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6) DIET COMPOSITION AND BODY allowed to eatas much as they like of certain groups
WEIGHT REGULATION of foods and calorie intake per se is not limited.

B J Rolls Background summary. In the 1950’s and 60’s,
several weight loss diets were based on carbohydrate
In this paper | will briefly examine the evolutionrestriction, with free intake of foods high in protein
of theories about the effects of diet compositioand fat. These diets were based on the premise that
on the regulation of food intake and body weightarbohydrates, sugar in particular, have low satiety value
I will then review the evidence regarding thend that sugar creates some sort of “artificial appetite”.
usefulness of high-carbohydrate/low-fat diets fd8ome also suggested that fat may have metabolic
weight loss, weight maintenance, and preventidoenefits over carbohydrate and protein. Any enhanced
of weight gain. weight loss demonstrated on these diets was likely due
Over the years, various macronutrients in fodd electrolyte loss and shifts in water balance. Further,
(carbohydrate/sugar or fat) have been targetedadiet with such severe carbohydrate restrictions is not
either the cause of obesity or the solution tikely to be followed for long periods of time (8).
successful weight loss in obese individuals. Low- Current thought is that fat restriction should be
carbohydrate diets (including low-sugar dietsgpdvocated for body weight control. Many
high-fiber diets and low-fat diets have all been “inutritionists and other health care professionals are
vogue” at different times. These diet plans hawagvocating the permanent adoption of low-fat diets
been especially popular among dieters when they achieve weight loss and successful weight
are so called Afree@ diets, such that dieters araintenance at lower body weights. It has been
suggested that a low-fat diet alone, independent of
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any conscious energy restriction, will result ishow causality. In several studies the data suggested
significant weight loss that can be maintained. A relationship between dietary fat and obesity
a result, a new type of Afree@ diet has emergaddependent of total energy intake, but
this one allowing free consumption of fat-free ointerpretation of self-reported food intake data
low-fat foods. should be made with caution due to the possibility
Evidence from epidemiology for a relationshipf large sources of error and systematic bias. It has
between diet composition and body weight. been shown that food intake, in general, is
In epidemiological studies, information is collectednderreported (33) and that self-reports of food
about dietary habits of populations in the naturaitake become less accurate as dietary intake
environment (9, 21). Survey studies have usédcreases. Lichtman and colleagues (20) have
various measures of self-reported food intake, suchnfirmed that obese individuals are especially
as the 24-hour recall, food diaries (2 to 7 days), prone to under-reporting their food intake. Such
food frequency questionnaires, to determine thunderreporting may help to explain why it has been
usual intake of energy and various nutrients in thiifficult to demonstrate a relationship between BMI
population being studied. Based on these seHnd total energy intake, although it is likely that
reports of intake, many researchers have foungach a relationship exists.
modest positive association between measuresiofddition to the problems inherent in self-reported
overweight and the percentage of fat in the diet (aod intake, some of these studies fail to control
24, 41). Some data (24) suggest that tHer likely confounding variables such as activity
relationship between dietary fat and degree tdvel and smoking status. The failure to account
overweight may be independent of the relationshipr level of physical activity is a particular problem
between dietary fat intake and overall energy intak&ince it is likely to be fat balance rather than fat
Although one study (24) reported a greater intaketake per se that leads to body weight gain. Studies
of added sugars in obese individuals, another foujut accounting for fat intake are only measuring
that the prevalence of overweight and obesity waslf the fat balance equation and therefore reduce
progressively lower with increasing consumptiothe probability of finding a relationship between
of total carbohydrate, total sugars and added sugdist composition and BMI.
(4). A recent survey in Britain confirms that
consumption of added sugars is negatively Dietary interventions: Reductions in dietary
associated with body mass index (10). On the otHat without restrictions in total energy intake.
hand, diets low in dietary fiber are associated with There are many examples of dietary intervention
higher body weights (24). studies aimed at reducing dietary fat (without
Longitudinal survey studies have lookeaonscious food restriction) in non-obese individuals
specifically at the role of diet composition in theén order to reduce health risks for certain diseases.
maintenance of a stable body weight over timén these studies, baseline fat intake ranged from
Several of these studies indicate that a high-fat d&%-41% of energy from fat. Following the
is associated with weight gain, although thimtervention, fat intake was reduced to 13%-32%
relationship was influenced by age, gender and priair calories. When dietary fat intake was reduced,
weight change (6, 16, 19). spontaneous energy intake was usually reduced (
In general, the results from survey studies hawg 14, 17), and body weight declined. Even when
led to the suggestion that there is a causwktal energy intake was not significantly affected
relationship between dietary fat intake and obesitfas assessed by diet records) by interventions
Although these studies suggest interestilgmphasizing an increase in either total
relationships, by their nature, they are not able tarbohydrates from all sources (37) or high-fiber
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carbohydrates (29), spontaneous weight loss stld preparation. Itis likely that only the most highly
occurred. Weight loss ranged between 1-3 kg motivated individuals would be able to maintain
studies lasting less than three months (14), and ks type of diet regime for any length of time.
kg in studies lasting from six months to two years For obese individuals, adoption of a low-fat diet
(2, 17). Where data are available at intermediatethe absence of conscious caloric restriction also
time points (17), the weight loss appeared to occean result in modest weight loss over a period of a
within the first three to six months and thefew months (15, 23, 34). As in lean individuals,
remained fairly stable for the remainder of the studyuch diets are associated with a spontaneous
This provides a good estimate of the time necessaegluction in energy intake. On the other hand,
to produce a new steady state of energy amtructing overweight people to restrict both fat
macronutrient balance after a change in diand calories was shown to be a more effective
composition. strategy for weight loss than instructing them to
One of the longest and most thoroughlgnly restrict fat (32). The availability of many new
documented intervention trials has been tHew-fat, high-calorie foods may undermine diets
Women’s Health Trial (35). In the vanguard groupyhich emphasize restriction of fat alone. Whether
303 women, between the ages of 45 and 6@e enhanced weight loss achieved with caloric
participated. The treatment consisted of estriction will be maintained over the long run is
comprehensive dietary and behavioral program tmt clear. Certainly it has been demonstrated that
lower fat intake from a mean baseline of 39% tmost people regain weight that is lost on calorie-
20% of energy intake. According to food recordsestricted diets (5). This indicates that the focus of
this goal was achieved, with a reduction in fat intakeeight management programs should be on
to approximately 22% of calories and a 25%naintenance of weight loss rather than on the
reduction in energy intake during the first 12veight loss itself.
months. Although weight loss was neither
encouraged or discouraged, the authors noted thaMacronutrient composition and efficiency of
many women used the program as an opportunitieight loss when caloric intake is constant.
to lose weight (1.9 kg was lost at the end of two Many weight loss diets combine caloric
years). Data analysis suggested that changer@striction with recommendations about the amount
percent of energy from fat was more stronglgf fat that should be consumed. A key question is
predictive of weight change than were changes\hether changes in the composition of the diet have
total energy intake, although the average energgditional effects on weight loss beyond those of
intake reported is so low (1300-1350 kcal/day #he caloric restriction. In a study where a 1200 kcal
6, 12 and 24 months), one might question theeight loss diet contained 10, 35 or 45% of calories
accuracy of this data. from fat, with variations in both protein and
Two additional studies, the Lifestyle Heart Triatarbohydrate, there was no significant difference
(25) and the Waianae Diet Program (36), suggesttotal weight loss or in loss of lean body mass
that reducing dietary fat to approximately 7 to 10%ver a 10-week period (1). Several recent studies
of total calories will result in significant weight losshave also found that weight loss on calorie-
However, achieving this degree of dietary fatestricted diets was related to energy intake and
reduction requires extreme diet and lifestylaot nutrient composition (11, 12, 31). However, in
changes and this degree of fat reduction is note intervention, caloric restriction combined with
recommended by most health professionala.goal of 20% calories from fat was more effective
Maintaining diet palatability at this level of dietaryfor both weight loss and weight maintenance than
fat also requires substantial effort in meal plannirjgst restricting calories (27). The variability in these
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studies could depend upon a number of factomsaintained a better weight loss (13.2 kg) than the
including the level of caloric restriction, the amourfixed energy group (9.7 kg). At the end of a second
of physical activity and the motivation of theyear the pattern was similar. The authors conclude
participants. In summary, the available data suggésait an ad libitum, low-fat, high complex
that the fat:carbohydrate ratio does not have a larggrbohydrate diet was superior to fixed energy
impact on weight loss in a calorie-restricted diettake for maintaining weight after a major weight
designed to promote slow weight loss. Howevess.
diet composition can be important for weight
maintenance. Is Energy Density the Key?Two studies
conducted at Cornell University (18, 22) are
Effect of macronutrient composition on frequently cited as indicating that ad libitum
efficiency of weight gain.While a clear role for consumption of low-fat foods can reduce fat intake
nutrient composition in calorie-restricted weighand produce weight loss. In both studies, women
loss diets has not been defined, diet compositiarere offered diets in which every food item had a
can influence weight gain when excess energyfiged proportion of fat and carbohydrate. The low-
consumed. Studies in which individuals weré&at diets included commercially available reduced-
purposely overfed showed that weight gain wdat foods, primarily margarines, salad dressings, and
more rapid on a high-fat diet than on an equicalonnayonnaise, as well as traditionally low-fat foods.
high-carbohydrate diet (7, 13). It is not likely tha#s the proportion of dietary fat increased in the
perfect energy balance is achieved on a day-by-dadigts, so did the energy density (i.e. kcal/g).
basis, but rather that periods of positive energy In the first study (22), the women were fed three
balance are compensated for by periods of negatdiets ad libitum for 14 days: 15-20, 30-35, or 45-
energy balance. The abundant availability of higb0% of calories from fat. Daily energy intake
fat, energy-dense foods will increase the probabilitgcreased significantly as the proportion of fat
of occurrence of periods of positive energy balamcreased in the diet, but, by calculation (30), the
ce, and the excess dietary fat will be very efficienthyeight of the food eaten did not significantly differ
stored as body fat. Reductions in the percent bétween the diets. Over the two-week periods the
energy from dietary fat could decrease or, perhaplets did not produce any significant weight
prevent episodes of positive energy balance addanges.
weight gain. In a second study (18) the intervention period
was extended to 11 weeks and only two levels of
Maintenance of Weight Loss.Although dietary fat were used: 20-25% and 35-40% of to-
maintaining weight loss once it is achieved il calories. Weight loss was seen with both diets,
difficult, there are few data on the influence of didtut food consumption was less and weight loss was
composition on this critical phase of weight corgreater on the low-fat diet. Over the course of the
trol. In a recent study, obese subjects who had besndy, there was a trend for the subjects on the low-
in either rapid or slow weight loss programmefat diet to compensate by increasing the weight of
were randomized to wo different weighfood consumed. However, there were no significant
maintenance regimes (40). In one they wemrfferences between the two diets in weight of food
instructed to restrict energy intake, in the other thepnsumed.
were given a leaflet which advised them to eat lessThe results of these studies point to the energy
fat and more complex carbohydrates withowtensity of the diet as an important determinant of
restriction of total calories. After a year on thenergy intake. When given diets differing
maintenance programs, the ad libitum grougystematically in macronutrient composition,
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participants ate the same weight of food in aihtake after a reduction in dietary fat from 40 to
conditions. Generally, energy density increases witld% of calories. This is true if one considers a
the amount of dietary fat (28), so that if volume dftraight gram for gram substitution of carbohydrate
food eaten is constant, more total energy will Her fat, but many high-carbohydrate foods are also
consumed with high-fat vs low-fat diets. high in fiber and/or water. In order to maintain
The results from two additional recent studiesaloric intake with such a 30% reduction in dietary
(38, 39) confirm that subjects adopt a strategy €, it would likely require an increase in food weight
eating a constant weight of food when dighat greatly exceeds the 33% estimate. Thus, it is
composition is manipulated. When subjects weret surprising that a severe reduction in dietary fat
fed diets with increasing amounts of fat and energpnsistently results in an initial decrease in energy
density (20, 40 and 60% fat) for 7 or 14 days, theytake and body weight.
ate a virtually identical amount of food on each
diet. Because they ate the same amount of food onConclusionsAvailable data suggest that obesity
each diet, there was a stepwise increase in eneigynore strongly related to consumption of a high-
intake as dietary fat increased. Thus, energy dengaydiet than to consumption of a high-carbohydrate
rather than fat content of the diet appeared to Heet. However, total energy ingested in relation to
the major factor influencing total energy intake. level of physical activity also plays an important
In order to separate the effects of energy densityle in body weight regulation. Many athletes, for
on food intake from the effects of macronutrient&xample, maintain a low body weight and body fat
high-carbohydrate and high-fat diets should bEontent while eating a high-fat diet. They balance
compared that are of equal energy density and eqted high fat intake with a high level of fat oxidation.
palatability. In one study (42), in which intakes of Currently, the most popular method for weight
liguid diets with the same energy density buteduction is to reduce consumption of dietary fat.
differing in the proportions of fat and carbohydrat®educing the fat content of the diet without energy
were compared, the mean daily energy intakestriction or an increase in physical activity is a
remained constant between conditions. Thus, fa&fatively inefficient method of weight loss. When
and carbohydrate appeared to be equally satiatiwgight loss does occur on a low-fat diet, it is usually
when the energy density of the diet was matchedssociated with a spontaneous reduction in energy
That energy density is a critical determinant ahtake which may relate to the decrease in
caloric intake has been demonstrated in a studygalatability of the available foods. A number of
which the proportion of fat was held constant istudies show that weight loss over periods of
three equally palatable diets which differed in energeveral weeks is not dependant on the nutrient
density. When lean, young women were allowezbmposition of the diet as long as total energy is
free access for 2 days to each of these diets in tuduced. However, limiting fat intake and increasing
it was found that they ate the same weight of foadrbohydrate and fiber intake during weight loss is
in each condition so that energy intake was directigvisable for at least two reasons. First, it will allow
related to the energy density of the diets (3). dieters to consume a greater, and perhaps more
It is difficult to reduce the energy density or theatisfying, volume of food. Second, because a low-
fat content of a diet without increasing dietary fibeiat diet is important in order to avoid periods of
intake. This raises the question of how fiber in foogsositive energy balance leading to weight tgain, it
might interact with the overall energy density oéstablishes dietary patterns which can help to
the diet to affect food intake. In “Eat More, Weighmaintain body weight.
Less, (26) Ornish suggests that 33% more food It is likely that excessive intake of fat is related
will need to be consumed for maintenance of enerty its high energy density. Substantial research
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indicates the importance of the energy density of tleetary fat is not readily available for efficient

diet to energy intake and body weight regulatiodeposition into adipose cells.

Consumption of a high energy density diet increas&®\doption of a diet of low energy density will likely

the chances that positive energy balance (and weilgad to a spontaneous reduction in energy intake that

gain) will occur. A spontaneous reduction in energyill be helpful to achieve weight loss or weight

intake consistently occurs when the energy densityroiintenance. The energy density of the diet may best

the diet, as a whole, is reduced. A diet of low enerdpg reduced by a combination of the following:

density is usually characterized as low in fat and higlieduction in dietary fat

in complex carbohydrates and fiber. Fruits, vegetabtegcrease in intake of high-fiber, low-energy foods,

and grain products are likely to be the mainstays ohamely fruits and vegetables

low energy density diet. In addition, many fat- antireduction in intake of energy-dense foods, regardless

sugar-reduced foods, that are also reduced in calor@@gheir composition

are currently available on the market. These produtt®duction in alcohol consumption

can be helpful for weight loss and/or weight

maintenance in that they increase the range of foods

available that are of low energy density. It is importai) THE BENEFITS OF PHYSICAL ACTIVITY

to note, however, that the substitution of only a fell OBESITY TREATMENT

low-energy foods may not reduce daily energy intake

and is unlikely to be of benefit in weight control. Ard O Hill.

emphasis should be placed on reducing the energy

density of the total diet and on finding palatable lowRhysical activity in the theoretical framework of

fat, high-carbohydrate foods which help individualenergy balance.

sustain dietary change. A low-fat (or low-energy), An individual maintaining a constant body weight

high-carbohydrate diet could be more effective iand body composition must be in a steady-state where

preventing obesity or in maintaining weight loss thathe amount of total energy ingested is equal to the

in producing weight loss. amount of total energy expended. In addition, over

some period of time, the composition of the energy

Guidelines for practice. In the interest of ingested must equal the composition 6f substrate

developing more effective methods for helping peoptidized (1). Any disruption of energy and nutrient

achieve and/or maintain a healthy body weight, seveballance eiicits compensatory responsos to restore these

guidelines can be formulated from the diverse literatupalances. Conditions necessary for energy and nutrient

regarding the effect of diet composition on food intakealance are illustrated in table 1 . Any disruption of

and body weight. energy and nutrient balance elicits compensatory

**For weight loss, the critical aspect of a diet is theesponses to restore these balances. Physical activity

reduction in energy intake. Thus, a weight reductiatirectly affects the right side of table 1 .

diet can be designed around the preferred food

patterns and nutritional needs of individuals. A diet Table 1

of low energy density is a good choice because—t

requires the development of eating habits conducive = ENERGY & NUTRIENT BALANCE

to weight maintenance. EIN = E Expend
**Maintenance of a desirable body weight is most PROIN =PRO ox
likely to be achieved on a low-fat diet of low energy CHOIN =CHO ox
density. Episodes of positive energy balance are FAT IN = FAT ox

minimized on such a diet, and, when they do occut
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There are clear theoretical reasons why level ethnic groups (5).
physical activity should be important in body weight Further, studies in which subjects are followed
regulation. First, physical activity is a major factoover time suggest that changes in physical activity
determining total level of energy expenditureare associated with changes in body fatness (6,7,8).
Increases in physical activity wili increase totdin these studies, self-reported physical activity and
energy expenditure and decreases in physid&iVll were recorded at baseline and at follow-up
actlvity will reduce total energy expenditure(2-1 O years later). In all studies, the level of
Unless such changes are accompanied plysical activity was negatively related to BMI at
compensatory changes in energy intake, bothaseline, and level of physical activity at follow-up
weight will change. was negatively to change in BMI from baseline to
Physical activity is also a major determinant dbllow-up. In 2 of these studies (7,8) the level of
fat balance, and obesity is a result of positive fahysical activity at baseline was negatively related
balance. Protein and carbohydrate balances app@achange in BMI from baseline to follow-up.
to be well maintained acutely, even followind=inally, all studies suggest a negative relationship
challenges to body weight regulation (e.g. diet armetween change in level of physical activity and
exercise alterations). Fat oxidation and intakehange in BMI.
however, are not acutely responsive to changes in
each other. Because total fat oxidation varigsre increases in physical activity useful in
directly with body fat mass (2), increases dreatment of obesity?
decreases in the body fat mass may be required to
reestablish fat balance. Changes in physical activity Substancial weight loss can be produced by
provide another means of altering fat oxidation, sxercise alone. This is illustrated in the study by
that the higher one’s levelof physical activity, théee et al. (9) where overweight men were drafted
less body fat mass is required to maintain fat banto the Singapore army and subjected to 20 weeks
lance at any given fat intake. Similarly, increasingf supervised vigorous exercise. The average loss
physical activity without a change in fat intake wilbf body weight in this study was 12Kg in 20
increase fat oxidation above fat intake and prodweeks. Subjects were free to consume as much
ce negative fat balance and loss of body fat mageod as they desired. While the study by Lee et al.
(9) represents an extreme physical activity program,
Is a low level of physical activity a risk factor it does illustrate that physical activity alone can pro-
for development of obesity? duce weight loss. Less intense physical activity
The recent report from NHANES shows thaprograms will produce slower weight loss and may
the prevalence of obesity has increased over ttegjuire much longer time periods to observe
past 8 years in U.S. adults from about 25% to 338tgnificant changes in body weight.
(3). Asimilarincrease in pediatric obesity was also Increases in physical activity will increase to the
found (4). A reduction in physical activity isright side the energy balance equation shown in
certainly one factor that could have contributed table 1. This will produce negative energy balance,
the increased prevalence of obesity. negative fat balance, and weight loss unless subjects
Negative relationships between measures ioicrease the left side of the equation (i.e. energy
physical activity (usually self-reports) and indicesitake). While we can accurately estimate the
of obesity (usually body mass index or BMI) areffects of a given increase in physical activity on
seen in most data sets obtained from the geneeakrgy expenditure, we know little about effects
US population (5). The relationship appears to loé such changes on energy intake. Thus, we still
similar in men and women, and across all ages athal not have a good ability to predict the effects of
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a given increase in physical activity on weight lossf total calories expended in physical activity. For
Table 2 illustrases some estimated effects afomen, the differences were less and were only
increasing physical activity on body weightabout 1 kg of total body weight and 1.5 kg of body
depending of how the increase in physical activitiat. This could suggest that caloric compensation
affects energy intake. was greater in women than men.

Studies from Peter Wood and colleagues (10, Many studies have reported that the combination
11) show that adding physical activity to caloriof physical activity and energy restriction do not
restriction programs can increase the amountlefad to any greater weight loss than energy
weight and fat loss. In one study (10), men andstriction alone. However, a careful examination
women were randomly assigned to a control grougf such studies shows them to be of short duration
a group receiving food restriction alone (diet onlydnd of questionable power to detect the expected
or a group receiving diet and physical activity (dieadditional effects of physical activity on body
& exercise). After 1 year, men in the diet andveight.
exercise group lost about 4 kg more of body fat There are reports in the literature that adding
and body weight than subjects in the diet onlghysical activity to energy restriction minimizad loss
group. This suggests that energy intakef fat-free mass and maximizes loss of body fat
compensation may have been in the order of 50%®). Unfortunately, most such studies are shortin

Table 2
Potential Impact of adding 5 hr/wk of Moderate Exercise on Body Weight.

No Compensation

Length of Program  Caloric Deficit Weight Loss
12 Weeks 1 6,800 kcal 1.9-2.2 kg
20 Weeks 28,000 kcal 3.1-3.7 kg
52 Weeks 72,800 kcal 8.1-9.7 kg

25% Compensation

Length of Program Caloric Deficit Weight Loss
12Weeks 12,60@cal 1.4-1.7 kg
20 Weeks 21, OOKcal 2.3-2.8g
52 Weeks 54,60Rcal 6.1-7.3%g

50% Compensation

Length of Program Caloric Deficit Weight Loss
12 Weeks 8,400 kcal 0.9-1.1 kg
20 Weeks 14,000 kcal 1.5-1.9 kg
52 Weeks 36,400 kcal 4.0-4.8 kg

Assumes the energy expended in exercise is 280/hour above resting and that
weight loss comes entirely from body fat.
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duration and involve smali numbers of subjects. While moderate intensity exercise uses
Weight loss produwd by physical activity includegroportionally more fat than high intensity, there is
substancial reduction of visceral adipose tissue (18hme suggestion that exercise of greater intensity
However, it is not clear whether weight losss associated with lower BMI than exercise of
produced by exercise alone or exercise combingtbderate intensity (19). It should be realized that
with energy restriction includes a greater proportianoderate intensity aerobic exercise must be
of visceral adipose tissue reduction than weight logerformed for a longer period of time to produce
produced by energy restriction alone. While losas much fat oxidat'ion as high intensity aerobic
of visceral adipose may be affected by physicakercise. It is not possible with the available data
activity it may also vary due to gender and age. to conclusively separate effects of intensity from
It is also unclear whether men and women shasifects of total amount of physical activity.
a similar reduction in visceral adipose tissue witGontinuous exercise or short-bouts of activity?
weight loss and particularly with exercise. Wing A great deal of new information suggests that
& Jeffery (14) assessed waist-to-hip ratio (WHRhort bouts of activity may be just as effective for
in men and women participating in a 6 monthody weight regulation as longer bouts. Jakicic et
behavioral weight loss program. The found al. (20) demonstrated similar weight loss in
greater reduction in WHR in men vs women at theverweight subjects given an exercise program
end of the program and at the 12 month follow-ugonsisting of the same dose of activity either as 30
period. However, at the 1 8 months follow-upninute or 10 minute bouts of exercise.
period, the results were reversed, with womefiow often should overweight individuais engage
showing a greater reduction in WHR than meimn physical activity?
Schwartz et al. (15) examined body fat loss due to Little data are available regarding how frequency
endurance exercise training in young and elderdf physical activity impacts upon body weight
men. They found greater loss of visceral adiposegulation. Most experts recommend that people
tissue younger vs older men. exercise 3-5 days/week, and while such
Despite the relative small effects of exercise aecommendations are reasonable, we have no data
accute loss of body weight and body fat mass, thé present to allow determination of optimum
benefits of physical activity for body weight andrequency of exercise for body weight regulation.
body fat regulation become apparent when longnjoying physical activity
term maintenance of body weight losses is One of the most important characteristics of a
examined. Subjects who are most successfulphysical activity program is that it should be fun.
maintaining a body weight reduction are those wHehysical activity only provides benefits for weight
engage in regular physical activity (16,17). maintenance if it is regular and chronic. The
benefits of physical activity are lost quickly after
What type of physical activity is best in obesity the activity is discontinued. Thus, if overweight
treatment? subjects find physical activity that they enjthis
Aerobic vs Resistance will increase the likelihood that the activity will
Both aerobic and resistance exercise have bdstome a permanent part of the subject’s life.
used successfully in weight reduction programs and
although the latter may preserve or increase féatow to get overweight subjects physically
free massboth seem to reduce body fat similarlyactive?
when total dose of activity is considered (18)l. Reduce sedentary activity
Further, a variety of aerobic activities have been Energy expenditure is near its lowest level when
successfully used in weight reduction studies. people are sedentary. Thus, the first strategy for
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increasing energy expended in physical activity is unclear.
to reduce sedentary activity. Any non-sedentary At present the most important characteristic of
activity will increase energy expenditure abovphysical activity for body weight regulation is how
sedentary levels. A good start is to reduce timeuch you do - or total dose. The best advice to
amount of time spent watching television othe public is to find enjoyable physical activities in
working on a computer. which to participase on a lifelong basis. Time spent
2. Increase lifestyle activities in sedentary activities should be minimized and

Another way to increase daily energyefforts should be made to increase physical activity
expenditure is to become more active in daily liven daily living. Maintaining an active lifestyle is a
This can be accomplished by waiking instead ofiajor benefit in maintaining a healthy body weight,
driving, taking stairs instead of elevators andnd maintaining a healthy body weight is one way
engaging in hobbies such as gardening. to lower risk of cardiovascular disease.
3. Participate in regular exercise

Overweight individuals should be encouraged
to find a type of exercise they enjoy and to plan ® TREATMENT FOR HIGH - RISK
engage in this exercise on a regular basis. Spec@8ESITY : THE BENEFITS OF WEIGHT
advantages and disadvantages of different typed @SS
exercise for body weight management are discussed
above. The most important factor in choosing fa X Pi-Sunyer.
regular exercise, however, is to choose one the

subject enjoys. Obesity is associated with a number of health
hazards, including insulin resistance with
Summary. hyperinsulinemia, diabetes mellitus, hypertension,

While it has not been definitively shown that ayslipidemia, cardiovascular disease, stroke, gall
low level of physical activity causes obesity, thbladder disease, and cancer. Other adverse
two are closely linked with a strong theoretical bastonditions include respiratory insufficiency, sleep
for suspecting that a low level of physical activitgpnea, heart failure, gout and osteoarthritis. Where
is a risk factor for obesity. Highly activethe fat is distributed in the body is also important,
populations have a lower prevalence of obesity thanth increased health risk occurring if more is
sedentary populations, and the higher one’s leyahced in the upper body or centrally. It is thought
of physical activity, the less likely that BMI will that it is the fat deposited intra-abdominally that is
increase over time. Maintaining a high level othe primary risk. The risk of central fat distribution
physical activity helps to reduce body fatness amsl additive with the risk of total burden of fat,
to avoid future increases in body fatness. Increasasaking for a synergism that enhances risk
in physical activity, either alone or in combinatiortonsiderably (14, 15). Weight loss reduces many
with dietary modification, can reduce body fabf these health hazards both by decreasing total fat
content. However, the public needs to haveurden and by decreasing the amount of central
reasonable expectations regarding the magnituidée. Changes in waist circumference with a given
and rapidity with which increases in physical activitpmount of weight are reflective of changes in
can reduce body fatness. With moderate increasesceral fat, and occur in both men and women,
in physical activity, this is likely in the range of 2-8wnith a somewhat greater effect in men (20).
kg /year with 60-80% of the weight loss coming Hypertension improves with weight loss in
from body fat. Whether or not increases in physicaverweight persons. The Framingham study
activity preferentially reduce visceral adipose tissishowed that blood pressure decreased with weight
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loss (8). In men, a 15% decrease in weight watevated, are nevertheless qualitatively different,
associated with a 10% decrease in systolic blosdowing a shift to smaller denser particles that are
pressure. McMahon and colleagues (12) reportetlich more atherogenic (1). As weight loss
a 1 mm decrease in systolic and diastolic blo@upervenes, both free fatty acid flux and
pressure per kg of weight loss among a group byperinsulinemia decrease, causing a decrease in
obese women. Similar beneficial effects wer@LDL production. Also, weight loss results in an
reported by Neaton et al (13) in the treatment ehhancement of lipoprotein lipase activity at the
mild hypertension study, by the Cardia study aratlipose tissue level, increasing triglyceride
by Rocchini (17) in adolescents. clearance. Weight loss also increases HDL
Obesity leads to insulin resistance, which isholesterol levels. Even small weight losses of 5%
characterized by an elevation of circulating insulito 10% will have this result (12).
and by a diminished ability to oxidize and store The effects of obesity on the heart are multiple
glucose. With weight loss, insulin sensitivityand complex. There is an increased stroke volume
increases, insulin secretion, if impaired, improvetgading to increased cardiac output ; there is an
hepatic glucose production decreases, and glucessociation with hypertension; there is an increased
disposal improves (5). Blood glucose levelperipheral resistance leading also to increased blood
decrease in both normoglycemic and hyperglycencessure. All of these in turn lead to left ventricular
persons who receive hypocaloric diets. These levilgoertrophy. Following weight reduction, there is
improve within days after starting a weight losa reduction of left ventricular hypertrophy,
program and before there is major bodgharacterized by a decrease in interventricular septal
compositional change, suggesting that just thickness, posterior wall thickness, left ventricular
change in caloric intake can make a substantiaternal diameter, and left ventricular mass (11, 12).
impact on glucose homeostasis (6). Over the lo@pese persons have a greater risk for gallstones
term, as insulin sensitivity improves, there is atihan do persons of normal weight (4), probably
improvement in prevailing glucose levels that ibecause they produce bile with a higher saturation
reflected in a decrease in glycated hemoglobiaf cholesterol than do lean controls matched for
Similar results, showing an improvement of glucossge, sex, and serum lipid levels (10). In obese
control in type 2 diabetic patients losing weighpersons, biliary cholesterol secretion is greatly
has been reported by Liu et al (9). In an interestimgcreased, yet bile salt secretion remains relatively
longitudinal study in Sweden, a group of persort®nstant. As a result, bile becomes supersaturated
with impaired glucose tolerance were followed fowith cholesterol, and nucleation can begin. The
7 years. They were randomized into three groupsicleation process is abetted by the fact that obese
no therapy, weight loss, and weight loss plysersons have larger, less contractile gall bladders,
sulfonylurea. The two intervention groups hadllowing for a larger and more stagnant reservoir
much lower incidence of progression to diabetdsr the supersaturated bile.
mellitus (18). The lithogenicity of bile, which is elevated in
The dyslipidemia associated with obesity isbese persons (2) is increased further during weight
characterized by an elevation of triglycerides and@ss. Relatively higher amounts of cholesterol than
decrease in high-density lipoprotein cholesterol (3)ile acids and phospholipids are secreted into the
Total and low-density lipoprotein cholesterol areile, resulting in an increase in the lithogenic index
sometimes elevated, but are often normal. The ratt cholesterol crystallization. Although there is a
of LDL to HDL cholesterol is usually elevated higher risk of gallstone formation during weight
however, resulting in a greater atherogenic rislass, the bile has a lower lithogenic index after
In addition, the LDL particles, although notweight loss than it did when the patient was heavier.
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Thus, risk is reduced once a lower weight isomplications that have been in the past associated
achieved. with excess fatness per se (for reviews, see 2-4).
Finally, there has been some concern that weightThus, excess visceral adipose tissue
loss may be detrimental to health once obesity hascumulation has been associated with
developed. A recent study by Williamson et al (19)yperinsulinemia resulting from an insulin resistant
has reported that women with obesity-relatestate, glucose intolerance which may convert to
conditions who intentionally lost weight showed aon-insulin dependent diabetes mellitus (NIDDM)
significant reduction in all-cause mortalityamong genetically susceptible individuals,
compared with those with no weight change. Thisypertriglyceridemia, elevated LDL particle
large, prospective study is probably the only studyoncentration, increased proportion of small-den-
to analyze the association between intentions¢ LDL particles and reduced plasma HDL-
weight loss and mortality. It suggests that evencholesterol concentrations. These metabolic
modest intentional weight loss is associated wittbnormalities have been reported to cluster among
an overall increase in life expectancy among obeiselividuals with an excess accumulation of visceral

women. adipose tissue, irrespective of the amount of total
body fat.
Thus, some insulin resistant dyslipidemic patients
9) DYSLIPIDEMIA AND OBESITY :  whowould not be considered as being overweight
EPIDEMIOLOGIC AND CLINICAL from the current weight/height standards could
ASPECTS benefit from a reduction in atherogenic visceral
adipose tissue mass. Irrespective of the patient’s
J-P Després. body weight, excess visceral adipose tissue

accumulation is associated with a cluster of

Clinicians are familiar with the considerablenetabolic complications which may contribute to
metabolic heterogeneity which can be found amoimgcrease the risk of NIDDM and cardiovascular
obese patients. This metabolic heterogeneity raisiisease.
the important problem of defining what is obesity These features of visceral obesity are reminiscent
from a medical standpoint. Obesity has beef the characteristics of the insulin resistance
traditionally defined by a high accumulation of bodgyndrome which have been described by Reaven at
fat. However, a substantial number of individualhe end of the 80’s (5). It is also important to
who are not markedly overweight will eventuallyemphasize that the insulin resistant-dyslipidemic
develop premature coronary heart disease and ditate of visceral obesity is not frequently associated
betes whereas some obese patients will remain freigh marked elevations in plasma cholesterol and
from these common metabolic complications. IbDL-cholesterol levels (2-4). Studies conducted
this regard, the development of imaging techniquesour laboratory have indicated that the clinician
such as magnetic resonance imaging or computgtbuld not be misled by these apparently normal
tomography (1) has allowed to measure with gogrdlasma cholesterol and LDL-cholesterol levels.
precision not only the amount of body fat but alsadditional techniques such as gradient gel
its distribution, particularly the amount of adiposelectrophoresis and the measurement of plasma apo
tissue located in the abdominal cavity, the so-call®&llevels have revealed that visceral obese patients
intra-abdominal or visceral adipose tissue. Studiase characterized by a substantial increase in apo
that have been conducted in our laboratory haBeconcentrations as well as in the proportion of
emphasized the importance of visceral adiposenall, dense LDL particles (6).
tissue as a critical correlate of the metabolic The risk of ischemic heart disease associated
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with the cluster of metabolic abnormalities fountheart disease in our affluent societies.

in visceral obesity has been examined in the Quebedt therefore appears relevant to prevent visceral
Cardiovascular Study, a prospective study in whi@dipose tissue accumulation observed with age
2,103 middle-aged male subjects were followed1). From a clinical standpoint, it would therefore
over a period of 5 years. This study indicated thae important to target our intervention among high
fasting hyperinsulinemia was, among nondiabetitsk overweight patients and to focus on obese
men, an independent risk factor for ischemic hegratients with excess visceral adipose tissue and
disease (IHD)(7,8). Furthermore, an elevatadetabolic complications (4). From a practical
apolipoprotein (apo) B concentration, which istandpoint, we have shown that a simple
another common complication of visceral obesitgnthropometric measurement such as the waist
was found to be a much better predictor of IHDircumference is a crude but better correlate of the
risk than raised cholesterol or LDL-cholesterahbsolute amount of visceral fat than the waist-to-
levels (9). Furthermore, this study indicated thdtip ratio which has been commonly used in
fasting hyperinsulinemia associated with increaseghidemiological studies (12,13). Recent
apo B levels (the synergic combination found inbservations from our laboratory have suggested
visceral obese patients) was associated with mdhat waist circumference values of 1 meter and
than 10-fold increase in the risk of ischemic heaabove among individuals below 40 years of age
disease, emphasizing the atherogenic nature of thrgl of 90 cm and above among individuals between
cluster of metabolic abnormalities (8). We alsd0-60 years of age were associated with an
recently reported that the presence of small, derisereased likelihood of finding the cluster of
LDL particles was associated with ammetabolic abnormalities of visceral obesity (13).
approximately three-fold increase in IHD risk (10)Therefore, emphasis should be placed on the
The IHD risk was further increased in the presenoganagement of body waist rather than weight, and
of elevated apo B levels (10). As hyperinsulinemisihhe objective of normalizing body fatness and
elevated apo B and an increased proportion wkight is not always justified from a medical
small, dense LDL particles are abnormalities whicstandpoint. Finally, whether the reduction in visceral
are simultaneously found in visceral obese patienggipose tissue mass which can be achieved by diet,
we have examined the atherogenic potential of thexercise and pharmacotherapy reduces the
triad of new metabolic complications in the sampl@cidence of diabetes and cardiovascular disease
of men of the Quebec Cardiovascular Studyemains an unresolved issue. Answering this sim-
Unpublished results from our laboratory indicatple question would have tremendous public health
that hyperinsulinemia combined with elevated apgmplications. The costs of such a study would
B was associated with a 20-fold increase in the riskviously be considerable but our inaction probably
of ischemic heart disease when these metabdfias a much greater impact on our health care
alterations were accompanied by a high proporti@xpenses.

of small, dense LDL particles (Lamarche et al,

unpublished observations). Thus, this “new triad”

of metabolic alterations found in visceral obesit§0) Future Targets for Pharmacologic
substantially increases the risk of ischemic hedteatment of Obesity

disease, even in pre-diabetic individuals.

Considering the high prevalence of visceral obesibA Campfieid.

in sedentary adult men (about 25%)(4), this clus-

ter of related metabolic abnormalities ma¥xplosion in obesity research

represent the most prevalent cause of coronaryAn explosion of research into the molecular and

Vol. 10/No. 2/Abril-Junio, 1999



120

RA Bastarrachea-Sosa, BJ Rolls, JO Hill, FX Pi-Sunyer, et al.

biochemical basis of obesity has greatly expandegsults in severe obesity that is phenotypically si-
the cast of potencial characters in the control afilar to theoblobmice. Following the expression
body energy balance (1, 4). Not only have fiveloning of the OB protein receptor, OB-R, in late
single gene mutations that produce obesity in mi@®95 by scientists at Miliennium Pharmaceuticals
(ob, db, fat, tub, agout{MC4 and one in rats - and Hoffmann-La Roche , three groups
two variants) been cloned (2, 3) but also we hademonstrated that the db gene encodes the OB-R
the first two single gene mutations in humans thegceptor in early 1996 (2,3).
have been identified (ob and PC-I). In addition, we The first mouse obesity gene cloned wgsuti
have identified well known molecules that may bby the scientists at Glaxo in 1992. They cloned the
important players in the regulation of body fahgoutigene and determined that ectopic expression
(CRH, POMC, melanocortins, GLP-L, Pka) (5)of AGOUTI protein was responsable for the obesity
Finally, we have also identified novel molecules ammbserved inagouti mice. At present, we do not
receptors that may also play a role in the regulatitlmve a good understanding of the action of the
of body energy balance such as OB protein and tA&OUTI protein on energy balance. However,
OB protein pathway, urocortin, agouti-relatedGOUTI antagonism of the melanocortin 3 or/and
peptide, and melanocyte concentrating hormodereceptors (MC3-R, MC4R) has been proposed
(MCH) (6).These new advances have greaths the mechanism of the obesityagouti mice.
increased the potencial points for pharmacologRecently, ICV administration of a peptide agonist
intervention for the treatment of obesity. Thesef MC3-R and MC4-R was reported to decrease
new advances and the rapid pace at which they hdwed intake in mice. More importantly, scientists
come has led to increased optimism that at leagtMiliennium Pharmaceuticals and Hoffmann-La
some of these new pathways and molecules wiRlbche demonstrated that targeted disruption of the
provide targets that will lead to a new generatidC4-R locus in mice results in obesity with an
of drugs for the treatment of obesity (1). interesting metabolic phenotype. These results
Mouse obesity genes provide support for the hypothesis that AGOUTI
Single gene mutations that produce obesity produces obesity by antagonism of the MC4-R re-
mice and rats have received a lot of attention ovegptor.
the last several years (2). These single gene model3he two other genes are &attd tub.A mutation
in mice have been the focus of intense researicheither of these genes results in a mild form of
resulting in the cloning of all five of these mousebesity. The fat gene was cloned by scientists at
genes (Table I). In mice, fouecessive (oblob, the Jackson Laboratory in 1995. Tradfat mice
dbldb, fatlfat, tubltuband one dominant (agouti )are obese animals that remained insulin sensitive in
single gene mutation have been known and studigpite of marked expansion of the adipose tissue
for many years (3). In rats, only one single genmeass. The fat mutation results in decreased activity
mutation is known, although it has apparentlgf carboxypeptidase E, an enzyme that is involved
appeared two separate times (fa/fa or Zucker amdthe conversion of prohormones into active
LAIN f/f) . Studies have demonstrated that the fabrmones. Thé&ub gene was positionally cloned
fa or obese Zucker rat was the rat homologue oy two groups: one group at Miliennium
thedbldbmutation in the mouse. Pharmaceuticals and another at Jackson Laboratory
A mutation in the ob gene results in severn@ collaboration with Sequana Pharmaceuticals.
obesity in mice(oblob mice) (2). In December The biology of the TUB protein is unknown (4).
1994, in aour deforce of positional cioning, the  Therefore, all five single gene mutations resulting
laboratory of Dr. J. M. Friedman succeeded im obesity in mice have been cloned and the gene
cloning the ob gene. A mutation in the db gen@oducts identified (Table I). The biology and
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Table |
Genetic models of obesity in mice and rats.

Single gene mutations Major Site of Expression Gene Product
MICE

ob/ob fat Ob protein (leptin)
db/db brain, periphery OB - R receptor
fat/fat Brain, periphery Carboxypeptidase E
tub/tub Brain TUB protein

agouti Ectopic AGOUTI protein
RATS

fa/fa or Zucker Brain, periphery OB -R receptor
(rat equivalent of db/db)

LA/N f/f or corpulent Brain, periphery OB - R receptor
POLYGENIC MODELS

Body fat ? ?

hiperglycemia ? ?

physioiogy of each of these gene products and ®B protein pathway agonists
mechanistic understanding of how each proteinUrocortin antagonists
contributes to the obese phenotype remains toh&LP-1 agonists

determined (4). * MCH antagonist

Potential new drugs for the treatment of obesity Stimulators of energy expenditure:
The following lists categorizes the known and upregulators of UCP213 14 expression activity
newly appreciated or newly discovered moleculésl1-3 adrenergic agonists
involved in the regulation of energy balanc& OB protein pathway agonists
according to the expected dominant mode action
of a drug for the treatment of obesity based on themEnhancers of insulin sensitivity:
(1, 5, 6). * troglitazone and analogs
Appetite suppressants: * PTPase inhibitors
* Monoamine neurotransmitter modulators * OB protein pathway agonists
serotonin (Redux, Merida, Fen/Phen); dopamine,

norepinephrine Inhibitors of fat absorption:

* NPY antagonistsl Y5 receptor antagonists

* MC-4R agonists * inhibitors of gastrointestinal lipases
* CRH antagonistsl binding proteins

* Galanin antagonists Metabolic efficiency partitioning:
* Enterostatin agonists * GH agonists

* CCK agonists * |GFs agonists
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* OB protein pathway agonists to behavioral modification and exercise. An useful
* PKa antagonists image is the three legged miiking stool. Sound
eating behavior and exercise are the two legs that

Rationale for Targeting OB Protein Pathway we have been using for many years. But, like a

for Obesity Treatment two legged stooil, the ability of obese individuals
The following observations or experimentato maintain weight loss over time has been an

finding suggest that the OB protein pathway shouithstable and rare event. Pharmacologic treatment

be a good source of potencial drugs for thie the third leg that has been missing. This third leg

treatment of obesity (2, 3) : supports the obese individual’s efforts at life style

* OB protein is a circulating hormone that is ashange (sound eating habits and increased physical

important controller of body energy storage (bodgctivity) and can, hopefully, lead to successful

weight and body fat) maintenance of reduced body fat and increased

* Acting through the long form of the receptor, ithealth over time.

has the following actions:

* decreased food intake Goals of treatment

* increased energy expenditure Obesity is a complex, increasingly prevalent
* increased insulin sensitivity and an important health problem throughout the
* mobilization of stored trigiyceride world.

* decreased body fat Multiple treatment options are needed with
* decreased body weight documented, medically significant outcomes to

* These biological actions of OB protein mayassist patients improve compliance to voluntary
provide therapeutic benefits in obese patients. lifestyle changes that lead to succesasdhieving

* Since OB protein acts at multiple points in thand maintainingveight reduction

system regulating energy balance, and through

multiple neuropeptides within the CNS, the OBntervention and/or lifestyle change

protein pathway has advantages over other targ@hat isthe most appropriate treatment ?
affecting only one aspect of energy balance (eyShort-term intervention

UCP3/4, NPY). * single drug

* In almost all obese humans, OB protein levels * multiple drugs (with different and complimentary
are elevated in proportion to body fat. Thus, mostechanisms of action)

obesity is due to a decreased central and/oLong-term intervention

peripheral sensitivity to elevated OB protein levels. * single drug

In diet-induced obese mice, the sensitivity to ICV * multiple drugs (with different and complimentary
OB protein is reduced; this reduction is reversadechanisms of action)

by weight loss. * Sustained lifestyle changes

* Two obese cousins have a mutation in the dtnterventions leading to sustained lifestyle changes
gene with very little mature OB protein in* Different Goals for Different Patients - Induction
circulation. Although normal weight at birth, bothof Weight Loss

have severe early-onset obesity. * Weight Maintenance
* Absence of Weight Gain
Importance of pharmacologic treatment of
obesity. Important issues for pharmacological agents

A consensos has been emerging that the role*dgoals of Treatment
pharmacologic treatment of obesity as an adjunfcinduction of Weight Loss
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* Weight Maintenance Is dosing schedule for medication independent
* Absence of weight gain of diet and exercise aspects of the treatment
* Single versus Multiple Drug Therapies program?
*Treatment for Life * Could meal contingent dosing increase
* Pro compliance to diet?
*Con * |s once-a-day medication the appropriate goal?
* Risk / Benefit Analysis: How do rituals and routines associated with
aspects of treatment affect compliance to iet and
How Littie Efficacy is Acceptable ? exercise and treatment outcome?

Possible strategy for enhanced self-efficacy for

The concept of “metabolic fithess” as ameight maintenance
alternate outcome measure

Definition of metabolic fitness: the absence dEombine three modalities or “tools” during the
any metabolic or biochemical risk factor for diseasegeight loss phas®f a treatment program
associated with obesity.

Metabolic fithess would correlate closely witht Diet
general health status and would improve with riskExercise
factor reduction. * An antiobesity drug

Metabolic fithness may provide an alternative,
medically oriented goal of the treatment of obesif®ne of the “tools” is then withdrawn during a su-
that does not focus on weight. pervisad and supported weight maintenance phase
Improvements in metabolic fithess may include: of the program
* medically significant reduction of risk factors Duringweight maintenance phasia treatment
* restoration of abnormal risk factors to normagbrogram and after, the patient is instructed to add

ranges back the third “tool” when:

* reversal of “high normal” or “borderline” * unacceptable weight gain occurs and
parameters * to continue its use until weight maintenance is
* prevention of risk factors in overweightagain restored. In this way, individuals may feel
individuais that they:

* Improvements in metabolic fitness, and, thus, ihhave more control over their weight

health status, may be independent of weight lossnay be more successful at responding to, and

(or poorly correlated with weight loss) minimizing weight gain that often follows the end
of closely supervisad and supported weight

Matching treatments to patients: interface management programs

between behavioral and medication-

based approaches Conclusions.

* Separate treatments combined in same patient Additional basic and clinical research focused

* Combination tailored to patients - “menuon intervention combined with paradigm shifts in

approach” industry, the research community and regulatory

* Integrated, multifaceted approach-medicatioagencies and enhanced industry/regulatory

supports behavioral change and helps patientsinteraction and flexibility will hopefully lead to a

“learn to become successful” at sustaining beneficedfe, effective, multifactorial treatment approach

voluntary behavioral and life style changes. in which patients will “learn to become successful”
at sustaining beneficial voluntary behavioral and
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