with animal models, has emphasized the genetic nature
of obesity in both humans and rats. The search for the ‘‘obese’’ genotype has led
to remarkable discoveries in molecular genetics.”! However, the heritable component
may not be body weight per se, but a predisposition to the obese state, and it is well-
known that gene expression is modified by nutrients. Linking candidate genes with
excess body fat, the common physiological end point for obesity, tells us nothing
about the intervening mechanisms that may have led to gene expression in the first
place. The search for an obese phenotype, that is, the outcome of the interaction
between genetics and the environment, is likely to provide better clues regarding the
development of obesity in humans. However, few studies have explored the potential
impact of genetic factors on food selection, or examined the interaction between
genetic predisposition to obesity and the dietary environment. Given recent evidence
that the appetite for fats may carry an inherited component,” one strategy for identi-
fying behavioral manifestations of the obese phenotype might be to study human
preferences for high-fat foods.

The contribution of sugar and fat intakes to the development of human obesity
is a topic of immense theoretical and practical interest. The typical American diet
is largely composed of these two ingredients, deriving 22% of energy from simple
sugars, both natural and added, and 34-37% of energy from fats.>* It has long
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been a common belief that obesity was chiefly caused by lack of willpower and
overconsumption of good tasting foods.” Recent advances in medical research now
show that human obesities represent a more complex physiological and metabolic
disorder of multiple origin.?* Genetic predisposition, lifestyle factors, and individual
food choices contribute in varying degrees to the expression of the obese state. The
development of obesity is influenced by familial risk and can be delayed or modified
by changes in energy intakes, physical activity, and energy expendure. The degree
of overweight is modified further by dietary factors, such as the energy density or
the fat content of the habitual diet.?

SWEET TOOTH VERSUS FAT TOOTH

Both obesity and the BED have now been linked to an increased pleasure response
to dietary sugars and fats. Taste-related behaviors of obese and dieting women have
recently become a focus of renewed research attention. Generally, the pleasure or
hedonic response function to sweet stimuli follows an inverted-U shape.?” Preference
ratings for sucrose solutions in water increase up to a certain concentration of sucrose
(usually 8-10% wt/v) and then decline as the solution is perceived as sweet and
therefore less pleasant. Only children show no hedonic ‘‘breakpoint’ for sweet,
selecting intensely sweet stimuli that often prove unpleasant to adults.”

Early research on obesity and taste preferences was largely limited to studies of
sugar solutions in water.” Following some disagreements as to whether obese women
liked or disliked sweet stimuli, most researchers came to the conclusion that there
was no single ‘‘obese’’ response to sweet taste.” Individual differences in hedonic
response profiles were so great as to outweigh any obese/normal differences.®* No
obese response profile to sweetness was ever obeserved, and no direct connection
was found between taste preferences for sweetness and body weight. Large-scale
consumer survey studies showed no link between body weight and reported prefer-
ences for sucrose in canned peaches, lemonade, or ice cream.”

Later studies focused on the role of dietary fat in determining food acceptance.
The earliest studies, conducted with normal-weight students, both male and female,
employed 20 sweetened mixtures of milk, cream, and sugar as the sensory stimuli
of choice.® The stimuli provided a wide range of fat (0-52% wt/wt) and sugar levels
(0-20% wt/wt), presented in an orthogonal design. Mixtures of cream (20% fat) and
sugar (10% wt/wt) were the most highly preferred. Higher ratings were obtained for
stimuli containing 20% fat and 8-10% sugar than for unsweetened dairy products,
or for intensely sweet solutions of sucrose in skim milk.> This synergistic effect of
sugar and fat mixtures was soon confirmed in other studies conducted with other
types of sugar/fat mixtures.’*® In most cases, the sensory pleasure response was
highly interactive and was linked to the proportions of sugar and fat in the stimulus
sample. Stimuli used in these studies included sweetened milk and cream, milk
shakes, cream cheese, cake frostings, and ice cream.” The studies focused almost
exclusively on sweetened dairy products, inasmuch as ice cream, milk shakes, pastries,
and cakes are often mentioned in the context of food cravings and eating binges in
women.!® Studies on sensory preferences for sugar and fat in nonclinical samples of
children, adolescents, and adults are summarized in TABLE 1.
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Reported preferences for sugar and fat were influenced by menstrual cycle and
by dietary restraint. Dieting and weight-conscious women sometimes disliked all
energy-dense foods and gave low ratings to stimuli containing either sugar or fat.
As shown in TABLE 1, female varsity swimmers® and ballet dancers® disliked intensely
sweet and fat-rich foods. One question is whether their responses were affected by
concerns with weight and dieting and so were subject to cognitive bias.

Clinical studies on the acceptability of sugar/fat mixtures®**45 conducted with
obese, dieting, and eating-disordered patients showed that dieting was generally
associated with lower-reported preferences for sugar, fat, or both. Studies conducted
with massively obese and formerly obese women showed that obese patients selected
those stimuli that were relatively low in sugar but were rich in fat. Formerly obese
subjects showed elevated preferences for intensely sweet and fat-rich foods.”® By
contrast, women patients with a diagnosis of anorexia or bulimia nervosa sometimes
liked sweet taste, when presented in a noningestive context but were invariably averse
to the oral sensation of dietary fat.**5 These studies are summarized in TABLE 2.

These studies demonstrated an inverse relationship between sensory preferences
for fat and body weight. Generally, overweight and obese subjects selected high-fat
stimuli, whereas lean subjects did not.***2 Even so, the observed relationship between
fat preferences and BMI was weak, accounting for no more than 4% of the variance.**
Significantly, obese individuals characterized by massive obesity and weight fluctua-
tions gave higher ratings to fat-rich foods than equally obese individuals whose
weights were more stable.*** Massive obesity and weight fluctuations are sometimes
taken to be indices of a genetic predisposition to obesity, suggesting again that a
selective appetite for fats in foods may be an expression of the obese phenotype.

FOOD CHOICES IN OBESITY AND EATING DISORDERS

In sensory studies, overweight and obese women showed elevated preferences
for energy-dense foods, including some foods that were rich in fat. However, linking
sensory studies with food intake data continues to challenge most investigators. Taste
preference profiles have sometimes been linked with self-reported food preference
data, most often obtained using questionnaires or checklists. By contrast, very few
studies have managed to link sensory preferences with patterns of food intake.
Though we often assume that sensory preferences influence dietary intakes, laboratory
evidence on this point is often less firm than might be supposed.

One study* examined preferences for different levels of fat in such foods as
mashed potatoes, scrambled eggs, pudding, or tuna fish salad. There was no statisti-
cally significant link between liking for fat in foods and the amount of fat consumed.
On the other hand, the researchers revealed a direct link between fat preferences and
the subjects’ own body fat. Consistent with previous results,*# preferences for dietary
fats appeared to be linked to the degree of overweight.

A more recent study conducted with 3 to 5-year-old children suggests that prefer-
ences for fat in foods may carry an additional inherited component. In that study,”
preferences for fat-containing foods in a group of 18 children were successfully
linked to the amount of fat consumed under laboratory conditions. Both measures
were significantly linked to a measure of parental overweight, as determined by the
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BMI (BMI = kg/m?). Although none of the parents in that study were overweight,
studying fat preferences of lean children of obese parents would be a research project
of exceptional interest. Fat preferences and fat consumption may represent a potential
behavioral mechanism for the expression of familial obesity.

Other studies have examined food preference profiles as a function of sex and
body weight. In a large study of U.S. Army personnel, Meiselman et al.*® showed
that overweight people selected red meat dishes rather than desserts. A study of
several hundred obese patients® confirmed that self-reported food preferences of
obese males typically included steaks and roasts, hamburgers, french fries, pizza,
and ice cream. By contrast, obese women tended to list bread, cake, cookies, ice
cream, chocolate, pies, and other desserts. In other words, obese men tended to
prefer protein/fat mixtures (i.e., meats), whereas obese women listed carbohydrate/
fat mixtures, notably those that were sweet. Although food preferences of obese
women have been characterized as ‘‘carbohydrate cravings,’’ preferences for fat,
sugar, or both often seem closer to the mark.

Linking food preferences with food intake data poses a challenge to the investiga-
tor. Although dietary intake assessments have often failed to link obesity with excess
energy intakes, the main problem may have been underreporting and bias. Studies
using the doubly labeled water technique to measure energy expenditure showed
conclusively that obese subjects had elevated resting energy expenditure values and
probably consumed more calories than did lean controls. Both clinical and epidemio-
logical studies have also linked obesity with excessive consumption of dietary fat.
In some studies, percent body fat was linked to percentage of fat calories in the
habitual diet or with sensory preferences for fat in foods.® In other studies, obesity
was linked to an elevated proportion of fat in the diet and lower values of the
carbohydrate-to-fat ratio.?

MACRONUTRIENT SUBSTITUTES

Has the availability of low-energy foods diminished the prevalence of obesity in
the U.S. or had a measurable impact on public health? Despite diverse dietary
recommendations and guidelines, the prevalence of obesity in the U.S. continues to
rise. Dietary guidelines intended for the general public have long addressed reducing
the consumption of sugars and fat. The 1988 Surgeon General’s Report on Nutrition
and Health® recommended replacing foods high in fat, saturated fat, and cholesterol
with vegetables, fruits, and whole grain foods. The 1989 Diet and Health Report of
the National Academy of Sciences,”? neutral with respect to sugars, recommended
increasing intake of carbohydrates to 55% of total daily calories by doubling the
intake of vegetables and fruits.

One problem with high carbohydrate diets is that many people enjoy the taste
of fat-rich foods and are reluctant to give them up.® Fats endow foods with their
characteristic texture and flavor and play a major role in determining the palatability
of the diet.®® By contrast, diets composed solely of grains, legumes, pulses, vegetables,
and fruit tend to be viewed as bland, monotonous, and unsatisfying. After two decades
of high-carbohydrate diets, signs of consumer backlash are already in place, inasmuch
as the best-selling diet books of 1996 recommend weight-loss diets that are relatively
low in carbohydrate but high in protein and high in fat.*
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The development of new low-fat foods by the food industry has become a public
health issue. Among the aims of the Healthy People 2000 Report>® was to increase
the number of processed foods that were reduced in fat and saturated fat to at least
5,000 brand items. It was specifically noted that such foods should be made available
to schools and to low-income families. Because fat is calorically more dense than
sugar (9 kcal/g as opposed to 4 kcal/g), replacing fat in foods offers potentially
greater caloric savings to the consumer. Low-energy foods containing macronutrient
substitutes offer a way of maintaining a palatable and varied diet, a valuable adjunct
to dietary compliance and weight control.
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