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The controversial condition of carbohydrate craving is believed by some 

researchers to be a defect in the regulation of food intake by an individual. 

This defect is believed to be responsible for the inability of some persons to 

control their food intake and therefore their weight.  Research was conducted 

to test the hypothesis that, given a group of carbohydrate cravers and a group 

of noncravers, the cravers will experience a greater plasma insulin response 

(concentration and area under the curve) than will the noncravers, and that, 

because of this higher response, the cravers will experience equal or lower 

plasma glucose levels during a carbohydrate load.   A second hypothesis was 

that, because of cephalic insulin response due to sensory stimuli, cookies would 

elicit a greater plasma insulin response than would a glucose solution.  This 

higher plasma insulin response may in part explain the uncontrollable snacking 

that some individuals experience.  The purpose of this research was to attempt 

to identify a biochemical distinction between persons who crave carbohydrates 

and persons who do not crave carbohydrates.  Eleven overweight female 

subjects, age 30 to 40, were recruited and divided into two groups, five 



carbohydrate cravers and six noncravers, based on scores received on a 

questionnaire that was devised for this study to attempt to distinguish between 

the groups.   A Restrained Eating questionnaire was also administered to the 

subjects.   Both groups had similar, but high, restrained eating scores, indicating 

that all of the subjects were probably restrained eaters.  The eating restraint, as 

supported by the reported frequency of dieting among the subjects, may well 

have influenced the subjects' responses to the carbohydrate craving 

questionnaire. 

Utilizing these two groups of subjects, two tests were administered.  The oral 

glucose tolerance test was administered, utilizing 75 g of carbohydrate each in 

the forms of glucose solution and cookies, which were administered in a 

random order.  The tests were administered during the premenstrual phase of 

the subjects' menstrual cycles, 0-10 days prior to the onset of menstruation. 

Blood was drawn and assayed for plasma glucose and insulin. 

The research showed that the cravers experienced a significantly greater plasma 

insulin concentration and area under the curve than the noncravers, particularly 

at the 30, 60 and 120 minute time points with the glucose treatment.  For the 

glucose treatment, the cravers experienced plasma insulin concentrations that 

were 32% to 50% greater than those of the noncravers in the early portion of 

the test.  This supports the hypothesis which states that cravers will experience 

a greater plasma insulin response to a carbohydrate load than will noncravers. 

This elevated plasma insulin level may be responsible for the carbohydrate 

cravings that the individuals experience.  There was no significant difference in 

plasma glucose levels at any time point in either of the tests as compared 

between the cravers and noncravers, thus supporting the expectation that these 

levels would be similar between the groups.   The hypothesis that cookies would 



elicit a greater plasma insulin response than would a glucose solution was not 

supported.   Any cephalic insulin response which may have resulted from the 

sight and smell of the cookies, while not specifically measured, was not strong 

enough to override the physiological factors that control insulin release. 

Therefore, the glucose solution elicited a significantly greater plasma insulin 

concentration than did the cookies in the cravers during the first two hours of 

the tests, and a significantly greater area under the curve for the cravers at 60 

minutes and both groups at 120 minutes. However, the cookies did have an 

effect on insulin release at the fasting point, causing elevated (x = 79%) plasma 

insulin levels in three of five subjects who were waiting while others were eating 

the cookies, as compared with these subjects' fasting insulin levels when they 

were not exposed to the cookies prior to their glucose test.   Another finding 

was a difference between the groups in fasting plasma insulin concentrations 

over the 10 day premenstrual portion of their menstrual cycles.  The noncravers 

experienced fasting plasma insulin concentrations that decreased as the onset of 

menstruation was approached, which would parallel the decrease in 

progesterone levels.  However, the cravers experienced first a decrease in 

fasting plasma insulin levels to day 3 premenstrual, and then an increase to the 

level of that found 8-10 day premenstrual.  This pattern is contrary to what 

would be expected as progesterone levels drop, and suggests an altered pattern 

of progesterone levels in the cravers, although progesterone was not measured 

in this study. 

To summarize, in a group of overweight women, carbohydrate cravers and non 

cravers, the cravers experienced a greater plasma insulin response than did the 

noncravers for the glucose treatment but not for the cookie treatment, and 

there was no significant difference between the groups for plasma glucose 

concentration for either treatment. 
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GLUCOSE AND INSULIN RESPONSES TO A 

CARBOHYDRATE SNACK IN CARBOHYDRATE 

GRAVERS AND NON-CARBOHYDRATE GRAVERS 

INTRODUCTION 

The literature review addresses the controversial issue of carbohydrate craving. 

It begins with a review of carbohydrates as nutrients, including their sources in 

the diet, the carbohydrate composition of the human diet, and the functions of 

carbohydrates in the human body. A review of the digestion, absorption, and 

metabolism of carbohydrates gives a background for understanding the theories 

that have been developed about carbohydrate craving. 

The research that was conducted for this thesis was based on the response of 

insulin in the body to certain test foods. Therefore, an extensive portion of the 

literature review is devoted to insulin, including its synthesis, secretion, and 

action, as well as its response to different test foods.   Defects and diseases of 

insulin response are also discussed. 

The condition of carbohydrate craving is believed by some researchers to be a 

defect in the regulation of food intake by an individual. With this 

consideration, factors that control food intake, both physiological and 

psychological, are discussed as providing the basis for the development of the 

hypothesis of this project. Because of its believed importance in the 



carbohydrate craving scenario, emphasis is placed on the neurotransmitter 

serotonin and its alleged role in the control of food intake. Further, due to the 

controversial nature of this theory, space is devoted to the criticisms of the 

work that has been done in carbohydrate craving research. Some of these 

criticisms are addressed in the research performed for this thesis. 

The purpose of this research was to address a perceived need for research that 

utilizes an objective test to measure a biochemical distinction between persons 

who crave carbohydrates and persons who do not crave carbohydrates.  While 

researching the literature, a possible link between plasma insulin response and 

carbohydrate craving became apparent. With this possible connection, the 

logical test for measuring biochemical differences between the groups appeared 

to be the oral glucose tolerance test (OGTT).   No other research appears to 

have been conducted that utilized the OGTT to distinguish between the two 

groups.  While this test does not directly address the serotonin issue, which 

would require measuring serotonin levels via brain slices, implications may be 

drawn about serotonin levels since these are influenced by insulin levels. 

The research that was performed also attempted to address some of the 

criticism of other researchers' work.  By utilizing a questionnaire for subject 

categorization, the criticisms of self-selection of subjects (Drewnowski, 1987) 

were addressed. The criticisms of fat levels (Drewnowski, 1987) and 

desirability of food (Femstrom, 1988) were addressed by serving a food that 

many cravers crave: cookies, with a known and controlled fat content (2:1 

carbohydrate:fat ratio).   Finally, the use of a standard, clinically accepted test 

(the OGTT) provides an objective measure of differences between the two 

groups, which so many studies lack. 



LITERATURE REVIEW 

INTRODUCTION 

Carbohydrates, one of the three nutrients used for fuel by the body, are made 

of carbon, hydrogen, and oxygen.  The hydrogen and oxygen are present in the 

same proportions as are found in water, with the molecular formula of 

Cn(H20)n, thus the name "carbohydrate" is derived. 

Carbohydrate was once thought by many persons to be somewhat of a "dirty 

word". Considered to be synonymous with "fattening", carbohydrates were 

believed to lead to the downfall of dieters everywhere.  Once-popular diet 

books promoted high protein diets and eschewed the consumption of 

carbohydrates, thereby perpetuating the myth that bread, pasta, and potatoes 

will add inches to the hips overnight. 

As modem research has demonstrated the value of carbohydrates in the diet, 

their role has become more widely appreciated, and high-carbohydrate meals 

have become fashionable and desirable.  Now, when a dieter expresses fear of 

eating carbohydrates, the response becomes "it's not the carbohydrate, it's what 

you put on it," referring to the butter and sour cream that traditionally 

accompany certain carbohydrate-rich foods. 

However, sometimes the consumption of carbohydrate-rich foods (many of 

which are often fat-rich) becomes an obsession.  The uncontrolled consumption 

of sweets can lead to excessive weight gain, dental cavities, and degenerative 

diseases.  Some people claim an addiction to "sugar", unable to eat "just one" 

cookie without devouring the entire package.  This addiction has been 

compared to that of alcoholism, with sufferers referring to themselves as 



"sugarholics", "carboholics", or "chocoholics".  The major distinction is that a 

person is able to live without alcohol, whereas a person is unable to live without 

food, thereby eliminating abstinence as a treatment option. 

The focus of this literature review is to examine carbohydrates as food, function 

in the body, the metabolism of carbohydrates, and the issue of uncontrolled 

consumption of sweets, or carbohydrate craving.  The research project will 

attempt to biochemically distinguish carbohydrate cravers from people who do 

not crave carbohydrates. 

CARBOHYDRATES IN FOOD 

Carbohydrate exists in food primarily as sugars, as starches, and as dietary fiber 

in the form of nonstarch polysaccharides (Bingham, 1987).  The basic 

component of starch is the sugar glucose.  Glucose is a 6-carbon sugar, a hexose 

that exists in the chain (D-glucose) or ring (a-D-glucopyranose) form.  The ring 

form is the most common, and forms polymers of glucose, which are known as 

polysaccharides.  As a monosaccharide glucose, can bond with other 

monosaccharides such as fructose and galactose, or with another glucose 

molecule, and form the dissacharide sugars sucrose, lactose, and maltose, 

respectively. 

Starch is the major polysaccharide in the diet of humans, currently comprising 

47% of adult carbohydrate intake (Anderson, 1984).   As a polysaccharide, 

starch has a high molecular weight and serves as the reserve carbohydrate in 

plants. Most starches are composed of amylose (linear a-1,4) and amylopectin 

(a-1,6 branched) (Anderson, 1984; Pomeranz, 1985), with amylopectin 

comprising 70-85% of ingested starch (Anderson, 1984). 



Some carbohydrates are less digestible than others, due to linkages for which 

humans produce no digestive enzymes.  These polysaccharides form what is 

known as dietary fiber, and are present in plants as structural fibers, gums and 

mucilages, and storage polysaccharides (Anderson and Chen, 1979).  Cellulose, 

pectin, lignin, hemicellulose, and gums are common examples of carbohydrates 

that are resistant to intestinal degradation (Anderson and Chen, 1979). 

Carbohydrates, as sugars or as starches, are ingested as components of foods in 

the human diet.  Sugars are found primarily in fruits, as fructose, glucose, and 

sucrose; in dairy products, as lactose; and in processed foods as sucrose and/or 

fructose (Pomeranz, 1985). The starches are found in the breads and cereals, as 

a component of wheat, oat, rye, and other grains, as well as in vegetables such 

as potatoes, com, peas, and beans. The indigestible polysaccharides are found 

in plant products, such as cereal grains, fruits, and vegetables, with greater 

concentrations of dietary fiber being found in the bran of the grain and the 

peels of fruits and vegetables.  Unfortunately, these portions are frequently 

removed and discarded during processing. 

In much of the world, carbohydrates are an inexpensive source of calories for 

the populace, and historically have comprised the bulk of the diet (Anderson, 

1984; Pomeranz, 1985; Szostak and Cybulska, 1987).   However, since 1910, the 

consumption of carbohydrates in the U.S. has declined from approximately 

56% of calorie intake to 43% of the intake in the late 1970,s, with only 20% of 

the population consuming more than 50% of their calories as carbohydrate 

(U.S.   Dept. of Health and Human Services, 1986).   Accompanying this 

decline in carbohydrate intake, the proportion of complex carbohydrates 

(starches, polysaccharides) in the North American diet declined by 45%, from 

68% of total carbohydrates in 1913 to 47% in 1982.  The consumption of 



simple carbohydrates increased by 32% during that same time period (U.S. 

Dept. of Health and Human Services, 1986). This reflects the increased intake 

of simple sugars from processed foods and soft drinks (Anderson, 1984; U.S. 

Dept. of Health and Human Services, 1986). For example, the intake of 

fructose in the U.S. has increased more than three fold since 1970, because of 

the use of high fructose com syrup in processed foods (Mesquita et al., 1987). 

In 1909-1913 sucrose provided 87% of the carbohydrate from added sweeteners 

(U.S. Dept. of Health and Human Services, 1986).   By 1982 this had dropped 

to 58%, with glucose corn syrup and high fructose com syrup contributing 14% 

and 24% of the carbohydrate from added sweeteners respectively (U.S. Dept. 

of Health and Human Services, 1986).  The 1977-78 Nationwide Food 

Consumption Survey found that, of the carbohydrate in household diets, grain 

products contributed 42% of this, 23% was obtained from sugar and sweets, 

and 20% was contributed by fruits and vegetables (U.S. Dept. of Health and 

Human Services, 1986).  The intake of dietary fiber has also declined during 

this century, with people in industrialized societies such as the U.S. and Britain 

eating considerably less dietary fiber than those in more agrarian cultures, such 

as Africa and rural India (Trowell, 1972; Kelsay, 1978; Anderson, 1984; 

Bingham, 1987). There has been a 34% decline in the crude fiber in the U.S. 

food supply from 1913 to 1977-78 (U.S. Dept. of Health and Human Services, 

1986).  While the consumption of white bread, white rice, and sugar have been 

associated with wealth, status, and progress (Burnett, 1966), the excessive 

consumption of refined (processed, resulting in the removal of dietary fiber) 

carbohydrates has been implicated in the development of chronic disease, such 

as diverticulosis, bowel cancer (Walker, 1978; Powles and Williams, 1984; 

Jacobs, 1986), obesity, diabetes (Mesquita et al., 1987), and heart disease 

(Trowell, 1972; Mann, 1987). 



FUNCTIONS OF DIETARY CARBOHYDRATE 

While humans can survive without eating carbohydrates, we do have some 

metabolic requirements for this nutrient, and carbohydrate has some important 

functions to fulfill in the human body. 

One important function of dietary carbohydrate is the provision of energy. 

Pure carbohydrate provides approximately four kilocalories per gram. Most 

tissues can use either glucose or fatty acids as fuels, but glucose is the preferred 

fuel for the central nervous system (Bachelard and Mcllwain, 1969). A 

deficiency of carbohydrate intake may result in impaired central nervous system 

function and cerebral function failure (Bachelard and Mcllwain, 1969). If 

inadequate energy is provided by carbohydrate, or if the disease diabetes 

mellitus (to be discussed later) impairs the availability of carbohydrate for 

energy production, then fat and/or protein will be used for energy (Wakil and 

Barnes, 1971; Fuller and Crofts, 1977).  This results in an increased level of 

metabolic intermediates, which then form ketone bodies (Wakil and Barnes, 

1971), and in protein being unavailable for its specific purposes of tissue 

building and repair. 

The ability of adequate carbohydrate to prevent the use of protein for energy is 

known as the protein sparing effect, and has been demonstrated with an 

increased nitrogen retention in the body following the addition of carbohydrate 

to the diet, even when adequate carbohydrate was already being consumed 

(Fuller and Crofts, 1977; Fuller et al., 1977). This allows protein to be used for 

purposes other than energy, such as tissue repair (MacDonald, 1987). The 

insulin which is released in response to carbohydrate consumption is thought to 

play a role in this function of carbohydrate by stimulating muscle protein 

synthesis and inhibiting protein degradation (Fuller et al., 1977).  This insulin- 



glucose relationship will be discussed later in more detail. 

As the end product of carbohydrate digestion, glucose serves as a precursor for 

other necessary molecules.   Glycogen is the storage form of glucose.  The 

conversion of glucose to glycogen will be discussed later.  Carbohydrate in 

excess of energy needs may be used in the synthesis of fatty acids (Hers and 

Hue, 1983).   In addition part of the carbon skeleton is used in the synthesis of 

some nonessential amino acids (Touster, 1969) and of the ribose portion of 

nucleic acids (Pontremoli and Grazi, 1969). 

Carbohydrate, in the form of sugars which are present in fruits or are added in 

the refined form to processed foods, enhances the appeal of food by adding 

flavor and sweetness (Mesquita et al., 1987).  By adding pleasure to the task of 

eating, the intake of carbohydrate-rich food is increased. 

DIGESTION AND ABSORPTION 

Mechanical and enzymatic digestion of carbohydrate begins within the mouth. 

As food is chewed, which breaks the food into smaller particles with more 

surface area, saliva is released to moisten the food and to begin enzymatic 

digestion. The enzyme in saliva, a-amylase, splits the a-1,4 glucosidic bonds 

(Crane, 1969).  The salivary a-amylase acts briefly, until it is deactivated by the 

low pH of the stomach (Crane, 1969; Gray, 1970). 

The stomach plays little if any role in the enzymatic digestion of carbohydrate. 

No carbohydrate enzymes are known to be secreted here.   A meal rich in 

carbohydrate will leave the stomach quickly, affected only by the mechanical 

churning of the stomach, and by the dilution by other foods and the gastric 

juices secreted there. 



The rate at which the stomach contents are discharged into the duodenum is 

influenced by the nutrients present in the stomach.  As mentioned, a meal of 

high carbohydrate content will leave the stomach quickly, with solutions of 

higher osmolar load emptying more rapidly than solutions of lower osmolar 

load (Sole and Noakes, 1989).  However, the presence of fat will slow this 

process down, allowing the food to remain in the stomach for a longer period 

of time. The presence of dietary fiber may influence the speed at which the 

food leaves the stomach.  Some fibers, such as pectins and gums, may delay 

gastric emptying (Anderson and Chen, 1979; DiLorenzo et al., 1988).   Exercise 

may slow the emptying rate for water, but not necessarily affect liquids of 

higher osmolar loads (Sole and Noakes, 1989). By inhibiting gastric emptying, 

the hormone cholecystokinin helps to deliver the food from the stomach to the 

rest of the gastrointestinal tract in an orderly manner (Moran and McHugh, 

1982). 

The next site of carbohydrate digestion is the small intestine.  The pancreas 

secretes its enzymes, one of which is pancreatic amylase, into the duodenal 

lumen (Crane, 1969). This amylase acts at the a-1,4 and a-1,6 bonds to break 

polysaccharides into ohgosaccharides and disaccharides (Gray, 1970). The final 

products of this process are maltose, maltotriose and a-dextrins (residual 

branched saccharides) (Gray, 1970). 

In the mid-jejunum and upper ileum of the small intestine, the brush border 

enzymes, including sucrase and lactase (Gray, 1975), exhibit their greatest 

activity (Gray, 1970).  These hydrolytic enzymes break any a-1,6 glucosidic 

links that are not already hydrolyzed, leaving the end-product 

monosaccharides.  The less-digestible dietary fiber, as mentioned previously, is 

resistant to this enzymatic action, and will remain as ohgosaccharides, some of 



10 

which are fermented by bacteria in the colon (Gray, 1970; Anderson and Chen, 

1979).  The products of fermentation, short chain fatty acids, are then 

absorbable by the large intestine and may be metabolized by the colonic 

epithelial cells (Cummings and Englyst, 1987). 

Carbohydrate is absorbed from the small intestine as monosaccharides, the end 

products of hydrolysis (Crane, 1969).   Glucose is absorbed into the intestinal 

cell by an active transport mechanism which is connected to a sodium pump 

(Crane, 1969; Gray, 1970).  The precise nature of this carrier is uncertain 

(Alvarado, 1965; Reiser, 1976).  From the intestinal cell, the glucose diffuses 

down a concentration gradient to the capillary bed, from which it is taken into 

the bloodstream for distribution to body cells (Gray, 1970).  The glucose is 

then transported to the liver via portal circulation, where it may be absorbed 

(Muratoglu et al., 1986).   Glucose not absorbed by the liver is deposited in the 

muscle, where the hormone insulin (to be discussed later) is required for its 

uptake.  The muscle is the primary site of glucose disposal. In this process the 

rate-limiting step is glucose transport (Yki-Jarvinen et al., 1987). 

CARBOHYDRATE METABOLISM 

The metabolism of carbohydrate occurs within the cells. Hormones play an 

important role in the control of blood glucose levels.   Insulin regulates the 

cellular uptake of glucose by facilitated diffusion and by increasing the storage 

of glycogen (Simpson and Cushman, 1986; Niijima, 1989).  Glucagon, 

epinephrine, and norepinephrine help to facilitate glucose release from the liver 

during starvation (Niijima, 1989).  The role of insulin in the control of blood 

glucose levels will be discussed in greater detail later. 

Once glucose has entered the cell, it is phosphorylated, which is catalyzed by 
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glucokinase and requires ATP (adenosine triphosphate) (Rose and Rose, 

1969), and is irreversible (Buchalter et al., 1989).   At this point, the 

physiological needs of the body, as well as the relative concentrations of the 

enzymes that regulate these processes (Pontremoli and Grazi, 1969), will 

determine which of three pathways (Figure 1) a given glucose molecule will 

follow, although all three pathways are operative.   If there is a need for 

immediate energy, the phosphorylated glucose, glucose-6-phosphate (G-6-P), 

will proceed through glycolysis and the citric acid cycle.   If there is not an 

immediate need for energy, the glucose may be converted into the storage 

carbohydrate glycogen, as described below . Another pathway that glucose may 

follow is the pentose shunt, an oxidative pathway which results in the formation 

of the pentoses which are required for nucleic acid synthesis (Pontremoli and 

Grazi, 1969). At times of energy need greater than intake, glycogen can be 

converted to phosphorylated glucose, and reenter the glycolytic pathway as 

G-6-P. The pentoses also can be drawn upon for energy production. 
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a —  Controlled by phosphofructokinase; inhibited by high levels of ATP and citrate.  Reversal 
of pathway, gluconeogenesis, requires some alternate enzymes. 

b —  Controlled by blood glucose levels, regulated by phosphorylase a. 
c —  Controlled by levels of NADP   . Enzymes: glucose-6-phosphate dehydrogenase and 

gluconate-6-phosphate dehydrogenase. 
d —  Formed under anaerobic conditions.  Reoxidized to pyruvate or utilized directly by liver 

and kidney via Cori cycle. 
e — Pathway used under aerobic conditions. 
f — Inhibited by ATP, catalyzed by pyruvate dehydrogenase. 
g — Controlled by levels of ADP. 
h — One glucose molecule yields 36 ATP. 

FIGURE 1 
Schematic of carbohydrate metabolic pathways. This diagram includes glyco- 
lysis, glycogen synthesis, the pentose phosphate pathway, the TCA cycle, and 
oxidative phospnorylation. 
(Pontreraoli and Grazi, 1969; Rose and Rose, 1969; Hers, 1976; Boyer et al. 1977; Stryer 1981; 
Buchalter et al. 1989) 
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The glycolytic pathway occurs within the cytoplasm of all living cells.   How- 

ever, glycolysis does not occur at high rates in the liver unless an excess of glu- 

cose is present, and then it apparently occurs primarily to transform carbohy- 

drate to fat (Hers and Hue, 1983). Glycolysis converts glucose through a series 

of enzymatic, reversible steps to pyruvate and/or lactate (Hers and Hue, 1983), 

producing two molecules of adenosine triphosphate (ATP) per molecule of glu- 

cose (Rose and Rose, 1969). This released energy is derived from the breaking 

of the bond between the third and fourth carbons, splitting the glucose 

molecule (which is now fructose-1,6-diphosphate) into two molecules: glyceral- 

dehyde 3-phosphate and dihydroxyacetone phosphate. (At this point, the dihy- 

droxyacetone phosphate may be diverted to provide the glycerol molecule for 

fatty acid synthesis, effectively bypassing the remainder of the glycolytic path- 

way, but becoming available as a fuel substrate later.) Each of these three- 

carbon molecules resulting from this division will, in subsequent steps, yield 

two molecules of ATP by the end of the glycolytic pathway.  Two molecules of 

ATP were used in phosphorylation prior to splitting, therefore overall yield is 

two molecules of ATP per molecule of glucose (Bodner, 1986a). The end pro- 

duct of glycolysis may be either pyruvate or lactate. Under aerobic conditions, 

pyruvate is formed; under anaerobic conditions, lactate is formed (Stryer, 1981, 

Buchalter et al., 1989).  Any lactate that is formed must be converted to pyru- 

vate in order to proceed either to the citric acid cycle or be converted to glu- 

cose by reversal of the glycolytic pathway. 

The rate of glycolysis is controlled by a series of bienzyme complexes, which 

couple together to become active.  Phosphofructokinase is subject to feed-back 

control by ATP (adenosine triphosphate), but apparently this control is less 

effective when there is a high concentration of the enzyme (Ovadi, 1988). 
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The citric acid cycle, also known as the Krebs cycle and the tricarboxylic acid 

(TCA) cycle,  is the final pathway of carbohydrate metabolism. The citric acid 

cycle takes place within the mitochondria and is the common final oxidative 

pathway for carbohydrate, fat, and protein catabolic intermediates. Prior to this 

pathway, pyruvate is converted to acetyl Co A, which can either be metabolized 

via the TCA cycle or diverted to fatty acid or amino acid synthesis, depending 

upon the physiological need for immediate energy. The TCA cycle requires a 

number of enzymes, coenzymes, and cofactors, such as NAD (nicotinamide 

adenine dinucleotide), isocitrate dehydrogenase, succinyl Co A synthetase, GDP 

(guanosine diphosphate), and FAD (flavin adenine dinucleotide).   Each revolu- 

tion of the cycle results in the degradation of one molecule of acetic acid (from 

acetyl coA) to carbon dioxide and water. It also produces one high-energy 

phosphate bond and four pairs of hydrogen atoms, each pair of which will yield 

three ATP molecules through the electron transport system (Stryer, 1981; 

Bodner, 1986b). 

The eight hydrogen atoms released by this degradation are transported to the 

electron transport system, where they are converted into ATP for energy via 

oxidative phosphorylation.  This pathway is the major source of ATP for the 

body, and requires several coenzymes, such as coenzyme Q and FAD (Boyer et 

al., 1977). 

When glucose or other substrates such as lactate or pyruvate (Chatamra and 

Daniel, 1987) are converted to glycogen, the glycogen is primarily stored in the 

liver and skeletal muscle.  Since glycogen is readily revertible to glucose, muscle 

glycogen can be drawn on in times of need for quick energy, and liver glycogen 

is a reservoir which can replenish blood glucose levels. A relatively small 

amount of dietary carbohydrate is stored as glycogen (McGarry et al., 1987). 
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The rate-limiting step in glycogen synthesis (Figure 1) is accepted to be the 

enzyme glycogen synthase, whose activity depends on the concentration of 

G-6-P (Nuttall et al., 1988). One study suggested that the rate-limiting step for 

glycogen synthesis is actually between G-6-P and glycogen (Youn et al., 1989). 

The direct pathway of glycogen synthesis, whereby the G-6-P is converted 

directly into glycogen, contributes an estimated maximum of 77% of the 

glycogen formation.  The indirect pathway, in which G-6-P is broken down 

into trioses and then reformed to G-6-P prior to glycogen synthesis, is more 

likely to contribute significantly when the organism is in a fasted state (Magnus- 

son et al., 1989). 

Gluconeogenesis is the pathway by which glucose is formed from lactic acid, 

glycerol (from fats), and amino acid intermediates.   Gluconeogenesis is con- 

trolled by hormones and by glucose concentrations. This pathway occurs only in 

the liver or the kidney (Hers and Hue, 1983) and is essentially, but not exactly, 

a reversal of glycolysis.  This pathway utilizes alternate enzymes to circumvent 

the irreversible glycolytic steps, specifically acetyl coenzyme A to pyruvate and 

the dephosphorylation of glucose-6-phosphate (Hers and Hue, 1983). 

INSULIN — SYNTHESIS, SECRETION, ACTION, AND DEGRADATION 

Insulin is an anabolic hormone that is vital to carbohydrate metabolism and 

promotes the synthesis of glycogen, protein, and lipid (Czech, 1977). Its 

precursor, proinsulin, is inactive as a hormone, but is activated when it is 

hydrolyzed by a proteolytic enzyme to insulin. 

Proinsulin is synthesized on the rough endoplasmic reticulum of the p-cells of 

the Islets of Langerhans in the pancreas (Figure 2), and is formed as a single- 

chain peptide from its precursor, preproinsulin (Hedeskov, 1980; Curry, 1989). 
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When proinsulin is hydrolyzed in the golgi region by golgi endopeptidase 

(Curry, 1989) in the presence of trypsin-like and carboxypeptidase B-like 

enzymes (Hedeskov, 1980), it is broken into an A-chain and a B-chain, plus 

the connecting peptide segment known as C-peptide (Hedeskov, 1980).   Insulin 

biosynthesis is stimulated by D-glucose and slightly by mannose (Pipeleers et 

al., 1973a; Hedeskov, 1980; Curry, 1989) and requires extracellular sodium 

(Pipeleers et al., 1973b).  Mannose exhibits a synergistic effect with fructose 

(Curry, 1989).   Fructose alone does not stimulate insulin synthesis (Curry, 

1989). 

FIGURE 2 
Schematic diagram of p-cell. This diagram shows some morphologic events of 
insulin biosynthesis and insulin secretion by exocytosis. N, nucleus; RER, 
rough endoplasmic reticulum; M, mitochondria; mvs, smooth microvesicles; 
GC, Golgi complex; g, ^-granules; L, lysosomes; aph, autophagosome; pmvs, 
pinocytotic microvesicles; mt, microtubules; mf, microfilaments. 
(Hedeskov, 1980) 



17 

Insulin is released by exocytosis, with the secretory granule which contains the 

insulin moving toward the cell surface and fusing with the plasma membrane in 

a possibly calcium-dependent process (Hedeskov, 1980).  The membranes 

dissolve, and the contents of the granule are expelled into the extracellular 

space (Hedeskov, 1980). C-peptide is released from the granule in equimolar 

concentration with insulin but is not subsequently extracted by the liver in any 

significant amounts (Polonsky and Rubenstein, 1984). Because of this, C- 

peptide has become a useful tool in the evaluation of insulin release and 

subsequent hepatic extraction of insulin from the bloodstream (Madsbad et al., 

1983; Polonsky and Rubenstein, 1984). 

The release of insulin is controlled by several factors.   Insulin is secreted from 

the p-cells primarily in response to glucose via the p-cell glucoreceptor 

(Hedeskov, 1980). Insulin is also released in response to amino acids of low 

molecular weight, ketone bodies, (Hedeskov, 1980) and glucagon (Fain, 1984). 

These latter stimuli may also require the presence of glucose to stimulate insulin 

release (Hedeskov, 1980).   Fats do not stimulate insulin release (Hedeskov, 

1980; Fain, 1984) but may inhibit hepatic removal of insulin (Krotkiewski et 

al., 1987). Additional stimuli include calcium, which has a yet-unknown but 

required function in the insulin release mechanism (Hedeskov, 1980; Wollheim 

and Sharp, 1981) and cyclic AMP (cAMP), which may exert its action by 

increasing intracellular calcium (Wolheim and Sharp, 1981; Fain, 1984). Other 

hormones contribute to insulin control.   Epinephrine inhibits insulin release, 

possibly by interfering with cAMP or by alteration of calcium-handling by the 

P-cell (Wollheim and Sharp, 1981). A2 catecholamine increases insulin 

secretion by increasing cAMP levels. The pertussis toxin inhibits insulin 

secretion by inhibiting 012 catecholamine action (Fain, 1984).  Calmodulin is 

also believed to influence insulin synthesis and/or secretion.   Calmodulin is 
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present in insuUn-secreting cells, and with calcium forms a complex which 

activates several enzymes in insulin-producing cells. The exact function of 

calmodulin in insulin secretion is uncertain (Prentki and Matschinsky, 1987). 

Somatostatin, a tetrapeptide in the 5-cells of the pancreatic islets, inhibits 

insulin release at high physiological concentrations (Wollheim and Sharp, 

1981). 

Insulin is released in two phases: an initial rise, Phase I, and a secondary, 

sustained rise, Phase II (Figure 3).  The phase I insulin release, which follows a 

50-100 second latency period (Hedeskov, 1980), is known as the cephalic 

insulin release (Simon et al., 1986), and is somewhat controversial.  The insulin 

is released in response to parasympathetic neural effects via the vagus nerve 

(Louis-Sylvestre, 1978; Taylor and Feldman, 1982). The cephalic release and 

subsequent return to near-basal level occurs within the first five to ten minutes 

after food is consumed (Hedeskov, 1980), before the food itself could possibly 

have elicited an insulin release.  Insulin release has been demonstrated in both 

animals and humans to be stimulated by the mere sight and smell of food 

(Sjostrom et al.  1980; Simon et al., 1986) or a combination of sight, smell, and 

taste (Bruce et al. 1987), and possibly has an anticipatory role (Simon et al., 

1986). The cephalic insulin release is more likely to occur when an individual 

is presented with a palatable meal than when that individual is presented with a 

meal of low palatability (Bellisle et al., 1985).   The loss of this phase of insulin 

release is believed to be a factor in the development of diabetes mellitus 

(Calles-Escandon and Robbins, 1987).   After approximately ten minutes, when 

the first-phase insulin level has decreased, the secondary phase of insulin 

release begins a more prolonged release lasting approximately 1-2 hours, with a 

peak level of insulin release at approximately 30 minutes after the food was 

consumed (Grodsky, 1989). Besides being stimulated by the consumption of 
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carbohydrates and protein (Krotkiewski et al., 1987), this release is promoted 

by gastrointestinal hormones which are released in response to the actual 

presence of food, such as secretin, gastrin, cholecystokinin, and gastric 

inhibitory polypeptide, and results in a greater peak insulin release than does 

the first phase release. 

o-J 

Units 

12 16 20 

Time (minutes) 

FIGURE 3 
Two phase insulin release.  Represents the release of insulin into the 
bloodstream in two phases following visual and olfactory stimulation. 
(Hedeskov, 1980) 
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A third phase of insulin secretion has recently (1986) been identified (Bolaffi et 

al., 1986; Grodsky, 1989). This phase of secretion begins approximately 1.5-3 

hours after the initial stimulation, with the secretion level tapering off to 

approximately 15-25% of the peak level.  This level may be sustained for 48 

hours.  The significance of this third phase of insulin release is yet unknown 

(Grodsky, 1989). 
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FIGURE 4 
Insulin receptors and mechanisms.  Diagram of insulin-receptor binding, 
including (1) the formation of the insulin-receptor complex, (2) signal sent, (3) 
the translocation of intracellular vesicles to the external cell wall, (4) the 
binding of the vesicle to the cell membrane, (5) the fusion of the vesicle to the 
cell membrane and exposure of the glucose transporter to the extracellular 
medium, (6) the transportation of the glucose, (7) the dissociation of the 
insulin from the receptor, and (8) the translocation of the intracellular vesicles 
back to the interior of the cell. 
(Simpson and Cushman, 1986) 
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Glucose uptake is stimulated by insulin binding to a cell surface receptor, 

known as an insulin receptor.  The insulin receptor (Figure 4) is a 

heterotetrameric disulfide-linked integral membrane glycoprotein, which 

contains two insulin-binding a-subunits linked together, each with a p-subunit 

bound by a disulfide bridge (Sonne, 1988).   Once the insulin-receptor complex 

is formed, it sends a signal, which in turn causes intracellular vesicles that 

contain glucose transporters to move to the external cell wall (Simpson and 

Cushman, 1986). When the transporter vesicle fuses to the cell membrane, it 

exposes the glucose transporter to the extracellular medium. When the insulin 

uncouples from its receptor, the vesicle removes itself from the cell membrane 

and moves the glucose transporters back to the interior of the cell (Simpson and 

Cushman, 1986). Insulin is believed to stimulate glucose transport activity by 

two possible mechanisms:  by increasing the transport rate, and by increasing 

the number of functional transporters in the plasma membrane.  The latter is 

believed to be the predominant mechanism in adipose and muscle cells 

(Simpson and Cushman, 1986). 

After the insulin molecule completes its task of glucose transport, it undergoes 

adsorptive endocytosis, in which it is internalized into the cell and then 

degraded by an insulin-specific protease (Sonne, 1988).  The initial degradation 

products, insulin and the receptor, are formed as a consequence of the receptor 

binding.  The insulin itself is then broken into two or three peptides, possibly as 

part of its mechanism of action but more likely to dispose of the molecule 

(Goldstein and Livingston, 1981; Sonne, 1988). 
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FACTORS AND DEFECTS THAT INFLUENCE INSULIN SECRETION 
OR ACTION 

Insulin release in response to food intake (frequently referred to as "insulin 

response") can be measured by administering a glucose solution, also referred to 

as a glucose "load", either orally or parenterally.   Other foods or sugars may 

also be administered as the oral load.  The glucose and insulin concentrations 

in either plasma or serum are measured in blood samples that are drawn at 

different time points both before and after glucose administration, to produce 

glucose and insulin curves as illustrated in Figures 5 and 6. Clinically, in its 

standardized form (Klimt et al., 1969) this procedure is known as the glucose 

tolerance test.  The oral version, known as the oral glucose tolerance test 

(OGTT), is commonly used in the diagnosis of diabetes mellitus. In the 

laboratory this test, and variations thereof, is utilized to test the effects of 

different factors on insulin secretion or action.  The insulin response may be 

reported in terms of the peak value or as the total area under the curve. 
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FIGURES 
Representative glucose concentration curve. Glucose (75 mg) was administered 
at time point 0, and plasma glucose concentrations measured at time points 0 
(fasting), 10 (10 minutes after glucose consumption completed), 30, 60, 120, 
180, and 240 (four hours). This set of data was derived from the test that was 
performed for the research to be discussed later in this paper. This test was 
conducted in a subpopulation of noncraving, slightly overweight women aged 
30 to 40 during the luteal phase of their menstrual cycles. 
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FIGURE 6 
Representative insulin concentration curve. Glucose (75 mg) was administered 
at time point 0, and plasma insulin concentrations measured at time points 0 
(fasting), 10 (10 minutes after glucose consumption completed), 30, 60, 120, 
180, and 240 (four hours). This set of data was derived from the test that was 
performed for the research to be discussed later in this paper. This test was 
conducted in a subpopulation of noncraving, slightly overweight women aged 
30 to 40 during the luteal phase of their menstrual cycles. 

There are many factors that may influence the production, secretion, and/or 

action of insulin. One of the most common factors is a deficiency in insulin 

production or function, which presents itself as the disease known as diabetes 

mellitus (DM).  DM is clinically diagnosed by elevated glucose levels in blood 

both in fasting blood (> 140 mg. glucose per 100 ml. blood or plasma, or 7.8 

mmol/L) and in response to a glucose load (>200 mg. glucose per 100 ml. 

blood or plasma, or 11.1 mmol/L, 2 hours postprandial (after administration of 

the glucose load)) (National Diabetes Data Group, 1979).  These elevated 

glucose levels are due to the deficient uptake and utilization of glucose by the 

cells because of a lack of insulin (Type I, or insulin-dependent DM) or 

ineffective action by insulin (Type II, or non-insulin-dependent DM).  This 

common chronic disease is treated by a combination of diet and medication. 

The medication may either be oral hypoglycemic agents or injected insulin. 

The ability of insulin to bind to the receptors and thereby be effective may be 
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adversely affected by various conditions in the individual, such as obesity and 

advanced age.  Insulin resistance is a common characteristic of individuals with 

Type II diabetes and describes a situation in which insulin is released but is 

unable to effectively stimulate glucose uptake (Garvey et al., 1988).  The 

individual will experience both elevated glucose levels (hyperglycemia) and 

elevated insulin levels (hyperinsulinemia) (Vouillamoz, et al., 1987).  This 

elevation of blood insulin levels without subsequent depression of blood glucose 

levels indicates that the insulin has been produced and released, but has been 

unable to adequately stimulate glucose uptake.  The problem is believed by 

some researchers to be due to an observed reduction in the number of insulin 

receptors in cells (Garvey et al., 1988). However, other researchers are 

beginning to suspect that the problem may lie within the receptor-transporter 

process, possibly a defect in the processes following the insulin-receptor 

complex (Truglia et al., 1985), because adequate insulin action may still be 

obtained when only a relative few insulin receptors are occupied (Vouillamoz, 

et al., 1987).   In a few rare cases, a genetic deletion or mutation of a portion of 

the insulin receptor, which have been identified in some insulin-resistant 

individuals, may be responsible for the development of non-insulin-dependent 

diabetes (Odawara et al., 1989; Taira et al., 1989). 

The ability of insulin to effectively stimulate glucose uptake in the target cells is 

affected by the presence of other substrates that appear to compete with 

glucose for transport sites.  Specifically, elevated levels of free fatty acids have 

been shown to inhibit insulin-stimulated glucose utilization, as well as glucose 

oxidation, in peripheral muscle tissue (Ferrannini et al., 1983; Vouillamoz, et 

al., 1987; Bonadonna et al., 1989). It is noted that this is one of the likely 

causes of the insulin resistance that is observed in obese persons (Ferrannini et 

al., 1983; Vouillamoz, et al., 1987; Bonadonna et al, 1989). 
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Obesity is one condition that has been shown to result in insulin resistance 

(Truglia et al., 1985).  Studies have repeatedly found that plasma insulin 

response levels tend to be higher in obese individuals than in normal-weight 

individuals (Bhathena et al., 1987; Craig et al., 1987; Golay et al., 1986a; 

Golay et al., 1986b; Kemnitz and Francken, 1986; Mott et al., 1986; Peiris et 

al., 1986; Rodin et al., 1985) The reasons suggested for these differences are 

many. Mott et al.   (1986) suggested that ovemutrition results in reduced insulin 

action for glucose storage and disposal, and that with ovemutrition there is 

reduced muscle glycogen synthetase activity.  Peiris et al. (1986) found 

significantly greater prehepatic insulin production and portal vein levels of 

insulin, both fasting and with a glucose load, in the obese than in the 

nonobese, which correlated with the degree of adiposity.  Craig et al. (1987) 

found that sedentary rats exhibited extreme insulin resistance, with minimal 

increases in glucose oxidation and uptake in response to high insulin 

concentrations.  Rodin et al. (1985)  found that, when administered a fructose 

and a glucose preload, the obese individuals exhibited significantly greater 

insulin responses to the preload than did the nonobese. 

The studies of the development of insulin resistance with increasing age have 

shown mixed results.  Craig et al. (1987) reviewed several studies showing that 

rats become insulin resistant with age but comment that the increase in 

resistance occurs early in life, and that sedentary rats also will become obese 

early in life.  This additional factor makes for greater difficulty in elucidating 

the cause of the insulin resistance. Craig et al. (1987) noted that aging itself has 

little or no effect on insulin responsiveness to glucose metabolism in fat cells 

and fat cell hypertrophy is more likely responsible than aging for insulin 

resistance in adipocytes in obese older rats.  Meneilly et al. (1989) 

demonstrated that aging is associated with impairment in glucose uptake; 
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however, it is the basal non-insulin-dependent glucose uptake, rather than the 

insulin-mediated uptake, that is impaired with age.  Minaker et al. (1982) 

demonstrated higher insulin levels in elderly (63-77 years) than in young (22-37 

years) men and suggested that the change in insulin level may be due to 

decreased clearance of insulin from the plasma. 

Exercise appears to protect against the development of insulin resistance (Craig 

et al., 1987) and has been shown improve glucose uptake (Wright et al., 1983). 

Mikines et al. (1989) note that physical training causes lower insulin secretion 

in response to a glucose tolerance test.  These researchers examined the effect 

of bed rest on insulin secretion, and found that extended inactivity resulted in 

higher insulin secretion rates and an increased insulin resistance, reflected by 

decreased glucose disposal rates. Fushiki et al. (1989) demonstrated that 

exercise caused a redistribution of glucose transporters within the cells, 

suggesting a translocation effect similar to that caused by insulin.  This would 

explain the hypoglycemic effect of exercise. 

Acute viral or bacterial infection appears to induce severe and long-lasting 

insulin resistance (Yki-Jarvinen et al., 1989).  The patients studied required 

52% less glucose intake to maintain normal glycemic levels with 

hyperinsulinemia than did matched healthy subjects. This resistance seems to 

be due to defective glucose utilization, and may persist for up to three months 

after clinical recovery. 

There appears to be a difference in insulin sensitivity between men and women. 

While there was no difference between the sexes for glucose concentration 

(Hale et al., 1985) or glucose uptake (Yki-Jarvinen, 1984b), women have been 

found to have higher fasting insulin levels and require more insulin than men to 

obtain the same decrease in blood glucose (Hale et al., 1985). 
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One frequently-studied influence on insulin secretion and action on blood 

glucose is the menstrual cycle in women.  In one of the oldest studies, Okey 

and Robb (1925) were unable to verify a uniform and consistent variation in 

fasting blood sugar (presumably measured as blood glucose, however, the 

vernacular of the day did not make any distinction between blood sugar and 

blood glucose) levels with different phases of menstrual cycle, although they 

noted a suspicion that there was a greater susceptibility to variation of blood 

sugar level during menstruation than at any other point of the cycle.  More 

recent studies have shown mixed results. Some (Spellacy, et al., 1967; Yki- 

Jarvinen, 1984a) have found no difference in glucose or insulin values over the 

cycle when studied by the intravenous glucose tolerance test and the euglycemic 

clamp (insulin sensitivity), respectively. Utilizing oral glucose tolerance tests, 

other studies (Jarrett and Graver, 1968; MacDonald and Crossley, 1970) have 

demonstrated changes in blood glucose and insulin over the menstrual cycle. 

These studies suggest that endogenous estrogen levels may be associated with 

changes in carbohydrate tolerance. MacDonald and Crossley suggest that these 

variations may be due to the effect the hormones have on the rate of gastric 

emptying. Insulin receptor studies (DePirro et al., 1978) suggest that insulin 

receptors are altered during the menstrual cycle, with impaired insulin binding 

during the luteal phase as compared with the follicular phase.  It does need to 

be noted that Yki-Jarvinen used subjects who were considerably younger than 

did the other researchers.   Her subjects were aged 19-23 years, while Jarrett 

and Graver's subjects were aged 19-39 years, MacDonald and Crossley's 

subjects were aged 21-32 years, and DePirro's were aged 25-35 years.   Spellacy 

et al. did not indicate the ages of the subjects used in their study.   If, in fact, 

age does cause an alteration in insulin secretion and/or sensitivity, the age 

factor could explain the discrepancy in results between the studies.   Moos 
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(1968) points out that older women (over 30 years of age) have a slightly 

greater tendency to report symptoms in the premenstrual phase than do 

younger women. 

The use of oral contraceptives has been demonstrated repeatedly to affect 

carbohydrate tolerance in women.   Data from NHANESII showed that 13% of 

oral contraceptive users aged 20-44 years old had impaired or diabetic glucose 

tolerance (Russell-Brief el et al., 1987).  Wingerd and Duffy (1977) 

demonstrated in oral contraceptive users a slight but significant elevation of 

serum glucose at all points of the OGTT, except for fasting when it was lower 

than for the non-users.   Other synthetic hormones also resulted in elevated 

serum glucose levels.  Behall et al. (1980) demonstrated significantly higher 

peak levels of serum glucose and serum insulin in oral contraceptive users than 

in non-users.  Gossain et al. (1983) was unable to demonstrate an effect on 

plasma glucose levels in oral contraceptive users except by infusion of glucose. 

However, plasma insulin levels showed a slight but significant increase in 

response to oral and intravenous administration of glucose in oral contraceptive 

users. Wynn (1982) demonstrated a progressive deterioration of glucose 

tolerance in oral contraceptive users. 

INSULIN AND GLYCEMIC RESPONSE TO TEST LOADS AND FOOD 

Glucose Concentration During the Glucose Tolerance Test 

As previously described, the glucose (or carbohydrate) tolerance test is used to 

measure an individual's insulin and glycemic (glucose) response to either a 

carbohydrate load or a specific food.  This test is used to diagnose 

abnormalities in carbohydrate metabolism in an individual, and is also used in 

the laboratory to test collective responses to types of food or other factors that 
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may influence the test results. The glucose tolerance test has been standardized 

(Klimt et al., 1969) and updated (National Diabetes Data Group, 1979) to 

enable laboratories to obtain reproducible results, whether the results are to be 

used clinically to diagnose a disease or to test one of the many factors suspected 

of influencing the test results. 

The dose for the glucose tolerance test is recommended to be 75 g of glucose, 

which is a median level between the 50 g commonly used in Europe and the 

100 g commonly used in the U.S. (National Diabetes Data Group, 1979). 

Experimentally, plasma glucose responses did not differ significantly between 

the 75 and 100 g dose levels administered in men and women, but there were 

significantly smaller plasma glucose and plasma insulin responses to the 50 g 

dose than the 100 g dose, as measured by summation of time-point insulin 

values or by measuring the areas under the curves (Castro et al.,1970).   In this 

experiment, glucose loads greater than 120 g did not increase the insulin 

response beyond that achieved with the 120 g load.  A subsequent experiment 

(De Nobel and van't Laar, 1978) demonstrated significant differences between 

the plasma glucose and insulin responses to 50 g doses and 100 g doses of 

glucose administered to men and women with slightly impaired glucose 

tolerance.  Because of this difference within the range previously considered to 

be a satisfactory approximation (Klimt et al., 1969), the standardized dose was 

changed to 75 g in 1979. 

Not only does the dose level affect the results of the glucose tolerance test, but 

the amount of water consumed with the glucose also influences the glycemic 

and insulin responses to the test dose.  The standardized protocol specifies a 

total 300 ml. volume of glucose plus water (National Diabetes Data Group, 

1979).  Recent research (Torsdottir and Andersson, 1989) confirms the 
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influence of water volume on glycemic response to a meal, finding that peak 

blood glucose and serum insulin were significantly higher in subjects who 

consumed water with their meal than those who did not consume water.  They 

speculate that these results may be due to faster gastric emptying with the 

water. 

Another factor in the glucose tolerance test is the rate of ingestion of the 

carbohydrate.  The standardized protocol recommends a maximum of five 

minutes allowed to consume the glucose solution (National Diabetes Data 

Group, 1979). Experimentally, the rate of ingestion has been demonstrated to 

significantly affect the pattern of blood glucose and serum insulin responses, 

with the faster intake resulting in an earlier rise in the blood glucose levels than 

the slower intake, and the slower intake resulting in significantly higher blood 

glucose values later in the test (Heine et al., 1983). 

As will be discussed later, prior diet has an influence on the glucose tolerance 

test (Reiser et al., 1979; Fleming and Shaheen, 1988; Wursch et al., 1988).  To 

minimize variation due to prior intake, and to avoid impaired glucose tolerance 

due to severe carbohydrate restriction, a standardized minimum of 150 g of 

carbohydrate per day is recommended for three days prior to the glucose 

tolerance test (National Diabetes Data Group, 1979).  The individual then is 

subjected to a fast of between ten and sixteen hours, with no foods other than 

water permitted (National Diabetes Data Group, 1979). 

A diurnal variation is recognized as influencing the glucose tolerance test, and 

is incorporated into the recommendations to administer the test beginning 

between 7:00 and 9:00 a.m. (Klimt et al., 1969).   This diurnal variation has 

been demonstrated in a group of normal and diabetic males (Carroll and 

Nestel, 1973), in which blood glucose levels were significantly higher in the 
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evening than in the morning, and peak plasma insulin release was significantly 

higher and occurred later in the evening as compared to the morning. 

Other factors which have been demonstrated to influence the results of the 

glucose tolerance test include those that were discussed previously as factors 

influencing insulin release and action.   Exercise has been repeatedly shown to 

be an influence in improving glycemic response during a glucose tolerance test 

(Craig et al., 1987; van Dam et al., 1988; Mikines et al., 1989; Fushiki et al., 

1989), thus for consistent results, the standardized protocol recommends that 

the patients/subjects be ambulatory, but prohibited from undue exercise 

immediately prior to and during the test (National Diabetes Data Group, 

1979). 

The age of the patient/subject will also influence the results of the glucose 

tolerance test.  The fact that there is an age-related decrease in glucose-induced 

insulin release (Minaker et al., 1982) implies that an older individual will 

experience decreased glucose tolerance, as measured by decreased glucose 

disposal after a carbohydrate load.  Meneilly et al. (1989) demonstrated an 

age-related impairment of noninsulin-mediated glucose disposal at normal 

plasma glucose levels, but not at elevated plasma glucose levels. 

The influence of the menstrual cycle and the use of synthetic hormones (such 

as those found in oral contraceptive agents) on insulin release and action was 

discussed in the preceding section.  The implication that anything that affects 

insulin secretion and action will affect the glucose tolerance test should suffice 

for this topic at this point.  However, other obstetrical/ gynecological issues 

were not discussed, such as the influence of pregnancy.  Lowered plasma 

glucose and insulin levels have been demonstrated in late pregnancy (Tsibris et 

al., 1980; Martin et al., 1986). 
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The use of cigarettes is believed to influence glucose tolerance, and the 

standardized glucose tolerance test recommends that nicotine be avoid prior to 

and during the test (Klimt et al., 1969).  While this recommendation is based 

on 1934 research, recent data (Wingerd and Duffy, 1977) show a significant 

reduction of glucose levels in smokers as compared to nonsmokers at the two- 

and three-hour time points, but no effect at fasting or at the one-hour time 

point of the test.  No explanations were postulated for these results. 

Glycemic Response to Starches and Sugars 

Research has been conducted to determine the glucose and insulin responses to 

different types of starches and sugars.  Crapo et al. (1976) examined the effects 

of simple and complex carbohydrates on a group of men and women, 

comparing glucose, sucrose, and an unspecified starch, both as drinks and as 

meals.  They also examined the effects of potatoes and rice. They found that 

drinks, as 50 g of glucose and 100 g of sucrose, elicited similar plasma glucose 

responses in terms of peak and subsequent levels, but sucrose produced 

significantly greater plasma insulin responses than did the glucose drink.   When 

50 g of raw starch were administered as a drink, it produced lower peak plasma 

glucose and insulin levels than did either glucose or sucrose, but the elevation it 

produced was sustained for a longer time than that with either of the simple 

sugars. When the carbohydrates were administered as meals, the plasma 

glucose and insulin responses were similar between the two sugars, but the 

starch again produced significantly lower peak values than did either of the 

sugars.  Those elevated levels produced by the starch were sustained for a 

longer time than were those produced by the sugars. The peak plasma glucose 

and insulin levels for the sugars were significantly lower for the meals than they 

were for the drinks. The peak plasma glucose and insulin levels for the starch 

meals were lower but only slightly significantly so for the meals than for the 
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drink.  These results indicate that the rate at which the foods leave the stomach 

and are digested, which is influenced by other food components in a meal, is 

important in determining the plasma levels of glucose and insulin.  The 

researchers were surprised that the insulin response levels were higher for the 

sucrose than for the glucose, considering the accepted concept that fructose 

alone does not stimulate insulin secretion.  However, other researchers (Curry 

et al., 1972) have demonstrated that fructose can potentiate insulin release in 

the presence of glucose.  This indicates that it is indeed possible for sucrose to 

elicit a greater insulin response than glucose.  Further, the researchers suggest 

that some of the fructose may have been converted to glucose in the intestine 

or the liver, thus resulting in an overall greater glucose load with the sucrose 

than with the glucose (Crapo et al., 1976). 

Reiser et al. (1979) took a different approach in their research. They examined 

the influence of baseline diet on the serum glucose and insulin responses to a 

sucrose tolerance test.  Their male and female subjects participated in a cross- 

over design study, in which they consumed a diet of 30% sucrose for six weeks 

and a diet of 30% starch for six weeks, with a four week separation between 

the two diets. The sucrose tolerance test was administered before and after 

each diet period, utilizing an individualized dose of 2 g sucrose per kg body 

weight. They found that the fasting serum insulin and glucose levels were 

higher with a sucrose diet than with a starch diet and that the insulin response, 

but not glucose response, to the sucrose load was greater with a sucrose diet 

than with a starch diet.  They also determined the serum insulin:glucose ratios 

and found that the ratios were significantly higher following the sucrose diet 

than at any other time.  The researchers mentioned that an elevated serum 

insulin:glucose ratio is an early indicator of the development of diabetes. 

Among their subjects, they did have nine persons who were potentially 
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"carbohydrate-sensitive", which is defined as carbohydrate-induced lipemia, and 

measured as a fasting serum triglyceride level > 150 mg/100 ml. The serum 

insulin levels and insulin:glucose ratios for these persons were compared to 

those of the normal subjects, and the "potentially carbohydrate-sensitive" 

subjects showed significantly greater serum insulin levels and insulin:glucose 

ratios, both after a fast and after the sucrose load, than did the normal 

subjects. 

Hallfrisch et al. (1979) found that when rats fed a 54% sucrose diet were 

administered an intraperitoneal glucose tolerance test (250 mg glucose per 100 g 

body weight) they had significantly higher serum insulin and glucose levels, 

both at fasting and at four hours postprandial, than those who were fed starch 

at the same level as the sucrose. Michaelis et al. (1986) also fed rats a 54% 

sucrose or starch diet and found results similar to those of Hallfrisch, both at 

fasting and at 30 minutes after an oral glucose load of 250 mg per 100 g of body 

weight.  They found corpulent rats to exhibit significantly greater serum insulin 

and glucose levels, both at fasting and in response to the glucose load, than did 

lean rats. There was also a significant diet interaction, with those rats 

consuming the 54% sucrose diet exhibiting a significantly greater insulin level, 

both fasting and in response to the load, and a significantly greater glycemic 

level in response to the load, than those rats who consumed the 54% starch 

diet. 

Studies have also been conducted in which different sugars were compared with 

respect to their effects on plasma glucose and insulin levels.  Bohannon et al. 

(1980) compared the effects of administering 100 g loads of sucrose, glucose, 

and fructose to men and women, and found that the plasma glucose and serum 

insulin responses in terms of peak and subsequent levels for fructose were 
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significantly lower than those for glucose or for sucrose, with a serum insulin 

response to the fructose load that was significantly lower than for the other 

sugars. Crapo et al. (1982) found similar results in testing sweetened foods in 

men and women.  Cake and ice cream which were sweetened with either 

fructose or sucrose were used as test meals and compared with a dextrose 

solution to provide 40 g per M2 of body surface area. The cakes provided 63 g 

of sucrose or fructose per dose, and the ice cream provided 52 g of the sugars. 

The fructose-sweetened cake and ice cream resulted in significantly lower 

serum glucose and insulin levels at peak and subsequent timepoints, thus 

indicating a significant effect of fructose on glycemic response (Crapo et al., 

1982). 

Bantle et al. (1983) found no significant difference in plasma glucose and serum 

insulin peak concentrations when comparing sucrose, fructose and glucose, 

which were served as part of meals to both healthy and diabetic men and 

women. They did find that fructose elicited slightly lower glucose and serum 

insulin levels throughout the test than did the other sugars.  However, the 

differences were not significant. 

Reiser et al. (1986) replaced complex carbohydrates with sugars in the diet with 

carbohydrates to total 50% of daily caloric intake.  The carbohydrate portion 

was then divided into a 35%-15% apportionment of complex carbohydrates and 

sugars, which was later reversed, to form two different diets that were 

administered to the subjects consecutively over the period of the study.   One of 

the drawbacks of this study of both men and women was that a cross-over 

design was not used.  The subjects consumed the low sugar diet for the first 13 

weeks of the study, then the high sugar diet for the remaining six weeks.   A 

glucose tolerance test was performed before the study and at the end of each 
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dietary period. Plasma glucose and insulin responses to the glucose load, as 

calculated by a summation of the plasma glucose and insulin responses over 

time, were compared between the baseline diet, the low-sugar diet, and the 

high-sugar diet.  They found the total plasma glucose and insulin responses to 

this test to be significantly higher with the high-sugar diet than the low-sugar 

diet in the men.   In the women, the plasma glucose response was significantly 

higher with the baseline diet than with the low-sugar diet, and the high-sugar 

diet was intermediate between these two diets, but not significantly so.  The 

women showed a lower glycemic response to the test diets than did the men, 

but only the high-sugar diet had a significantly lower glycemic response.   The 

women's plasma insulin responses were higher with the high-sugar diet than 

with the low-sugar diet, which was higher than baseline, but none of these 

differences were significant. However, the women's plasma insulin responses to 

the glucose tolerance test were significantly lower than were the men's for both 

diets and at baseline (Reiser et al., 1986). 

Glycemic Index 

There is a measurable interrelationship between the ingestion of food and the 

plasma glucose and insulin levels that are exhibited by an individual in response 

to that food.  When carbohydrate-rich foods are ingested, the plasma glucose 

level rises as the digested carbohydrate is absorbed, and insulin is released in 

response to the blood glucose, thereby resulting in an increase in the plasma 

insulin level (Krotkiewski et al., 1987).  The glycemic and insulin responses 

may thus be measured as the concentrations at the different time points or as 

the area under the curve, the latter indicator which reflects the fluctuations in 

concentration over a period of time (Krotkiewski et al., 1987).   (The term 

"response" is used frequently in the review of the glycemic effects of food.  This 

term, unless otherwise indicated, refers to the overall pattern of blood or 
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plasma glucose and/or insulin concentrations over all time points of the test.) 

The dietary application of this concept has become known as the glycemic 

index (GI), with white bread set at a GI value of 100 (Jenkins et al., 1984), 

and everything else compared to this as a standard. The glycemic index of a 

food is determined by comparing the blood glucose area (under the curve) of 

the test food to that of the reference food (white bread) (Jenkins et al., 1984), 

utilizing the test food as a carbohydrate challenge in a test similar to the glucose 

tolerance test.  While the term "glycemic" by definition refers to the glucose 

response alone, insulin response is usually measured in these tests as well as the 

glucose response, and usually parallels the glucose response, although this is not 

always the case, as shall be discussed later. The long-term efficacy of this index 

has been studied only on a limited basis, but it appears to be useful for control 

of blood glucose in diabetic patients (Anderson, 1984; Wolever and Jenkins, 

1986).  Some controversy remains about the clinical utility of the glycemic 

index (Coulston et al., 1984). 

Factors Influencing Glycemic Index — Particle Size and Grains 

Factors which influence the glycemic response to food include the rate of 

ingestion, gastric emptying rate, form of the food, fiber content, and 

ingredients of the food (Anderson, 1984). The effects of form of the food and 

composition have been studied by numerous groups. Brand et al. (1985) 

demonstrated that processed corn, rice, and potato products (with greater 

gelatinization of starch due to extrusion cooking, explosion puffing, and/or 

instantization) produced a higher GI value than did the less-processed 

equivalents (boiled com, rice, or potatoes).  They suggested that this may be 

caused by the greater availability of starch for complete digestion with the 

greater level of processing.  Heaton et al. (1988) examined the effect of particle 

size on glycemic response, and also compared the effects of three different 
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grains: wheat, maize (com), and oats.  They found that the finer the particle 

size, the greater the glycemic response; and that oat flour produced an insulin 

response that was 57% of the response to maize and 56% of the response to 

wheat.  They suggested that the particle size affects the rate of digestion and 

therefore absorption, and thereby influences the insulin response.  These results 

echoed those found by Jenkins et al. (1986) who examined wheat and rye 

grains (from the whole kernels to cracked kernels), whole grain bread, and 

white bread.   As Heaton et al. (1988) observed, the finer the particle, the 

greater was the glycemic response.  There was also a difference between the 

glycemic response to whole wheat kernels as compared to whole rye kernels, 

with whole rye producing a significantly lower (47, as compared to 63 for 

wheat) glycemic response than the whole wheat (Jenkins et al., 1986), thus 

indicating a variation in response simply based on the species of the grain. 

Coulston et al. (1984) have challenged the idea that the glycemic index is useful 

as a tool for dietary treatment of diabetes.  They evaluated the plasma glucose 

and insulin responses of potato, rice, wheat (spaghetti) and lentils, each of 

which provided 66% of the carbohydrate in a 45% carbohydrate mixed meal. 

They found that the plasma glucose and insulin responses for all but potato 

were similar to each other, and only slightly lower than potato. The researchers 

noted that the results do not agree with what would have been predicted, using 

the glycemic index. However, Wolever et al. (1988a) performed a similar 

experiment, comparing wheat (as bread), rice, spaghetti, and barley.  They 

found that the glycemic responses varied significantly and were related to both 

the rate of digestion and the published glycemic index values for the foods 

(Wolever et al., 1988a). Similarly, Chew et al. (1988) found that ethnic meals 

produced plasma glucose and insulin responses that "correlated well with the 

predicted glycemic indices". 
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Factors Influencing Glycemic Index — Dietary Fiber 

The effect of dietary fiber on glucose and insulin response has been examined 

by several groups of researchers.  Jenkins et al. (1978) examined the effects of 

the addition of six different fibers added individually to a meal of 50 g glucose, 

25 g xylose, and 15 g lactulose.   Each fiber caused a significant reduction in 

blood glucose and serum insulin concentrations as compared to a control 

without the added fiber. However, some fibers, such as guar and gum 

tragacanth, caused a greater reduction than did other fibers, such as pectin. 

Wursch et al. (1988) duplicated previous findings which showed that the slow 

digestion rate of beans (50 g starch) was responsible for the significantly lower 

plasma glucose and insulin concentrations and areas under the curve as 

compared to those responses when the same amount of starch from potatoes 

was given.  Fleming and Shaheen (1988) also found that consumption of beans 

(in a quantity providing 1 g digestible carbohydrate per kg of body weight) over 

an eight-day period resulted in lower plasma glucose and insulin concentrations 

and areas under the curves than did bran cereal, which provided the same 

amount of carbohydrate as did the beans. These differences were significant 

when comparing plasma glucose and insulin concentrations and areas under the 

curve for days 1 and 7, and when comparing insulin concentration and area 

under the curve for beans vs. bran. 

Glycemic Index — Snacks and Meals 

When different foods are combined to form snacks, the basic compositions of 

those foods influence the plasma glucose and insulin responses to the snacks. 

Shively et al. (1986) studied the effects of two different groups of snacks that 

were (1) of equal carbohydrate content (25 g, 133 to 268 kilocalories) or (2) 

isocaloric (265 kilocalories, 25 to 36 g carbohydrate).  They found little 

difference in the plasma glucose concentration changes with foods that had the 
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same carbohydrate content.  However, there was a wider variation in serum 

insulin concentration changes. The feeding of isocaloric meals resulted in 

similar plasma glucose and insulin responses between the two meals that had 

similar carbohydrate levels but higher peak plasma glucose and insulin values in 

response to the meal with the greater level of carbohydrate. Oettle et al. (1987) 

compared the plasma glucose and insulin responses to several different snack 

foods.  They attempted to make snacks with similar compositions, comparing 

whole foods (raisins and peanuts, bananas and peanuts) with fiber-depleted 

products (chocolate-coated candy bar; soda pop and potato chips).  The 

researchers define fiber-depleted as "all sugars which have been artificially 

separated from the fibrous matrix in which they occur naturally," including cane 

sugar, beet sugar, com syrup, and the sugars in fruit juices (Oettle et al., 1987). 

The carbohydrate content of the snacks ranged from a low of 40.2 g for the 

peanut and raisin snack to 51.2 g for the soda pop and potato chip snack, with 

a mean value of 44.2 ±5.2 g.  Of the carbohydrates in the "fiber-depleted" 

snacks, 80.9% were of the fiber-depleted sugar category, whereas there were no 

fiber-depleted sugars in the whole-food snacks. The researchers found that the 

manufactured snacks elicited a 70% greater plasma insulin response, as 

measured by the area under the plasma insulin curve, than did the whole-food 

snacks.  They suggested that foods and drinks containing added fiber-depleted 

sugars stress and sometimes overwhelm homeostatic mechanisms and also 

suggested that the physical state of the food influences the insulin response to 

the food (Oettle et al., 1987). However, this attempt to compare "realistic 

snacks" which were entirely different types of foods was complicated by the 

failure of the researchers to adequately control the prior food consumption of 

the subjects. They did not arrive in a fasting state, nor was any attempt 

apparently made to standardize what they ate in the non-fasting state or as a 
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baseline diet.  Since other studies (Reiser et al., 1979; Fleming and Shaheen, 

1988; Wursch et al., 1988) have indicated that food consumed as the baseline 

diet can have a residual effect on glucose and insulin response to the food 

during the actual test, it is difficult to deduce any valid results from this study. 

Ross et al. (1987) analyzed the glycemic index of processed wheat products, 

including biscuits, custard, wholegrain bread, and puffed wheat, served in 

doses which provided 50 g of available carbohydrate and varying levels of sugars 

and dietary fiber. They found that the GI value correlated positively with the 

percentage of starch digested in vitro, and suggested that the differences in the 

glycemic and insulin responses to wheat products may be explained in part by 

the extent of processing and the degree of gelatinization of the starch (Ross et 

al., 1987).  In this study, there appeared to be an inverse relationship between 

sugar content of the food and glycemic response; however, there was no 

apparent correlation between fiber content and either glycemic index or plasma 

insulin response. 

Hill et al. (1987) found that there were greater plasma glucose levels and 

insulin release in response to the high carbohydrate meal than to the high fat 

meal. Spiller et al. (1987) tested the effects of different levels of protein on 

serum glucose and insulin responses to a solution of maltodextrin, fructose, and 

lactose.  The sugars provided approximately 58 g of carbohydrate per meal, and 

the proteins were combined at a 1:2 ratio of milk to soy protein at five different 

levels of protein per meal, from 0 to 50 g. This study showed that the higher 

levels of protein combined with the sugar solution produced significantly lower 

serum glucose concentrations and areas under the curve. Serum insulin 

responded with the lowest release from the meal with no protein at all, and the 

other meals showing no significant differences in insulin release between 

protein levels. 
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Collier et al. (1984) demonstrated that the intake of fat along with 

carbohydrate results in significantly lower peak plasma glucose and insulin 

concentrations than if the same carbohydrate is consumed without fat. Since 

the presence of fat slows gastric emptying, this is the likely explanation.  The 

influence of gastric emptying on glucose and insulin levels after food 

consumption have been examined in research studies. Mourot et al. (1988) 

examined the relationship between the rate of gastric emptying and blood 

glucose and serum insulin concentrations after the meals of different 

carbohydrate foods.  They found an inverse relationship between the rate of 

gastric emptying and glycemic response.  The foods that were slower in leaving 

the stomach produced less of a variation in blood glucose levels over the 

duration of the test than those foods that left the stomach more quickly. 

Summary - Starch vs. Sugar 

In summary, with respect to the glycemic and insulin responses to test foods: 

the simpler carbohydrates (sugars) elicit a greater rise in plasma glucose and 

insulin than do complex carbohydrates (starches); finer particles (fine flour) 

elicit a greater response than do coarser particles (whole grains); and 

carbohydrates served alone (sugar solution) elicit a greater response than do 

mixed foods, where carbohydrates are combined with fats and/or proteins. 

REGULATION OF FOOD INTAKE 

Insulin and the Control of Food Intake 

The control of food intake, specifically of carbohydrate-rich foods, has been 

the focus of a number of research experiments.   Some of these experiments 

have concentrated on insulin and its role in carbohydrate intake, indicating that 

not only does food influence blood insulin levels, but conversely, blood insulin 
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influences food intake. 

Rodin et al. (1985) infused glucose and insulin into human subjects, creating 

conditions of hyperinsulinemia (elevated insulin level), euinsulinemia (normal 

insulin level), and varying levels of plasma glucose (elevated and depressed). 

The subjects were then offered solutions of sucrose and water of varying 

concentrations.  The subjects were asked to rate the intensity and pleasantness 

of the solutions.  After the test, they were offered a "flavorful liquid meal", 

from which they were permitted to drink as much as they wished.  The 

container was hidden from view so they could not see how much they 

consumed.  They found that those subjects with elevated plasma insulin levels 

rated the solutions as less intense and as more pleasant than did those with 

normal insulin levels. Those subjects also consumed more of the "flavorful 

liquid meal" than did those subjects with normal insulin levels. This was found 

to be true regardless of the plasma glucose level.  The implication is that an 

elevated insulin response to a carbohydrate load could predict increased intake 

of sweetened (carbohydrate-rich) foods. 

Sjostrom et al. (1980) attempted to identify a difference between obese and 

normal weight subjects in their insulin responses to the sight and smell of food 

by exposing obese and non-obese women to food. Both groups had been fasted 

for approximately 16 hours and were only permitted to look at and smell the 

food.  Plasma glucose and insulin were measured at numerous time points after 

exposure to the food stimuli.  There was a significantly higher insulin response 

in the obese subjects as compared to the reference subjects, with no significant 

elevation in insulin levels in the normal weight group.  There was no insulin 

response to a nonfood cue (jigsaw puzzle).  The results suggest that obese 

persons have higher insulin responses to food stimuli than do normal-weight 
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persons.  With higher insulin responses and considering the results of the 

previously-discussed experiment by Rodin et al. (1985), these persons may be 

more likely to consume greater amounts of sweetened foods as compared with 

the non-obese subjects. 

Simon et al. (1986) studied cephalic phase insulin secretion using 25 subjects, 

60% of whom were overweight.  After a 15 hour fast, the subjects were 

presented with a meal, which they could see and smell, but not eat. Plasma 

insulin levels were measured at every minute for 30 minutes prior to, and for 15 

minutes after, the food presentation.  Both groups experienced a rise in plasma 

insulin between six and nine minutes after the food presentation, but the 

overweight subjects experienced a greater rise in insulin levels.  It should be 

noted that the basal insulin level for the overweight group was greater than that 

for the normal weight group. These results, according to the researchers, 

confirm the existence of neural-cephalic induced insulin secretion. 

Is this cephalic phase insulin secretion responsible for the alleged condition of 

"carbohydrate craving" (which will be discussed shortly)? Is this why some 

people claim to be unable to eat "just one" cookie, but will end up eating the 

entire package? If we put together the studies of Rodin et al. (1985), Sjostrom 

et al. (1980), and Simon et al. (1986), a hypothesis can be drawn that 

overweight persons experience carbohydrate craving because they (1) have a 

higher basal insulin level than the normal weight persons do (Simon et al., 

1986), (2) have a greater cephalic insulin response than do the normal weight 

persons (Simon et al., 1986), (3) because of this higher insulin response to food 

consumed (Sjostrom et al., 1980), they are less sensitive to the intensity of the 

sweetness, find it more pleasant, and consume more food (Rodin et al., 1985). 

Hypothetically, the intake of sweets such as cookies would enhance these 
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effects, as the refined carbohydrates, according to the glycemic index, have an 

elevating influence on insulin levels. 

Food Composition and the Control of Food Intake 

Lucas and Sclafani (1990) have demonstrated that rats will consume 

significantly (p<0.05) more calories when they are offered a mixture of fat and 

sugar along with their rat chow than if they are offered either fat or sugar 

separately along with their rat chow.  The rats who were offered the fat and 

sugar mixture consumed significantly (p<0.05) more calories from this option 

than did the rats who were offered either the fat or sugar options alone, and 

they consumed significantly (p<0.01) fewer calories from the rat chow than 

did the rats who were offered the other options.  This indicates a displacement 

of calories from the rat chow by calories from the fat-sugar mixture.  If this is 

applied to human situations, the intake of foods that are high in fat and sugar 

may displace the intake of healthier foods such as fruits and breads. The 

researchers suggest that the hyperphagia associated with the high fat-high sugar 

foods may be due to the sweet, palatable taste and/or the alteration of 

postingestive effects of the foods.   However, this study did not investigate any 

alteration of postingestive effects of the foods. 

Effect of the Menstrual Cycle on Food Intake 

Another consideration in understanding what affects food intake is the 

menstrual cycle.  Food intake over the menstrual cycle is relatively easy to 

quantify.  Several groups have found that food intake is higher during the luteal 

(post-ovulation, premenstrual) phase of the cycle than during the follicular 

(pre-ovulation) phase (Dalvit, 1981; Dalvit-McPhillips 1983; Pliner and 

Fleming, 1983; Bowen and Grunberg, 1990). Dalvit-McPhillips was able to 

isolate carbohydrate as the macronutrient that was consumed in greater 
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amounts during the premenstrual phase of their cycles.  Czaja (1978) 

demonstrated an increased food intake during the luteal phase in rhesus 

monkeys but was unable to demonstrate a hormonal influence when they 

manipulated progesterone and estradiol levels by injecting these hormones. 

Control of Food Intake — Psychological Factors 

There are many psychological factors that are believed to influence the intake 

of food.  Different proposals and theories have arisen in an attempt to measure 

differences between obese and normal-weight persons. 

A common belief is that the obese will overeat in response to aversive 

emotional states, such as anxiety (Herman and Polivy, 1975).  Studies have 

shown that normal-weight subjects eat significantly (34%) less when they are 

anxious than under normal conditions, while obese subjects eat 15% more 

under the same conditions (Herman and Polivy, 1975). 

Another proposed control of eating behavior deals with internal vs. external 

cues.  This theory states that eating behavior of normal weight people is 

controlled by internal physiological cues, such as gastric contractions, whereas 

the eating behavior of obese persons is controlled by external cues, such as the 

sight, smell, and taste of food (Ruderman, 1986). However, this theory has not 

been substantiated, partially because of methodological problems in defining 

and distinguishing between internal and external cues.  Palatability is one cue 

that has raised controversy as to whether it is an internal cue or an external 

cue.  There have also been problems with establishing appropriate ways to vary 

the intensity of external cues (Ruderman, 1986). 

A more recent hypothesis involves what is known as restrained eating or dietary 

restraint.  This theory was developed around the idea that obese persons 
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resemble behaviorally normal-weight persons who have been deprived of food, 

and that many obese persons are actually in a compromise state of social 

overweight and biological underweight (Herman and Polivy, 1975). The 

restrained eaters, those persons who are either obese or of normal weight, are 

characterized by dieting and periodic overindulgence (Ruderman, 1986).  The 

disinhibition hypothesis of this theory states that the self-control of restrained 

eaters may be temporarily released or interfered with by certain events, known 

as disinhibitors, in which the physiological need for food temporarily prevails. 

Disinhibitors may be of three different natures:  Cognitive, which includes 

negative thought patterns and the perception of having overeaten; emotional, 

such as anxiety and depression; or pharmacological, which includes sedating 

and relaxing substances such as alcohol (Ruderman, 1986).  The second major 

hypothesis regarding restrained eating proposes that obese persons are expected 

to show systematically higher levels of restraint than are normal persons. 

These two hypotheses of the restrained eating theory were combined in 1984 by 

Herman and Polivy to form the boundary model to account for the regulation 

of eating.  This model acknowledges that physiological needs of the body work 

to maintain food intake within certain guidelines.  The discomfort of hunger 

works to keep food intake above a minimum level, and satiety keeps the intake 

below a maximum level.  The area between these two boundaries has been 

referred to as the range of biological indifference, a range over which 

physiological needs do not control food intake, but psychological factors have 

their greatest impact on food intake.  The boundary model proposed that 

restrained eaters have a wider zone of biological indifference than do 

unrestrained eaters.  The restrained eaters have a lower level of hunger and a 

higher level of satiety than do the unrestrained eaters.  The restrained eaters, or 

dieters, have a third, self-imposed diet boundary located between the hunger 
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and satiety boundaries, marking the individual's maximum desired 

consumption. Sufferers of anorexia nervosa will have a lower diet boundary 

than do the restrained eaters, and they will not exceed that boundary. 

However, restrained eaters will pass this diet boundary, and, once they pass the 

boundary, they eat until they reach the satiety boundary (Ruderman, 1986). 

Studies that have supported this theory have shown that the restrained eaters 

tend to be rigid and perfectionistic in their beliefs, yet they are easily induced 

to overeat (Ruderman, 1986). 

REGULATION OF CARBOHYDRATE INTAKE — SEROTONIN 

Another set of substances that are thought to influence food intake are the 

neuro transmitters. These are thought to affect mood via the brain, and thus can 

result in a person controlling his or her mood by consuming foods that provide 

for an increased level of the particular neurotransmitter. 

Serotonin 

The neurotransmitter that is most frequently studied for its role in food intake 

is serotonin.  Serotonin, a major regulator of circadian rhythms and a facilitator 

of relaxation and sleep onset, is synthesized from the amino acid L-tryptophan, 

which is commonly found in the proteins of both plant and animal foods. 

Serotonin is synthesized in the neurons of the brain, primarily in the raphe and 

reticular regions of the brain stem (Martin, 1985).   L-tryptophan must first be 

actively transported into the serotonin-synthesizing cells.   Other large neutral 

amino acids (LNAA), phenylalanine and tyrosine, compete with tryptophan for 

carrier space.  Large concentrations of these other LNAA's interfere with 

tryptophan uptake, and therefore with serotonin synthesis. 
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The first step in serotonin synthesis (Figure 7) is the hydroxylation of 

tryptophan to 5-hydroxytryptophan (5-HTP), which is catalyzed by tryptophan 

hydroxylase.  The immediate subsequent conversion of 5-HTP to serotonin (5- 

HT) requires HTP decarboxylase, which is present in large quantities in the 

cells. Serotonin is then taken up and stored in the synaptic vesicles of 

unstimulated neurons.  While serotonin may be stored, there is a total turnover 

of body 5-HT every 24 hours.   Serotonin may be further metabolized to 

melatonin or to 5-OH-indoleacetic acid (5-HIAA), among possible metabolites 

(Martin, 1985). 

While serotonin is known to act in the brain neurons, the peripheral nerves and 

ganglia, the smooth muscle, and endocrine cells, not much is known about the 

nature of the serotonin receptors.  However, serotonin does promote release of 

acetylcholine, histamine, catecholamines, and other regulators (Martin, 1985). 

Serotonin has been implicated in violent suicidal behavior and impulsive 

criminal violence, including arson and murder.  Patients with a history of this 

type of behavior have been found to have significantly lower levels of the 

serotonin metabolite 5-HIAA in their cerebrospinal fluid than did normal 

persons (Roy and Linnoila, 1988). 

Serotonin and Food Intake 

The influence of food and specific nutrient intake on serotonin synthesis, and, 

conversely, the influence of serotonin on food and specific nutrient intake, has 

become the subject of numerous studies. Studies have shown that when foods 

are consumed that are high in the amount of protein, tryptophan is unable to 

successfully compete for binding sites and ultimately for transport at the blood- 

brain barrier (Ferastrom and Wurtman, 1971b).   When carbohydrate-rich foods 

are consumed, the plasma level of tryptophan in relation to other large, neutral 
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amino acids (LNAA's) increases, as compared to a protein-rich diet (Ashley et 

al., 1982) (Figure 8). This is primarily due to the relatively lower proportion of 

other LNAA's present in carbohydrate-rich foods as compared to protein-rich 

foods. The effect is also due to the release of insulin in response to 

carbohydrate intake, which facilitates the uptake of the other large, neutral 

amino acids, with a low affinity for tryptophan (Femstrom and Wurtman, 

1971b).   As a result, tryptophan can compete more effectively for transport, 

resulting in a greater rate of serotonin synthesis (Femstrom and Wurtman, 

1971a; Femstrom and Wurtman, 1971b; Femstrom and Wurtman, 1972). 

However, the studies which support these beliefs have been criticized as 

providing abnormally low (1.6%) or high (68%) levels of protein with the high- 

and low-carbohydrate diets, respectively, and frequently consisting of liquid 

meals (Wolever et al., 1988b) or otherwise synthetic foods, with taste and 

texture so altered that any effects related to palatability are lost (Hill and 

Blundell, 1986).  These studies have also been criticized for neglecting the 

effects of different carbohydrates on insulin release (Wolever et al., 1988b), 

and for neglecting the fact that a high-protein (10%, 20%, or 30%) diet is still 

high in carbohydrate (which comprise the balance of the calories), which 

influences insulin release (Harper and Peters, 1989).  When a different group 

of researchers fed carbohydrate-rich diets of "normal foods" with 16-19% 

protein to male subjects, they found a decrease in the relative level of plasma 

tryptophan as compared with other large neutral amino acids with each of the 

meals (Wolever et al., 1988b).  This study did not compare these high- 

carbohydrate meals with meals that were high in protein. 
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FIGURE 8 
Serotonin intake control model.  Femstrom's proposed model of tryptophan 
intake, serotonin synthesis, and subsequent control of food intake. 
(Fernstrom, 1988) 

Another factor to be considered in studying the rate of serotonin synthesis is 

the time of day during which the experiment is conducted.  Fernstrom et al. 

(1979) demonstrated a diurnal variation in plasma amino acid levels.  When a 

protein-free diet was consumed, plasma concentrations of all amino acids 

studied fell in the late morning and afternoon.  When a high-protein diet (150 

g) was consumed, the amino acid levels increased during the day. Discrepancies 

between studies may be partially explained by this diurnal variation if the tests 

were administered at different times of the day (Ashley et al., 1982; Wolever et 

al., 1988b). 

Experimentally, when a subject (usually a rat) consumes a meal that is high in 

carbohydrate, the next meal consumed will be high in protein, presumably 

because of the residual serotonin.   However, after a high protein meal, the 

body's demand for serotonin will cause the subject to consume a subsequent 

meal that is high in carbohydrate to allow tryptophan to successfully compete 

for transport to the brain, thus increasing serotonin synthesis and release 

(Wurtman et al., 1983).  The administration of the serotonergic drug 
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fenfluramine results in a decrease of carbohydrate intake in rats (Wurtman and 

Wurtman, 1977).  These generalized study results have been used to suggest a 

normal pattern of food intake, regulated by serotonin levels: meals that are 

high in carbohydrates followed by meals that are high in protein. 

A study conducted by Crandall and Femstrom (1980) demonstrated that a 

diabetic rat is unable to produce these increases in brain serotonin after a 

carbohydrate-rich meal, due to a deficiency in the insulin that is necessary for 

uptake of other large neutral amino acids." This suggests that, following the 

model for a normal food intake pattern, an inability to produce a rise in brain 

serotonin could stimulate a desire for more carbohydrates in the next meal, 

instead of proteins, in an attempt to increase serotonin synthesis.  Could this 

contribute to the alleged condition referred to as "carbohydrate craving"? 

CARBOHYDRATE CRAVING 

What is carbohydrate craving? The evidence is present in everyday life. 

Pictures of sweet desserts are used to sell the same women's magazines that 

advertise quick weight-loss diets.  Business publications report that fortunes are 

made with chocolate chip cookies and ice cream franchises.  How long do 

cookies last in home pantries? Mention "carbohydrate craving" in any 

gathering, and faces turn with smiles of guilt and identification with the image 

that has evolved via the popular press: the obese (slightly or excessively so) 

individual (often a woman) who eats well-balanced meals within their calorie 

allotment, but is unable to resist the temptation of sweets, such as cookies, 

cake, or candy, and cannot stop eating them with only one piece.  These 

persons claim to continue to eat until the entire package or batch is gone, or 

until another member of their family comes home. 
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While there is no specific definition of carbohydrate craving, some criteria have 

evolved, based on research and subjective reporting.   Judith Wurtman (1984) 

describes carbohydrate craving as a specific hunger for carbohydrate-rich foods, 

"manifested ... as a propensity to consume 30 percent or more of the total daily 

calorie intake in the form of sweet or starchy snacks, usually at a characteristic 

time of day" (Wurtman and Wurtman, 1986, p. 99).   Wurtman (1984 and 

1988) refers to carbohydrate cravers as a subgroup of obese individuals who 

consume carbohydrate-rich snack foods at specific times of the day, usually late 

afternoon or evening.  These are individuals who do not routinely snack on 

protein-rich foods, and do not consume excessive calories and nutrients at 

meals.  The obese carbohydrate craver consumes less than 2000 kcal per day in 

meals, but eats an additional 700-800 kcal as carbohydrate-rich snacks 

(Lieberman et al., 1986). 

It is possible to speculate that carbohydrate craving carried to the extreme could 

result in bulimia, in which a person eats beyond the point of being sick, and 

then force-vomits to relieve her/himself.  In light of the previously-discussed 

studies of insulin response to food stimulus, and insulin and feeding control, 

this could very well be the pathological form of carbohydrate craving 

(Rosenthal and Heffeman, 1986). 

Richard and Judith Wurtman have conducted studies (Wurtman 1984; 

Wurtman et al., 1985) to demonstrate carbohydrate craving in humans. In a 

series of studies conducted at MIT, they demonstrated that overweight (at least 

15% above ideal body weight) persons, 80% of whom were women, who are 

self-described carbohydrate cravers preferentially and repeatedly selected snacks 

that are high in carbohydrate content.  They did not alternate high- 

carbohydrate snacks with high-protein snacks, and they consumed at least 75% 
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of their total daily snacks as carbohydrate-rich foods.  Further, the 

administration of the serotoninergic drug fenfluramine significantly diminished 

the amount of food consumed at meals and as snacks (Wurtman et al., 1985). 

More recently, Lieberman et al. (1986) studied the changes in mood after 

carbohydrate consumption among obese (at least 20% above ideal body weight) 

men and women.  The researchers had difficulty recruiting noncarbohydrate 

cravers into the study. The response to their advertising for subjects was 186 

carbohydrate cravers, as compared to 19 noncarbohydrate cravers.  However, 

these were self-described, not objectively differentiated via any kind of 

questionnaire.  The subjects were then divided into cravers vs. noncravers on 

the basis of their snacking patterns, according to the percentage of 

carbohydrate- or protein-rich foods selected as snacks during a three-day diet 

intake assessment. The researchers did not indicate whether the subjects were 

free-living during this time or confined to a metabolic unit.  Those subjects who 

consumed at least 75% of their total daily snacks as carbohydrate-rich foods 

were classified as carbohydrate-cravers.  Those who did not meet this level were 

classified as noncarbohydrate-cravers. The subjects were administered three 

mood questionnaires (the Profile of Mood States, the Visual Analogue Mood 

Scale, and the Stanford Sleepiness Scale) to assess levels of anxiety, depression, 

and calmness both before and after the test meal, which consisted of cookies. 

The subjects were also permitted to freely select snacks from a variety of foods 

available, which included a mixture of high-carbohydrate snacks and high- 

protein snacks.  The cravers consumed an average of 86% of their snacks as 

carbohydrate-rich foods, while the noncravers consumed only 56% of their 

snacks as carbohydrate-rich foods.  The mood questionnaires revealed a 

difference in the two groups, with the noncravers showing increased fatigue, 

depression, and sleepiness and decreased alertness after the test meal as 
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compared with mood before the test meal, while the cravers reported little 

change or the opposite response after the test meal.  The researchers conclude 

that the carbohydrate cravers tend to snack frequently on carbohydrate-rich 

foods in an attempt to cause positive mood changes.  This self-medication, 

which causes a decrease in depression, may contribute to the obesity of these 

individuals. 

A criticism of this research (Drewnowski, 1987) is that the "high-carbohydrate" 

snacks are also high in fat content, and the fat content of the snack foods is not 

reported in the article.  The protein-rich foods primarily consist of lean meats 

and cheeses, while the carbohydrate-rich snacks include granola cookies and 

chocolate candy bars. 

Carbohydrate craving was previously referred to as an alleged condition, 

because of the controversy surrounding the topic.  The primary criticism is that 

the snacks that Lieberman offered to subjects were higher in fat than in 

carbohydrate, with a fat content of 40-54% of kilocalories, and a wide range of 

simple sugar content (12-91% of kilocalories) (Drewnowski, 1987). The 

Wurtmans reported their test food composition in grams, and Drewnowski is 

comparing them in kilocalories.  Which is the correct comparison? Any 

laboratory reaction occurs as a result of relative weights of reagents.  Reagents 

are not measured by kilocalories.  Should not a biochemical reaction in the 

body behave in the same manner? However, when the macronutrients are 

converted to grams, some of the test foods are still higher in fat than they are 

in sugar, and many are approximately half sugar and half fat.   While the issue 

of which macronutrient the subjects are actually craving has not been 

satisfactorily addressed, the Wurtmans in their studies attempted to ensure that 

the fat contents of the available snacks or meals were similar (Wurtman et al., 
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1985). 

Hill and Blundell (1986) measured the relative satiety experienced by persons 

following the ingestion of high-protein and high-carbohydrate meals.  They 

found that the subjects expressed significantly stronger feelings of fullness and 

satiety following the consumption of a 31% protein, 21% carbohydrate meal 

than they did following a 15% protein, 52% carbohydrate meal.  They also 

found that, regardless of meal composition, the subjects felt a post-meal 

aversion to high-protein foods and a preference for carbohydrate-rich foods. 

While these were subjective measurements and did not examine parameters 

relating to serotonin levels, their data would support the concept of continued 

carbohydrate snacking.   However, the fat level in these meals was not 

addressed. The high-protein meal also consisted of 47% fat, and the high- 

carbohydrate meal consisted of 33% fat.  The significant difference between 

these two fat levels cannot be ignored as a factor, as the higher fat level would 

decrease the rate at which the food leaves the stomach, thereby resulting in 

feelings of fullness for a longer period of time after the meal. Wurtman and 

Wurtman (1986) mention that, while dietary fat has not been shown to directly 

influence neurotransmitter levels in the brain, fats can have an indirect 

influence on a meal's effect on the brain by slowing the rate at which the food 

is digested and absorbed. 

Carbohydrate Craving and the Serotonin Connection 

The connection between serotonin and the consumption of carbohydrates has 

been demonstrated in numerous studies.  The earlier studies by Femstrom and 

Wurtman (1971a, 1971b, 1972) examined brain serotonin content in relation to 

intake of carbohydrate and protein.  The studies all confirmed the basic 

pattern: as protein was consumed, serotonin levels decreased; and as 
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carbohydrate was consumed, serotonin levels increased.  These studies were 

performed in rats, and are not possible in humans, because they involved 

sacrificing the animals and freezing slices of brain. 

Since the techniques do not exist to directly measure brain serotonin without 

sacrificing the living organism, brain serotonin production, or the potential for 

its production, must be measured through indirect means.   One technique is to 

measure the ratio of plasma tryptophan to large neutral amino acids. 

Theoretically, the larger the ratio, the more tryptophan is present in relation to 

the other LNAA, and the greater the likelihood of tryptophan being successful 

in its competition for transport to the brain.  Conversely, the smaller the ratio, 

the less likely tryptophan will be able to successfully compete for transport 

(Ashley etal., 1985). 

Ashley et al. (1985) used this technique to estimate serotonin synthesis in the 

obese human following a glucose load.  They found that the nondiabetic 

subjects, both obese and nonobese, had an 18% reduction in this ratio three 

hours after the glucose load, as compared to before the load.  However, in the 

more advanced obese subjects, those with either glucose intolerance, 

hyperinsulinemia or hypoinsulinemia, the TRP/LNAA ratio was reduced by 

25%. The researchers suggested that the 18% reduction was not large enough 

to influence brain serotonin biosynthesis, but if changes in insulin and glucose 

metabolism occur, a reduction by 25% may reduce brain biosynthesis of 

serotonin.  They also noted that the subjects in this study who were the most 

obese and had been obese the longest were the subjects with the lowest plasma 

TRP/LNAA ratios, and thus likely diminished serotonin production. 

The connection between serotonin and carbohydrate consumption becomes 

apparent from results of pharmacological studies.  The drug fenfluramine 
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increases serotoninergic neurotransmission, and thus decreases carbohydrate 

intake among both rats and obese humans, without affecting protein intake 

(Wurtman and Wurtman, 1979; Wurtman et al., 1985).  Further, the 

administration of tryptophan as a part of a protein-sparing modified fast diet 

was found to significantly enhance weight loss among moderately obese 

patients, especially during the first month, but also over the three-month test 

period (Heraief et al, 1985). However, tryptophan did not enhance dietary 

compliance among the subjects. 

Questions have been raised about this entire theory.   R. Wurtman's long-time 

associate, J. Femstrom, has become critical of the Wurtmans' work.  In a 

recent opinion, Femstrom (1988) referred to a 1987 publication by the 

Wurtmans in which fenfluramine not only decreased carbohydrate intake, but 

also decreased protein intake.  Femstrom pointed out that the proposed 

carbohydrate control loop, in which the ingestion of carbohydrates influences 

brain tryptophan levels, rate of 5-HT synthesis and release, and thereby 

subsequent carbohydrate intake, is erroneous because a key feature of the 

model, that of selective control of carbohydrate intake by fenfluramine, is 

wrong.  Femstrom is also critical of the Wurtmans' use of self-reported 

carbohydrate cravers, and that a careful definition of the carbohydrate craver 

has never been made.  Femstrom noted that, of the foods offered for 

identification of cravers, the carbohydrate-rich snacks have greater appeal than 

do the protein snacks, which means that some hedonistic and sensory qualities 

become inadvertently involved in the selection process.  Further, Ruderman 

(1986) referred to studies in which observed snack selection is different from 

snack selection in which observation is not obvious to the subjects, especially in 

the study of restrained eaters. 
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Femstrom (1988) also noted that the rat studies that have formed the basis of 

the entire theory have only measured elevation of brain TRP levels and 5-HT 

synthesis following a single meal of carbohydrate after an overnight fast.   No 

studies apparently have been conducted to determine if this pattern holds true 

with repeated carbohydrate meals or with a meal without an overnight fast. 

Finally, Fernstrom (1988) mentioned that this model of carbohydrate intake 

assumes that carbohydrate intake is regulated.  However, he pointed out that 

there is no specific nutritional requirement for CHO in normally nourished rats 

or humans.  He observed that rats will defend their intakes of energy and 

protein, for which there are specific nutritional requirements, but will not 

defend their intakes of carbohydrate. 

In Drewnowski's (1987) letter which noted that the foods tested by the 

Wurtmans are also high-fat foods (Wurtman and Lieberman, 1987), he 

questioned whether the people are craving carbohydrate or are actually craving 

fat. He referred to sensory studies that showed that obese women tended to 

prefer high-fat foods over those that were intensely sweet, thereby reinforcing 

the idea that they may not be craving the carbohydrate, but the fat. 

Leathwood (1987) shared some of the concerns of Drewnowski and Femstrom. 

He also criticized some of the experiments that are used as a basis of the entire 

theory and commented that the evidence for the connection between serotonin 

and appetite for carbohydrates is not very convincing.  He echoed the concerns 

of Femstrom that the effects of single meals were studied, but subsequent 

meals or normal feeding situations were not studied, yet the results of the single 

meals have been extrapolated to other situations. These speculations and 

extrapolations have not been consistently confirmed via laboratory experiments. 

Much smaller changes were observed when rats were not fasted than when they 
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were fasted, and experiments with free-feeding animals were unable to produce 

changes in brain TRP or 5-HT.  Leathwood (1987) further noted that increased 

serotonin synthesis does not necessarily indicate increased serotoninergic 

neurotransmission, and that the evidence for this is indirect and inconclusive. 

Finally, he criticized the use of self-selection of controlled diet foods by rats, 

because diets with added purified tryptophan have a bitter taste, and therefore 

the tryptophan-added diet may be rejected. 

Peters and Harper (1987; Harper and Peters 1989) question the assumption that 

there is a simple relationship between protein or CHO selection, 5-HT 

synthesis, and subsequent feeding behavior.  They shared the concern that the 

serotonin hypothesis was based on extrapolation from results obtained in short- 

term studies under extreme dietary conditions, and noted that distinct 

differences were observed in patterns of response in short- vs. long-term 

studies.  They have found, in their own studies, that the TRP/LNAA ratio 

remains essentially constant over a wide range of protein intakes, from 10-55%, 

and when rats were allowed to adapt to dietary changes, changes in amino acid 

levels and food intake were no longer seen.  Further, recent research by 

Tackman et al. (1990) supported the idea of competition among the amino 

acids for uptake into the brain, and that this is involved in the rat's selection of 

different nutrients. However, they found no direct relationship between feeding 

behavior and brain serotonin concentration.   Holder and Huether (1990) found 

that tryptophan injected into the rat caused altered plasma amino acid and 

brain serotonin levels, but found no relationship between the injected 

tryptophan and consumption of protein or carbohydrate. 
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Carbohydrate Craving and the Menstrual Cycle 

One facet of carbohydrate craving that has been researched extensively has 

been the relationship between the menstrual cycle and food cravings. Subjective 

reportings (Smith and Sauder, 1969; Vaitukaitis, 1984; anecdotal reports) have 

associated carbohydrate craving with the premenstrual portion of the cycle, 

during which time many women suffer from a condition known as premenstrual 

syndrome (PMS). 
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Menstrual cycle progesterone fluctuation.  The cyclic fluctuation of 
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(Martin, 1985) 
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Premenstrual syndrome is poorly understood, and not easily diagnosed. It 

typically occurs during the last 7 to 10 days of the menstrual cycle, during the 

luteal phase (Figure 9).  This is during the time of peak plasma progesterone 

and estradiol levels (Martin, 1985). The symptoms include bloating, edema, 

emotional lability, headache, breast swelling, constipation, a decreased ability 

to concentrate, and changes in appetite or cravings for selected foods 

(Vaitukaitis, 1984). Older (over 30 years of age) women have a slight tendency 

to complain more of premenstrual symptoms than do younger women (Moos, 

1968). 

Attempts have been made to quantify food cravings over the menstrual cycle, 

either as a function of altered carbohydrate metabolism, which has been 

discussed previously (Spellacy et al., 1967; Jarrett and Graver, 1968; Macdonald 

and Crossley, 1970; Yki-Jarvinen, 1984), or as a function of altered mood 

(Smith and Sauder, 1969; Cohen et al., 1987) or food intake over the menstrual 

cycle (Dalvit, 1981; Dalvit-McPhillips, 1983; Pliner and Fleming, 1983; Gong et 

al., 1989). 

Studies that have attempted to measure food cravings have generally utilized 

questionnaires to relate food cravings and the menstrual cycle.  These studies 

have been conducted with general populations, i.e. college classes, rather than 

populations with documented PMS.   Smith and Sauder (1969) found that 

women aged 19-59 years who eat compulsively and/or crave sweets are likely to 

have greater premenstrual feelings of tension and depression than those who do 

not eat compulsively or crave sweets.  This was not a longitudinal study, but 

merely a one-time questionnaire, which only identified the relative incidence of 

food cravings.  Tomelleri and Grunewald (1987) administered questionnaires to 

young (19.8 yrs.) women on a weekly basis over six weeks. The subjects were 
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to indicate craved foods from a list of a wide variety of foods, which were 

selected to represent different categories of food: chocolate, high-sugar, high- 

starch, lower carbohydrate, and non-chocolate paired foods.  The 

questionnaires also contained questions to determine the subjects' menstrual 

cycle phase at the time.  The researchers found no significant differences in 

cravings or in food intake among the different stages of the menstrual cycle. 

Cohen et al. (1987) utilized daily self-reports of food cravings and food intake 

(recorded as more, less, or the same as usual) in young women (aged 19-22 

years) for five or more weeks. After comparing food cravings, intake, and 

mood over the women's menstrual cycles, they found that food cravings and 

amount eaten were greater in the luteal phase (premenstrual) than during the 

follicular phase (postmenstrual). A more recent study (Gong et al., 1989) 

examined the food intake of seven women, aged 24-43 years, over one 

menstrual cycle.  The food that was consumed was weighed and the weights 

recorded on a tape recorder prior to consumption of the food. They found a 

significant increase in food intake during the luteal phase (premenstrual) of the 

menstrual cycle as compared to any other phase. 

The discrepancy in the study (Tomelleri and Grunewald, 1987) mentioned 

above that did not find any significant differences in cravings or food intake 

among the different states of the menstrual cycle is likely due to a difference in 

methodology.  These researchers administered a questionnaire once per week, 

whereas Cohen et al. (1987) and Gong et al. (1989) collected diet information 

on a daily basis.  When the information is collected but once per week, it 

would be easy for a subject to forget by Wednesday that she experienced an 

intense craving for chocolate cake last Thursday, thus adversely affecting the 

validity of the results.  The age factor may also have influenced these results, 

since Tomelleri and Grunewald focused on young (age 19) women, and the 
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other study that utilized a one-time questionnaire (Smith and Sauder) focused 

on older women, who Moos (1968) found are more likely to complain of 

premenstrual symptoms, which implies that either the symptoms are more 

intense in older women and/or that they are more likely to remember those 

symptoms.  The most credible study mentioned above is the one by Gong et al. 

(1989), in which the food consumed was actually weighed and recorded.  This 

method reduced the chance of error, thereby improving the validity of the 

results. 

DEVELOPMENT OF HYPOTHESIS 

Many of the research reports, especially in relating food cravings and the 

menstrual cycle, were based on research conducted among a college population, 

which is typically young and slender.  These specific studies were evaluated 

previously, and the ages that were studied were noted.  Frequently, the age 

range was 19-22 years of age.  When one considers Moos' (1968) note that 

premenstrual syndrome is more commonly reported in older women than in 

younger women, then it seems logical that this younger age group will reveal 

fewer cravers than would an older population. 

The body weight issue is also a factor to be considered.   As summarized in the 

section on insulin's role in the regulation of carbohydrate intake, overweight 

persons may be more likely to experience carbohydrate craving than normal 

weight persons. It seems logical that a true carbohydrate craver will have 

difficulty in controlling his/her weight, and will be found in an overweight 

population in greater proportions than in a young, normal weight population. 

Finally, few studies seem to have been conducted to relate cravings and 

carbohydrate metabolism via a glucose tolerance test since Okey and Robb, 
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which was published in 1925.  Of these, none have compared glucose and 

insulin responses between carbohydrate cravers and noncravers in an older, 

overweight population.  Furthermore, no studies have been conducted in which 

glucose and insulin responses were measured in response to the foods that 

cravers actually crave.  This type of a study would be especially interesting, 

because it would combine the metabolic response to ingesting and digesting the 

food itself with the cephalic insulin response from the sight and smell of a 

desirable food.  The standard oral glucose tolerance test would not elicit such a 

response, because the standard glucose solution does not present a desirable 

visual or olfactory stimulus. 

To address these issues, this researcher proposed a project to study 

carbohydrate craving in women. The subjects would be between 30 and 40 

years old (to address the age issue, while avoiding the hormonal changes of 

menopause), between 110% and 130% of ideal body weight (to address the 

weight issue without complicating the picture with the altered physiological 

processes of extreme obesity), and still be experiencing regular, predictable 

menstrual cycles (to enable the study to focus on the luteal portion of the 

menstrual cycle). These women would be divided into groups of carbohydrate 

cravers and noncarbohydrate cravers on the basis of a questionnaire which was 

subsequently developed to differentiate between the two groups.  They would 

then be administered two tests: one would be a standard oral glucose tolerance 

test (OGTT); the other would be a variation of the OGTT, utilizing cookies 

with the same carbohydrate level as the glucose solution had.  The rationale for 

using cookies were that (1) they are a food that is commonly craved, and (2) 

they provide the visual and olfactory stimulus that could elicit the cephalic 

insulin response. 
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The hypotheses for this project are that there is (1) a greater plasma insulin 

response (as measured by concentration and area under the curve) in 

carbohydrate cravers than in noncarbohydrate cravers, and (2) a greater plasma 

insulin response to the cookies than to the glucose solution. If the first 

hypothesis holds true, then an expected consequence would be that the plasma 

glucose responses would be about the same, or perhaps lower, in the cravers as 

compared to the noncravers, because of the elevated insulin response. 



70 

METHODS 

PROTOCOL 

Subjects were recruited and selected for this experiment and divided into two 

groups, carbohydrate cravers and noncarbohydrate cravers, utilizing a specially 

developed questionnaire for this purpose.  The volunteers were then 

administered, on two separate occasions, an oral glucose tolerance test, and a 

similar test using cookies, with a 2:1 carbohydrate to fat ratio.  The glucose 

load provided carbohydrate in the same amount as was provided in the cookies. 

That amount, 75 grams, was based on a standard amount administered in the 

Oral Glucose Tolerance Test (OGTT). Blood samples were drawn before 

administration of the test, and then 10 minutes after the test food was ingested, 

30 minutes, 60 minutes, 2 hours, 3 hours, and 4 hours after ingestion of the 

food.  The plasma was subsequently analyzed for glucose and insulin. 

Statistical comparison was made for each of these substances as a function of 

concentration and area under the curve. 

SUBJECT SCREENING 

After the experiment had been approved by the Oregon State University 

Committee for the Protection of Human Subjects, subject recruitment was 

begun in cooperation with the OSU Department of Information.   A goal of 16 

subjects was established, 8 cravers and 8 noncravers.  This number was 

established to provide statistically meaningful data without making the project 

unmanageable. Brief descriptions of the experiment and volunteer needs 

appeared in three local newspapers and in radio announcements.  Sixty-four 

persons responded to the recruitment effort. 
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Prospective subjects were screened through an initial telephone interview.  The 

initial criteria were that they be female, age 30-39, slightly overweight (110- 

130% of ideal body weight for height and body frame, according to the 

Metropolitan Life Insurance tables), not pregnant or using oral contraceptives, 

premenopausal with regular (variation less than five days per cycle) menstrual 

cycles (for accuracy of scheduling blood draws to minimize hormonal 

differences), and no history of diabetes or hypoglycemia.  They needed to be 

available for at least three months and able to give a blood sample.   At this 

point, 47 prospective subjects were eliminated from further consideration for 

the following reasons: 11 due to age; one due to sex (one male respondent); 

nine due to weight (> 140% of IBW or < 105% of IBW); two due to use of oral 

contraceptives; four due to menopause or hysterectomy; three because of 

irregular menstrual cycles; and seven due to scheduling difficulty.  Three people 

were not able to be reached; one withdrew because of child care problems; 

three people withdrew for unspecified reasons; and one person withdrew 

because she claimed an addiction to sugar, had been "clean" for 310 days, and 

was unwilling to risk reversion to prior eating behaviors by participating in this 

study. 

The applicant was then informed of the specific nature of the experiment and 

the procedure that was to be used.  At this point, 21 applicants remained from 

the original list of volunteers.  They were each scheduled for a personal 

interview. Three questionnaires were mailed to them to be completed prior to 

the interview.  These included a medical history, a carbohydrate craving 

questionnaire (Figure 10), and a restrained eating questionnaire (Herman and 

Polivy, 1975).  The medical history was used to screen for medical conditions 

(such as history of diabetes or hypoglycemia) and medication usage, such as 
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catecholamines and diuretics (National Diabetes Data Group, 1979), which 

could affect the result of the test, thus precluding the participation of the 

prospective subject. The medical form was also used to determine the subject's 

menstrual cycle record for the prior two months, both dates of onset and length 

of cycle, to be used later in scheduling appointments for the experiment.  Two 

women who were scheduled did not show up for the interview. 
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QUESTIONNAIRE 

Do you eat snacks between meals?  Yes No 

If "yes", how often do you eat snacks between meals? 

 daily 

 more than once daily 

 2-4 days per week 

5-7 days per week 

 less than once per week 

What types of foods do you select for your snacks? 

 milk  chips 

 cookies  nuts 

 cheese  candy 

 ice cream  fruit 

 crackers  cake 

 vegetables  other (specify)  

Are there one or more foods that you snack on most often? Please list. 

How much of this food do you normally consume per snack? (Please be as 
specific as possible.) 

FIGURE 10 
Carbohydrate craving questionnaire. This questionnaire was developed to 
distinguish carbohydrate cravers from non-carbohydrate cravers. 
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Are there some times or activities during which you normally snack? 

 watching TV  bedtime 

 preparing meals  when under stress 

 while reading  Other (specify) 

What is your present height?. 

What is your present weight?. 

Do you normally eat dessert after meals?  Yes No 

If "yes", what do you eat for dessert? 

 milk  chips 

 cookies  nuts 

 cheese  candy 

 ice cream  fruit 

 crackers  cake 

 other (specify)  

How much do you normally consume at dessert? 

How do you usually feel before you eat your snacks? 

 hungry  depressed 

 good  nervous, tense 

 relaxed  not hungry 

 irritable  ] other (specify). 

FIGURE 10 continued 
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How do you feel after you eat your snacks? (check as many as apply) 

 guilty  headachy 

 good  like I'd like more 

.sleepy  satisfied 

.irritable  other 

relaxed 

Do you have diabetes?  yes no 

If "yes", when diagnosed  

Have you ever been tested or treated for diabetes?     yes no 

Are you pregnant now, or plan to be soon?  yes no 

Are you taking oral contraceptives?  yes no 

Do you suffer from migraine headaches?  yes no 

Have you ever had difficulty in giving a blood sample from either arm? 

 yes no 

FIGURE 10 concluded 

QUESTIONNAIRE DEVELOPMENT 

Figure 10 depicts the questionnaire that was administered to prospective 

subjects to determine whether they were carbohydrate cravers or noncravers. 

This questionnaire was administered both before the test to aid in subject 

selection and after the test to verify the responses.  The carbohydrate craving 

questionnaire was designed to identify common carbohydrate-craving 

symptoms, which were disguised among other, unrelated symptoms.  Utilizing 

general traits of carbohydrate cravers which have been identified by the 
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Wurtmans (Wurtman, 1984; Wurtman and Wurtman, 1986), the questionnaire 

included questions about the frequency and nature of snacking and dessert 

consumption in the subject.   Foods that are mentioned by the Wurtmans 

(Wurtman, 1984; Wurtman and Wurtman, 1986) as being high in 

carbohydrate, such as cookies, cake, and candy, are interspersed with foods 

that are high in protein, such as cheese and milk. One interesting note is that 

many of these foods that are high in carbohydrate content also contain a high 

proportion of fat, and some foods, such as potato chips, are higher in fat than 

they are in carbohydrate. Emotional mood is also addressed in the 

questionnaire, with questions dealing with mood before and after snacking 

being asked of the subjects. For example, the emotions of tension and 

nervousness are interspersed with feelings of relaxation and calmness in both 

sets of questions. Since the tension and irritability are associated with pre- 

snacking in carbohydrate cravers, and relaxation and calmness are associated 

with the cravers' moods after snacking, those responses help to identify the 

cravers. 

To score the questionnaire, a simple "1" - "0" scoring system was set up. Each 

response that agreed with the "typical" carbohydrate craver received a "1", and 

each that disagreed received a "0". Questions that could receive multiple 

answers were scored on an additive basis.  For example, the question referring 

to types of foods selected for snacks could receive a possible four or five points, 

depending upon which food items were marked, and what foods might have 

been listed under "other".  Only those foods considered to be commonly craved 

by carbohydrate cravers received a "1".   All other foods, such as milk, cheese, 

or vegetables, received no points. 

The quantities of food consumed were also scored.   If a subject was able to 
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consume these snacks in "normal" portions, i.e. two cookies and no more, no 

points were assigned, because one of the identified symptoms of a carbohydrate 

craver is an inability to stop eating the snacks.  If a subject normally consumed 

larger quantities of the snack, one or two points was assigned, depending on 

the quantity consumed.  The purpose of this was to attempt to quantify the 

severity of the alleged disorder. 

A section that inquired about dessert consumption was included in the 

questionnaire.  However, only two persons indicated that they normally 

consumed desserts, and some persons who indicated that they did not consume 

dessert still indicated what they ate for dessert.  Because of the inconsistency of 

these responses, this section was disregarded in the final scoring. 

A total of 20 points were possible if all of the "craver" responses were chosen. 

Those who had a score of at least 11 out of 20 possible were classified as 

"cravers", while those who scored 10 and under were classified as "noncravers". 

This division was set up after the first questionnaire was administered. When 

the questionnaires were scored, there were some clear "cravers" with scores of 

16-20, and some clear "noncravers" with scores of 3-5.  However, there were 

some people who were in the middle, with scores of 8-12, and these required a 

closer look to determine which category to put the subjects into, and at what 

score a person was a "craver" as opposed to a "noncraver".  Upon closer 

examination of the individual responses to the questionnaire, it became evident 

that those subjects whose scores were 11 and above were consistent with the 

cravers in their snacking patterns and mood changes associated with snacking. 

Those subjects whose scores were 10 and under exhibited snacking patterns and 

mood changes that were inconsistent with those exhibited by the cravers. 

These subjects may be snackers, but they are not necessarily carbohydrate 
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cravers. One subject in particular scored a 10 on the initial questionnaire and 

admitted that she snacks frequently.  However, she does not preferentially 

snack from any one food category, and the mood questions did not show the 

changes in mood that seem to be characteristic of carbohydrate cravers, 

according to the Wurtmans. This seemed to be typical of the subjects whose 

scores ranged 8-10. 

An additional page of questions was presented to the subjects at the time of 

testing.  These questions specifically asked if the subject experienced 

carbohydrate craving and when and how frequently this occurred. The 

questions also asked if the subject had been on a weight loss diet recently, how 

many calories the diet consisted of, and how many pounds were lost.  These 

questions were not used for categorizing the subjects, but were used to identify 

any tendency toward dieting and weight loss. 

The restrained eating questionnaire administered was the one that was 

developed by Herman and Polivy (1975), and is used as a measure of eating 

behavior among individuals who are obese or who tend to be obese.  This 

questionnaire was not used as any distinguishing tool in this particular study, 

but was used to identify any correlation between restrained eating and 

carbohydrate craving. 

SUBJECT SELECTION 

At the personal interview, the medical history form was reviewed and the 

craving questionnaires scored.  The classification of the subjects was not made 

known to them at this time.  The restrained eating scale was retained for later 

evaluation.  The height and weight of the prospective subject was obtained. 

The experiment was described in detail, and informed consent was obtained. 
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At this point, those who volunteered were scheduled for a preliminary blood 

draw.  This blood was analyzed for hematocrit, hemoglobin using the Beckman 

DU-40 Spectrophotometer, and fasting glucose using the ferrocyanide method 

(Hoffman, 1937) on the autoanalyzer. None were eliminated at this point for 

anemia, abnormal plasma glucose levels, or inability to give a blood sample. 

The prospective subjects who were still acceptable for the experiment were then 

divided into "cravers" and "noncravers", as described previously. Subjects from 

the two groups were matched as closely as possible by percent overweight.  The 

lower-percent overweight noncravers were eliminated because there were no 

matches among the cravers.  Fourteen subjects were selected, seven cravers and 

seven noncravers.  One craver subsequently withdrew prior to testing.  Two 

other subjects, one craver and one noncraver, were included in the testing but 

were subsequently found to be taking medications (respectively, 

antihypertensive, cortisone, and diuretics; thyroid medication) that influenced 

the test results. These subjects are not included in any of the data presented. 

The final subjects are listed in Results in Table 1, with age, height, weight, 

percent of ideal body weight, body mass index, and whether they smoked, took 

vitamin supplements, or used medications. 

TEST FOOD PREPARATION 

The glucose solution was prepared in two batches by dissolving 550 g of glucose 

(a-D-glucose) up to 1100 ml with distilled water.  This was calculated to deliver 

75 g of carbohydrate (glucose) per 150 ml of solution.  The solution was frozen 

(-15 0 C) until used.   When ready to use, the solution was thawed under 

running tap water and then refrigerated until it was served.  The glucose was 

served in 150 ml dosages with 5 ml of lemon juice concentrate (ReaLemon, 
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Borden) added to the glucose solution to enhance palatability.  An additional 

150 ml of chilled (+4 0 C) tap water was served with the solution to make 300 

ml of liquid. 

The cookies were prepared according to the recipe in the methods appendix. 

The recipe was calculated to deliver 75 g of carbohydrate (glucose plus 

fructose) per dose (four cookies).   Each dose also delivered 5.9 g protein and 

37.6 g fat.  The cookies were packaged by dose and frozen (-10 0 C) until use. 

They were removed from the freezer the day before use and allowed to thaw at 

room temperature. The cookie dose was served with 300 ml chilled (+4 0 C) 

tap water.  Prior to the experiment, a test dose of cookies was served to a 

volunteer to determine the time required to consume the dose of cookies. The 

volunteer took slightly less than seven minutes to consume the cookies.  An 

additional minute was added to this time to allow for individual variation, and 

this time was used as a standard for the consumption of all cookie and glucose 

doses, to try to keep the consumption time consistent between subjects and 

treatments. 

EXPERIMENTAL PROCEDURE 

The subjects were scheduled so that testing would occur within ten days of the 

expected onset of the next menstrual period, based on previously-submitted 

data regarding the date of onset of the previous two menstrual periods.  The 

object of this was to minimize the variations in glucose tolerance due to 

hormonal influences. 

The original intention was to test all subjects over two consecutive menstrual 

cycles.  However, this was not always possible due to scheduling constraints and 

illnesses.  Four subjects were able to be tested over two consecutive cycles.   Six 
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subjects were tested during two nonconsecutive cycles, with one cycle 

interspersed; and one subject was tested over two nonconsecutive cycles, with 

two cycles interspersed. 

Two subjects were required to repeat their first tests.   Subject #3 arrived for 

and participated in her first scheduled test, but informed researchers midway 

through the test that her menstrual period had occurred the previous week. 

Since one of the objectives of the protocol was to minimize the hormonal 

effect, this test was repeated.  Subject #8 had been ill for several days prior to 

the test. This illness had precluded her from consuming the prescribed 150 g of 

carbohydrate per day during the previous three days.   Further, illness appears 

to influence the outcome of the OGTT (Mikines et al., 1989; Yki-Yarvinen et 

al., 1989), therefore the test was repeated.  The data from the first tests for 

these two subjects were disregarded. 

Prior to the test, subjects were randomly assigned to start with either glucose or 

cookies for the first test. The subjects were instructed to consume at least 150 g 

of carbohydrate per day for the three days prior to the test. They were 

requested to keep written diet records to verify this intake. They were asked to 

arrive on the testing day at 7:30 a.m. in a fasting state (nothing to eat or drink 

except water since 8 p.m.  the previous evening).  This time was used to 

eliminate any diurnal variations (National Diabetes Data Group, 1979) in 

glucose response.  They were requested not to engage in strenuous exercise or 

take any vitamin or mineral supplements or medications during the 24 hours 

prior to the procedure (National Diabetes Data Group, 1979). Those subjects 

who smoked (number 10 and one of the tested but disqualified subjects) were 

asked not to smoke the morning of the test. Temporary parking permits were 

obtained for subjects arriving from off-campus so that they could use the 
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parking lot closest to the building where the experiment was taking place, thus 

minimizing the amount of exercise incurred prior to the test.  A maximum of 

three subjects were scheduled for any one test day, except for one day on which 

four subjects were tested. 

Upon arrival, the subjects rested for ten minutes prior to the fasting blood 

sample.  During this time, they were briefly questioned to ascertain that they 

had conformed to the experiment protocol. After the ten minutes had elapsed, 

the fasting blood sample was drawn (two heparinized tubes, approximately 9 ml 

each, were drawn each time) by venipuncture.  All blood was drawn aseptically 

by a Registered Medical Technologist. The dose of four cookies or 150 ml (75 

g glucose) glucose solution was administered. Subjects were instructed to 

consume the cookies within eight minutes, with one-fourth of the water to be 

consumed with each cookie. The glucose solution was to be consumed slowly, 

also over eight minutes, with one-fourth of the chilled tap water to be 

consumed with one-fourth of the glucose solution. 

Approximately 18 ml of blood were drawn into heparinized tubes at 10 

minutes, 30 minutes, 1 hour, 2 hours, 3 hours, and 4 hours after completion of 

the dose. Two heparin tubes were drawn at each time. Two hematocrit tubes 

were drawn off each sample for later analysis. The heparin tubes were kept on 

ice until centrifuged at +4° C for ten minutes at 300 rpm. After centrifugation, 

the plasma was aliquoted for insulin and glucose assays and frozen at -40° C for 

later analysis. Extra plasma was also frozen at -40° C and stored. 

Upon completion of the day's experiment, a light lunch was served, and the 

second experiment date was set up.   After the final experiment date, the 

subjects were asked to complete a second set of craving and restrained eating 

questionnaires to verify the reliability of these tools. 
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ANALYTICAL PROCEDURES 

Glucose was analyzed using the automated glucose oxidase method (Toro and 

Ackermann, 1975) on the Alpkem Autoanalyzer II System.  Regression 

analysis to determine glucose values was made, using the Hewlett-Packard 10 

calculator statistical program.   Glucose standards of 5, 10, 15, and 20 mg 

glucose per ml, or 2.8, 5.5, 8.3, and 11.0 mmol glucose per L of solution were 

used to establish a standard curve, and at least three samples of pooled plasma 

were analyzed with each batch to provide an indicator of variation between and 

within assays.  This control plasma had a mean glucose concentration of 5.3 ± 

0.2 mmol/L over 17 runs.  Glucose standards were run periodically throughout 

each assay.  A standard curve was prepared from each set of standards, and the 

standard curve closest to each respective set of samples was used to calculate 

the values for those samples. 

The insulin was measured by the radioimmunoassay technique, described by 

Morgan and Lazarow (1963), utilizing the double antibody 125I method in kit 

form purchased from Cambridge Medical Diagnostics (Billerica, MA).  A 

standard curve was prepared from six insulin standards of 5, 15, 35, 75, 150, 

and 300 \i.U insulin per ml., or 36, 108, 251, 538, 1076, and 2151 pmol insulin 

per L. A sample of each high and low control solution was prepared with each 

assay to provide an indication of variation between and within assays.  The high 

control solution had an insulin concentration of 67.8 ±8.7 |xU/ml, or 486 ± 62 

pmol/L, and the low control solution had an insulin concentration of 16.8 ± 

3.5 |xU/ml, or 121 ± 25 pmol/L.  The      I insulin was measured using a 

Packard 5230 Auto-Gamma Scintillation Spectrometer.  The data were 

analyzed on an IBM PC computer which was programmed to determine insulin 

values from RIA by logarithmic transformation to provide a linear standard 
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insulin curve, thus allowing value determination by linear regression analysis. 

The values for area under the curve for plasma glucose and plasma insulin were 

calculated utilizing the geometrical areas of the triangles and trapezoids formed 

by the changing concentrations in relation to the fasting level. Those values 

that were above the fasting level were calculated as positive area, and those that 

were below the fasting level were calculated as negative area.  These values 

were added together for the total area, and sequentially added for cumulative 

positive, negative, and total areas.  The time point at which the plasma 

concentration of either substance became negative, referred to as the cross-over 

time, was calculated utilizing a line formula. 

Computerized statistical analysis was done with the assistance of the Oregon 

State University Survey Research Center.  Analysis of variance was utilized, 

using a doubly repeated measure, or split/split plot design, utilizing the seven 

time points as the split plot factor (Steele and Torrie, 1960).  The data were 

analyzed in terms of concentration, total area under the curve, positive 

cumulative area under the curve, negative cumulative area under the curve, 

and total cumulative area under the curve, of both glucose and insulin, with 

mean values ± standard deviation for each time point.  P-values were 

established for seven comparisons: group x group (cravers x noncravers); 

treatment x treatment (glucose x cookies); group x treatment; time (T=0, 10, 

30, 60, 120, 180, 240); time x group; time x treatment; time x treatment x 

group.  A p-value of 0.05 was established as being a significant difference.  A 

Newman-Keuls Multiple Comparison Test at 0.05 level was also applied to 

determine any significant differences in glucose and insulin concentrations 

between the groups and treatments at each time point (Snedecor and Cochran, 

1974). 
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RESULTS 

CHARACTERISTICS OF THE GROUPS 

Descriptive information about each subject is listed in Table 1, with the subjects 

divided into the two groups.  The subject groups were very similar to each 

other when physical descriptions are compared between the two groups.  The 

ages of the groups differed by 2.8 years, their heights by 0.9 cm, their weights 

by 0.3 kg, and their body mass indexes by 0.2.  However, in the attempt to 

carefully match the groups physically (based on percentage of ideal body 

weight), some prospective subjects who were "perfect 3's" (clear noncravers) in 

their craving scores were eliminated from the study because they were unable to 

be matched to a craver.  This elimination may have introduced some bias to the 

study, with fewer clear noncravers in the noncraving group.  Also, one member 

of the craving group moved away during the study, thereby resulting in her 

unavailability for the study.  This subject was not replaced, resulting in uneven 

group sizes.  None of her data was included in the results or in the physical 

description comparison.  Two other subjects, one from each group, were 

omitted from the study results after testing and analysis. These subjects were 

found to have been taking medications (antihypertensives, diuretics, cortisone, 

and thyroid medication) that influence glucose and insulin levels in the 

bloodstream (Offerhaus, 1984; Steiner, 1984; Von Eickstedt, 1984).  One of 

these subjects, the one who had been taking the antihypertensive, diuretics, 

and cortisone, exhibited extremely high plasma insulin concentrations as 

compared to the other subjects.  Therefore, their physical descriptions and data 

have been omitted from this presentation. 

Some of the subjects reported that they attempted to lose weight occasionally 
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by use of weight loss diets.  Of the cravers, two dieted "often", one dieted 

"sometimes", one dieted "rarely", and one never dieted.  Those cravers who 

dieted reported the use of a wide range of caloric intakes, from the 800 kcal 

used by subject 10 to the usual intake of 1600 kcal used by subject 2. Subject 1 

(craver) reportedly was following the Weight Watchers diet of 1100-1400 kcal 

per day at the time of the study and had lost 42 pounds over the previous 

fifteen months.  Of the noncravers, one reported that she dieted "often", four 

dieted "sometimes", and one never dieted.  The noncravers who dieted used a 

range of diet caloric levels of 500-1000 kcal (subject 3) to 1400 kcal (subject 9). 

Subject 6 (noncraver) reportedly was following the 1200 kcal Weight Watchers 

lifetime diet at the time of the study.  One of the subjects who stated that she 

never dieted, subject 8 (noncraver), reported to be on a diet at the time of the 

last test (glucose test) and stated that she had lost one pound. 
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TABLE 1 
Subject information by group.   Descriptive subject information, presented by 
and averaged over groups for comparison. 

Subject Group 

and Number 

Age 

(Yrs.) 

Height 

(cm.) 

Weight 

(kg) 

I.B.W. ' 

(%) 
B.M.I. * Smk.? Vit.? { Med.?? 

Gravers 

1 40 165 69.1 113 25.4 No No No 

2 38 160 59.4 HI 23.2 No Yes Yes 

4 31 170 77.1 121 26.7 No Yes Yes 

10 31 168 78.5 126 27.8 Yes No Yes 

11 39 169 74.6 120 26.1 No Yes No 

(Mean) 35.8 166.4 71.7 118.2 25.8 Yes—1 Yes—3 Yes—3 

(Std. Dev.) ± 4.4 ± 4.0 ± 7.8 ± 6.1 ± 1.7 No—4 No—2 No—2 

Noncravers 

3 37 164 65.8 111 24.5 No No No 

5 32 166 80.5 130 29.2 No Yes No 

6 37 159 64.5 111 25.5 No Yes No 

7 30 165 62.5 113 23.0 No Yes Yes 

8 31 168 73.4 118 26.0 No Yes No 

9 31 171 81.4 126 27.8 No Yes No 

(Mean) 33.0 165.5 71.4 118.2 26.0 Yes—0 Yes—5 Yes—1 

(Std. Dev.) ± 3.1 ± 4.0 ± 8.3 ± 8.1 ± 2.2 No—6 No—1 No—5 

All Subjects 

(Mean) 34.3 165.9 71.5 118.2 25.9 Yes—1 Yes—8 Yes—4 

(Std. Dev.) ±3.9 ± 3.9 ± 7.7 ± 6.9 1.9 No—10 No—3 No—7 

The last three columns in this table indicate respectively whether the subject smoked, 
took vitamin supplements, or took any kind of medication. 

t — The % I.B.W. indicates the percentage of Ideal Body Weight, based on Metropolitan 
Life Insurance weight tables, 1983. 

X — B.M.I. = Body Mass Index. 
£ — Of those subjects taking vitamin supplements, #2 took a "complete nutritional system", 

#4 took 400 IU of vitamin E along with a B-50 complex and a multivitamin with iron 
once per day, #5 took 250-500 mg. calcium per day, #6 took "Stresstabs", #7 took 500 
mg. vitamin C plus a "daily" vitamin with minerals each day, #8 took prenatal vitamins 
(left over from pregnancy), #9 took a multivitamin with iron, and #11 took a 
multivitamin, 50 mg. B-complex, calcium, and iron each day. 

€ — The only medication used by any of the subjects was aspirin taken on occasion, but not 
during the 24 hours preceeding the tests. 
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MENSTRUAL HISTORY 

The administration of the tests with respect to each subject's menstrual history 

is shown in Table 2, including stated menstrual cycle length, which was 

obtained from the health questionnaire prior to testing. The length of the 

menstrual cycle and the day of its onset were a concern in scheduling the tests 

because of the possible influence of the fluctuation of the female reproductive 

hormones on the test results. 

Information from subjects covering at least two menstrual cycles, including the 

dates on which menstruation began, was obtained for all but one subject 

(number 10) for whom information was only available for one cycle. The 

remaining information was obtained during testing, including the actual length 

of the cycles during which testing occurred, the actual range of cycle lengths 

during testing, and the day of the cycle on which testing occurred. 

There were discrepancies between the individual cycle lengths as stated on the 

questionnaires prior to any testing and the lengths of the actual cycles reported 

during the testing. The stated range for cycle lengths was 25-32 d with a mean 

of 28.1 ± 1.5 d. The actual range was 23-49 d with a mean of 28.0 ± 4.9 d. 

There was little difference between the stated lengths for each group, with 

cravers stating a mean of 27.4 ±0.9 d and the noncravers stating a mean of 

28.7 ± 1.8 d.  There was a difference (significance not tested) between the 

actual cycle lengths of the two groups, with a mean of 25.6 ± 1.7 d for the 

cravers and a mean of 29.6 ± 5.7 d for the noncravers. 
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TABLE 2 
Administration of tests in relation to menstrual cycle.    Schedule of tests as 
performed in relation to the onsets of subjects' menstrual cycles, both stated 
and actual. 

Subject 
Number 

Prior to 
Testing 

Cycle Length (days) 
Stated During the 

Testing 

Day of cycle 
for each 

test 
Days 

Premenstrual * 

1 25 25-27 26 21 5 
26 23 3 

2 35 28 25 
25 

23 2 

25 22 3 
3 27 32 27 

34 
24 

C 

3 

t 20 unknown 

4 28 28 25 23 2 
25 24 1 

5 31 28 26 
30 

21 5 

31 22 9 
6 27 27 26 

26 
22 4 

26 22 4 
7 28 28 28 

49 
23 

C 

5 

27 23 4 
8 30 28 28 

28 
26 

C 

2 

26 26 0 
9 29 29 30 22 8 

31 26 5 
10 t 27 t 

23 5 
10 

30 21 9 
11 24 28 25 23 2 

27 27 0 

t — Date missing. 
$ — Date missing, test performed 10 days premenstrual. 
C — Some cycles were skipped due to scheduling constraints. When this became necessary, 

the following cycle was used. 
£ — Mean number of days premenstrual on which testing occurred = 4.10 ± 2.9. 

The number of errors with regard to the stated vs. actual length of cycle was 

very high.   Only one person, subject 1, accurately stated her cycle length. 

Other subjects ranged from being off by one day (subjects 6 and 9) to a five 
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day error (subject 3).   Four of the subjects experienced wider variability than 

stated, which could result in inaccuracy in the scheduling of tests, since the 

objective was to minimize hormonal influences by testing during the seven to 

ten days preceding the onset of menstruation. Subject 7 had one cycle that was 

21 days longer than expected, indicating that she may have skipped a cycle. 

These particular situations and the wide range of cycle variance for the subjects 

indicate the need to closely monitor subjects for two or three months prior to 

testing in order to accurately schedule the tests and eliminate any subjects with 

unacceptably variable cycles. Despite the cycle inaccuracies, no subject was 

tested earlier than 10 days premenstrual, with one being tested at that time 

point, and two being tested 9 days premenstrual and one tested 8 days 

premenstrual.  However, two subjects, 8 and 11, one from each group, began 

their next menstrual period the afternoon of the test day. When averaged over 

the subjects, the testing was performed at a mean of 4.1 ± 2.9 days 

premenstrual. There was a slight difference between the groups, with cravers 

being tested 3.7 ± 3.3 days premenstrual, and noncravers being tested 4.5 ± 

2.5 days premenstrual. 

QUESTIONNAIRE SCORES 

The individual subject scores for the craving questionnaire and the Restrained 

Eating questionnaire, both before (score 1) and after (score 2) testing, are 

listed in Table 3. The pre-test and post-test scores were similar to each other. 

The cravers had pre-test scores which ranged from 11 to 16, and post-test scores 

which ranged from 10 to 14.  The noncravers had a pre-test range of 3-10 and a 

post-test range of 4-9. 
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TABLE 3 
Questionnaire scores of subjects by group.   Scores of craving and restrained 
eating questionnaires of subjects, presented and averaged by group. 

Subject Group Craving Craving Restrained Restrained 
and Number Score 1 Score 2 Eating 1 Eating 2 

Gravers 
1 11 13 23.0 20.5 
2 16 13 19.5 17.5 
4 12 14 19.0 20.5 

10 11 10 14.5 12.5 
11 12 11 25.0 30.0 
(Mean) 12.4 12.2 20.2 20.2 
(Std. Dev.) ± 2.1 ± 1.6 ± 4.0 ± 6.4 

Noncravers 
3 10 9 26.8 26.0 
5 9 8 15.5 17.0 
6 3 4 21.0 19.0 
7 9 8 21.0 19.0 
8 9 5 15.0 21.5 
9 3 4 14.0 16.0 

(Mean) 7.2 6.3 18.9 19.8 
(Std. Dev.) ± 3.3 ±2.3 ±4.9 ± 3.6 

The group responses to the individual questions showed a tendency toward a 

slightly greater frequency of snacking among the cravers as compared to the 

noncravers in the post-test, which was not used to assign to groups.  None of 

the differences between overall group responses were very large, which may 

have been due either to the small number of subjects in this study or the low 

range of possible scores. Many of the individual questions yielded very similar 

responses between the two groups.  Since the questionnaires were scored on an 

individual, additive basis, these slight distinctions added together to show 

distinctive snacking patterns for the individuals.  The basis on which the 

divisions between the groups were established was discussed in Methods. 

The snacking patterns were similar between the two groups, with key foods 

such as cookies and candy being selected nearly equally between the cravers 
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and the noncravers. The noncravers were more likely to snack on fruit, 

vegetables, nuts, and chips than were the cravers. The cravers were slightly 

more likely to snack on cookies, candy, and milk than were the noncravers. 

However, foods such as cookies, candy, and cake were selected as key foods 

for identifying cravers, again based on research of Wurtman (1984).  There was 

also an "other" category, and the cravers were more likely to specify popcorn 

and rice cakes than were the noncravers, while the noncravers specified yogurt. 

Besides food intake, mood changes were addressed in this questionnaire. 

These mood changes were assessed by the respondents' answers to specific 

questions about mood before and after snacking.  Key words related to mood 

were identified from the Wurtmans' work (Wurtman and Wurtman, 1986), and 

were used to distinguish cravers from noncravers based on mood. The key 

presnack words included restless, tense, and irritable. The words "tense" and 

"irritable" were specifically used in the questionnaire, with other choices 

including an "other" category, which requested specific mood-descriptive words. 

Other mood-descriptive terms that were used that were consistent with the 

cravers, and used exclusively by the cravers, included "inability to 

think/concentrate", and "negative feelings".  Mood-descriptive words that were 

used that were not consistent with the cravers included "bored", "tired", as well 

as the pre-offered choices of "hungry", "good", and "relaxed".   Post-snack 

mood-descriptive words that were taken from the Wurtmans' work included 

"calm", "relaxed", and "want more".  The words "relaxed" and "want more" 

were specifically used, again with an "other" category available.  There was a 

tendency for slightly more cravers than noncravers to have indicated the 

"relaxed" and "want more" words, and slightly more noncravers than cravers to 

have indicated the noncraver descriptive words of "guilty" and "satisfied", even 

on the posttest questionnaire that was not used for categorization.  Some of the 
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"craver" terms were also marked by noncravers, and vice-versa. These responses 

were scored in conjunction with other responses from the questionnaire, to 

develop an over-all picture of the person's snacking patterns and mood 

changes.  None of these differences were tested for statistical significance. 

To further assess the individuals' snacking patterns, the time and activities 

during which snacking normally occurs were examined in the questionnaire. 

The key phrase here which was consistent with the cravers was "when under 

stress", with an "other" category available, and specific times requested.  The 

cravers were more likely than the noncravers to snack while under stress, and 

were more likely to snack when alone.  The noncravers were more likely than 

cravers to indicate that they snacked while watching TV or while preparing 

meals, two non-stress categories.  Regardless of category, each of the subjects 

identified a specific time of the day during which they were most likely to 

snack. 

When the subjects were specifically asked if they have experienced 

carbohydrate craving within the previous two months, of the eleven subjects, all 

except two indicated "yes". Those subjects who were classified as cravers were 

more likely to have reported greater frequency of carbohydrate craving than the 

noncravers.  However, these responses were not consistent between the two 

questionnaire administrations.  The first questionnaire, which was administered 

prior to testing and without regard to possible hormonal influences of the 

menstrual cycle, indicated that three of those classified as cravers experienced 

craving at least twice per week, as compared with four noncravers. The second 

questionnaire was administered during the final test, which was administered 

during a specific time point of the menstrual cycle. This control over the time 

point of testing would provide a greater amount of control over possible 
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hormonal influences of the menstrual cycle.  The responses from the second 

questionnaire indicated that three cravers experienced carbohydrate craving at 

least twice per week, as compared with two noncravers.  There was a near- 

equal reporting of craving tendencies and circumstances between the two 

groups.  This indicates that, regardless of the group that was tested into, the 

majority of the subjects in this study experience carbohydrate craving at some 

point over a two-month time frame.  This craving appears to be prompted by a 

factor other than hunger.  Stress, depression, boredom, and premenstruation 

were common factors that were mentioned by the subjects, with the noncravers 

more likely than the cravers to mention non-stress related factors such as 

boredom and premenstruation.   In response to a question about factors that 

cause the individual to discontinue a weight-loss diet, the cravers mentioned 

factors such as carbohydrate cravings, stress, and holidays, while the noncravers 

mentioned other factors, such as boredom, hunger, and falling back into old 

eating habits.  Of importance relative to the questions discussed in this 

paragraph about carbohydrate craving and its frequency and the factors that 

cause discontinuation of weight-loss diets was the fact that these data were not 

considered in the original subject categorization scoring. 

ASSIGNMENT OF SUBJECTS TO GROUPS 

Three of the five subjects who identified themselves as cravers during the initial 

telephone screening process were subsequently categorized as noncravers. 

While these subjects may have exhibited some behavior patterns that were 

consistent with cravers, their overall, additive snacking patterns and/or mood 

changes were not consistent with those exhibited by carbohydrate cravers. 

One of the possible factors that may have influenced this discrepancy between 
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the self-reported cravers and the ones who subsequently tested into this 

category is that of dieting. One of the self-reported cravers, subject 6, had lost 

20 pounds through the Weight Watchers program within an unspecified time 

period.  This subject was subsequently categorized as a noncraver, but her 

questionnaire responses may have been influenced by her dietary restraint. This 

particular subject will be discussed later. Subject 3, who reported herself as a 

craver but subsequently was categorized as a noncraver, frequently diets but 

regains the weight soon after she has lost it. 

RESTRAINED EATING 

The pre-test and post-test scores for the restrained eating questionnaire (Table 

3) showed no significant difference between the subject groups and a slight but 

insignificant increase in scores over the test period for the noncravers, and no 

change for the cravers. 

The pre-test scores for the cravers had a range of 14.5-25.0 and a mean of 20.2 

± 4.0, as compared to the post-test scores, which resulted in a range of 12.5- 

30.0 and a mean of 20.2 ± 6.4. The noncravers had a pre-test range of 14.0- 

26.8 with a mean of 18.9 ± 4.9, and post-test scores with a range of 16.0-26.0 

and a mean of 19.8 ± 3.6. 
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TABLE 4 
Plasma glucose concentration.  Mean values in five carbohydrate cravers and six 
noncravers following administration of glucose or cookie treatment at time 0. 

Subject Group Time (minutes) 
and Treatment 0 10 30 60 120 180 240 

Cravers (mmol/L)1 

Glucose 4.8 6.5" 7.6" 6.4" 5.2" 3.9" 4.4" 
± 0.4 ±0.7 ± 1.3 ± 0.5 ± 0.6 ± 0.5 ± 0.3 

Cookie 4.9 5.9" 5.3" 4.5" 4.7" 4.9" 4.9" 
± 0.3 ± 0.4 ±0.6 ± 1.2 ± 0.4 ± 0.3 ± 0.5 

Noncravers 
Glucose 5.1 6.8" 7.2" 5.9" 5.4" 4.3" 4.5" 

± 0.3 ± 0.6 ± 1.1 ± 1.0 ± 0.7 ± 0.6 ± 0.4 
Cookie 5.0 5.8" 5.6" 4.7" 4.7" 5.3" 5.1" 

±0.3 ±0.5 ± 1.0 ±0.6 ± 0.6 ± 0.3 ± 0.4 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.05 between treatments at respective time points within 

groups. 
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FIGURE 11 
Plasma glucose concentration — glucose treatment. Plasma glucose 
concentration following administration of 75 g of glucose at time 0 in five 
carbohydrate cravers and six noncravers. 
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FIGURE 12 
Plasma glucose concentration — cookie treatment.  Plasma glucose 
concentration following administration of cookies with 75 g carbohydrate at 
time 0 in five carbohydrate cravers and six noncravers. 

PLASMA GLUCOSE 

The mean plasma glucose concentrations for each time point of the tests are 

listed in Table 4, with means calculated separately for each group and for each 

treatment.  The mean plasma glucose concentrations for each time point of the 

tests are illustrated in Figures 11 and 12, with the first figure illustrating the 

glucose concentrations as compared between the groups and averaged over the 

treatments.  The second figure illustrates the plasma glucose concentrations as 

compared between the treatments and averaged over the groups.  There were 

no significant (p<0.05) differences between the mean plasma glucose 

concentrations averaged over treatments at any time point for the cravers and 
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noncravers.  The mean plasma glucose concentrations for the glucose treatment 

were significantly (p<0.05) greater than those for the cookie treatment, 

averaged over the two groups, at the 10, 30, 60, and 120 minute time points. 

The mean plasma glucose concentrations for the cookie treatment were 

significantly (p<0.05) greater than those for the glucose treatment, averaged 

over the two groups, at the 180 and 240 minute time points.  Based on the 

criteria for glucose tolerance (National Diabetes Data Group, 1979) which is 

used for diagnosis of diabetes mellitus and impaired glucose tolerance, the 

fasting and 120 minute plasma glucose concentration values fell within normal 

guidelines for glucose tolerance in both tests for all subjects.  No significant 

correlation was found between fasting or peak plasma glucose levels and craving 

scores. 

TABLES 
Plasma glucose area under the curve.  Mean values for five carbohydrate 
cravers and six noncravers following administration of glucose or cookie 
treatment at time 0. 

Subject Group 
and Treatment 10 30 

Time (minutes) 
60 120 180 240 

Cravers 
Glucose 8.2 

±4.1 
43.6 a 

± 17.2 

(mmol/L 
62.7 a'b 

±26.6 

x min)1^ 
56.2 a'b 

± 22.2 
36.5 a 

± 12.3 
46.2 a 

± 20.7 
Cookie 5.0 

±2.2 
14.8 a 

±7.0 
18.9 a 

± 17.2 
37.2 a 

± 27.5 
14.4 a 

± 9.8 
10.0 a 

± 5.5 
Noncravers 

Glucose 8.3 
±2.1 

37.5 a 

± 11.8 
44.8 a*b 

± 21.4 
36.8 b 

± 24.6 
31.6 

± 16.2 
44.8 a 

± 15.2 
Cookie 4.3 

± 1.0 
14.8 a 

± 8.8 
14.7 a 

± 5.4 
27.1 

± 19.2 
21.6 

± 11.9 
18.0 a 

± 11.4 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.05 between treatments at respective time points within 

groups. 
b — Significant differences at p<0.05 between groups at respective time points for glucose 

treatment. 
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The areas under the plasma glucose curve (Table 5), which are geometrically 

calculated measures of the relative fluctuation in value from fasting, were 

significantly (p<0.05) greater for the cravers than for the noncravers for the 

glucose treatment at the 60 and 120 minute time points. There was also a 

significant difference between the treatments, with the glucose treatment 

eliciting a greater (p<0.05) area under the plasma glucose curve than the 

cookie treatment at all time points from 30 minutes and (p<0.01) the 30, 60, 

180, and 240 minute time points.  The cravers showed a significantly greater 

(p<0.05) area under the plasma glucose curve with the glucose treatment than 

with the cookie treatment from the 30 minute time point to the end of the test, 

and the noncravers showed this difference at 30, 60, and 240 minutes. 

Table 6 lists the cumulative areas under the plasma glucose curve, including 

both the positive area (that which is above the fasting level) and the negative 

area (that which is below the fasting level). The means are presented for each 

time point of both tests except for the fasting point and were calculated 

separately for each group and for each treatment. 
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TABLE 6 
Plasma glucose total cumulative area under the curve.  Mean values for five 
carbohydrate cravers and six noncravers following administration of glucose or 
cookie treatment at time 0. 

Subject Group 
and Treatment 10 30 

Time (minutes) 
60 120 180 240 

Cravers (mmol/L x min)' 
Glucose 8.2 51.8a 114.5 a'b 170.7 a'b 207.3 a'b 253.5 a'b 

±4.1 ± 20.1 ± 45.0 ± 63.3 ± 64.6 ±77.5 
Cookie 5.1 19.9 a 38.8 a 76.2 a 90.4 a 100.4 a 

±2.2 ±8.6 ± 23.7 ±47.2 ± 54.7 ± 58.8 
Noncravers 

Glucose 8.3 45.8 a 90.6 a'b 127.3 a'b 158.9 a'b 203.7 a'b 

±2.1 ± 13.0 ± 33.8 ± 54.7 ± 65.2 ± 77.9 
Cookie 4.3 19.1a 33.8 a 60.9 a 82.5 a 100.5 a 

± 1.0 ±9.6 ± 14.7 ± 22.4 ± 24.0 ± 17.7 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.05 between treatments at respective time points within 

groups. 
b — Significant differences at p<0.05 between groups at respective time points for glucose 

treatment. 
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TABLE? 
Mean cross-over time.  Time at which plasma glucose and insulin values 
equalled the respective fasting values.   Data presented by group and by 
treatment. 

Subject Group Plasma Plasma 
and Treatment Glucose Insulin 

Cravers Time (minutes) t 
Glucose 134 181 

±26 ± 18 
Cookie 75 173 

± 45 ±4* 
Noncravers 

Glucose 113 203 
± 37 ±20* 

Cookie 49 226 
± 25 ±1* 

t — Data presented as means ± standard deviation. 
* — Two subjects' plasma insulin never returned to fasting 

level. 
£ — Four subjects' plasma insulin never returned to fasting 

level. 

There were significantly (p<0.05) greater total cumulative areas under the 

glucose curve for the cravers than for the noncravers for the glucose test for all 

time points from 60 minutes to the end of the test (Table 6). The values at 180 

and 240 minutes were significant at the p<0.01 level.  The glucose treatment 

elicited significantly (p<0.01) greater additive plasma glucose responses than 

did the cookie treatment, for both groups for all time points from 30 minutes to 

the end of the test.  However, at one time point, 120 minutes, the cookie 

treatment elicited a significantly (p<0.01) greater negative area (the area of 

that portion of the response curve that is lower than the baseline, or fasting, 

value) than did the glucose treatment (appendix Table 18).  The negative 

portion of the response curve was reached earlier, but not significantly so, by 

the noncravers than by the cravers, with a mean (averaged over the treatments) 

of 81 ± 45 minutes cross-over time for the noncravers, as compared to 105 ± 

64 minutes for the cravers (Table 7.) There was no significant difference 
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between the groups for negative glucose area when averaged over treatments. 

However, the treatments themselves elicited differences which were statistically 

significant. At the 120 minute time point, the cookie test elicited a greater 

(p<0.01) negative area (as calculated from the 60 minute time point) than did 

the glucose test, with a significantly (p<0.05) earlier cross-over time than the 

glucose test.   In contrast, at the 240 minute time point, the glucose test elicited 

a greater (p<0.01) negative area under the plasma glucose curve than did the 

cookie test, averaged over the groups. 

Six subjects reported side effects during the tests, five of whom reported them 

during the glucose test.  All of the side effects were reported during the period 

of lowest plasma glucose concentrations, when plasma glucose was below the 

fasting level.  Shakiness was reported by subjects 3 and 8.  Headaches were 

reported by subjects 8 and 11, with number 11 reporting her headache during 

the cookie test. This subject later reported that she experienced intense 

cravings for sweets the afternoon following her cookie test.  She also reported 

that she began her menstrual period that afternoon. She was subsequently 

found to have experienced the lowest plasma glucose level of any of the 

subjects, which was at the 60 minute time point of the cookie test.  Other side- 

effects included light-headedness in subject number 1, nausea in subject 

number 4, and feeling cold in subject number 5. No other side effects were 

reported by any other subjects, although all of them except one experienced at 

least one time point in each test in which plasma glucose fell below the fasting 

levels. 
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TABLES 
Plasma insulin concentration.  Mean values for five carbohydrate cravers and 
six noncravers following administration of glucose or cookie treatment at time 
0. 

Subject Group 
and Treatment 0 10 

Time (minutes) 
30             60 120 180 240 

Cravers 
Glucose 65 

± 19 
345 

± 168 

74! a. 
±277 

(pmol/L)t 

b         479 a,b 

± 137 
247 

± 161 
61 

± 31 
30 

± 11 
Cookie 67 

± 33 
321 

± 127 
387 a 

±93 
265 a 

± 124 
191 

± 66 
92 

± 48 
71 

± 37 

Noncravers 
Glucose 54 

±25 
261 

± 110 
495 b 

± 175 
335 b 

± 160 
251 

± 83 
116 

± 118 
52 

± 33 
Cookie 62 

±24 
242 

± 110 
441 

± 238 
300 

± 168 
194 

± 106 
119 

± 54 
77 

± 41 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.05 between treatments at respective time points for 

cravers. 
b — Significant differences at p<0.05 between groups at respective time points for glucose 

treatment. 
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FIGURE 13 
Plasma insulin concentration — glucose treatment.  Plasma insulin 
concentration following administration of 75 g glucose at time 0 in five 
carbohydrate cravers and six noncravers. 
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FIGURE 14 
Plasma insulin concentration — cookie treatment.  Plasma insulin 
concentration following administration of cookies with 75 g carbohydrate at 
time 0 in five carbohydrate cravers and six noncravers. 

PLASMA INSULIN 

Because of a three-way interaction between group, treatment, and time point, 

as indicated by ANOVA, the plasma insulin data were statistically analyzed 

utilizing a multiple comparisons test with consideration of that interaction.  The 

data were analyzed without averaging over groups or treatments, as was done 

with the plasma glucose data.  The plasma insulin concentrations (Table 8, 

Figures 13 and 14) were significantly (p<0.05) higher for the cravers than for 

the noncravers for the glucose treatment at the 30 and 60 minute time points, 

with the 60 minute time point being significant at the p<0.01 level.  When 

comparing treatments for the different groups, the glucose treatment elicited 

significantly greater plasma insulin concentrations (p<0.01) for the cravers than 

did the cookie treatment at the 30 and 60 minute time points.  No significant 
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differences were found between the two treatments for the noncravers' plasma 

insulin concentrations.  When the craving scores were ranked with the fasting 

and peak plasma insulin concentration, there were no outliers, and no 

significant correlation between the craving scores and the insulin 

concentrations. 

The areas under the curve for plasma insulin were also compared with 

consideration of a three-way interaction between group, treatment, and time 

point.  The total area under the plasma insulin curve (Table 9) was significantly 

higher (p<0.05) for the cravers than for the noncravers with the glucose load at 

the 60 and 120 minute time points, with the 60 minute value significant at the 

p<0.01 level.  The total area under the insulin curve was significantly higher 

for the glucose treatment than for the cookie treatment, at the 60 and 120 

minute time points (p<0.01) for the cravers, and only at the 120 minute time 

point (p<0.05) for the noncravers. 
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TABLE 9 
Plasma insulin area under the curve.  Mean values for five carbohydrate cravers 
and six noncravers following administration of glucose or cookie treatment at 
time 0. 

Subject Group 
and Treatment 10 30 

Time (minutes) 
60 120 180 240 

Cravers 
Glucose 1398 

±773 
9558 

± 3809 

(pmol/L: 
16347 a'b 

± 4725 

<. min)* 
17856 a'b 

± 8032 
5420 

±4434 
1392 

± 522 
Cookie 1268 

±588 
5740 

± 1186 
7773 a 

± 2369 
9654 a 

± 3781 
4540 

± 3313 
2312 

± 1624 

Noncravers 
Glucose 1036 

±525 
6483 

±2067 
10835b 

±4176 
14330 a'b 

± 5174 
7770 

+ 4408 
2066 

± 3463 
Cookie 899 

±463 
5585 

±2727 
9245 

±4757 
11070a 

± 6430 
5630 

±4052 
2156 

± 1999 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.05 between treatments at respective time points within 

groups. 
b — Significant differences at p<0.05 between groups at respective time points for glucose 

treatment. 
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TABLE 10 
Plasma insulin total cumulative area under the curve.  Mean values for five 
carbohydrate cravers and six noncravers following administration of glucose or 
cookie treatment at time 0. 

Subject Group 
and Treatment 10 30 

Time (minutes) 
60 120 180 240 

Cravers (pmol/L x min)' 

Glucose 1398 10956 27303 a,b 45159 a'D  50579 a'D 51971 a'D 

±773 ± 4494 ± 9074 ± 14891  ± 18416  ± 18716 

Cookie 1268 7008 14781a 24435a   28975a  31286a 

±588 ± 1702 ± 3663 ± 7231   ± 8594  ± 9990 

Noncravers 

Glucose 1036 7519 18354b 32684 a'b  40455 a*b 42520 a'b 

±525 ± 2460 ± 6168 ± 10950  ± 13394  ± 15264 

Cookie 899 6484 15729 26799a   32429a  34585a 

±463 ±3052 ±7728 ±12756   ±15496  ±17031 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.01 between treatments at respective time points within 

groups. 
b — Significant differences at p<0.01 between groups at respective time points for glucose 

treatment. 

The total cumulative areas under the plasma insulin curve (Table 10) were 

significantly (p<0.01) higher for the cravers than for the noncravers with the 

glucose treatment at the 60, 120, 180, and 240 minute time points. The total 

cumulative areas were significantly (p<0.01) higher for the glucose treatment 

than for the cookie treatment for the cravers at the 60, 120, 180, and 240 

minute time points, and at the 120, 180 and 240 minute time points for the 

noncravers.  The greater cumulative positive and negative areas for the cravers 

as compared to the noncravers (Figures 13 and 14) thus contributed to the 

overall significant difference in total cumulative areas (p<0.01).  The cravers 

showed significantly greater positive cumulative areas than did the noncravers 

at the 120, 180, and 240 minute time points for the glucose treatment.  The 

cravers also showed significantly greater (p<0.01) negative cumulative area 

than did the noncravers at the 240 minute time point for both treatments, and a 

greater negative area for the glucose treatment as compared to the cookie 
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treatment. 

In contrast to the plasma glucose concentration curve, the noncravers reached 

the fasting level later than did the cravers, 210 ± 20 minutes as compared to a 

mean of 178 ± 14 minutes for the cravers.   However, these numbers are not 

representative of the entire group, as not all subjects returned to the fasting 

level, and therefore had no cross-over time.  Because of this missing data, 

statistical analysis for significance differences in cross-over times between 

treatments and groups was not accurate and therefore is not reported for 

plasma insulin.  The cravers crossed over at a mean of 181 ± 18 minutes with 

the glucose treatment, while the noncravers crossed over at 203 ± 20 minutes. 

However, two of the six noncravers probably crossed over at an undetermined 

time, which was greater than 240 minutes. Since these cross-over time means 

excluded those subjects for whom no value was available because the time 

exceeded the length of the test, the mean noncraver cross-over time for the 

glucose treatment would actually be later than 203 minutes. Similarly, with the 

cookie treatment, the mean cross-over time for the cravers was 173 ± 4 

minutes, with two of the five subjects crossing over later than 240 minutes, and 

the noncravers crossed over at a mean of 226 ± 1 minutes, with four of the six 

subjects crossing over later than 240 minutes. 

Table 11 lists the order in which the tests were administered and which 

treatment was used with each administration.  This became a concern during 

evaluation of the data, when it became apparent that exposure to the sight and 

smell of the cookies appeared to result in elevated fasting insulin values. 

Therefore, this information is presented, along with the fasting and ten-minute 

plasma glucose and insulin values. This allows comparison of these values to 

identify immediate and residual effects of any early insulin release.  Test days 
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were not always sequential, i.e., if day 1 was on a Monday, day 2 was not 

necessarily on Tuesday of the same week. 

TABLE 11 
Order of test administration. 

Test Subject Time of Time of Test Fasting 10 Min. 
Day Number Arrival Dose Admin. Glucose Insulin Glucose Insulin 

(a.m.) (a.m.) (mmol/L) (pmol/L)        (ramol/L)        (pmol/L) 

1 7 7:22 7:40—7:47 glucose 5.1 39 7.2 134 

8 7:40 7:53—8:07 cookie t t t t 
11 7:48 8:02—8:08 glucose 5.1 37 6.3 228 

2 1 7:26 7:41—7:49 glucose 5.0 62 6.6 287 
3 8:40 8:51—8:57 glucose * t * * 

3 9 7:05 7:27—7:35 cookie 5.3 83 6.2 208 

4 10 7:15 7:28—7:38 cookie 4.9 61 5.5 227 
2 7:40 7:53—8:11 cookie 4.5 117 6.0 504 

5 6 7:37 7:45—7:53 cookie 4.6 43 5.2 208 

6 5 7:45 8:00—8:08 glucose 5.1 69 6.3 387 
3 8:17 8:29—na glucose 5.1 30 6.8 215 

7 1 7:29 7:41—7:51 cookie 5.2 40 6.4 375 
11 7:29 7:43—7:53 cookie 4.7 37 6.0 314 

8 7:33 7:45—7:55 cookie 5.0 51 6.1 228 

8 9 7:26 7:45—7:53 glucose 5.6 98 7.7 251 

9 10 7:37 7:49—7:56 glucose 4.8 88 6.8 623 
4 7:38 7:52—8:00 glucose 4.9 72 5.5 214 

10 6 7:32 7:46—7:55 glucose 4.7 45 6.4 400 

11 7 7:20 7:34—7:42 cookie 4.6 35 5.2 101 
5 7:28 7:40—7:50 cookie 5.0 95 6.0 436 
3 7:46 8:02—«:15 cookie 5.1 67 5.9 272 

12 2 7:21 7:36—7:43 glucose 4.7 67 7.5 372 
8 7:22 7:38—7:44 glucose 5.2 42 6.3 179 

13 4 7:35 7:48—7:56 cookie 5.1 80 5.6 183 

t — Not assayed due to subject illness. Test repeated. 
t — Not assayed due to inaccurate menstrual history data. Test repeated. 

For maximum efficiency of time and personnel, subjects were scheduled so that 

at least two persons were tested on any given day whenever this was possible. 

There were ten test days on which two or more persons were tested.  Five of 

those days had cookies for at least one of the tests. This resulted in frequent 

time overlaps, in which a second subject waited while a previous subject 
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consumed the dose of cookies. Since the subjects waited in the same room 

where the cookies were being consumed, the observation of the consumption of 

cookies by the second subject was unavoidable. This appears to have 

influenced the subsequent plasma insulin values for these second (and later) 

subjects. 

When the individual subject data were examined, it became apparent that three 

subjects, one craver and two noncravers, had fasting insulin values that are 

considerably different between the two tests. Each of these subjects, numbers 

2, 3, and 5, was subjected to this time overlap while a previous subject was 

consuming a dose of cookies. Of the five subjects who were subjected to this 

time overlap, three experienced different fasting insulin values between the two 

tests, with an obviously higher fasting insulin value (38 to 123%, x = 19%) 

obtained on the day that cookies were served to another subject. This was 

possibly due to cephalic insulin release prior to the testing, due to the sight and 

smell of the cookies.  One subject, number 11, was exposed to other subjects' 

cookies on both test days, and had equal fasting plasma insulin values for the 

two tests. 

AMOUNT OF TIME REQUIRED TO CONSUME FOODS 

While encouragement was offered to the subjects to consume the cookies in the 

allotted time of eight minutes, that encouragement was not always successful. 

Subject number 2 took the longest time to consume the cookies, 18 minutes. 

This was five minutes longer than the noncraver with the longest time (subject 

number 3, at 13 minutes).  This factor can influence the rate at which glucose 

enters the bloodstream, thereby influencing insulin release.   Indeed, of the six 

subjects who took at least 10 minutes to consume the cookie dose, five of them 
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(numbers 1, 2, 3, 5, and 8) had 10-minute insulin values that were greater for 

the cookies than for the glucose. 

ADMINISTRATION OF TESTS IN RELATION TO 
MENSTRUAL HORMONE FLUCTUATIONS 

There appears to be a relationship between the length of time premenstrual that 

the test was administered and the resulting fasting plasma insulin level. Table 

12 lists the fasting insulin values in the order of the number of days 

premenstrual on which testing occurred. Each subject is listed twice, once for 

each treatment, except for subject number 3.  The date of onset of the 

subsequent menstrual cycle is unknown for one test for this subject. Only one 

subject, number 6, had both tests conducted on the same number of days prior 

to menstruation.  For the noncravers, there was a significant linear relationship 

(r= +0.96) of decreasing fasting plasma insulin levels from day 10 to 0, 

averaged over three-day increments, and a less-significant relationship (r= 

+ 0.69) when not averaged over three-day increments.   The cravers' mean 

fasting plasma insulin concentrations, however, decreased from day 10 to day 3 

(r= +0.55), then increased again to day 1 (r= -0.94) which had a 

concentration higher than that of day 10. 
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TABLE 12 
Relationship of day prior to menstruation and fasting plasma insulin. 
Comparison of day prior to menstruation on which testing occurred and fasting 
plasma insulin concentrations. 

Subject Test Test Test Day Fasting Plasma Insulin, pmol/L 
Number Number Treatment Premenstrual Gravers Noncravers 

11 2 Cookie 0 37 
8 2 Glucose 0 42 
4 2 Cookie 1 80 
2 1 Cookie 2 117 
4 1 Glucose 2 72 
8 1 Cookie 2 51 

11 1 Glucose 2 37 
1 2 Cookie 3 40 
2 2 Glucose 3 67 
3 1 Glucose 3 30 
7 2 Cookie 4 35 
6 1 Cookie 4 43 
6 2 Glucose 4 45 
1 1 Glucose 5 62 
7 1 Glucose 5 39 
5 1 Glucose 5 69 
9 2 Glucose 5 98 
9 1 Cookie 8 83 

10 2 Glucose 9 88 
5 2 Cookie 9 95 

10 1 Cookie 10 61 
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DISCUSSION 

CRAVING QUESTIONNAIRE AND SCORES 

A questionnaire was developed for use in this study to attempt to differentiate 

carbohydrate cravers and non-carbohydrate cravers. As with any new tool that 

has been developed for use in research, the tool itself must be evaluated for its 

utility and its validity. 

The questionnaire was developed with criteria specifically mentioned by the 

Wurtmans (Wurtman and Wurtman, 1986) in their work with carbohydrate 

cravers.  The Wurtmans have not determined any specific, objective definition 

of cravers.  Therefore, a series of criteria is currently used to assess subjects. 

These criteria include a propensity to consume 30% or more of total daily 

caloric intake in the form of sweet or starchy snacks (Wurtman and Wurtman, 

1986).  While this questionnaire did not directly quantify actual food intake, it 

did attempt to identify snacking tendencies, including foods consumed and the 

times at which snacking is most likely to occur. 

Each section of the questionnaire had a specific purpose.  The first section of 

questions dealt with identifying snacking tendencies.  They identified whether 

the subject snacked, what kinds of foods were consumed during snacking, 

quantities of these foods that were consumed, and circumstances under which 

snacking occurred.  The list of food categories from which the subjects were to 

indicate snacking preferences included foods that are high in carbohydrate, 

foods that are high in fat, and foods that are high in protein.  While all foods 

are a combination of these nutrients, their relative content varies among the 

different food categories.  The presence of these other nutrients confuses the 

craving issue.  However, for the sake of consistency, those foods that were 
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specifically mentioned by the Wurtmans or were similar to those foods were 

considered to be consistent with the preferences of cravers. 

The snacking patterns were similar between the two groups, with key foods 

being selected nearly equally between the cravers and the noncravers.  These 

similarities of snacking patterns between the two groups could confuse the issue 

of carbohydrate craving vs. fat craving, especially since many of the high- 

carbohydrate snacks tested are also high in fat.  This was mentioned by 

Drewnowski (1987).  While the fruits and vegetables that the noncravers were 

more likely to snack on are high-carbohydrate foods, they are of a complex 

carbohydrate nature, rather than a refined nature.   Similarly, the nuts and chips 

that they consumed more frequently than did the cravers are also of a complex 

carbohydrate nature, but they are also high in fat, as are the cookies and cake 

that the noncravers consumed in equal or nearly-equal quantities as compared 

to the cravers. 

One of the problems encountered with the questions about snacking pattern 

was the lack of accurate reporting of food intake quantities by the subjects. 

While the noncravers indicated a nearly equal tendency to snack as compared 

to the cravers, the noncravers were less likely to list specific quantities of foods 

consumed during snacking.   Since the purpose of this question was to identify 

tendencies toward abnormally large snack intakes, this lack of information may 

have skewed the resulting scores from the questionnaires, with an 

underestimation of the snacking habits of some of the noncraving subjects. 

The second section dealt with the consumption of dessert. This section became 

unusable as a discriminator, because only one subject admitted to eating dessert 

on a regular basis, and only one additional subject selected foods consumed for 

dessert "on special occasions".   Thus, any scores from this question were not 
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included in the craving scores.  Rather than discriminators, these two questions 

became more of a clue toward the effects of restrained eating, as one subject 

indicated that she would like to eat dessert, but did not eat it for fear of getting 

started on a sweets binge. 

The third set of questions dealt with mood changes before and after snacking. 

These mood changes were assessed by the respondents' answers to specific 

questions about mood before and after snacking.  This was a good one for 

making fine discriminations between groups, which would add up to greater 

overall distinctions between the groups.  Key words related to mood were 

identified from the Wurtmans' work (Wurtman and Wurtman, 1986), and were 

used to distinguish cravers from noncravers based on mood.  The fact that 

there was an overlap between the groups' responses for both the mood and 

snack preference questions indicates the fine line at which the distinction 

between the groups was made.  Mood-descriptive words that are characteristic 

of cravers were also used by noncravers, and vice-versa.  However, when these 

responses were scored additively with other responses from the questionnaire, 

an over-all picture of the person's snacking patterns and mood changes 

emerged.  From this over-all picture, subject groupings were formed. 

The final page of the questionnaire was not administered as part of the initial 

selection and categorization process, and was not included in the questionnaire 

scores.  However, this page provided useful information about dieting 

tendencies and eating restraint among the subjects.  This page would not be 

appropriate to be administered as a part of a questionnaire to assign subjects to 

craving groups, because the first question on the page, which specifically asked 

about craving tendencies, could easily influence the subjects' responses to other 

questions. 
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Of the questions used in this questionnaire, the closed questions (those 

questions with a limited number of pre-established response options) were 

easier to score than were the open questions (those questions with no pre- 

established response options). The open questions allowed for personal 

variations, thus allowing the subject to state her first-choice preference even 

though it may not be on a list that a researcher would devise.  However, the 

responses to the questions were difficult to quantify and compare across 

questionnaires (Schaeffer et al., 1986).  These problems could be resolved with 

a pre-test of the questionnaire among a similar population.  This would allow 

the incorporation of the more frequent responses to these open questions into a 

closed question format (Schaefer et al., 1986), and would minimize the number 

of "other" responses.  In converting the open format to a closed format, the 

question that dealt with quantities of food would need to consider vending 

machine packs of snack food.  Since several of the subjects either worked or 

attended class on campus, snacks were frequently purchased from vending 

machines or from mini-mart snack shops.  While two large cookies may be 

considered more than one serving by some persons, if they are packaged and 

sold together in a vending machine, the consumer may consider the two 

cookies to be a serving. 

The wording of the questions was carefully considered to avoid influencing 

responses.   Each was worded in a neutral, nonjudgmental format, to avoid 

leading the subjects to any "correct" response (Schaeffer et al., 1986). The only 

nonneutral question that was asked was not used in scoring for selection 

purposes, and was not presented to the subjects until after they had been 

selected and assigned to a group.  This question, which asked specifically about 

craving tendencies, is believed by the researcher to have been placed in the 

correct portion of the questionnaire to avoid influencing the responses that 
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would be used for selection purposes. 

SELF-REPORTING VS. OBJECTIVE ASSESSMENT OF CRAVING 
TENDENCIES 

The responses to the question about carbohydrate craving illustrates the 

problem of using self-reporting to identify cravers. As previously mentioned, 

three of the five subjects who identified themselves as cravers during the initial 

telephone screening process were subsequently tested into the noncraver group. 

On the questionnaire, there was a near-equal reporting of craving tendencies 

and circumstances between the two groups, with the primary distinction 

between the groups being the frequency with which the persons experience 

carbohydrate craving. While these subjects who claimed to be cravers (but were 

not classified as such) may have exhibited some behavior patterns that were 

consistent with cravers, their overall, additive snacking patterns and/or mood 

changes were not consistent with those exhibited by carbohydrate cravers. 

In particular, one subject (number 6) who was a self-reported craver reported 

that she had difficulty in controlling her snacking.  However, her questionnaire 

answers were not consistent with this problem.  She reportedly snacked on 

fruit, vegetables, and low-fat crackers, and her mood responses were not 

consistent with the cravers.  This particular subject reported that she was on a 

1200 kcal Weight Watchers lifetime diet.  This subject either currently had her 

snacking problem under control, which may have made her mood responses 

more normal, or she was denying the tendencies that she no longer wished to 

experience.   She may have been a restrained eater (Herman and Polivy, 1975; 

Ruderman, 1986).  It is very possible that this subject actually belonged in the 

craver category, but was placed in the noncraver group because of her 

questionnaire responses. 



120 

Another subject (number 3) identified herself as a craver over the telephone, 

but then said "maybe not".  She experienced the uncontrolled eating that is 

characteristic of the craver, but she did not snack on any one type of food in 

particular.   Rather, she reported that she ate "anything that's in the house". 

This snacking pattern, plus her mood responses, placed her in the noncraver 

category. 

The question of the reliability of self-reporting is not easily resolved by 

examining the Wurtmans' work and their use of self-reporting to recruit their 

subjects.  When these researchers advertised specifically for cravers, they had 

difficulty finding noncravers (Lieberman et al., 1986).  This difficulty was 

shared in the current study, in which 23 of the initial respondents were self- 

reported cravers, as compared to four self-reported noncravers.  The use of 

self-reported cravers has been criticized by one of the Wurtmans' former 

associates (Femstrom, 1988). The tendency of individuals to self-diagnose, 

depending on the current "in" malady, could result in this difficulty in sorting 

out actual cravers from those who claim to be cravers. For example, several 

years ago, some books were published and marketed that claimed that many 

people are hypoglycemic (Brennan, 1975; Barnes and Barnes, 1978; Bennion, 

1983). Authors were interviewed on talk shows, they sold their books and 

special diets, and many Americans began to believe that they were 

hypoglycemic.  It became a fad malady.  Presently, J. Wurtman has some 

books marketed in the popular press, in which she promotes the carbohydrate 

craving notion (Wurtman, 1983; Wurtman, 1986).  While this condition is not 

being marketed as widely as hypoglycemia was, its mere present in the 

marketplace can influence the self-diagnosis of persons as carbohydrate cravers. 

Femstrom (1988) also criticized the fact that the Wurtmans have never 
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established a real definition of carbohydrate cravers.  When criticizing self- 

selection of cravers, one needs to question how the researchers expect the 

public to know what a craver is if the researchers themselves are unable to 

define a craver.  In order for objective selection of carbohydrate cravers to 

occur, and to maintain consistency between studies, an objective definition of a 

carbohydrate craver needs to be established. 

Despite the limitations of the questionnaire and the possibility that there was 

not a clear distinction between cravers and noncravers, one of the strengths of 

this study is the fact that a questionnaire was used to attempt to establish an 

objective assessment of craving tendencies.  The Wurtmans claim to have used 

a questionnaire to assess cravers (Heraif et al., 1985), but apparently it has not 

been published, thus making it impossible to compare their questionnaire to the 

one used in this study. 

The Wurtmans (1986) reported that they classified their cravers and noncravers 

prior to the study, based on the percentage of carbohydrate- or protein-rich 

snacks that were consumed over a three-day period.  These snacks were pre- 

selected snacks, five of which were carbohydrate-rich and five of which were 

protein-rich snacks.  The carbohydrate snacks have been criticized as being high 

in fat (Drewnowski, 1987), but the protein snacks were also high in fat 

(Wurtman and Lieberman, 1987).   By offering snacks that are also high in fat, 

this leads to the question of whether the subjects are selecting the snacks based 

on protein or carbohydrate level or based on the fat content.  This question has 

not been addressed.  However, Lucas and Sclafani (1990) demonstrated that 

rats that were offered a mixture of fat and sugar along with their rat chow 

would consume significantly more (p<0.05) total calories than would rats that 

were offered fat alone with their rat chow.  There was no significant difference 
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between the total calories consumed by the rats with the mixed supplement and 

the rats that were fed sugar alone.  The rats that were fed the mixture of fat 

and sugar consumed significantly (p<0.05) more of their calories as fat and 

sugar and gained significantly (p<0.05) more weight during the first half of the 

study than did the other rat groups.  This research indicated that the 

combination of fat and carbohydrate is more likely to result in hyperphagia 

than fat or carbohydrate alone. 

Another criticism is that the carbohydrate snacks that are offered include a 

wide variety of snacks, crackers, cookies, and candy bars, with greater appeal 

than the protein snacks have (Femstrom, 1988). The selection and appeal of 

the protein food items, which included ham and cheese combinations, beef 

jerky, and barbequed chicken wings, are relatively limited.  With the greater 

appeal of the carbohydrate snacks, hedonistic and sensory qualities become 

involved in the food selection process (Femstrom, 1988), which further 

confuses the analysis of factors involved in the food selection process.  Of 

course, the very idea of the greater appeal of one food vs. another food is a 

subjective concept, indeed an opinion of what one person finds to be attractive 

(Webster, 1968).  Opinions are subjective beliefs (Webster, 1968), they vary 

from one person to another, and they are not necessarily right nor wrong.  It is 

possible that the person(s) who selected the snacks believed that the protein 

snacks held just as great of an appeal value as did the carbohydrate snacks. 

The question needs to be raised about how free-living subjects would select 

their snacks.  The researchers (Wurtman and Wurtman, 1986) do not specify 

whether these subjects were free-living or housed in a metabolic unit, but they 

obviously were selecting their snacks under observation.  The ability of subjects 

to make their own snack selections in a free-living situation reflects a more 
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realistic situation than would a pure laboratory observation.  If the subjects 

were free-living, it could be assumed that a wider variety of snacks may be 

available; individual idiosyncracies, such as the peanut butter and com syrup 

combination, would be documented; and that bias due to personal preference 

may be minimized.  For example, if a subject prefers a protein item, but all of 

the meat items which are offered are high in salt and the subject does not like 

salty foods, that subject may select a carbohydrate snack such as cookies 

instead of the meat item.  Thus the food selection data may become flawed. 

However, free-living situations increase the difficulty in monitoring the subjects 

and ensuring compliance with research requirements. These problems were 

encountered in this study. 

RESTRAINED EATING 

When Herman and Polivy used the restrained eating tests (1975), restrained 

eating was not measured by any absolute scale.  The divisions were set 

arbitrarily with each study and group of subjects, and were used to establish 

differences between groups and persons. In the present study, there was no 

significant difference in restrained eating scores between the two groups, and 

there was consistency between the pretest and posttest scores. Therefore, it can 

be stated with confidence that the two groups were similar to each other in 

eating restraint, and that there was no correlation between craving and 

restrained eating as determined in this study. 

The proportion of subjects (three cravers and five noncravers) who claimed to 

be on a diet at some time indicates that there may have been a bias in the 

questionnaire responses due to periodic control of snacking tendencies or denial 

of these tendencies.  These subjects may be behaviorally similar to the obese 
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person who is in the compromised state of being socially overweight and 

biologically underweight (Ruderman, 1986).   Would the responses to the 

craving questionnaire have been different if the subjects had not been on diets? 

This confounding factor suggests that the divisions between the groups may be 

less clear-cut than was believed at the onset of the study, thus adversely 

affecting the validity of the craving questionnaire as a tool in this study. 

It is possible that these subjects were disinhibited from their restrained eating 

by stress, anxiety (Ruderman, 1986), and possibly serotonin, if that is indeed 

involved in carbohydrate craving.   Cognitive disinhibitors that may have been 

interacting with the subjects could have included the perception of having 

overeaten, anticipated overeating, and loss of self-monitoring (Ruderman, 

1986). The perception of having overeaten, which would have disinhibited the 

subjects during and after the testing, may have presented itself in the form of 

uncontrolled snacking and feelings of guilt.   In fact, one subject, number 11, 

reported that the afternoon following her cookie test she was "out of control", 

that she experienced very strong cravings for sweets. 

The anticipation of overeating, and the fear of subsequent loss of control over 

self-monitoring, was responsible for one prospective subject's decision to not 

participate in this study.  After she was told the nature of the experiment, she 

stated that she has been free of sweets for a year, and feared that she would 

lose that self-control if she were to participate in this study.   Other subjects 

made comments of "there goes my diet" during consumption of the cookies. 

The effects of the anticipation of overeating were also apparent in some of the 

responses to the craving questionnaire.   Only one subject claimed to eat dessert 

after meals on a regular basis.  However, one of the other subjects indicated 

that she liked to eat dessert, but was afraid of starting a "sweets binge". This is 



125 

consistent with the fear of loss of control in restrained eaters (Ruderman, 

1986). 

Emotional states may also be disinhibitors for restrained eaters (Ruderman, 

1986).  The possible influence of emotional states on the cravers as restrained 

eaters was apparent in the mood changes that were experienced before and 

after snacking, as indicated on the questionnaire. 

VALIDITY OF QUESTIONNAIRE 

The questionnaire that was used to differentiate between carbohydrate cravers 

and noncravers was imperfect. The purpose to objectively distinguish between 

the two groups appeared to have been met superficially. However, upon 

examination of confounding factors, the distinction between the two groups 

became less clear.  The restrained eating factor was probably the primary 

unexpected confounding factor that negatively influenced the questionnaire. 

This factor will need to be considered in future development of the craving 

questionnaire. 

DO THE DATA SUPPORT THE HYPOTHESES? 

There were two hypotheses that were tested in this study:  1. When a 

carbohydrate load is administered, there is a greater insulin response in 

carbohydrate cravers than in noncarbohydrate cravers. This would result in 

plasma glucose concentrations for the cravers that are not significantly different 

from those in the noncravers. 2. There is a greater plasma insulin response to 

cookies than to an oral glucose solution, possibly due to the cephalic insulin 

release. 
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As predicted in the hypothesis, one of the most significant findings of this study 

was that the cravers had greater plasma insulin responses than did the 

noncravers, primarily at specific time points.  With comparisons that were made 

nonadditively, the concentrations at 30 and 60 minutes and the areas under the 

insulin curve for the 30 to 60 and 60 to 120 minute time spans were significantly 

different between the groups.  The additive comparisons (i.e. the positive, 

negative, and total cumulative areas under the insulin curve) showed 

significance (p<0.01) beginning at the 60 minute time point, and extended 

throughout the remainder of the test.  The cravers experienced greater 

(p<0.01) negative areas under the insulin curve than did the noncravers. The 

cravers experienced a lower nadir than was seen with the noncravers.  Possible 

explanations for these differences are discussed below. 

Contrary to hypothesis, the glucose treatment elicited greater plasma insulin 

releases than did the cookie treatment.  This indicates that any cephalic insulin 

response was either short-term, less than ten minutes, and/or was not strong 

enough to override the physiological responses to the cookie, which, by its 

composition should elicit lower, but more extended plasma insulin levels than 

would a glucose solution.  The possible reasons for this will be discussed later. 

Another important finding, as predicted in the hypothesis, was that there was 

no significant difference in plasma glucose concentrations for the cravers as 

compared to the noncravers.  However, the cravers did experience significantly 

(p<0.05) greater areas under the glucose curve than did the noncravers for the 

glucose treatment at 60 and 120 minutes.  Possible explanations for this will be 

discussed later. 

An interesting but unpredicted trend was the elevated fasting plasma insulin 

values of the subjects exposed to the sight and smell of the cookies being 
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consumed by a previous subject. Significance was not tested because of the 

small number of subjects in this group, but the data support the theories 

regarding cephalic insulin release.  This early release of insulin, while possibly 

influencing the validity of these results, could explain the inability of some 

persons to control their food intake in a snacking situation. However, the 

instances in which this was observed were evenly divided between cravers and 

noncravers.  This will also be discussed later. 

Another possibly important but unpredicted finding developed when the fasting 

insulin values were related to the premenstrual day on which testing was 

administered.  The noncravers' fasting plasma insulin values decreased as the 

test day approached the onset of menstruation, which parallels the theoretical 

progesterone fluctuations during this phase of the menstrual cycle. However, 

the cravers' fasting plasma insulin values increased during the days immediately 

prior to the onset of menstruation.  This would be contrary to the predicted 

plasma insulin levels, since the theoretically decreased progesterone levels 

would result in decreased plasma insulin levels (Kalkhoff, 1982; Spellacy, 1982; 

Martin, 1985). 

PLASMA INSULIN LEVELS IN CRAVERS AND NONCRAVERS 

The fact that the cravers had significantly (p<0.05) higher plasma insulin 

concentrations than did the noncravers at two time points of the test, despite 

similar plasma glucose levels, indicates a biochemical difference between the 

two groups.  Why would there be a difference? What factors might contribute 

to this distinction? 

The possibility of insulin resistance needs to be explored as a factor that may 

have influenced these results.  The fact that the elevated plasma insulin levels 
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did not result in the predicted equal, or lower, plasma glucose levels as 

compared to the noncravers would certainly support this theory.  The obesity of 

these persons may have contributed to insulin resistance (Rodin et al.   1985; 

Truglia et al., 1985; Bhathena et al., 1987; Craig et al., 1987; Golay et al., 

1986a; Golay et al., 1986b; Kemnitz and Francken, 1986; Mott et al. 1986; 

Peiris et al., 1986), but consideration needs to be made that both groups were 

equally, but only mildly, obese. 

Other factors that may influence insulin resistance should not have been factors 

in this research. The influence of age (Craig et al., 1987; Meneilly et al., 1989) 

should be minimized as a group difference, considering that there was only 2.8 

years difference between the groups.  The influence of exercise (Craig et al., 

1987; Wright et al., 1983; Mikines et al. 1989; Fushiki et al., 1989) was not 

evaluated in this study, since exercise immediately prior to the testing was kept 

to a minimum. 

The influence of the hormonal changes through the menstrual cycle may have 

been a factor in this study. The demonstration by previous researchers (Jarrett 

and Graver, 1968; MacDonald and Crossley, 1970; DePirro et al., 1978) of 

altered carbohydrate tolerance and impaired insulin binding during the luteal 

phase of the menstrual cycle lends credibility to this suggestion.  While an 

attempt was made to eliminate any differences between the groups concerning 

the phase of the menstrual cycle during which testing occurred, there were 

some wide variations due to inaccuracies in reporting of menstrual cycle history. 

The mean premenstrual day on which testing occurred was day number four, 

but some subjects (one craver and two noncravers) were tested 8, 9, and 10 

days premenstrual.  Although these tests were still conducted during the luteal 

phase of the cycle, these earlier tests may have been influenced by hormonal 
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fluctuations that the later ones were not exposed to (Figure 8).  While there 

was no significant group difference in the mean number of days premenstrual 

on which testing occurred, 70% of the cravers' tests were conducted from 0-3 

days premenstrual, while only 27% of the noncravers' tests were conducted 

during this time.  The majority of the noncravers' tests, 73%, were conducted 

from 4-9 days premenstrual. During this time, progesterone levels range from 

approximately four to six times the level that they are during the three days 

immediately prior to the onset of menstruation (Martin, 1985).  Since 

progesterone has been demonstrated to induce hyperinsulinemia (Kalkhoff, 

1982; Spellacy, 1982), this could account for the elevated insulin values 

(significance not tested) during the days 8-10 premenstrual as compared to days 

3, 4, and 5, and for the elevated values during day 5 (noncravers) as compared 

to days 3 and 4 premenstrual. However, this theory would explain an elevation 

of fasting plasma insulin values in the noncravers as compared to the cravers, 

which is the reverse of what actually happened in this study.  As mentioned 

previously, the cravers were, for the most part, tested during the days 

immediately prior to the onset of menstruation. During this time, progesterone 

levels range from 3 to 10 nmol/L, as compared to the peak of 38 nmol/L at 

approximately 9 days premenstrual (Martin, 1985).  During those days 0-3 

premenstrual, the cravers had mean fasting plasma insulin values that were 56% 

higher than those of the noncravers during this same time point.  Further, the 

fasting plasma insulin levels in the cravers during days 0,1, and 2 premenstrual 

were approximately 23% greater than those that occurred during days 3,4, and 

5 premenstrual. The values were similar to those experienced during days 8, 9, 

and 10, when averaged together, when progesterone levels are much higher 

than they are immediately prior to menstruation.  It is possible that the cravers 

may, for some unknown reason, have experienced some unusual fluctuations in 
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progesterone levels immediately prior to the onset of menstruation, with 

possible implications for the cravings that are reported anecdotally in 

connection with premenstrual syndrome (Smith and Sauder, 1969; Vaitukaitis, 

1984; Cohen, 1987).  Since this research project did not include a study of 

hormonal fluctuation in the subjects, and any possible connection with 

diagnosed premenstrual syndrome was not explored, discussion concerning this 

idea must be limited to speculation and conjecture.  However, this speculation 

and conjecture can lead to future research ideas, at which time these theories 

may be explored in their own context. 

PLASMA INSULIN LEVELS IN RESPONSE TO FOOD STIMULI 

There are a number of factors that can influence the biosynthesis and release of 

insulin in the human body. These factors may have influenced the results of 

this research. 

The cephalic insulin release (Louis-Sylvestre, 1978; Hedeskov, 1980; Taylor and 

Feldman, 1982; Simon et al., 1986) was expected to elevate the plasma insulin 

levels more so for the cookies than for the glucose, because of the appetizing 

sight and smell of the cookies.  However, the apparent cephalic insulin release 

appeared to have produced only a minor, transient and insignificant effect 

when compared between treatments and averaged across the groups, 

influencing only the fasting plasma insulin levels.  This effect was apparently 

quickly overridden by physiological factors that influence plasma insulin levels. 

These factors primarily consisted of the composition of the cookies.  The 

cookies consisted of two parts carbohydrate to one part fat, by weight.  Protein 

also was present, in the approximate proportion of 1/6 of the fat, by weight, for 

an overall ratio of 12:6:1 carbohydrate:fat:protein, by weight. These other 
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ingredients have an effect on the rate at which the glucose enters the 

bloodstream and therefore affect the resulting plasma glucose and insulin levels 

(Hill et al., 1987; Spiller et al., 1987).  The high fat content of the cookies 

relative to the glucose load, which had no fat, would increase the length of 

time required for the food to leave the stomach, thereby decreasing the plasma 

glucose and insulin levels as compared to a pure carbohydrate solution (Hill et 

al., 1987).   A liquid sugar solution of high osmolarity will leave the stomach 

quickly (Sole and Noakes, 1989) and is a simple substance for the GI tract to 

break down and absorb.   Because of these factors, it would take longer for the 

glucose from the mixed food solution (cookie) to reach the bloodstream than 

for the glucose from the pure glucose solution to reach the bloodstream. 

Further, the carbohydrate in the cookie dose was not all glucose.  The 

carbohydrate included sucrose, which would be broken down into fructose and 

glucose, and flour, whose starch would be broken down into glucose.   Fructose 

has been shown to elicit a lower plasma glucose response than does glucose 

(Bohannon et al., 1980; Crapo et al., 1982).  Starch has also been shown to 

elicit a lower plasma glucose response than glucose (Hallfrisch et al., 1979; 

Michaelis et al., 1986).   In consideration of all of these factors, it would be 

expected that the plasma glucose levels and therefore the stimulated insulin 

release would be lower for the cookies than for the glucose solution, at least for 

the early time points of the test.  This indeed did occur.  In most cases, the 

plasma glucose concentration was greater with the glucose load than with the 

cookie test for the first one or two hours.   After two hours, the plasma glucose 

concentration was greater with the cookie test than with the glucose solution. 

The plasma insulin concentrations fluctuated in the same manner with the 

respective tests.  The higher plasma glucose response to the glucose load than 

to the cookie test is consistent with other studies that have been conducted 
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(Hill et al., 1987; Spiller et al., 1987).  The data from the present study indicate 

that the appetizing snack did not result in higher plasma insulin levels than did 

the glucose solution in either the cravers or the noncravers. 

The increased length of time required by the subjects to consume the cookies as 

compared to the glucose solution would also be a factor in this difference.  The 

mean time for cookie consumption, averaged over the two groups, was 10 ± 3 

minutes. The mean time for the consumption of the glucose solution, averaged 

over the groups, was 7.4 ± 1 minutes. One craver (subject 2), despite 

encouragement to eat faster, took 18 minutes to eat her cookie dose, which was 

considerably longer than was required for any other subject to eat the cookies. 

Since the timing of the blood draws started when the subject was done 

consuming the dose, this subject's blood samples may have been drawn ten 

minutes later relative to most of the other subjects.  While the time required 

for the cookies to be converted to glucose would have increased proportional to 

the time required to consume the cookies, the insulin released in response to 

the early glucose rise would still have taken place, and any cephalic insulin 

release would have occurred during the first ten minutes.  The relatively later 

time frame would in effect accelerate some of the insulin response levels, 

primarily at the early time points where ten minutes would be more likely to 

make a difference than at the later time points.  For example, a blood draw 

that was taken at 30 minutes post-dose would have included insulin that was 

present at 40 minutes, considering the time taken by the rest of the subjects. 

This particular subject's subsequent ten-minute plasma insulin value was the 

second highest of the entire set of subjects, and was 16% higher than the next 

higher value.   However, this subject also had the highest fasting insulin value of 

all, 19% higher than the next higher value.  This subject was one who may 

have been influenced by the previous subject's cookie consumption, since 
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subject 2's cookie test followed subject 10's cookie test, with subject 2 arriving 

two minutes after subject 10 had finished consuming the cookie dose. Any 

residual aroma, however subtle, may have influenced subject 2's fasting and 

ten-minute insulin values. 

The elevated plasma insulin levels in the cravers were expected to increase the 

desire for further food intake as was demonstrated by Rodin et al. (1985). 

Rodin manipulated plasma insulin levels in human subjects.  These subjects 

were then asked to rate the intensity and pleasantness of varying solutions of 

sucrose and water, after which they were offered a "flavorful liquid meal". 

Those subjects whose plasma insulin levels were elevated rated the sweet 

solutions as less intense and as more pleasant than did those with normal 

insulin levels, and they also consumed more of the "flavorful liquid meal" than 

did those subjects with normal insulin levels.  The elevated plasma insulin levels 

in the cravers as compared to the noncravers in the present study could very 

well drive the uncontrolled snacking that is reported by carbohydrate cravers. 

Cephalic insulin release may have been responsible for some of the higher 

fasting and ten-minute insulin values among some subjects as compared to 

others.   Normally, an increase in plasma insulin levels would be expected to 

follow, in parallel, an increase in plasma glucose levels as the insulin is released 

to clear the glucose from the bloodstream (Simpson and Cushman, 1986; 

Grodsky, 1989).  As was demonstrated in this study, this expected cause-and- 

effect scenario does not always hold true (Sjostrom et al., 1980; Simon et al., 

1986). In 27% of the tests in this study, the fasting plasma insulin was 

approximately twice as high with the cookie treatment as with the glucose load. 

Each of these cases were situations in which the cookie test was at least second 

in a series of cookie tests in one day, and these cases totally account for 50% of 
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the situations in which a potential existed for the exposure to the earlier cookies 

to influence fasting insulin values.  This is possibly due to cephalic insulin 

release in anticipation of the cookies (Hedeskov, 1980; Simon et al., 1986). 

The exposure of the subject to the cookies being unwrapped or an earlier 

subject consuming cookies apparently influenced the fasting insulin levels 

(Sjostrom et al., 1980; Simon et al., 1986; Bruce et al., 1987).  Since this only 

happened when more than one test was given on a day, with the second or later 

test subsequent to a cookie test, the elevated fasting plasma insulin levels were 

probably due to cephalic insulin release in response to exposure to the sight and 

smell of the cookies. When the variations between the fasting plasma insulin 

values between the two tests are compared, those subjects who were exposed to 

other subjects' cookies had a 64 ± 45% variation between their glucose 

treatment and their cookie treatment, with the cookie treatments being greater 

than the glucose treatments. One subject was exposed on both occasions, and 

had equal fasting plasma insulin values for both tests.  Because of this, it is not 

possible to evaluate the effect of the cookies on this subject. Those subjects 

who were administered the cookie test independent of other subjects' tests had 

only all ± 7% variation between the two tests' fasting plasma insulin values, 

with the glucose treatment resulting in higher values than the cookie treatment 

in two of the three cases at this time point. Any residual effect of this insulin 

release could have influenced the plasma insulin levels of time points 

subsequent to the fasting sample, although this would most likely be limited to 

the first sample, that which was obtained at ten minutes (Hedeskov, 1980). 

Indeed, of the three subjects who experienced the elevated fasting plasma 

insulin values in response to the cookie exposure, three had ten-minute plasma 

insulin values that were 13%, 27%, and 35% higher than the values obtained 

with the glucose treatment.  There was one ten-minute plasma insulin value 
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that was 30% higher for the cookie test than for the glucose treatment. 

However, this was found in the first subject of a three-subject group of cookie 

tests, all administered within a 20 minute time period.  This subject may have 

experienced residual insulin release due to the exposure to the cookies, 

although she did not experience an elevated fasting insulin level when exposed 

to the cookies.  It is not possible with the data obtained from this study to 

analyze the magnitude of this influence, which has been demonstrated in other 

studies to range up to two to three times the fasting insulin levels (Louis- 

Sylvestre, 1978; Sjostrom et al., 1980; Bruce et al., 1987).  However, in the 

present study, the differences in plasma insulin values between those subjects 

who were exposed to cookies and those who were administered their cookie 

tests independent of other subjects seems to have disappeared by the ten- 

minute time point. Those who were exposed to others' cookies experienced a 

28 ± 10% variation between their tests, while those who were not exposed to 

others' cookies had a 33 ± 19% variation between their tests, with six of the 

eleven subjects' glucose treatment resulting in higher plasma insulin values than 

did their cookie treatment at this point.  This is further supported when the 

ten-minute plasma insulin values are examined for the subject who was exposed 

to the cookies on both test days. The ten-minute value for her cookie test is 

38% greater than the value for her glucose test. Any future studies would 

require the isolation of subjects from test foods during the pre-draw waiting 

period. 
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ELEVATED PLASMA INSULIN AND CARBOHYDRATE CRAVING - 
A CONNECTION? 

The purpose of this study was to explore a possible relationship between plasma 

insulin levels and carbohydrate craving.  The significantly elevated plasma 

insulin levels that were found in the cravers as compared to the noncravers at 

certain time points during the glucose treatment serve to confirm the theory 

that there is a relationship between these factors.  In the previous section, 

possible explanations for the elevated plasma insulin levels were discussed, with 

no final, confirmed reason for these higher levels in the cravers.  These persons 

most likely experienced some type of insulin resistance, but the purpose of this 

study did not include the elucidation of type of insulin resistance, and therefore 

the data are not available to speculate further in this area.  It is easier at this 

point to speculate on what effects the elevated plasma insulin may have on 

other factors, such as control of food intake, plasma amino acid levels, 

serotonin synthesis, and carbohydrate craving. 

Insulin increases food intake possibly by decreasing plasma glucose 

concentration, which then stimulates food intake (Rodin et al., 1985; Rodin et 

al. 1988; Smith et al., 1988), but the neural mechanisms involved are unknown. 

A transient decline in blood glucose immediately prior to feeding has been 

detected in rats (Campfield et al., 1985), although blood insulin was not 

measured in that experiment, and the glucose results were inconsistent with 

other studies cited in their literature review. If a transient decline in blood 

glucose prior to feeding occurs in humans, this may be magnified by the 

elevated plasma insulin levels in the cravers and may drive the cravings that 

these people experience.  It is possible that these people may find sweet foods 

to be less intense and more pleasant than people with normal insulin levels 

would, which is consistent with the findings of Rodin et al. (1985), who 
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demonstrated this concept. The implication that an elevated insulin response to 

a carbohydrate load could predict increased food intake, especially of 

sweetened foods, would allow a prediction that a person with a chronically 

elevated plasma insulin level would be predisposed to uncontrolled snacking or 

carbohydrate craving.  This implication can be further expanded to include the 

elevated plasma insulin levels that were found at the fasting point, when the 

subjects were exposed to the sight and smell of cookies.  This early insulin 

release may be responsible for the initiation and continuation of uncontrolled 

food intake.  While the early insulin release appears to have occurred in both 

groups of subjects, perhaps only the cravers have high enough insulin levels 

prior to this type of exposure to result in uncontrolled snacking.  Or, perhaps 

the cravers, for some as yet unknown reason, are more susceptible to this early 

insulin release than are the noncravers. 

Plasma amino acid levels are also influenced by insulin.  Insulin facilitates the 

uptake of large, neutral amino acids, but with a low affinity for tryptophan 

(Femstrom and Wurtman, 1971b).  This results in a greater ratio of tryptophan 

to other large, neutral amino acids, and tryptophan can compete more 

effectively for transport into the serotoninergic neurons (Femstrom and 

Wurtman, 1971 and 1972).  Since tryptophan is the precursor for serotonin, 

increased transport of tryptophan theoretically should result in increased 

serotonin production. 

The influence of serotonin on food intake is the focal point of the Wurtmans' 

work and their theories on carbohydrate craving (Wurtman et al., 1983).  They 

claim to have demonstrated that, when a subject consumes a meal that is high 

in carbohydrate, the next meal consumed will be high in protein, presumably 

because of the residual serotonin (Wurtman et al., 1983). After a high protein 
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meal, the body's demand for serotonin then will cause the subject to consume a 

subsequent meal that is high in carbohydrate, to allow tryptophan to 

successfully compete for transport to the brain, thus increasing serotonin 

synthesis and release (Wurtman et al., 1983).   Diabetic rats have been 

demonstrated to be unable to produce increases in brain serotonin after a 

carbohydrate-rich meal, due to a deficiency in insulin (Crandall and Femstrom, 

1980).  This suggests that the converse case, an elevation of insulin, may cause 

an excess of brain serotonin.  This elevation of insulin, if it does indeed result 

in an excess of brain serotonin, may result in a pleasurable feeling of calmness 

and relaxation.  These pleasurable feelings may be sought by people via 

different means, including mood-altering drugs. 

However, this entire scenario is disputed by Harper and Peters (1989). Their 

review of several studies suggest that the demand of the body for food 

substrates in the carbohydrate-protein selection scenario described above does 

not hold up over long-term studies.  The studies that were conducted in the 

Wurtmans' laboratory were one-time studies of rats in a fasted state.   Other 

researchers have conducted studies that allowed adaptation to the diet.  While 

these researchers found a significant negative correlation between protein 

intake and plasma tryptophan/large neutral amino acid ratios, they did not find 

this correlation between protein intake and brain serotonin.  Tackman et al. 

(1990) support this with their findings that the altered feeding response of the 

rat in relation to dietary amino acids is not directly related to changes in brain 

concentrations of serotonin.  Holder and Heuther (1990) found that prior 

carbohydrate consumption by rats had no effect on protein consumption, thus 

not supporting a major role of serotonin in the control of food intake. Further, 

the injection of tryptophan, which resulted in increased brain tryptophan 

concentration and increased serotonin synthesis, had no effect on protein 
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selection by the animals (Peters et al., 1984). 

Upon examination of these contradictory research reports, it is difficult to come 

to any conclusions about the suggested connection between serotonin and 

carbohydrate craving.  Further study needs to be conducted in this area; 

however, the Wurtmans' theories are apparently not holding up to close 

scientific scrutiny. However, since the serotonin relationship was not addressed 

in this research, extrapolation must be limited to the information that was 

derived from this project. 

LIMITATIONS OF RESEARCH 

Several changes would improve the questionnaire, as previously discussed. The 

conversion of open questions to closed questions would have greatly improved 

the objectivity in scoring the questionnaire.  The open questions were extremely 

difficult to score in an objective fashion, which introduces the unreproducible 

influence of subjective evaluation.  To effectively make this conversion, the 

questionnaire would need to be tested thoroughly. This testing was not done in 

this research because of time constraints.  The questionnaire could be revised to 

incorporate a food intake diary, to quantify snacking and to include foods that 

the respondent was tempted to eat but did not consume.  Mood changes during 

"temptation" would also be recorded.  Control subjects who are not overweight 

and are not cravers should be recruited to test the questionnaire.  This would 

give a control group from the general population against which to compare both 

cravers and overweight noncravers.   By testing the questionnaire among 

nonobese persons, a picture of a true noncraver who is not influenced by 

restrained eating may emerge, which may then be used to more closely define 

the carbohydrate craver.  This definition of a craver is imperative to the 
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credibility of research in carbohydrate craving.  If the researchers cannot define 

the craver, how can the research be truly objective? 

In retrospect, there were some factors that were not examined that should have 

been considered in the selection of the subjects.  While the propensity toward 

dieting was included in the questionnaire, this factor was not used in subject 

selection.  Yet this factor may very well have influenced the subjects' 

questionnaire responses, as was discussed previously.  A method needs to be 

developed that would factor out the effects of dieting in subject responses.  The 

use of a control group of nonobese noncravers in testing the questionnaire, as 

suggested above, could help to factor out these effects.  Perhaps written or 

taped diet records should be used for the subject selection.  As suggested 

above, these could include not only what was actually consumed, but also what 

the persons intensely wanted to eat but did not eat.  By offering verbal 

reinforcement for the desired behavior of not eating the "fattening" foods, the 

prospective subject may be more likely to share these snacking tendencies, thus 

providing a more accurate picture of the snacking habits of the subjects.   It may 

be necessary to keep several diet records to examine different time periods such 

as holidays and other stressful time periods.  People eat differently during the 

week than they do on the weekend (Gibson, 1987), and stressors such as 

holidays and exam time may influence food intake.  However, if many diet 

records are completed over different types of time periods, the records 

themselves may become subject to the training effect (Gibson, 1987), and their 

use as tools to assess snacking tendencies may be impaired. 

The subjects should have been screened better for medication usage prior to 

participation in the study. Two subjects were initially admitted to the study 

who were taking prescription medications that could influence the test that was 
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administered.  These subjects were subsequently eliminated after they had been 

tested and their plasma had been analyzed.  The identification of these 

problems at the screening stage would have saved time, effort, and money, and 

may have allowed for the recruitment of other, more suitable subjects. 

The screening of the subjects for fasting plasma insulin as well as for plasma 

glucose would have identified one of the subjects who was eliminated because 

of medication usage.  This subject had abnormally high fasting insulin levels, 

although her fasting glucose, while elevated, was not abnormally so.  As a part 

of the screening process, each prospective subject who was accepted for 

screening beyond the personal interview was subjected to a blood draw to test 

fasting plasma glucose levels.  However, fasting plasma insulin levels were not 

evaluated in this portion of the screening. 

There is a need to monitor the subjects' menstrual cycles for two or three 

months prior to the study to better ascertain their menstrual history.  This 

would have greatly improved the reliability of the data, as several of the 

subjects were not as aware of their menstrual cycle history as they thought they 

were, thus resulting in testing over a wider range of the premenstrual phase 

than was originally desired. There were some subjects who would probably 

have been excluded from the study on the basis of their irregular menstrual 

cycles, had this monitoring taken place. This monitoring would also allow 

testing to be performed closer to the expected onset of menstruation, possibly 

within three days premenstrual, thus minimizing the influence of progesterone 

on the testing procedure. 

During the research itself, the subjects were requested to bring three-day diet 

records with them on the testing day. The subjects were not always compliant 

with this request.  They either did not remember to keep a food diary at home, 
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or they "left it on the table". These subjects were asked to complete three-day 

diet recalls while waiting to be tested.  However, accuracy in diet recall 

decreases as time elapses (Gibson, 1987), and the subjects did not always 

comply with the request.  Those recalls that were completed on the testing day 

were subject to the documented difficulty with food recalls, with 9% of food 

items served, primarily less-frequently consumed foods and condiments, 

omitted from the diaries (Krall and Dwyer, 1987; Gibson, 1987).  Those 

subjects who forgot their diaries at home and reproduced them while waiting 

for testing were more likely to have an accurate recall than those who did not 

keep a diary at all, due to the reinforcement value of keeping the 

contemporaneous record.  Only a 51% accuracy rate is expected from a diet 

recall as compared with a contemporaneous record (Krall and Dwyer, 1987). 

The diet records that were obtained were primarily used to verify carbohydrate 

intake level prior to testing, rather than to verify snacking tendencies. 

However, diet records lend bias to the information gathered, since if a person 

must write down what she ate, she may hesitate about eating it.  Also, there is 

a tendency to underestimate food intake when keeping a diet record (Gibson, 

1987; Krall and Dwyer, 1987).  Perhaps these problems can be avoided by 

providing the subjects with pre-printed diet sheets, with checklists for the test 

day.  A telephone call to the subjects the day before testing may help them to 

remember to bring their sheets.  If the subjects are to be paid for their 

participation, their pay can be made contingent on completion and receipt of 

these diet sheets.  A question also needs to be included that would indicate the 

state of health of the subjects for the week prior to the test. One subject had to 

have her first test repeated because she had been ill for several days and 

couldn't eat anything, and had not informed the researchers of this problem 

until halfway through the test. 
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During the testing, to avoid the cephalic insulin release due to the sight and 

smell of other subjects eating cookies, it would be necessary to isolate the 

subjects while they are consuming the test doses.  For consistency, this would 

be done regardless of the dose consumed. 

To obtain additional data, it would be desirable to also analyze for plasma 

amino acids and the ratio of tryptophan to large neutral amino acids.  The 

analysis of estrogen and progesterone levels would help to demonstrate any 

relationship between these hormones and plasma amino acids. None of these 

assays were done because they would have been beyond the scope of this 

project. 

One technical problem arose during the laboratory analysis of the plasma 

samples. While assaying them for glucose on very warm summer days, the 

readings of the standards increased as the day progressed.  At the time, this 

problem was believed to be due to the heat.  However, subsequent research by 

other persons demonstrated that the problem was related to the wetting agent 

(30% brij) that was used in the reagents, and that the temperature of the 

reagents had no effect on the results.  Since standards were run throughout the 

assay and the control value did not significantly vary, this problem did not 

significantly affect the results. 

FUTURE RESEARCH 

As suggested above, there is potential for development of the craving 

questionnaire, as well as a definition for craving.  Thorough testing of 

questionnaires and methodology need to be done.  Without this work, research 

in carbohydrate craving will continue to be regarded with skepticism 

(Fernstrom, 1988). 
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Investigation of the cephalic insulin release in cravers and noncravers would be 

an interesting facet to pursue.   Subjects would be exposed to the sight and smell 

of appetizing foods.  Utilizing an indwelling cathereter, blood samples would be 

drawn every minute for a period of time, possibly 15 to 30 minutes.  The 

purpose of this would be to determine the effect of different foods on cephalic 

insulin release, and the degree of residual effect.  The subjects would be 

administered a mood questionnaire and a hunger/desire scale to determine any 

correlation with mood and cravings. 

The possible connection between progesterone levels and fasting plasma insulin 

would be another interesting aspect of this research to expand on in future 

research.  A study could follow overweight women through their menstrual 

cycles and evaluate fasting plasma insulin concentrations and progesterone 

concentrations at different time points.  This combined with the craving 

questionnaire would allow a correlation to be evaluated between carbohydrate 

craving, plasma insulin, and progesterone concentrations. 

As the methodology for working with carbohydrate craving is improved, studies 

could be conducted to determine any correlation between craving and 

restrained eating.  With dieting being common in American culture, many 

persons may be restrained eaters, and that may become a major factor in the 

prevalence of obesity. 

CONCLUSION 

The research conducted for this thesis supported one of the original hypotheses, 

that carbohydrate cravers will experience higher plasma insulin levels than will 

noncravers, while their plasma glucose levels are not significantly different from 

those of noncravers. The other hypothesis was not supported, that cookies will 
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elicit greater plasma insulin levels than will a glucose solution, possibly due to 

the cephalic release of insulin.  However, insulin release was apparently 

stimulated by the cookies prior to the administration of the dose load. 

The implications are that a craver will be more likely to experience 

uncontrolled snacking due to the higher plasma insulin levels, which will result 

in an increased food intake.   Any cephalic insulin release in response to the 

sight and smell of cookies would be an additional stimulus to increase food 

intake.  This increased food intake as a result of these physiological responses 

may very well be referred to as carbohydrate craving. 

The issue of carbohydrate craving will continue to be controversial until some 

of the research methodological problems are addressed and resolved.  Some of 

these problems were addressed in this research, but more intense work on each 

of the components outlined above needs to be done. 
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SUMMARY 

This thesis addressed the controversial issue of carbohydrate craving. It 

reviewed carbohydrates as nutrients, including their sources in the diet, their 

functions, and their digestion, absorption, and metabolism.  This included 

insulin, its synthesis, secretion, and action, as well as defects and diseases. 

Factors that control food intake, including the neurotransmitter serotonin, were 

discussed. Due to the controversial nature of the issue of carbohydrate craving, 

criticisms were presented of the work that has been done in this area. 

Research was conducted to test the hypotheses that (1) in a group of 

carbohydrate cravers and a group of noncravers, the cravers will experience a 

greater plasma insulin response (concentration and area under the curve) than 

will the noncravers, and that, because of this higher response, the cravers will 

experience equal or lower plasma glucose levels during a carbohydrate load; and 

(2) because of cephalic insulin release due to sensory stimuli, cookies would 

elicit a greater plasma insulin response than would a glucose solution.  This 

higher plasma insulin response would suggest a relationship to the 

uncontrollable snacking that some individuals experience.  The purpose of this 

research was to provide information that may allow for a biochemical 

distinction between persons who crave carbohydrates and persons who do not 

crave carbohydrates.  This research also attempted to address some of the 

criticism of other researchers' (primarily the Wurtmans') work.  These criticisms 

included the subject selection process, the composition of the test food 

(Drewnowski, 1987) and the tryptophan-serotonin theory of food intake control 

(Femstrom, 1988; Harper and Peters, 1989; Tackman et al., 1990). 

Eleven overweight female subjects, age 30 to 40, were recruited and divided 
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into two groups, five carbohydrate cravers and six noncravers, based on scores 

received on a questionnaire that was devised to attempt to distinguish between 

the groups.  The Restrained Eating questionnaire, as designed by Herman and 

Polivy (1975) was also administered to assess the degree of eating restraint 

among the subjects.  Both groups had similar, but high, restrained eating 

scores, indicating that all of the subjects were probably restrained eaters.  The 

eating restraint, as supported by the reported frequency of dieting among the 

subjects, may well have influenced the subjects' responses to the questionnaire. 

The oral glucose tolerance test was administered, using a standardized format 

and dose size of 75 g of glucose.   A variation of this test was also administered, 

utilizing cookies which consisted of 75 g of carbohydrate, 5.9 g of protein, and 

37.6 g of fat as the test food. 

The research showed that the cravers did experience a significantly greater 

plasma insulin concentration and area under the curve than the noncravers, 

particularly at the 30, 60 and 120 minute time points with the glucose 

treatment.  For the glucose treatment, the cravers experienced plasma insulin 

concentrations that were 32% to 50% greater than those of the noncravers in 

the early portion of the test. This supports the hypothesis which states that 

cravers will experience a greater plasma insulin response to a carbohydrate load 

than will noncravers. The elevated plasma insulin level may be responsible for 

the carbohydrate cravings that the individuals experience by stimulating 

elevated food intake as compared to noncravers.  There was no significant 

difference in plasma glucose levels at any point in either of the tests between 

the cravers and the noncravers, thus supporting the idea that these levels would 

be similar between the groups.  The hypothesis that cookies would elicit greater 

plasma insulin levels than would the glucose solution was not supported.   Any 

cephalic insulin response which may have resulted from the sight and smell of 
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the cookies, while not specifically measured, was not strong enough to override 

the physiological factors that control insulin release.  Therefore, the glucose 

solution elicited a significantly greater (81%) plasma insulin concentration than 

did the cookies in the cravers during the first two hours of the tests, and a 

significantly greater area under the curve for the noncravers during the last two 

hours of testing.   Otherwise, there was no significant difference between the 

two treatments.  However, the cookies did have an effect on insulin release at 

the fasting point, causing elevated (x = 79%) insulin levels in three of five 

subjects who were waiting while others were eating the cookies, as compared 

with these subjects' fasting insulin levels when they were not exposed to the 

cookies prior to their glucose test. As the noncravers (as a group) approached 

the onset of menstruation, which would be accompanied by a decrease in the 

level of progesterone, they experienced a decrease in fasting plasma insulin 

levels, which would be expected based on the hyperinsuUnemic characteristic of 

progesterone.  However, as the cravers 

(as a group) approached the onset of menstruation, they experienced a 

decrease in fasting plasma insulin concentrations to approximately day 3 

premenstrual, and then they experienced an increase in fasting plasma insulin 

concentrations to approximately the level seen with higher levels of 

progesterone, approximately 8-10 days premenstrual. This would suggest an 

altered pattern of progesterone concentrations in the cravers as compared to the 

noncravers, and suggest that a biochemical mechanism may be involved in the 

anecdotal relationship between carbohydrate cravings and premenstrual 

syndrome. 
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METHODS APPENDIX 

Telephone Screening Form 

Hello.  This is Sue Aberle from the OSU Foods & Nutrition department.   I am 
calling about the carbohydrate craving study that I am conducting.  I need to 
do a telephone screening of prospective subjects, and I need to ask you some 
questions to determine if you are a suitable candidate for our study. 

What is your age?   

How tall are you?   

How much do you weigh?   

Do you have diabetes?  yes  no 

Are you pregnant now?  yes no 

Do you plan a pregnancy in the next three months?  yes no 

Are you taking vitamins on a regular basis?  yes no 

Do you suffer from migraine headaches? yes no 

Have you ever had a blood sample taken from your arm? yes no 

Have you ever had difficulty in giving a blood sample from either arm? 

 yes no 

Are your menstrual cycles regular — 
Can you predict within two or three days when your next cycle will begin? 

 yes no 

Will you be available mornings for the study? yes no 

Could you come for an interview on these days?  (days - OK?) 

Is this your correct address?      

I will be mailing you a questionnaire. Please fill this out and bring it with you 
when you come for your interview on (date). I will then ask 
you to complete a more extensive questionnaire about your medical and diet 
history. Please arrive in a fasting state (nothing to eat for 10 hours except 
water), because I will have our medical technologist draw a test blood sample 
of about 1 tablespoon from your arm to screen for high glucose values and 
anemia. Thank you for volunteering for this study. 
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Project Name _ 
Date of Project, 

CONFIDENTIAL 
Nutrition Project 

Health / Diet / History 

Code #: 

Age:                               Birth Date: 

Date: 

State or Country of Birth: 

Predominant State of Residence: City:                               No. ofYrs.: 

Present employment: 

Race (circle one): a. American Indian 
b. Black 
c. Caucasian 

e. Chinese 
f. Japanese 
g. Other Oriental (specify) 

d. Latin American         h. Other (specify) 

Marital Status (circle one):                                    a. single 
b. married 

c. divorced/separated 
d. widowed 

HEIGHT/WEIGHT:     Height (feet and inches) Present Weight 

Most weighed                 What Year 

Length of time you have maintained your current weight 

MEDICAL HISTORY 
(Check any conditions for which you have been diagnosed and give the age at 
diagnosis): 

_a. diabetes 
_b. hypothyroidism 
_c. hyperthyroidism 
_d. goiter 
_e. hypoadrenalism 

(Addison's dis.) 
_f. osteoporosis 
_g. hepatitis 
_h. cirrhosis 
_j. kidney stones 

_l.   cystitis 
_m. high bl. pressure 
_n. angina 
_o. mental depression 

req. medication 
_p.  insomnia requiring 

freq. medication 
_q. ulcer 
_r.  pancreatitis 

z. asthma 

t.   spastic colon/ 
diverticulitis 

.u. recurring 
gastritis 

.v. allergies 

.w. heart problems 
(specify) 

_x. cancer 
(specify type) 

Have you ever had a glucose tolerance test?   
If yes, please explain the reason and the results: 

.yes no 

Do any of your close relatives have diabetes?  yes  no 
If yes, please check who of the relatives listed below had diabetes: 
 a. mother  c. sister      e. cousin    g. uncle      i. grandfather 
 b. father     d. brother  f. aunt        h. grandmother 
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Do you suffer from premenstrual syndrome?  yes no 
Which symptoms?  a. headaches  b. food cravings  c. mood swings 

 d. water retention  e. cramping  f. depression 
How frequently?  a. less than once per cycle 

 b. once per cycle 
 c. two or more times per cycle 

MEDICATION HISTORY (Check any which you take on a regular basis): 
 a. sleeping tablets  g. oral contraceptives 
 b. barbituates  h. estrogens (female hormones) 
 c. tranquilizers  i. thyroid (thyroxin) 
 d. blood pressure tablets  j. insulin 
 e. diuretics  k. cortisone 
 f. antibiotics  1. isoniazid 

 m. other steroids (specify) 
 n. aspirin   

SURGICAL HISTORY (Please specify any type of surgery which you have had 
and the date and age when it occurred): 

Surgery Date Age 

DIETARY HISTORY: 
Are you a vegetarian:      yes  no 
If yes, circle the type of vegetarian diet that you follow: 
a. ovo-lacto b. ovo c. lacto d. vegan 

Do you take vitamins: (circle one) 
a. yes, daily b. yes, frequently c. never 
If yes, what type, amount and how long have you taken them? 
Type  Amount  How long?  
Type  Amount  How long?  
Type  Amount  How long?  

Do you take other nutritional supplements? 
Type  Amount 

Please list all foods which you refuse to eat, cannot eat, or prefer not to eat: 

Do you drink alcohol: (beer, wine, liquor) (circle one) 
Yes No 
If yes, give frequency and amount consumed: 
Frequency (how often)       How much (in ounces per time) 



166 

Do you smoke: (circle one) 
Yes No 
If yes, circle what you smoke: 
Cigarettes Cigars 
How many per day   Packs per day 

Do you drink coffee or tea? (circle one) 
Yes No 
Do you drink decaffeinated coffee? (circle one) 
Yes No 
If yes give number of cups per day   
(circle one) coffee tea 

Do you drink alcoholic beverages? 
Yes No 
Type      Amount per week 

EXERCISE LEVEL: 

Do you have a daily fitness program? 
If yes, describe: 

If no, what types of exercise would you get in a typical week: 

How long are your menstrual cycles?  days 

When did the last one begin?   

Does this length vary more than two days?  yes  no 

When do you expect the next cycle to begin?   
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Consent Form 

I, , volunteer to participate in the research study being 
conducted by Susan Aberle, under the guidance of Dr. James Leklem.  In 
volunteering for this experiment, I understand, and give my consent to, the 
following: 

1. The research that is being conducted will measure the differences in my 
glucose and insulin responses to two different carbohydrate tests.  The 
purpose is to enhance understanding of the nature of carbohydrate craving. 
Prior to the experiment, I will provide a record of my menstrual cycles for 
the previous two months.   I will also keep a record of what I eat for two 
three-day periods prior to the test procedure.  The tests will be 
administered at the following time periods: The first will be administered 
one week prior to the expected onset of my menstrual period and the 
second one will be administered one week prior to the expected onset of 
my next menstrual period (approximately one month after the first testing 
procedure). 

Three days prior to each test, I will consume at least 150 grams of 
carbohydrate per day for each of the three days.  A list of suggested foods 
and their carbohydrate contents will be provided to me, from which I will 
select appropriate foods. 

On the day of the test, I will arrive in a fasting state (nothing to eat since 8 
p.m. the previous evening; water is okay) at the designated time, which 
will be between 7:30 and 8:30 a.m.   At that time, a blood sample will be 
drawn from my arm by a Registered Medical Technologist.  I will then 
consume the carbohydrate as administered to me.  Further blood samples 
will be drawn at five minutes after the food is consumed, 30 minuntes, one 
hour, two hours, three hours, and four hours.  Each blood sample will 
consist of 18 ml of blood.   With seven draws per test, this equals 126 ml of 
blood drawn per test day, and a total of 252 ml of blood drawn over a 35- 
day period, plus an 18 ml test sample drawn prior to the study to ascertain 
my ability to give a blood sample. 

2. As in any blood test, there will be a minimal risk of infection. Sterile 
procedures will be used during the blood draw, however, I must ensure 
that the wound is kept clean and free of contamination after I leave the 
test. There may also be some slight discomfort during the blood draw 
itself. 

3. I expect to receive no direct benefits from this research myself, except to 
receive a copy of the results of my test for my records, and a light lunch 
following each test.   I do acknowledge the potential benefit to myself and 
others as this will enhance understanding of the nature of carbohydrate 
craving. 

4. I understand that records will be maintained with utmost confidentiality. 
My questionnaires, food records, menstrual cycle records, and test results 
will all be identified with a code that is known only to the researchers 
involved in this study. 
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5. If I have any questions or concerns about this research and/or my rights as 
a subject, I may contact either the researcher, Susan Aberle, or Dr. James 
Leklem, at the Department of Foods and Nutrition, 754-3561. 

6. I understand that my participation in this study is purely voluntary, and I 
may decline to participate or withdraw at any time with no penalty 
whatsoever. 

7. I understand that this experiment will involve the withdrawal of blood.   A 
person who is at increased risk for Hepatitis B or HTLV III (AIDS) 
infections should not donate blood for this experiment.  If I feel that I am 
at increased risk for these infections for any reason, I will withdraw from 
the study. 

I have read and understand the provisions of this consent form.   I hereby give 
my consent to participate in this study and to have the above-described tests 
performed on myself. 

(Signature of participant) (Date) 

(Signature of witness) (Date) 
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Instructions for Carbohydrate Craving Study 

For three days prior to the carbohydrate tests, you will need to consume at least 
150 grams of carbohydrate per day in order to prepare your body for the 
carbohydrate load that it will receive.   A list of suggested foods follows.   Also, 
please refrain from strenuous exercise during those three days prior to each 
test. 

FOOD GROUPS, SERVING SIZES, AND APPROXIMATE 
CARBOHYDRATE VALUES 

MILK - 12 grams carbohydrate per serving 

8 ounces of milk 
one cup of yogurt 

VEGETABLES - 5 grams of carbohydrate per serving 

1/2 cup of vegetables, cooked or raw 

FRUITS - 10 grams carbohydrate per serving 

1 medium-size tangerine 
1 small apple, orange, or pear 
1/2 grapefruit 
1/2 cup canned fruit 
12 grapes 
1/2 cup fruit juice 

BREADS AND CEREALS - 15 grams of carbohydrate per serving 

1 slice bread 
1/2 bagel, English muffin, or hamburger bun 
1 pancake, waffle, or tortilla 
1/2 cup bran or cooked cereal 
3/4 cup dry cereal 
1/2 cup cooked pasta, beans, or peas 
1 small potato 
1 biscuit or muffin 
3 cups popcorn 

Exchange values taken from the Exchange Lists for Meal Planning published by 
the American Dietetic Association and the American Diabetes Association 
(1986). 
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Cookie Recipe 

Ingredient Weight, g Carbohydrate, g Protein, g Fat, g 

Shortening 578.4 0 0 578.4 
Sugar 482.5 480.1 0 0 
Brown sugar 280.0 254.0 0 0 
Eggs 257.4 2.4 31.4 28.8 
Vanilla 24.9 7.5 0 0 
Flour 629.8 479.4 65.2 6.2 
Baking soda 7.0 0 0 0 
Salt 12.5 0 0 0 
Totals 2272.5 g 1223.3 g 96.6 g 613.4 g 
Per cookie dose: 75.0 g 5.9g 37.6 g 

Nutritional analysis computed from Bowes and Church, 14th edition, 1985. 
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Restrained Eating Questionnaire 

CARBOHYDRATE STUDY 

Circle appropriate response. 

1.      How often are you dieting? 
never rarely sometimes       often always 

2       What is the maximum amount of weight (in pounds) 
that you have ever lost within one month? 
0-4 5-9 10-14 15-19 20 + 

3.      What is your maximum weight gain within a week? 
0-1 1.1-2 2.1-3 3.1-5 5.1 + 

4       Would a weight fluctuation of 5 lb. affect the way you 
live your live? 
not at all slightly moderately     very much 

5. In a typical week, how much does your weight fluctuate? 
0-1 1.1-2 2.1-3 3.1-5 5.1 + 

6. Do you eat sensibly in front of others and splurge alone? 
never rarely often always 

7. Do you give too much time and thought to food? 
never rarely often always 

8. Do you have feelings of guilt after overeating? 
never rarely often always 

9. How conscious are you of what you are eating? 
not at all slightly moderately     extremely 

IQ       How many pounds over your desired weight were you at 
your maximum weight? 
0-1 1-5 6-10 11-20 21 + 
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RESULTS APPENDIX 

TABLE 13 
Subject cross-reference.   Relationship between original research code number 
and reference code number. 

Original 
Code Number 

Subject 
Number 

7A 1 
9A 2 

12A 3 
17A 4 
26A 5 
27A 6 
30A 7 
31A 8 
42A 9 
45A 10 
53A 11 
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TABLE 14 
Subject data comparisons presented by test and data set. Data presented by but 
not averaged over groups. 

Subject Group Test' and Time (minutes) 
and Number Treatment 0 10 30 60 120 180 240 

Gravers 
1 Plasma Glucose 

Glucose 5.0 6.6 9.8 7.1 5.0 3.4 4.2 
Cookie 5.2 6.4 5.4 5.0 5.2 5.2 5.3 

Plasma Insulin 
Glucose 62 287 798 509 156 56 20 
Cookie 40 375 380 335 205 98 81 

2 Plasma Glucose 
Glucose 4.7 7.5 7.8 6.6 5.8 3.8 4.2 
Cookie 4.5 6.0 5.7 5.9 4.7 4.8 4.3 

Plasma Insulin 
Glucose 67 372 643 650 489 62 34 
Cookie 117 504 459 425 243 91 33 

4 Plasma Glucose 
Glucose 4.9 5.5 7.4 5.8 5.8 4.6 4.7 
Cookie 5.1 5.6 5.6 4.7 4.8 4.8 5.2 

Plasma Insulin 
Glucose 72 214 801 327 193 108 38 
Cookie 80 183 478 276 121 75 114 

10 Plasma Glucose 
Glucose 4.8 6.8 6.7 5.9 5.1 3.6 4.2 
Cookie 4.9 5.5 5.5 4.2 4.5 5.1 5.1 

Plasma Insulin 
Glucose 88 623 1113 555 319 57 43 
Cookie 61 227 378 172 263 165 93 

11 Plasma Glucose 
Glucose 5.1 6.3 6.4 6.4 4.5 4.0 4.6 
Cookie 4.7 6.0 4.3 2.7 4.1 4.4 4.4 

Plasma Insulin 
Glucose 37 228 352 353 77 22 17 
Cookie 37 314 242 116 123 32 32 

t — Data presented in the following units: 
Plasma Glucose, mmol/L 
Plasma Insulin, ptnol/L 
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Subject Group Test1" and Time : (minutes) 
and Number Treatment 0 10 30 60 120 180 240 

Noncravers 
3 Plasma Glucose 

Glucose 5.1 6.8 8.7 6.3 6.7 4.1 4.3 
Cookie 5.4 6.3 5.7 4.4 5.2 5.6 5.5 

Plasma Insulin 
Glucose 30 215 387 178 245 69 33 
Cookie 67 272 442 260 96 82 62 

5 Plasma Glucose 
Glucose 5.1 6.3 5.9 4.3 5.3 5.4 4.3 
Cookie 5.0 6.0 5.7 5.5 4.6 5.3 5.3 

Plasma Insulin 
Glucose 69 387 603 321 320 350 91 
Cookie 95 436 587 596 347 208 154 

6 Plasma Glucose 
Glucose 4.7 6.4 7.2 5.2 4.8 4.3 4.0 
Cookie 4.6 5.2 4.3 4.3 4.7 5.3 5.2 

Plasma Insulin 
Glucose 45 400 459 359 159 77 13 
Cookie 43 208 126 193 280 134 80 

7 Plasma Glucose 
Glucose 5.1 7.2 6.1 6.1 5.0 4.2 4.3 
Cookie 4.6 5.2 4.6 3.9 3.8 4.9 4.3 

Plasma Insulin 
Glucose 39 134 245 203 202 36 50 
Cookie 35 101 183 147 75 49 37 

8 Plasma Glucose 
Glucose 5.2 6.3 7.4 6.3 5.0 3.7 5.0 
Cookie 5.0 6.1 6.1 4.8 5.5 5.7 5.0 

Plasma Insulin 
Glucose 42 179 525 323 201 46 30 
Cookie 51 228 703 212 161 128 53 

9 Plasma Glucose 
Glucose 5.6 7.7 8.1 7.1 5.5 4.3 4.9 
Cookie 5.3 6.2 7.1 5.0 4.6 4.9 5.3 

Plasma Insulin 
Glucose 98 251 751 626 377 118 92 
Cookie 83 208 605 392 203 111 75 

t — Data presented in the following units: 
Plasma Glucose, mmol/L 
Plasma Insulin, pmol/L 
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TABLE 15 
Questionnaire scores by question.  Scores also shown by test and by group. 

Pre-test Post-test 
Questionnaire Questionnaire 

Gravers          Noncravers Gravers          Noncravers 

Do you eat snacks between meals? 
Yes1 5 6 5 6 
No 0 0 0 0 

Group scores for this section 5 6 5 6 

If "yes", how often do you eat snacks between meals? 
DailyT 3 3 1 3 
More than once daily* 2 2 3 1 
2-4 days per week 0 1 1 2 
5-7 days per week' 0 0 0 0 
Less than once per week 0 0 0 0 

Group scores for this section 5 5 4 4 

What types of foods do you select for your snacks? 
Milk 1 0 2 1 
Chips* 2 2 0 2 
Cookies* 4 3 3 3 
Nuts 2 3 1 1 
Cheese 1 3 3 1 
Ice cream 2 2 1 2 
Fruit 3 4 3 4 
Candy* 4 2 3 3 
Crackers* 2 4 1 2 
Cake* 2 3 2 2 
Vegetables 1 2 1 1 
Other (specify) 8 4 7 1 
Pretzels* 1 0 0 0 
Rice cakes* 1 0 1 0 
Popcorn* 2 0 3 1 
Peanut butter + corn syrup* 1 0 0 0 
Yogurt 0 1 1 0 
Biscuits* 0 1 0 0 
Muffins* 0 1 1 0 
Bagels* 0 1 0 0 

Group scores for this section 19 17 14 14 

Indicates response that meets criteria for carbohydrate craver. Counts as one point on 
craving score. 
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Pre-test Post-test 
Questionnaire Questionnaire 

lat you snack 

Gravers Noncravers Gravers Noncravers 

Are there one or more foods th on most often? 
Peanut butter 0 0 0 
Donutst 0 0 0 
Cookies* 1 1 3 
Candy* 0 0 1 
Crackers* 1 1 
Popcorn* 1 0 
Nuts 0 0 
Chocolate candy* 1 0 
"High sugar content"* 0 0 
Chips* 0 0 1 
Vegetables 0 0 0 
Granola* 0 0 0 
"Bread items"* 0 0 0 
Fruit 0 2 0 3 
Cake* 0 0 0 1 

Group scores for this section 6 7 4 7 

How much of this food do you normally consume per snack? 
Peanut butter, 2-3 T., 2 T. com syrup 1 0 0 0 
Cookies: 

4-6* 1 0 2 0 
12* 1 0 0 0 

Crackers: 
8-10 (vending pack) 0 1 0 0 
4-6 0 0 1 0 

Popcorn: 
3-4 c. 0 0 2 0 
8 c.* 1 0 0 0 

Chocolate: 
lib.* 1 0 0 0 
1-2 servings 0 0 1 0 

Nuts: 
3-4 "handfuls" 1 0 0 0 
"A lot- 0 1 0 0 

Milk: 8oz. 1 0 0 0 
Candy bar: 1 bar (1 oz.) 0 0 1 1 
Chocolate candy: 

4-5 oz.* 0 0 1 0 
Group scores for this section 4 0 3 0 

(This section was scored based on normal serving sizes, as described by Pennington and Church 
(1985).  An abnormally large serving, indicative of uncontrolled intake, was considered to be 
twice a normal serving, or more.) 
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Pre-test Post-test 
Questionnaire 1 Questionnaire 

Gravers          Noncravers Gravers          Noncravers 

Are there some times or activities during which you normally snack? 
Watching TV 3 1 1 2 
Bedtime 1 0 0 0 
Preparing meals 1 3 0 3 
When under stress1^ 4 4 5 3 
While reading 1 0 0 0 
Other 3 5 4 4 
After work 1 0 1 0 
Coffee break 2 1 1 0 
When bored 1 0 0 1 
Between meals 0 1 0 0 
While driving 0 0 0 1 
When hungry 0    . 1 0 0 
"Before start project" 0 1 0 0 
After exercise 0 1 0 0 
When tired 0 0 1 0 
Between chores 0 0 0 1 
When alone 0 0 1 0 
"When go to town" 0 0 0 1 
Rarely 0 0 1 0 
Special occasions only 0 0 1 0 

Group scores for this section 4 4 5 3 

Do you normally eat dessert after meals? 
Yes 1 0 1 0 
No 4 6 4 5 

Group scores for this section 1 0 1 0 

(This section was not included in scoring for selection) 

If "yes", what do you eat for dessert? 
Milk 0 0 0 0 
Chips 0 0 0 0 
Cookies 0 0 0 1 
Nuts 0 0 0 0 
Cheese 0 0 0 0 
Candy 1 0 1 0 
Ice cream 0 0 1 1 
Fruit 0 0 0 1 
Crackers 0 0 0 0 
Cake 0 0 1 0 
Other 1 0 0 1 
Pie 0 0 0 1 

Group scores for this section 2 0 2 1 

(This section was not included in scoring for selection) 
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Post-test 
Questionnaire 

Gravers      Noncravers 

How much do you normally consume at dessert? 
Candy: 2-3 pieces 1 
"One serving" 0 
'Too much" 0 

Group scores for this section 0 
(This section was not included in scoring for selection) 

How do you usually feel before you eat your snacks? 

0 
0 
0 
0 

0 
0 
1 
1 

0 
1 
0 
0 

Hungry 5 4 4 4 
Depressed' 1 2 1 0 
Good 1 0 0 0 
Nervous, tense* 4 2 4 2 
Relaxed 0 1 0 1 
Not hungry* 
Irritable* 

2 1 2 0 
3 2 4 3 

Other 2 2 1 2 
Bored 1 1 0 1 
Tired 0 0 0 1 
Headaches 1 0 0 0 
Inability to think/concentrate* 1 0 0 0 
"Negative feelings"' 1 0 0 0 

Group scores for this section 12 7 11 5 

How do you feel after you eat your snacks? 
Guilty 3 4 4 4 
Headachy 0 1 1 0 
Good* 2 1 2 0 
Like I'd like more* 4 2 4 2 
Sleepy* 3 0 2 0 
Satisfied 1 2 1 3 
Irritable 1 2 1 1 
Relaxed* 2 1 4 0 
Other 1 1 0 0 
"Not interested in participating in any 
projects with people" 1 0 0 0 
No willpower 0 1 0 0 

Group scores for this section 11 4 12 2 
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Pre-test Post-test 
Questionnaire Questionnaire 

cperienced 

Gravers Noncravers Gravers Noncravers 

In the last two months, have you e> carbohydrate craving? 
Yes 5 4 5 5 
No 0 2 0 1 

Group totals for this section 5 4 5 5 

How frequently do you experience this? 
At least once per month 0 1 2 2 
2-4 times per week 1 3 1 2 
Once per week 1 1 0 1 
More than four times per week 2 1 2 0 

Under what circumstances do you experience carbohydrate craving? 
After work 2 0 0 0 
Evening 1 0 0 0 
Under stress 1 1 2 2 
At home 0 1 0 0 
At work 1 0 0 0 
Before period 0 1 2 2 
When bored 0 2 0 2 
When feeling frustrated/upset 1 0 0 0 
When depressed 0 0 1 0 
After eating a sugar-based carbohydrate 0 0 1 0 
When shopping 0 0 0 1 

How many times have you been on a weight-loss diet in the past five years? 
Once 1 2 2 1 
Twice 1 0 0 1 
Five times 0 1 0 1 
"Never" 2 2 3 1 
"Always" 0 1 0 0 
"Lots 0 0 0 1 

How much weight have you lost? 
None 1 0 1 0 
5-8 pounds 0 0 0 1 
7 pounds 1 0 0 0 
10 pounds 1 2 1 1 
20 pounds 0 3 0 2 
42-45 pounds 1 0 1 0 
Mean group weight loss 15.5 16.0 18.3 14.1 
± standard deviation 20.1 5.5 23.6 6.9 
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Pre-test 
Questionnaire 

Gravers       Noncravers 

Post-test 
Questionnaire 

Gravers       Noncravers 

What is your usual dietary level when you are on a weight-loss diet? 
(Include approximate calorie level, types of foods eaten, number and frequency of meals) 

Less than 1000 kcal 1 
1000 kcal 0 
1100-1400 kcal 1 
1200 kcal 1 
1300 kcal 0 
1400 kcal 0 
1600 kcal 1 
Mean group diet intake 1213 
± standard deviation 328 

lat usually causes you to discontinue the weigl 
Fighting cravings 2 
Discouraged/Lack of success 0 
Stress 1 
Reach goal 0 
Falling into old habits 1 
Special occasions 1 
Hungry 0 
Can't get started 0 
Broke routine 0 
Frustration 0 
Boredom 0 
Loss of interest 0 
Convenience foods easier to prepare 0 

At what time of the day do you usually experience cravings? 
Mornings 
Mid-aftemoon 
Evenings 

1 1 
1 0 
0 0 
1 0 
0 1 
1 0 
0 0 

1088 1050 
278 354 

? 
0 1 
2 0 
0 1 
1 0 
0 0 
0 1 
1 0 
1 0 
1 0 
0 0 
0 0 
0 1 
0 1 

3? 
1 
2 
2 

1 
0 
0 
1 
0 
0 
0 

1000 
283 

0 
1 
0 
2 
0 
0 
0 
0 
0 
1 
1 
0 
0 

0 
3 
4 
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Subject 
Number 

Onset of 
Menses 

Test 
Dayl 

Onset of 
Menses 

Test 
Day 2 

1 March 10 March 31 AprilS April 28 
2 March 16 AprilS April 10 

May 5 
May 30 June 21 

3 March 26 April 19 April 22 
May 26 June 15 

4 May 9 June 1 June 3 June 27 

5 March 29 April 19 April 24 
May 24 June 15 

6 March 23 April 15 April 19 
May 15 June 6 

7 March? March 30 April 4 
May 23 June 15 

8 April 1 April 27 April 29 
May 26 June 21 

9 March 16 April? April 15 May 11 

10 (missing) April8 April 18 
May 11 June 1 

11 March? March 30 April 1 April 28 
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TABLE 17 
Plasma glucose positive cumulative area under the curve.  Mean values for five 
carbohydrate cravers and six noncravers following administration of glucose or 
cookie treatment at time 0. 

Subject Group 
and Treatment 10  . 

Cravers 
Glucose 8.2 

± 4.1 
Cookie 5.1 

± 2.2 
Noncravers 

Glucose 8.3 
± 2.1 

Cookie 4.3 
± 1.0 

30 
Time (minutes) 

60 120 180 240 

(mmol/L x min)' 
114.5 b 169.6 a'b 177.8 a'b 177.8 a'b 

: 45.0 ± 64.9 ± 68.1 ± 68.1 
29.5 b 39.1b 42.9 b 46.4 b 

: 24.7 ± 46.1 ± 52.4 ± 53.9 

89.5 b 122.9 a'b 130.5 a'b 130.9 a'b 

: 35.6 ± 61.6 ± 67.4 ± 66.8 
28.3 b 31.6b 43.2 b 58.4 b 

: 19.8 ± 22.4 ± 27.9 ± 33.3 

51.8' 
± 20.1 

19.7' 

45.8' 
± 13.0 

18.9' 
± 9.9 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.05 between groups at respective time points for glucose. 
b — Significant differences at p<0.05 between treatments at respective time points within 

groups. 

TABLE 18 
Plasma glucose negative cumulative area under the curve.  Mean values for five 
carbohydrate cravers and six noncravers following administration of glucose or 
cookie treatment at time 0. 

Subject Group Time (minutes) 
and Treatment 10 30 60 120 180 240 

Cravers (mmol/L xmin)1^ 
Glucose 0.0 0.0 0.0 1.2" 29.5 75.7 a 

±0.0 ± 0.0 ± 0.0 ±2.6 ± 23.2 ± 41.1 
Cookie 0.0 0.2 9.3 36.9 a 47.5 53.4 a 

±0.0 ± 0.4 ± 15.5 ± 46.1 ± 56.6 ± 63.5 
Noncravers 

Glucose 0.0 0.0 1.0 4.4 a 28.4 72.8 a 

± 0.0 ± 0.0 ± 2.4 ± 10.1 ± 16.8 ± 27.4 
Cookie 0.0 0.2 5.5 29.3 a 39.3 42.1 a 

±0.0 ± 0.4 ± 5.7 ± 26.3 ± 32.3 ± 35.3 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.01 between treatments at respective time points within 

groups. 
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TABLE 19 
Plasma insulin positive cumulative area under the curve. Mean values for five 
carbohydrate cravers and six noncravers following administration of glucose or 
cookie treatment at time 0. 

Subject Group 
and Treatment 10 30 

Time (minutes) 
60 120 180 240 

Cravers (pmol/L x min)* 
Glucose 1398 10956 27303 45159 a 50530 a 50641a 

± 773 ± 4494 ± 9074 ± 14891 ± 18430 ± 18353 
Cookie 1268 7008 14781 24435 28943 30531 

± 588 ± 1702 ± 3663 ± 7231 ± 8575 ± 9578 
Noncravers 

Glucose 1036 7519 18354 32684 a 40454 a 42384a 

± 525 ± 2460 ± 6168 ± 10950 ± 13394 ± 15307 
Cookie 899 6484 15729 26799 32429 34570 

± 463 ± 3052 ± 7728 ± 12756 ± 15496 ± 17034 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.01 between groups at respective time points for glucose 

treatment. 

TABLE 20 
Plasma insulin negative cumulative area under the curve.  Mean values for five 
carbohydrate cravers and six noncravers following administration of glucose or 
cookie treatment at time 0. 

Subject Group 
and Treatment 10 30 

Time (minutes) 
60 120 180 240 

Cravers 
Glucose 0 

± 0 
0 

±0 

(pmol/L 
0 

± 0 

x min)' 
0 

± 0 
49 

± 62 
1330 a'b 

± 688 
Cookie 0 

± 0 
0 

±0 
0 

± 0 
0 

±0 
32 

± 57 
755 a'b 

± 1502 

Noncravers 
Glucose 0 

± 0 
0 

±0 
0 

±0 
0 

± 0 
0 

± 1 
136 a 

± 198 
Cookie 0 

± 0 
0 

± 0 
0 

±0 
0 

± 0 
0 

± 0 
15 a 

±24 

t — Data presented as means ± standard deviation. 
a — Significant differences at p<0.01 between groups at respective time points within 

treatments. 
b — Significant difference at p<0.01 between treatments at respective time points for 

cravers. 
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TABLE 21 
Correlation of craving scores with plasma glucose and insulin values. Fasting 
and peak values for glucose treatment compared with craving scores. 

Subject Group Fasting Peak Fasting Peak 
and Glucose Glucose Insulin Insulin 

Craving Score (mmol/L) (mmol/L) (pmol/L) (pmol/L) 

Gravers 
16 4.7 7.8 67 650 
12 4.9 7.4 72 801 
12 5.0 9.8 62 798 
11 5.1 6.4 37 353 
11 4.8 6.8 88 1113 
(Mean) 4.9 7.6 65 743 
(Std. Dev.) ± 0.2 ± 1.3 ± 19 ± 276 

Noncravers 
10 5.1 8.7 30 387 
9 5.1 6.3 69 603 
9 5.1 7.2 39 245 
9 5.2 7.4 42 525 
3 5.6 8.1 98 751 
3 4.7 7.2 45 459 

(Mean) 5.1 7.5 54 495 
(Std. Dev.) ± 0.3 ±0.8 ±25 ± 175 

Correlation 
Coefficients -0.46 + 0.48 -0.02 + 0.22 
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CORRESPONDENCE APPENDIX 

Letter to Prospective Subjects 

College of 
Home Economics 

Oregon 
TTState.+ University 

Corvallis, Oregon 97331-5109 
United States of America 

(503) 754-3551 

Dear 

Thank you for responding to my call for volunteers.   I hope that 
you will find this experience rewarding. 

Enclosed is the questionnaire that I mentioned on the telephone. 
Please complete the questionnaire and bring it with you to the 
interview.   Also be prepared to complete a more detailed medical 
history, and to have a preliminary blood sample drawn from your 
forearm.   You will need to be fasting for 10 hours (no food and 
only water or decaffeinated coffee).   A small breakfast will be 
provided after the blood sample is drawn. 

Remember, your interview is scheduled for on  
in Milam 105 on the OSU campus.  Please feel free to call me or 
Dr. James Leklem at 754-3561 if you have any questions. 

Sincerely, 

Susan Aberle 
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Letter to Disqualified Subjects 

College of 
Home Economics 

"•\ 

Oregon 
TTState .. University 

Corvallis, Oregoa 97331-5109 
United States of America 

(503)754-3551 

Dear 

Thank you for volunteering to participate in my carbohydrate craving 
study, and for taking the time to participate in the initial blood 
draw.  As I promised, listed below are tne values that were determined 
from your blood samples.  Please keep them for your records. 

Your value 

Hematocrit 

Hemoglobin 

Fasting plasma glucose 

Normal range 

37-47% 

12-16 g/100 ml 

70-115 mg/100 ml 

Once again, thank you for your efforts.  Science would not be able 
to make progress without the help of volunteers such as yourself.  If 
you have any questions concerning your values, please feel free to 
call Dr. Jim Leklem or Sue Aberle at 754-3561. 

Sincerely, 

Sue Aberle 
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Letter to Accepted Subjects 

College of 
Home Ecoaoraics 

">> 

Oregon 
TTState .. University 

Corvallis, Oregon 97331-5109 (503) 754-3551 
United States of America 

March 11, 1988 

Dear : 

Enclosed are the instructions that you are to follow for carbohydrate 
consumption prior to your carbohydrate test, which is scheduled for 
at a.m.  Please observe the instructions, and those in the next 
paragraph, closely!  The success of this experiment depends on your 
compliance.  A parking permit is also enclosed for those who are not 
O.S.U. student or staff and do not have a permit. 

Besides consuming 150 grams of carbohydrate per day for the three days 
prior to the test, I also need you to take no drugs, medicines, or vitamin/ 
mineral supplements for 24 hours prior to the test, and have nothing to eat 
or drink (except water) since 8 p.m. the previous evening. 

On the morning of the test, please allow yourself enough time to get 
to campus so you are not late.  We may have two or three people scheduled 
in one morning, so it is critical that everyone be on time.  Also, please 
bring with you your two three-day diet records, and detailed information 
about any vitamin/mineral supplements you may be taking.  You may wish to 
bring something to read or some needlework, also, since 4% hours can be 
a long time otherwise! 

Once again, thank you for participating in this study.  I'll be looking 
forward to seeing you on . 

Sincerely, 

Sue Aberle 
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Follow-up Letter 

College of 
Home Economics 

"A 

Oregon 
TTState .. University 

Corvallis, Oregon 97331-5109 
United States of America 

(503)754-3551 

Dear : 

As we near the end of the study, I find that I am missing some 
information from some of you.  Please review the following list to 
see what information I need from you, and use the self-addressed, 
stamped envelope to promptly provide the missing information. 

 Date of onset of March cycle (Day 1 of period) 
 Date of onset of April cycle 
 Date of onset of May cycle 
 Three-day diet record - typical days, not the three days 

prior to test 
 Three-day diet record - prior to test (high carbohydrate) 
 Complete vitamin/mineral supplement information - copy of 

label is okay 
 Everything is complete - thank you! 

Also, I would appreciate it if each of you could complete once again 
the questionnaires that I had you complete at the beginning of the 
study.   Please complete these and return them to me by the end of 
June.  Thank you. 

Sincerely, 

Sue Aberle 


