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ABSTRACT

Title of Dissertation: RESTING METABOLIC RATES IN CHILD
ONSET AND ADULT-ONSET OBESE WOMEN

Liane M. Summerfield, Doctor of Philosophy, 1989

Dissertation directed by: Dr. Robert Gold, Professor, and
Dr. Patricia Mann, Lecturer, Department of Health
Education

This study investigated differences in resting
metabolic rate (RMR) between obese and nonobese females
and between females with adult and childhood onset of
obesity. Subjects were 18 healthy, Caucasian women, ages
20-38 (M = 28.16 years), 6 from each of 3 groups: nonobese
with no history of obesity (M = 18.53% fat), child-onset
obese (COO) (M = 41.00% fat), and adult-onset obese (AOO)
(M = 37.80% fat). Subjects were nonsmokers, welight-stable
for at least 3 months prior to the study, and not
following a low-calorie diet. All obese subjects had
lower-body obesity (waist/hip girth ratio < .80).

Subjects underwent three measures: RMR by indirect
calorimetry, residual lung volume, and hvdrostatic
weighing. In addition, a questionnaire elicited
information about weight history, educational level,
occupation, frequency of exercise, and activity level.

When data from the 12 obese subjects were combined,

RMR per kg body weight (RMR/BW) was significantly lower in



the obese (18.47 kcal/kg/day) than the nonobese (22.94
Kcal/kg/day). The obese subjects also had significantly
lower RMR per kg fat mass (RMR/FM) than the nonobese.

When data from C0O0 and AOO subjects were analyzed

Separately, COO were found to have significantly lower

RMR/BW (17.00 kcal/kg/day) than the nonobese. The

difference between AOO and nonobese subjects in RMR/BW was

not significant. Both A0O and COO had significantly lower

RMR/FM than the nonobese. €00 and AOO subjects did not

differ statistically in absolute RMR, RMR/BW, RMR/FM, or

RMR/FFM, although COO had lower values on all measures
Multiple regression analysis indicated that, in all
groups, more of the variance in RMR was explained when the

variables, activity and exercise, were used in addition to

the variables, FM and FFM. However, the effect of

activity and exercise on explained variance in RMR was

Much smaller in COO women.

These results indicate that obese women, especially

CO0, may be more metabolically efficient than nonobese

Women. Future research is needed to determine if COO

Women are less able to benefit metabolically from the

addition of exercise and physical activity to their daily

egimen.
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CHAPTER 1 INTRODUCTION

Introduction

Estimates of the incidence of obesity in the United
States vary from 12 to 26% of the adult population,
depending upon whether obesity (excess fat) or overweight
(excess weight) is the criterion being measured. The 1977
National Health Interview Survey found 26% of the
population to be overweight, defined as weighing more than
120% of the 1959 Metropolitan Life Insurance Company's
recommended weight-for-height (Forman et al., 1986). More

p X}

recently, the Rand Health Insurance Experiment found 22%
of the population surveyed to be overweight, 10% to be
moderately overweight, and 12% severely overweight, using
body mass index (weight divided by the square of height
for men and weight divided by the 1.5 power of height for
women) as criteria (Stewart & Brook, 1983). Van Itallie
(1985) estimates that 13% of the adult U.S. population is
obese, defined as overfat.

Obesity is widely considered to be a disorder of

energy balance, where either energy in exceeds energy out

or the reverse occurs (Bray, 1983; Danforth, 1985). The
early experiments of Atwater and Benedict (1903) and of
Rubner (1883; cited in Keys et al., 1973) established that
thg Law of Conservation of Energy, the First Law of

Thermodynamics, could be applied to humans. That is,



energy balance in humans could be represented by the
following equation:
Energy Intake = Energy Expenditure +/- Energy Storage

The treatment of obesity would therefore seem simple:
to upset one side of the energy balance equation so that
energy stored in the body is lost and a reduction in body
fat occurs. However, despite this apparent simplicity,
decades of study have failed to identify a uniform method
of treatment for obesity that is safe, effective, and
long-lasting.

Several reasons for this may be postulated. Most
importantly, there has probably been an overemphasis on
dietary intake. The term obesity is thought to derive
from the Latin ob, meaning "over," and edere, meaning "to
eat" (Sims, 1982). Yet, studies of food intake of obese
individuals do not consistently support the notion that
the obese consume more food than the nonobese (Bray, 1983;
Curtis & Bradfield, 1971; Horton & Danforth, 1982;
Maxfield & Konishi, 1966). 1In those studies in which
caloric insufficiency has been induced, the obese have
been found to demonstrate a rapid reduction in metabolic
rate which offsets any decrease in the "energy in" side of
the energy balance equation (Bray, 1969). Studies of the
post-obese have indicated that fewer calories are required
by the formerly obese than by the nonobese to maintain the

same level of body weight (Geissler et al., 1987; Leibel &



Hirsch, 1984). Further, a recent study by Ravussin et al.

(1988) reported a significant correlation between low
resting metabolic rate (RMR) and subsequent weight gain

among 95 southwestern American Indians, which suggests

that the development and maintenance of obesity may be

more closely related to "energy out" than to "energy in".

If "energy out" is more critical to the maintenance

of obesity than "energy in," the question becomes one of

trying to determine which aspect of energy expenditure is

at fault. Some researchers have found the obese to be

less active than the nonobese, which would result in less

caloric expenditure in physical activity per day (Bloom &

Eidex, 1967b). Others suggest long-term after-effects of

dieting may permanently reduce metabolic rate in the obese

(Donahoe et al., 1984). Also the idea of greater

metabolic efficiency in the obese has been explored

(Ravussin et al., 1982).

Activity Levels of the Obese

Tryon (1987) had lean and obese subjects wear a
gravity-activated switch sensitive to changes in Kknee

angle which would occur when a subject went from standing

to sitting or sitting to lying. The 7 obese subjects

Spent 21.7% of the day standing, compared with 6 lean

Subjects, who spent about 36% of the day standing. The

Obese spent significantly more time lping dewm Ghan the

lean -- up to one hour per day. As a result of less time



standing or even sitting, the authors concluded that the

obese may spend more time at the basal level than the

nonobese. In time, this difference could have significant

impact on caloric expenditure.
In a study of housewives where subjects self-reported

activity, Durnin et al. (1957) found obese women to spend

5% less time in moderate activities than their normal-

weight counterparts and 5% more time in sitting and light

activities than the nonobese. Because moderate household

activities and walking would result in a greater caloric

cost for the obese than the nonobese, lack of such

activities was thought to contribute to maintenance of the

Obese state in these subjects.
Not all authors have found the obese to expend less

energy, however. Bloom and Eidex (1967a) categorized male

and female college students of various weights as

underweight or overweight. Subjects wore actometers on

all four limbs 24 hours per day for 14 consecutive days.
All groups were found equally active, although as degree

of overweight increased above 18% in women and 20% in men,

activity level began to decrease. Prentice et al. (1986)

found average daily energy expenditure for the obese and

lean to be very similar -- 9.3 kcal/kg body weight/day for

the lean and 9.6 kcal/kg body weight/day for the obese.

The amount of discretionary activity pertormed by each

group was identical.



Dieting Effects on Energy Expenditure

Reduced caloric intake is perhaps the commonest
treatment for obesity. The Rand Health Insurance
Experiment provides a variety of demographic and health
care information on almost 6,000 nonobese and obese
Americans ages 14 to 61. Slightly less than one-fourth of
these individuals were under a physician's care for weight
loss, and 91% of that number were using "dieting" (Stewart
& Brook, 1983). Yet, reduced caloric intake, even in the
lean, will have a suppressive effect on RMR, typically
slowing attempts at weight loss (Keys et al., 1950).

Drennick and Dennin (1973) found that a 500 kcal per
day diet lowered 24-hour energy expenditure from a mean of
3,600 kcal per day during the control period to 2,500 kcal
per day after a 3 week fast in obese men. Similar
findings have been reported with obese women. For
example, 14 moderately obese women showed a slight but
significant loss of lean body mass after a 9 week 800'kca1
per day diet, but their RMR decreased significantly
throughout the diet (Henson et al., 1987).

If the RMR is reduced due to dieting, weight loss can
be elusive. Apfelbaum et al. (1971) put 41 obese men and
women on a 220 kcal/day protein diet. BMRs of subjects
dropped approximately .9% per day, so that after the 15
day diet, 24 hour oxygen consumption was 15-35% below its

pre-diet level. The authors calculated that 170 grams of



fat (equivalent to 1,530 kcal) was lost each day during

the 2,100 kcal per day deficit diet. Lowered metabolic

rate hindered greater fat loss.

Interestingly, Miller and Parsonage (1975) found no

significant correlation between BMR and duration of

previous dieting in 29 obese women. Yet, the authors

could have predicted which women would reduce body weight

on a 1,500 kcal per day diet, based upon pre-diet BMR.

This suggests that, at least in some instances, the

reduced BMR of obesity has other causes.

Metabolic Efficiency and the Resting Metabolic Rate

Basal metabolism has been studied for over 100 years.

The first experiments in calorimetry were conducted by

Atwater and Benedict (1903) in the United States and by

Rubner (1883; cited in Keys et al., 1973) in Germany.

Current knowledge about metabolic rate, however, is

based largely on three extensive studies carried out

during the early part of this century. Early in 1900,

DuBois and DuBois (1916) began measuring the body surface

area of humans, which resulted in development of a formula

for calculation of body surface area based on height and

welght. This formula was used almost half a century later

in estimation of basal caloric expenditure from surface

area. At approximately the same time, Harris and Benedict

were studying 136 men and 103 women by indirect

calorimetry. Their classic work, published 1in 1919,



established resting metabolic rates of healthy males and
females based upon height, weight, age, and gender.
Boothby and Sandiford began reanalyzing the Harris and
Benedict data in 1922 using over 1,500 men and women from
the Mayo Clinic, and, after almost 20 years of study,
Boothby et al. (1936) published a nomogram that combined
the DuBois surface area estimates with RMR equations.
This nomogram is widely used today.

Initially, interest in the energy needs of humans was
a natural progression from interest in other nutritional
needs, particularly the vitamins and minerals. Early
researchers like Gulick (1922) were intrigued by the
effects of weight fluctuation, and they performed
overfeeding and underfeeding experiments on themselves to
demonstrate the central role of caloric intake on weight
gain and loss. After World War I and the "war diet"
imposed in many European countries, interest shifted to
the effects of undernutrition on metabolic rate, and in
1944-45 Keys et al. (1950) performed their well-controlled
experiments on the effects of semi-starvation on 32 male
volunteers at the University of Minnesota. Subsequently,
an interest in the effects of overnutrition on metabolic
rate has evolved, and a significant number of studies
using obese subjects has emerged.

Typically, absolute RMR increases in obesity due to

the larger cell mass created by the obese state (Ljunggren



et al., 1961). However, when expressed per unit of body
weight, RMR has been found to be suppressed in the obese
by some authorg (Hoffmans et al., 1979; Kaplan & Leveille,
2 741 IR addition, Ravussin et al. (1982) found the
oXygen consumption of 14 obese subjects to fall more
dramatically than that of 10 lean subjects during sleep,
when the RMR was used as a baseline. The implication of
this may be a more metabolically efficient state.

Indeed, Sims et a1. (1973) have demonstrated that the
energy needed to maintain excess weight in obesity is 35%

below expected, and the energy needed to maintain excess

weight in overfed lean subjects is 35% above expected. 1In

an overfeeding experiment conducted by Katzeff and
Danforth (1982), 2 weeks of 1000 extra kcal per day

resulted in a 7% increase in RMR by 6 lean males and no

change in RMR in 6 obese males. The practical consequence

of this energy efficiency may be great difficulty in

losing weight and inability to maintain reduced weight

over the long-term, leaving the obese susceptible to

rebound weight gain (Leibel et al., 1985).

Since it is impossible to identify and study people

for a prolonged period prior to obesity development, the

post-obese have been studied on many occasions to provide

clues to the energy efficiency of obesity. Post-obese (n

= 16), obese (n = 8), and lean (n = 16) women matched to

age, height, and weight were studied at three levels of



activity (Geissler et al., 1987). At all levels —-

sedentary, normal activity, and aerobic exercise -- the

post-obese exhibited approximately 15% lower energy

expenditure than the lean, even when energy expenditure

was expressed per unit of lean body mass. The post-obese

had significantly lower caloric intake than the lean,

although it was above 1,200 kcal per day. The authors

observed that the post-obese required less than 70% of

the caloric intake of the lean to maintain their weights.

Leibel and Hirsch (1984) studied 12 obese males and

14 obese females who lost an average of 52 kg. Following

weight loss, the obese subjects required 24% fewer kcal

than nonobese controls, while weighing 60% more than the

controls. The authors likened the obese subjects' energy
requirements to that of semifasted subjects, vet these
d sufficient

obese individuals were ingesting normal an

Kcals.
Evidence from studies with mice suggests that

etabolism may precede development

differences in energy m
1973; Kaplan & Leveille,

of obesity (Kaplan & Leveille,

1974) . Leibel and Hirsch likewise suggest that reduced

merly obese humans may be

energy requirements of for

normalities preceding obeslity.

evidence of energy ab

Heterogeneity of Obesit
ct in the

A very large number of factors intera

tenance of the © Among the

: pbese state.
development and main
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factors known to affect body composition are genetics
(Stunkard et al., 1986), composition of the diet (Bray,
1978) , and the number, size, and location of adipose cells
(Leibel & Hirsch, 1984). The obese thus represent a
heterogenous group and, given the environmental and
genetic variability within the population, one would
therefore not expect metabolic sameness.

The impact of body composition differences on RMR in
the obese has barely been studied. Some authors have
found differences in energy expenditure between
hypertrophic/adult-onset (enlarged fat cells) and
hypercellular/child-onset (excessive number of fat cells)
obese females (Bessard et al., 1983; Blair & Buskirk,
1987; Miller & Parsonage, 1975), suggesting that this
aspect of obesity should be taken into account when
studving the metabolism of obese individuals. Site of fat
deposition, too, could affect RMR because of known
metabolic and hormonal differences in-adipocytes from
different areas of the body (Vague et al., 1974). Despite
this cursory knowledge, only a few studies of metabolic
rate in the obege have controlled for site of fat
deposition or cellularity.

Beaton (1983) says that the study of energy
expenditure has not progressed very far in 75 vears
because, although learning has occurred, the practical

implications of the Law of Conservation of Energy have not
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vet been fully appreciated. Perhaps the heterogeneity of
obesity 1is one practical implication of the energy balance
equation that has not been appreciated. It is the intent
of this study to explore the effect of one aspect of this

heterogeneity, age of obesity onset, on RMR.

Purpose of the Study

The purpose of this study was to determine if obese
females expend fewer kilocalories (kcal) at the basal
level than nonobese females, and, if so, to determine what
component of body composition -- lean tissue or fat tissue
-—- might be responsible for this energy efficiency.
Further, the study considered the obese population as a
heterogenous group having different patterns of fat
distribution and having different durations of obesity.
Only obese subjects having lower-body fat deposition were
retained for the study, and resting metabolic rates of the
two groups of obese subjects -- hypercellular (child-
onset) and hypertrophic (adult-onset) -- were compared.

Significance of the Study

Health problems associated with obesity and
overweight include hypertension, hypercholesterolemia, and
diabetes (Van Itallie, 1985), and the risk of these
disorders increases as the individual approaches and
passes 30% overweight (Bray, 1978). Obesity is also

associated with social handicaps and low self-esteem
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(Bruch, 1974) . For health and social reasons, weight loss

is a pressing concern of many Americans.

Successful weight loss requires prolonged negative
energy balance, which can be accomplished by either
reduced caloric intake or increased energy expenditure or

a combination of both (Feurer et al., 1983). Reduced

caloric intake, or "dieting," is by far the most common

treatment for obesity and overweight (Stewart & Brook,

1987)
Dieting is considered ineffective as a treatment for

obesity over the long-term. Only about 10% of obese

individuals who lose weight through caloric restriction
maintain the loss for more than 6 months (Bray, 1980) , due
to further reduction of a possibly already reduced RMR
(Leibel & Hirsch, 1984). Even following jejunal-ileal

bypass surgery, some patients have been found to have

reduced mobilization of fat stores, when the malabsorption

induced by the surgery should have precipitated greater

fat mobilization (Nutritional Complications.., 1980).

Exercise is certainly indicated in the treatment of

obesity, but it does not significantly increase daily

caloric expenditure (Bray, 1983). Forty minutes of

aerobic exercise resulted in an increase in 24-hour oxygen

consumption of 220 to 250 kcal in 8 obese subjects

(Geissler et al., 1987). The individuals considered the

exerelse uncomfortable and were unlikely To maintain the
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exercise behavior on a daily basis.

By far, the largest proportion of total daily energy

expenditure is the resting metabolic rate, accounting for

60 to 75% of the 24-hour energy expenditure in lean and

obese individuals (Horton & Danforth, 1982; Ravussin et

al., 1982). RMR is considered

total daily caloric requirements (Owen et al., 1986) and

is highly correlated with the 24-hour energy expenditure

in obese and nonobese males and females (Ravussin et al.,

1982). TIn addition, the caloric cost of non-basal work

has been found to increase in proportion to the RMR (Dore

et al., 1982). Therefore, a metabolically efficient

individual would have a much more difficult time at

permanent weight loss and be much more susceptible to

weight gain.
Are the obese more netabolically efficient? Thirty

vears of study have produced a s

on the energy intake and expenditure of the obese. Most

studies have shown that the obese neither consume more

calories than the nonobese (Curtis & Bradfield, 1971;

Horton & Danforth, 1982;

less active than the nonobeseé (Prentice et al., 1986).

The evidence, therefore, 1is somewhat suggestive of a

metabolic efficiency among the opese (Garrow et al., 1978;

Geissler et al., 1987).

Yet most studies of RMR have not demonstrated a

to be the best predictor of

ubstantial number of works

Maxfield & Konishi, 1966) nor are

B T R g

——

TR N S
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statistically significant difference between the adjusted

RMR of obese and lean individuals. Two conclusions may be

drawn from this: first, there is no difference in RMR

between the obese and lean; and second, that a difference

does exist but that some confounding factor is preventing

it from being detected. Given the evidence of metabolic

efficiency already cited, it is this author's belief that

the latter conclusion 18 valid and that age of obesity

onset and site of fat deposition may represent those

confounding factors.

The complexity of human obesity suggests that

overeating and inactivity are too simplistic to be the

primary causes of obesity. It is hoped that by

controlling for onset of obesity and site of fat

deposition this study will provide insights into the

resting energy metapolism of the obese female. This
insight may subsequently suggest effective remedies for

the obese state and further the concept of obesity as a

disorder of energy balance. rather than a disorder of

gluttony and sloth.

statement of the Problem
The literature is suggestive, although inconclusive,

of a metabolic efficiency in the obese. This study looked
at one potential explanation for this metabolic efficiency
xist in resting

by investigating the differences that e
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metabolic rate between obese and nonobese females and

between females with adult and childhood onset of obesity

Research Hypotheses

1. Obese females will have a lower resting metabolic rate

(RMR) per unit of fat-free mass, fat mass, and body weight

than nonobese females.

2. Child-onset obese females will have a higher RMR per

unit of fat-free mass, fat mass, and body weight than

adult-onset obese females.

3. Child-onset and adult-onset obese females will have a

lower RMR per unit of fat—-free mass, fat mass, and body

weight than nonobese females.

Delimitations

1. Subjects were restricted to 18 Caucasian females, ages

20-38 years old, who were less than or equal to 26% fat

(nonobese) or who were greater than 30% fat (obese) .

Obese subjects had predominantly jower-body fat

deposition.

2. Subjects were not in the active stages of weight gain

or weight loss and were not on low calorie diets.

3. Subjects were apparently healthy nonsmokers who had no
hypertension,

reported history of thyroid dysfunction,
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heart disease, diabetes, OF chronic lung disease and who

were not taking any metabolism-altering medications.

4. Obese subjects were classified as child-onset obese 1if

they or others characterized themselves as ‘having been

moderately or extremely overweight before menstruation

onset and if they continued to meet obesity criteria now.

5. Obese subjects were classified as adult-onset obese if

they characterized themselves as having been underweight

or normal weight at menstruation onset.

Assumptions

1. Obesity can be categorized on the basis of adipose

cellularity. Some research indicates that child-onset

obese individuals tend to have an excessive number of

adipose cells (Salans et al., 1973: Sjostrom & William-

Olsson, 1981) and that adult-onset obese individuals tend

to have a normal number of enlarged fat cells (Bray,

1978) .

2. It was assumed that subjects truthfully responded to

the questionnaire.

3. It was assumed that subjects followed instructions for

the 24-hours prior to measurements (no food for 12-14

hours and no exercise for 24 hours) -

n expected due to the

1. The sample size Wwas smaller tha

difficulty in finding subjects who met the criteria for

inclusion in the study-
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2. Adipose cellularity (hyperplasia or hypertrophy) was

inferred from onset of obesity.

Definitions of Variables and Terms

Active Cell Mass (ACM or BCM) -- The component of body

composition containing the oxygen-exchanging,
potassium-rich, glucose-oxidizing, work-performing
tissue (Moore et al., 1963). This includes the
intracellular part of fat-free mass (Bernstein et
al., 1983). This term is used synonymously with the
term body cell mass (BCM).

Adult-onset Obesity (AOO) -- Obesity having its onset

after age 17, or more than 2 years after onset of
menstruation (Blair & Buskirk, 1987). Obesity
having its onset in adulthood is associated with
hypertrophy and a normal number of fat cells (Bray,
1978 «

Basal Metabolic Rate (BMR) -- The sum of the oxygen

consumption of the active cell mass of the body
(Grande, 1984), measured upon first waking (Goldman
& Buskirk, 1961) in a resting supine subject, 12 to
14 hours after a moderate meal (Keys et al., 1950)
in a thermoneutral environment (Felig et al., 1983).
The BMR 1s usually considered to be slightly lower
than the resting metabolic rate (Horton & Danforth,

1982).
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Body Weight (BW) -- The sum of fat mass and fat-free mass

(Behnke & Wilmore, 1974) .
e-fourths power (BW-75) -— A method

Body Weight to the thre

of expressing body weight which is thought to

reflect the active tissue component of weight

(Kleiber, 1975). As weight increases, active tissue

increases exponentially, not in fixed proportion.

Centimneter (om) == A metris unit ©f length corresponding

to .3937 inches (McArdle et al., 1981). There are

2.54 cm in an inch.

__ Obesity having its onset

Child-onset Obesity (COO)

before menarche (Blair & Buskirk, 1987). Obesity

having its onset in childhood 1is associated with

hypercellularity and, in morbid obesity, with

hypertrophy as well.

Hapd vanery Ronerie Yolums (ERY) == The anoist of air that

can be forcefully expired from the lungs following a

normal exhalation (McArdle et al., 1981) .

Fat-free Mass (FFM) -- The non-fat portion of body weight,

consisting of body water. pody minerals, and non-fat

portions of organs and muscle (Behnke & Wilmore,

1974). Not synonymous with lean body mass (Garrow,

1980), although for practicality, the two terms are

often used interchangeably (Bakker & Struikenkamp,

1977 .

Fat Mass (FM) -- The lipid portion of body weight, which

~4al Mass (kM)
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includes the fat in adipose tissue and the essential
fat (Garrow, 1980). This aspect of body composition
has the greatest variability (Johnston & Bernstein,
19585) +

Functional Residual Capacity (FRC) -- The volume of air

remaining in the lungs following a normal exhalation
(Miller et al., 1987). The sum of the residual lung
volume and expiratory reserve volume (McArdle et
al.; 1981}

Hypercellular Obesity -- Obesity associated with an

increased number of fat cells (Bray, 1978; Salans,

1981} .

Hypertrophic Obesity -- Obesity associated with increased

lipid content of the fat cells, typically greater

than or equal to .8 micrograms per cell (Vasselli et

al., 1983).

Kilocalorie (kcal) -- The amount of heat required to raise

the temperature of 1 liter of water 1 degree

Centigrade, from 14.5 to 15.5 degrees Centigrade

(McArdle et al., 1981). An expression of both the

energy value of food and the energy value of

activity.

Kilogram (kg) -- A metric unit of weight corresponding to

2.2046 pounds (McArdle et al.. 1981).

Lean Body Mass (LBM) -- The fat-free mass (FFM) plus a

(Bakker &

small amount of essential lipid
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Struikenkamp, 1977). Not synonymous with F'FM
(Garrow, 1980), although for practicality, the two
terms are often used interchangeably (Bakker &
Struikenkamp, 1977).

Obesity -- In women, a body fat content that exceeds 30%
of total body weight (Bray, 1978).

Residual Lung Volume (RV) -- The volume of air remaining

in the lungs which cannot be exhaled following a
maximal exhalation (McArdle et al., 1981).

Resting Metabolic Rate (RMR) -- The sum of the oxygen

consumption of the active cell mass of the body,
when an individual is sitting or lying quie tly
several hours after a meal or physical acti vity
(Danforth, 1985). RMR, not BMR, is the mos t common
measure of metabolic activity today, becaus e it is

measured under less stringent conditions (Horton &

Danforth, 1982).
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CHAPTER 2 REVIEW OF THE LITERATURE

This chapter is divided into five sections: general
concepts of energy expenditure, contribution of body
composition to the variability in resting metabolic rate

(RMR) , metabolic rates in obesity, effects of adipose

cellularity on RMR, and effects of fat deposition on RMR.

Energy Expenditure: General Concepts

This section of the literature review presents

information on some of the factors that affect the rate of

metabolism.

Total daily energy expenditure can be thought of as

having four principal components: resting (basal)

metabolic rate (RMR). thermogenesis following exercise or

physical activity, adaptive thermogenesis, and

thermogenesis following the ingestion of food (Danforth,

1985). Of these components, RMR accounts for an estimated

65-75% of the total daily caloric output in most people

(Danforth, 1985; Owen et al.. 1986; Ravussin et al.,

1982) . Hence, the RMR 1is widely considered to be the best

daily caloric requirements, making its

Predictor of total

accurate estimation extremely important when energy

balance is examined.

Body Size Absolute RMR 1s elevated in obesity due
s

to the greater cell mass of the obese individual

Greater muscle mass, larger

(Ljunggren et al., 1961)-
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heart, greater number of blood cells, and, in obesity,
enlarged fat mass, contribute to this elevation.
Contrarily, following weight loss, absolute RMR has been
found to decline in nonobese (Keys et al., 1950) and obese
individuals (Bessard et al., 1983; Dore et al., 1982),

much of which is attributable to the decrease in body

mass.

Body Composition. In the nonobese, lean body mass 1is

the aspect of body composition having the greatest

influence on RMR (Cunningham, 1980; Keys et al., 1973;

Tzankoff & Norris, 1977). Some research shows it to have

a similar influence on RMR in obesity (Halliday et al.,

1979; James et al., 1978; Ljunggren et al., 1961), since,

as obesity develops, there typically is an increase in FFM

(Forbes, 1987).

Conversely, a reduction in LBM is associated with a

decrease in RMR. Bessard et al. (1983) studied body

composition changes in 5 obese women who lost an average

of 12.1 kg after 11 weeks and found that 25% of the weight

lost was LBM. This corresponded with an approximate 14%

decline in BMR.

Preceding Level of Nutrition. Undernutrition by

starvation, fasting or low-calorie diet for a period of

days or weeks will reduce the metabolic rate in the

nonobese (Apfelbaum et al., 1971; Keys et al., 1950) and

the obese (Bray, 1969; Danforth, 1985; Hill et al., 1987;
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Warwick & Garrow, 1981). This may be due to the body's

attempt to conserve energy in the face of caloric

insufficiency, or to a reduction in LBM.

An 8.4% decrease in RMR was reported by Donahoe et

al. (1984) in 8 overweight women (112-178% ideal body

weight) who consumed 800 kcal/day for 6 weeks, while Dbody

weight decreased only by 4%. Hill et al. (1987) even

found significant decrements in RMR among 8 dieting (800

kcal/day) obese women who were also exercising during food

restriction, as did Warwick and Garrow (1981) in their

study of 3 obese women ingesting 800 keal/day. Ywenty-

four-hour energy expenditure has also been shown to

decrease after 10-16 weeks on a low calorie diet among 5

obese women and 2 obese men (Ravussin et al., 1985a). On

the other hand, experimental overfeeding will elevate

metabolic rate to levels that exceed that which one would

expect from the simple addition of excess tissue (Katzeff

& Danforth, 1982; Welle & campbell, 1983).

e Metabolic rate 1is elevated immediately

following physical activity. To what extent it remains

elevated is questionable. No sustained effect of exercise

on RMR beyond 100 minutes was found in 10 male and 13

female nonobese subjects (Freedman-Akabas et al., 1985),

or 16 lean, 16 post obese., 8 and obese women (Geissler et

al., 1987) who participated in moderate or vigorous

cardiovascular exercise lasting 10-20 minutes per session.
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Bielinski et al. (1985) found a 9% increase in BMR

for 4 hours following very strenuous exercise, and a 4.7%

increase in BMR the morning after exercise; caloric intake

among subjects was unfortunately different on exercising

and non-exercising days, making conclusions about the

study difficult. Pacy et al. (1985) found only a short-

term thermic effect of exercise on RMR in 2 males and 2

females. However, Hermansen et al. (1984) observed that

12 hours after exercise, BMR of 1 subject remained almost

20% higher than the values obtained on non-exercising

days. Donahoe et al. (1984) observed RMR to bhe elevated

in obese subjects for 8 to 10 hours after 30 minutes of

of maximum heart rate

pedaling a bicycle ergometer at 80%

two times per week. Furthermore, a 6-week program of

exercise reversed the decrease 1n observed RMR per kg body

weight that was induced bY diet alone.

Menstrual Cvcle. Metabolic rate fluctuates with

Menstrual (Y¢2
the menstrual cycle, beind at its lowest point during

menstruation and immediately thereafter (Snell et al.,

1920; solomon et al., 19827 Wakeham, 1923; Webb, 1986) .

Cyclic estrogen release produced changes in core

temperature and BMR 1n 10 women ages 20-40 years having

different body compositions (Webb, 1986). Changes in

Progesterone levels are also theorized to affect BMR,

pPerhaps more so than estrogen (solomon et al., 1982).
Progesterone levels are elevated just prior to ovulation
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and are at their lowest levels immediately following
menstruation. The BMR follows a similar pattern, reaching
levels 11 to 16% higher just before the start of the
menstrual period than during menstruation (Solomon et al.,

1982; Webb, 1986).

Endocrine System. The thyroid gland and its hormones

are the components of the endocrine system having the
greatest effect on metabolic rate. The thyroid gland has
both a rich blood supply., which permits high levels of
thyroid hormone to be circulated rapidly, and rich

sympathetic innervation, which permits rapid change in the

rate of hormone secretion (Hadley, 1984).
Using dietary iodine, the follicular cells of the
thyroid produce the thyroid hormones thyroxine (T4) and

triiodothyronine (T3). After release from the thyroid

gland, 33-40% of T4 is converted to the active form, T3

(Norris, 1985). The thyroid hormones, and T3 in

particular, affect most physiological functions, including
calorigenesis or thermogdenesis (Forbes, 1987; Hadley,
1984). Excessive secretion of thyroxine results in the
condition called hyperthyroidism, characterized by an

accelerated metabolic rate. Absence or insufficiency of

thyroid hormone secretion is called hypothyroidism and may
be accompanied by obesity if BMR and activity levels are

depressed (Norris, 1985). All forms of thyroid disease

are more common in womel than men (Cooppan, 1986).
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Drugs. Any drugs that affect production or
secretion of the thyroid hormones could have an indirect

effect on metabolic rate. Among the antithyroid drugs are

iodide in large doses (Hadley, 1984) and some 1lodide-

containing medicines, such as expectorants that contain

iodide salts (Gilman et al., 1985). Drugs that inhibit

iodide transfer into the thyroid gland include

thiocyanate, perchlorate, chlorate, periodate, the

thionamides, sulfonamides. and sulfonylureas (Hadley,

1984) . Thiourea, propylthioracil, and other thiocarbanide

derivatives block the formation of active iodide (Norris,

1985} ,

According to Gilman et al. (1988}, the following are

among drugs that can affect BMR: salicylates, including

aspirin and indocin; the anticoagulant, dicumarol; and

lithium salts. Estrogen and contraceptives have been

found to increase levels of a thyroxine carrier in plasma,

but this probably does not result in a significant change

in levels of circulating T4 (Tepperman, 1980).

Ccaffeine, found . colas, coffee, tea, chocolate, and

some cold preparations, and nicotine, found in tobacco,

are among widely consumed drugs that can accelerate RMR .

Caffeine is a xanthine derivative that stimulates heart
rate, contractile force, and cardiac output and, in high

doses, catecholamine release (Caro & Walker, 1982).

Nicotine stimulates catecholamine release and has an
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acceleratory effect on oxydgen consumption, heart rate,

blood pressure, and respiration (American Hospital

Formulatory Service, 1987).

Age. Age itself has been estimated to account for a

reduction in BMR of 1 to 3% per decade in men between ages

20-75 years (Keys et al., 1973), suggesting an "aging

phenomenon" in BMR. Other factors, such as changes in

body fat and fat free mass, account for most of the

reduction in metabolic rate that has been observed with

aging (Cunningham, 1980). Loss of LBM due to aging in

females has been shown to correspond with a decline in RMR

(Young et al., 1963).

te RMR has consistently been shown to

Gender. Absolu
be lower in women than in men (Benedict & Emmes, 1915;
Elwyn et al., 1981; Harris & Benedict, 1919). When RMR is
e cell mass, there is no

expressed per unit of activ

difference between males and females (Cunningham, 1982).

In summary, the RMR of a euthyroid individual, who is

not taking medication known to affect RMR, will be

Primarily influenced by pody composition. Age and gender

of the individual affect RMR mainly to the extent that

they affect body composition. Thus, body composition

accounts for most of the variability in metabolic rate.

Body Composition and Variability in Resting Metabolic Rate

c expenditure, the human body

With respect to metaboll
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can be thought of as consisting of two compartments: the

active tissue mass and the non-active tissue mass. Non-

active tissue includes those components of body

composition that have relatively low metabolic activity:

body fat, extracellular fluid, bone mineral, nails, and

hair (Grande & Keys, 1980). Active tissue includes

everything else, including the intracellular water. This

mass accounts for 30-65% of body weight and virtually all

of the body's oxygen consumption (Garrow, 1982; Grande &

Keys, 1980). The obese and nonobese differ not only in

the proportion of low-activity fat tissue but also in
active tissue.

As a result, the obese often have a higher absolute

RMR than the nonobese. RMR in obese women has been found

to be 19% (Prentice et al.. 1986) to 25% higher than that

of the nonobese (Felig et al.. 1983). This is quite

logical, given that the obese are carrying more oxXygen-

consuming tissue in the form of fat, muscle, and blood
(Ljunggren et al., 1961) .

To make a meaningful comparison of the RMRs of obese

and nonobese women, however, it is necessary to

"normalize" the data, or relate the RMR to one of several

components of body size OrF composition. These components

include body surface area. weight, lean body mass, fat-

free mass, active cell mass. and fat mass. If such a

comparison indicated that RMR per unit of body composition
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were depressed in the obese, this could help clarify the
metabolic abnormalities of obesity, even in the face of an
elevated absolute RMR.

In addition, it is useful to correlate aspects of
body size or composition with the RMR. When an aspect of
body composition correlates highly with RMR, it suggests
that this component is more involved in "running the
engine" of the obese person than an aspect of body
composition having a low correlation with RMR. The
following section of the literature review will examine
which components of body composition meet this

requirement.

RMR and Surface Area

The Surface Law of Metabolism proposed by DuBois and

DuBois (1916) states that the metabolic rate 1is

proportional to the surface area of the animal, expressed
2

5
in kilocalories per square meter (kcal/m~), where nr is

calculated as:

Weight 425  (kg) X Height/?> (cm) X .007184

The theoretical validity of relating increased

metabolic rate to increased surface area is that height

and weight reflect the metabolically active cells of a

growing (or grown) animal. Each square meter of body

surface will lose a certain amount of heat, and the larger

the surface, the higher the rate of heat production

required to maintain body temperature. As obesity
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develops, the surface area of the individual expands in

proportion to the growth of active cell mass and is

reflected in an elevated RMR. These were the findings of

White and Alexander (1965) in measurements taken over

periods of 3 months to 5 years on 109 very obese men and

women. Oxygen consumption and body surface area

correlated well in men (r = 0.820; p = .001) and women (r

= 0.786; p = .001). A more recent study by Felig and

associates (1983) using only female subjects described

similar findings, with a high significant correlation

found between RMR and surface area (r = .84; p < 0.001) in

the 10 obese and 10 nonobese. There was no significant

difference in RMR per unit body surface area in obese and

Hotiobese women in either this study or one other

(Cunningham, 1982).

In fact, the relationship between oxygen consumption

and surface area that these and others (Johnston &

Bernstein, 1955) have reported 1s probably due to the

relationship between surface ared and lean body mass. In

a study of seventeen 21-59 year old women ranging from 17%

to 57% fat Johnston and Bernstein (1955) found high

correlations of both lean pody mass and active cell mass

(1953) reported a correlation coefficient of .79 between

surface area and lean body mass in 47 male and 1 female

college students ages 18 to 35 years (M = 23.5 years).
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However, and this is the pasis for recent criticism

of a surface law of metabolism, it is now thought unlikely

that the active, oxygen—utilizing pody tissues grow in a

fixed proportion as body weight increases (Webb, 1981) .

Rather, in obesity any increase in surface area is more

likely due to expansion of less metabolically active fat

tissue.

Keys et al. (1973) observed that it is not unusual to

find high correlations between RMR and body weight or

surface area when a small number of subjects are used,

particularly when subjects represent extreme ends of the

weight continuum. Feurer et al. (1983) observed that

present surface area equations may not reflect the

metabolically active tissue of the morbidly obese. When

Keys et al. (1973) reworked the Johnston and Bernstein

data without the extremely underweight or morbidly obese

subjects, the correlation of BMR and surface area went
from .92 to .03.

RMR and Body Weight

Body weight consists of both lean and fat tissue.

During weight gain, both fat and lean components increase.

However, great individual variation in the proportion of

these tissues is found. Of the weight gained from

experimental overfeeding of 39 normal weight men and

women, approximately 38% Was found to be LBM (Forbes,
1987). After 5 nonobese male subjects consumed an extra
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17,250 kcal per day over 9 days. Ravussin et al. (1985b)

found that the LBM accounted for 44% of the weight gained.

As overweight and obesity develop, the proportion of

body weight consisting of lean versus fat tissue appears

to be influenced by several factors. First among these 1is

the status of body weight before additional weight gain

occurs. The thinner an animal (or human) is before weight

gain, the greater proportion of gained weight that will be

in the form of LBM; the fatter an animal is before

additional weight gain, the greater will be the

accumulation of fat (Forbes, 1987). In his studies of

women ages 14-40 years who were at ideal body weight,

anorexic, or obese, Forbes (1987) found a curvilinear, not

a linear, relationship between LBM and fat in weight gain.

Age is another significant factor influencing the

proportion of lean or fat tissue accumulated in weight

gain. Younger animals and humans will deposit a larger

Proportion of excess weight as lean tissue; adult weight

gain consists of proportionately more fat tissue (Forbes,

1987) . This is no doubt related to cell hyperplasia and

hypertrophy discussed elsewhere in this review.

Animal studies have demonstrated that younger animals

respond to overfeeding by increased fat cell number and

therefore proportionately more non-fat tissue in the form

of cell walls, whereas older animals respond by

hypertrophy (Winick & Noble, 1967). Even in humans,
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children with obesity starting in infancy have slightly

greater LBM than children who develop obesity later in

childhood (Cheek et al., 1970; Forbes, 1964). In rats,

these body composition differences are retained into

adulthood (Widdowson & Dickerson, 1960). No longitudinal

studies in humans are available. The factors mentioned

above may help to explain some of the variability found in

the following studies.

Thirty-one percent of weight gained was made up of

LBM in 5 obese adult women who had gained an average of 10

Kg over several years (Sjostrom, 1980). Forbes (1987)

examined six studies of spontaneous weight gain and

reported that an average of 29% of excess weight in obese

men and women was comprised of LBM. This was also the

finding of Butte and associates (1985), who studied 37

women having no prescribed diet or activity program for 3

months postpartum. Whether the women gained or lost

Weight, the average tissue gained was 29% LBM and 71% fat.

Webster et al. (1984) found the excess weilght of 104

females having varying degrees of obesity to be 70-78% fat

and 22-30% lean.

A relationship between body weight and 24-hour energy

exXpenditure has been demonstrated in the 8 day whole body

calorimeter study of deBoer and colleagues (1987). Pooled

data from 29 lean and 18 overweight females showed 24-hour

energy expenditure to correlate better with body weight
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than with any other variable (r = "L

surprising, given that the larger body mass would require

more energy to move it during a 24-hour period.

Various studies have also shown significant

correlations between body weight and RMR in obese subjects

(Dore et al., 1982; Ljunggren et al., 1961; Miller &

Parsonage, 1975; Owen et al., 1986; white & Alexander,

1965). Owen et al., (1986) studied metabolic rates of 36

lean and obese nonathletic women and 8 trained female

athletes of similar ages. The lean (M = 25.5% fat) and

Obese (M = 44.3% fat) were considered so similar that

their data were pooled. Body weight correlated as well

With RMR as did other measures Of pody composition or size

(r = .74) .

Feurer et al. (1983), on the other hand, were unable

to find a statistically significant relationship between

weight and RMR in 112 morbidly obese (157-327% of ideal

body weight) men and women. Perhaps this discrepancy can

be clarified by looking at the work of Dore et al. (1982).
the

In 140 women with varying degrees of obesity,

Correlation between weight.and RMR improved when total

body potassium, a measure of LBM and active cell mass, was

included in the analysis (r = _817) (Dore et al., 1982).

Thus, as much as weight represents the active cells of the

body, weight determines RMR. Perhaps as obesity

increases, weight reflects active tissue less.
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There is some debate as to whether the size of the

active cell mass 1lncreases in direct proportion to the

increase in weight. The three-fourths power of bodyv

weight (BW '/°) has been suggested as a more accurate

predictor of size of the active cell mass than the

absolute value of body weight (crande, 1980; Kleiber,

1975) . This is due to the fact that as body size

increases, structures of 1low metabolic activity like the

skeleton increase in size faster than tissues and organs
of high metabolic rate.

In 1947, Kleiber reported a linear relationship

between the logarithms of body weight and oxygen

consumption. Thus, as body size increases, RMR per unit

of weight should decrease. Miller & Parsonage (1975)

found a significant relationship between BW-/° and BMR in

39 obese women whe were unable be LU88 weight (r = .47; p

= .01). This was supported by owen et al. (1986) in their

study of lean and obese nonathletic women and trained

female athletes. All the women showed decreased energy

as weight increased.

MR per unit of BW75 to be

expenditure per kg of pody weight

Felig et al. (1983) found R

lower by 20% (p < 0.005) in 10 obese females when compared

to 10 nonobese, as did cunningham et al. (1981), although

in the Cunningham study subjects did not differ in RMR per

unit of LBM.

In summary, Qeight may have different "metabolic
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meanings" in obese and nonobese individuals, making it a

less desirable metabolic reference standard (Keys et al.,

1973). Body weight includes active and relatively

inactive components. Fat contributes more to increased

body weight in obesity than LBM does (Felig et al., 1983).

The muscular, lean woman who weighs 150 pounds has quite

a different body make-up than the obese woman of the same

weight.

The degree of obesity may also affect the

relationship between weight and RMR. In a study of 13

morbidly obese individuals (9 women), Zavala and Printen

(1984) found a strong and significant correlation (p =

.002) between degree of obesity indicated by percentage of

ideal body weight and resting oxygen consumption. When

Keys et al. (1973) reworked Johnston and Bernstein's 1955

data omitting the very obese and the very thin, the

relationship between BMR and weight virtually disappeared.

Thus, the use of body weight as a metabolic reference

standard and its degree of correlation with RMR in the
"average obese" is controversial.

RMR and Fat Mass

Adipose tissue has been described by Brozek and

colleagues (1963) as 83% fat, 2% protein, and 15% water.

More than half of the water content of adipose tissue is

eXtracellular (Garrow, 1982). Although sometimes

characterized as inmert, the adipose Mass does contribute
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to metabolism. However, the cells in adipose tissue give

it its metabolic activity, not the "plain fat" in 1L

(Grande & Keys, 1980).

There is much more individual variation in adipose

content of the body than in the FFM. Weight gain after

age 25 years is, except in the case of vigorous

exercisers, more likely due to an increase 1in fat than

increased FFM (Forbes, 1987).

A few studies have found a relationship between RMR

and body fat (Bray et al.. 1970; Halliday et al.. 1979;

Miller & Parsonage, ]_975) . Mlller and Parsonage studied a

group of 29 obese women who had been unable to lose welght

on a variety of prescribed diets. They found that BMR was

more closely related to pody fat (r = .52, p < .004) than

to LBM (r = .33, n.s.). The authors acknowledged that

this finding was difficult to interpret, given that fat

metabolic activity is lower than muscle. In addition,

they pointed out that repeated dieting, including the

Prescribed 1,500 kcal/day diet of the study, could have

affected both BMR and LBM of the subjects.

Bray and colleagues (1970) studied oxygen consumption

of 15 females, most of whou were between ages 20 te 50

Years. Body fat was calculated by the formula of Pace and

Rathbun (1945), which uses the variables of body weight

and total body water (TBW). Ooxygen consumption was

measured at six to eleven intervals between 8:00 a.m. and
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8:00 p.m. following a 15 minute rest. Fat was found to be

significantly correlated with oxygen consumption (r =

.7288, p < .01). Halliday et al. (1979) also used TBW to

estimate body fat in a study of 22 women having varying

degrees of obesity. The highest correlation in this study

was between LBM determined by total body potassium (TBK)

and RMR; but they also found significant correlations

between fat and RMR, when percentage fat was determined by

TBK (r = .623; p < .005) or TBW (r = .5937 B ¢ .01) .

Both TBK and TBW have been criticized as methods for

determining body composition in the obese. In obese

subjects, FFM has been found to have lower than normal

Potassium content (Colt et al.. 1981). Garrow (1982)

Speculated that potassium Was jow because much of the

water in adipose tissue 1is extracellular and, therefore,

low in potassium. Assuming a "normal" potassium in the

FFM could, therefore, lead to overestimation of fat 1in

Obesity.

Total body water is accurate only insofar as FFM has

a constant water content. Obese animals and humans have

been found to have increased water content of fat free

tissue (Garrow, 1982; Pace & Rathbun, 1945). Assuming a

"normal" water content of FFM could therefore lead to

underestimation of body fat 1n obesity.

Methodological considerations cast some doubt on the

use of fat as a metabolic reference standard in these
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studies. Nevertheless, these three studes do show that

adipose tissue is metabolically active, contributing,
perhaps significantly, to RMR in obesity.

RMR and Fat Free Mass

The FFM is approximately 19.4% protein, 73.8% water,

and 6.8% mineral (Brozek et al., 1963 Womersely et al.,

1976). The LBM, which is sometimes used synonymously with

FFM, also contains a small amount of 1lipid (Bakker &

Struikenkamp, 1977). As previOusly discussed, the FFM or

LBM is not constant, and it changes in size with growth,

maturity, aging, and weight gain (Wedgwood, 1963) .

The inactive components of the FFM are the supporting

components of body composition and do not make a

significant contribution to the RMR (Shizgal et 7= 41—

1979) . These include extracellular mass (bone, connective

tissue, cartilage), body water, and the liquid part of

blood (Bakker & Struikenkamp, 1977; Cunningham, 1982).

There are no striking gender differences 1in inactive

components of the FFM (Cunningham, 1982) .

The active components of the FFM, variously termed

the active cell mass (ACM) or body cell mass (BCM),

include skeletal, cardiac, and smooth muscles; the’

Visceral organs; the solid parts of blood; glands and

cellular components of the brain; and

reproductive organs;

intracellular water (Bakker & Struikenkamp, 19775

Bernstein et al., 1983; Moore et al.. 1963) .
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The BCM is that part of the FFM that contains

potassium of 92.5 meq/kg (Burmeister & Bingert, 1967) to

120 meq/kg (Moore et al., 1963) . This includes primarily

muscle, viscera, and brain tissue. The LBM is thought to

contain 68.1 meq potassium/kg, SO BCM is approximately 57%

of the LBM (Forbes, 1987).

Not all cells of the BCM have equal rates of

metabolism. The brain and liver, for example, make up

approximately 4% of the BCM in a healthy obese or nonobese

person but account for over 40% of resting oxygen

consumption (Grande & Keys. 1980) . Skeletal muscle, on

the other hand, accounts for approximately 40% of body

weight and is responsible for 16-30% of RMR (Grande,

1980) .

There are gender differences 1in some of the active

components of FFM, with males having a larger BCM than

females (Cunningham, 1980) . The non-skeletal muscle

portion of BCM, which accounts for 60-70% of RMR, does
(Cunningham,

not differ proportionately petween the sexes

1980). Sgkeletal muscle mass. however, is found in

Significantly larger quantities in males than in females.
y welght

Muscle mass makes up approximately 29% of the bod

of a female and 40% of the pody weight of a male

(Cunningham, 1980). Thus a male and female of equal
weight would be expected to have different RMRs due to

differences in the quantity of oxygen—utilizing active
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tissue.

The obese also typically have a larger LBM than the

nonobese (Felig et al., 1983). Various reasons for this

have been proposed, such as the need for greater

circulatory volume and more blood vessels to supply blood

to the larger fat mass, and increased muscle mass to

support the heavier fat mass (Grande & Keys, 1980; Keys et

al., 1955). 1In addition, obesity is accompanied by an

increased size of the parenchymal cells that make up the

organs' functioning parts. including an enlargement of the

heart muscle (Ljunngren et sl., 1961).

Considerable debate surrounds the question of whether

therefore,

FFM or BCM is the best indicator of RMR and,

the best reference standard for comparison of RMR between

Subjects. The first published discussion of this point

was made in 1902 by Voit (translated in Lusk, 1906, pp.

42-44), who stated that the cell mass determines the

metabolic rate. Later authors nave supported this view

(Cunningham, 1980; Keys & Brozek, 1953; Moore et al.,

1963) .

The problem with usind the BCM as a reference

Standard is primarily one of practicality: Its measurement

via total body potassium requires sensitive equipment and

even then represents an jndirect measurement (Garrow,

1982) . Furthermore, it is difficult to determine which of
the more easily measured variables accurately reflect the
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active tissue (Owen et al.. 1986) .

To the extent that it reflects the BCM, the more

directly measured FFM is a practical standard for RMR

assessment. Because the FFM incorporates the BCM, various

researchers have stated it to pe a good reflection of the

BCM (Benedict, 1915; Miller & Blyth, 1953; Shizgal &

Forse, 1980). In lean subjects FFM has been reported to

have the greatest influence on RMR of any body compartment

(Cunningham, 1980; Keys et al., 19733 Tzankoff & Norris,

1977) .  Grande and Keys (1980) stated that RMR could be

estimated from LBM: 1.3 kcal/hour/kg LBM in men and

women. Webb (1981) has also found good correlations (r =

.95) between LBM determined by underwater weighing and 24-

hour energy expenditure in pooled data from 15 lean and

obese men and women ages 22-55 years. The 8 females in

this study ranged from 13-45% fat. cunningham's (1980)

reanalysis of the Harris and Benedict data on 223

nonobese, healthy adults found LBM tO be the most

Predictive variable for BMR , accounting for 70% of the

variability in BMR.

Strong correlations have been found between the

higher absolute RMR in obesity and the added LBM of the

1978; Kaplan &

Obese (Cunningham, 19827 James et al..

Leveille, 1976). Cunningham and associates' 1981 study of

10 obese and 10 lean women found RMR to correlate directly

with LBM (r = .84, p ¢ -001)- gimilar findings have been
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reported by Ravussin et al. (1982) . For 20 obese and 10

nonobese males and females, FFM (determined via skinfolds)

correlated best with 24-hour energy expenditure and RMR.

This is not to say that researchers unanimously

support the FFM as a reference standard for RMR. The

relationship may be less straightforward in obesity. Bray

et al. (1970) found a low correlation between exchangeable

botassium, a measure of the BCM, and BMR in 14 obese

Nomen and berdesn totAl pady Water, & WERSRER of the LBM,

and oxygen consumption measured at 6 to 11 intervals

throughout the day and evening. Miller and Parsonage

(1975) studied 29 obese women who nad been unable to lose

weight on prescribed diets and found a weak and

insignificant relationship petween BMR and LBM calculated

from skinfolds at four sites [ = «33).

Methodology may in part explain these discrepancies.

In the Bray et al. study (1970) neither BMR nor 24-hour

€nergy expenditure was measured, but rather the

researchers measured oxygen consumption at intervals. In

the Miller and Parsonage study (1975), dieting both before

and during the study may have affected RMR and LBM.

However, the highest correlations found in Halliday

et al.'s 1979 study of 22 obese women were between RMR and

LBM determined by total body potassium (TBK) (r = .844, p

¢ .001). similar correlations petween LBM and RMR were

Oobtained in 10 women who had been obese since childhood



(Felig et al., 1983), although in this case LBM was

estimated from the equation of Moore et al. ${1963).

Likewise, Bernstein et al. (1983) found significant

correlations between RMR and body cell mass and FFM

determined by TBK (r = .44) and between RMR and LBM

determined by TBW in 154 obese women and 48 obese men.

RMR of obese, nonobese, and athletic women in another

study correlated well with LBM determined from

densitometry or skinfolds (r = 75 hor mendthletesy E =

.96 for athletes) (Owen et al.. 1986). Collective data

from 29 lean and 18 obese females yielded strong

correlations between FFM and both 24-hour energy

expenditure (r = .78) and sleeping energy expenditure (r =

-76) , although the highest correlations in this study were

found between energy expenditure and body weight (deBoer

observed a

et al., 1987). Schutz et al. (1984)

significant correlation between FFM and BMR in 20 women

Wwho were obese since childhood (r = .870. B < J001}

Thus, FFM is an appropriate reference standard for
energy metabolism when people are either at rest or moving

about. It has a physiological relationship to the RMR,

and it is measureable. Although both the FFM and BCM

correlate well with RMR, Keys and Brozek (1953) noted

that oxygen consumption more closely correlated with BCM

than LBM when subjects of different age, sex, Or

fluctuating weight were compared. For a heterogenous
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population, FFM is equally suitable.

Metabolic Rates in Obesity

Absolute RMR in Obesity

When expressed as an absolute value of oxygen

consumption over time, RMR is typically higher in the

Oobese than in the nonobese. Table 1 provides data on

absolute RMR from 13 studies of obese and, in most

instances, nonobese females. Average absolute RMR amond

Obese females in these studies ranged from 1. 2320

Kilocalories per day (kcal/d) (Miller & Parsonage, 1975)

to 1,765 kcal/d (Ljunggren et al., 1961), with an overall

average of 1,563 kcal/d in the obese. When data from

Studies reporting unusually low metabolic rates in the

obese were dropped (Hill et al., 1987; Miller & Parsonage,

1975), the average RMR of obese women 1in these studies was

1,618 kcal/d.

This value is an average of 20% higher than that of

nonobese females in the same studies. Mean RMR reported

for the nonobese ranged from 1,209 kcal/d (Ravussin et

al., 1982) to 1,454 kcal/d (deBoer et al., 1987),

averaging 1,323 kcal/d.

The often statistically significant difference in RMR

between nonobese and obese females is not unexpected,

given the larger cell mass and supporting structures of

the obese individual, as discussed in the previous
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section. Low absolute RMR values are also not

unexpected in certain cases. The Miller and Parsonage

(1975) study included only women who had been unsuccessful

in losing weight while on 1,000 to 1,500 kcal/d diets over

the previous 6 months. In the Hill et al. (1987) study,

baseline RMRs on 8 obese women were taken after 1 week on

a4 "maintenance diet" (caloric composition not reported)

and just before 5 weeks of 800 kcal/day. The subjects’

Previous dieting behavior was also unreported, but the low

RMR and participation in a study involving caloric

restriction suggests previous dieting.

on in Obesity

RMR Per Unit of Body Com ositi
e RMR typically reported for obese

The higher absolut

females creates the impression that the obese have

"normal" metabolism. More instructive are the studies
such as RMR

that state RMR adjusted for body composition,

Per kg of fat free mass (RMR/FFM) or per kg of body weight

(RMR/BW) .

A cursory examination of data from studies that

express RMR per kg of FFM presents a picture of metabolic
normalcy in the obese (see Table 2). In all studies

listed, RMR/FFM ranges from 31.5 to 34.48 kcal/kg FFM in

obese females, with an average of 32.98 kcal/kg FFM/day.

These values are, in all but one 1instance,

statistically indistinguishable from RMR/FFM in nonobese

females. only Hoffmans et al. (1979) found a significant



Table 1

A .
bsolute RMR in Obese and Nonobese women

Study

Bessard et al.,
1983

Blair & Buski
g7 skirk,

Cunningham
et al., 1981

deBoer et al.,
1987

Felig et al.,
1983

Hill et al.
1987 '

Hoffmans e
t .
1979 al-

Ljunggren et al.,

1961

Miller &
Parsonage, 1975

Owen et al.,
1986

Prentice
et al.,
1986

Ravussin
et al.,
1982 al

Schutz e
t @iy
1984

X

[e) o))

10
10

18
29

10
10

15
13

13
16

29

approximate value

included sleeping

N

obese
lean

obese
lean

obese
lean

overweight
lean

obese
lean

obese
obese
lean
obese
healthy
obese

obese
lean

obese
lean

obese
mod .
lean

obese

obese
nonobese

energy ex

47

RMR Diff Between

(kcal/d) Obese and
Nonobese

1661 26% (p < .001)

1230

1445 15% (p < .05)

1226

1656 26% (p < .01)

1313

1728 16% (p < .001)

1454#

1656 25% (p < .005)

127 9%

1255 -

1550 8% (p < .02b)

1421

1765 21% (p < .01)

1383

1210 e

1436.5 12% (n.s.)

1256.8

1605 19% (p < .001)

1352

1585 26%

1634

1209

1699 25%

1267 (p < .001)

penditure in early morning.
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difference between the obese and nonobese, with the 13

lean subjects in their study having a lower RMR/FFM than

the 15 obese. From the standpoint of actual amounts,

there was only a difference of 2.3 kcal/kg FFM/day between

the two groups of subjects., 2 difference less than that

found by Bessard et al. (1983) , whose data did not reach

statistical significance. In one other case, a

significant difference might have peen found if male and

female data had been considered separately (Ravussin et

al., 1982). Obese and moderately obese women studied

expended in excess of 5 kcal/kg FFM/day more than their

nonobese counterparts, but only pooled data from male and

female subjects were tested for statistical significance.

Another study, not included in Table 1, provides

additional information. Garrow and Webster (1985) studied

RMR of 104 women whose percentage body fat ranged from

5.7% to 61.2%. The number of nonobese subjects was not

given, and subject characteristics were not reported

separately for obese and nonobese. In addition, there was

great variation in percentage fat determined by total body

water (the minimum percentage fat using this method was

10.6%), total body potassium (minimum percentage fat =

(minimum percentage

18%), and total body plethysmography

fat = 5.7%). Nevertheless. the authors reported that

Subjects having a higher percentage of body fat had higher
hod used.

RMR/FFM, regardless of the body composition met
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After averaging FFM values obtained with the three

methods, the authors found that each kg gained in FFM

resulted in an increased RMR of 3.48 ml oxygen per minute.

Using standard calculations, 3.48 ml of oxygen is

approximately equal to 0.0167 kcal/min, or 24 kcal/kg FFM/

day (Brooks & Fahey, 1984).

On the other hand, when RMR data are expressed per

unit of body weight (BW), differences between the obese

and nonobese become more apparent. Both Kaplan and

Leveille (1976) and Hoffmans et al. (1979) demonstrated

lower rates of calorigenesis in the obese than the

nonobese when expressed Per kg BW. The difference 1is

statistically significant only for Hoffmans et al.

deBoer et al. (1987) reported the same result when
comparing 24 hour energy expenditure per kg BW in lean and

e lean women expended 35.1 +/- 0.6

overweight women. Th
Kcal/kg BW, while the obese expended 27.6 +/- 0.5 kcal/kg

BW (p < .001), although there Was no significant

difference in 24 hour energy expenditure/kg FFM, between

the two groups.

Apparently the obese may have lower energy

requirements per kg BW than the lean, vet the same energy
(1986) commented on

requirements per kg FFM. Owen et al.

r study. They found the energy

this phenomenon in theil
expenditure per kg BW in athletic women and in lean and
obsns Banathletic Woneth to decredss as weight increased.
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It was speculated that the increased contribution of

adipose to body mass as weight increased might account for

this.

Table 2

s Per Unit of Weight or Fat-Free

Resting Metabolic Rate

Mass in Obese and Nonobese Women

Difference

Study RMR (kcal/kg FFM)
Obese Nonobese
Bessard et 32.3 29.5 n.s.
al., 1983 +/- 1.1 +/- 0.7
Hoffmans et 39,9 30.6 p < .01
al., 1979 gl ] 548 ki 2.8
Prentice et 29 71 33.01 fisS.
al., 1986
Ravussin et 34.48 (obese) 28.77 sig. not
al., 1982 33.95 (mod. obese) tested
Schutz et 31.5 30.6 n.s.
al., 1984
stuay RMR (kcal/kg BW) pifference
Obese Nonobese
Hoffmans et 21.8 24.4 p < <01
al., 1979 fofem LuB +/- 2.3
Kaplan & 26.74 29.87 n.s.

Leveille, 1976

All values are mean +/- standard deviation.
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Possibility of a Metabolic Aberration in Obesity

Certain obesities are associated with a depressed

RMR, usually because of decreased size of the LBM.

Coskilng 'y syndrene (BL1Ls % Cobm, 1875 Ernest, 1967),

hypothalamic obesity (Bray & Gallagher, 1975), and Prader-

Willi syndrome (Nelson et al.. 1981) provide three

examples from medicine of decreased LBM accounting for

decreased RMR. Subjects with these disorders have been

excluded from studies reviewed here. More pertinent to

this study are the "average” obese, for whom the idea of

metabolic efficiency is still controversial.

Some research has examined the formerly obese in an

attempt to identify metabolic differences between those

who have successfully reduced body fat and the never-obese

lean. A recent study matched 16 post-obese and 16 lean

women to age (+/- 5 years) . weight (+/- 3 kg), and height

(+/- 5 cm); body composition assessed by skinfolds was

similar between the two groubs (Geissler et al.. 1987) .
t weight for 6

Eight of the post-obese had maintained targe

months; the other eight were closely approaching target
weight. At all levels of activity —-— sedentary, normal,

the post—obese expended

and aerobic exercise -~

Significantly less energy than lean controls (p < .001).
Even during sleep, the post-obese expended 10% fewer kcal
than the lean. The post-obese consumed an average of

1,298 kcal/day, while the lean consumed an average of
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1,985 kcal/day. This significant difference confounds

interpretation of the data and makes 1t difficult to

interpret whether reduced energy expenditure preceded

development of obesity or was 4 consequence of dieting.

Others have taken caloric restriction into account

when interpreting RMR data. It has already been reported

in this review of literature that the RMR of obese or

nonobese individuals will decrease after days or weeKs on

a low-calorie diet. This decreass. however, is usually

dgreater than one would expect simply from the loss of lean

body mass alone (Leibel & Hirsch, 1984) . Investigators

have attributed 35% (Keys et al.. 1950) to 65% (Grande et

al., 1958) of this reduction to 4 lower rate of metabolism

Per unit of FFM. Thus, the possibility of greater

metabolic efficiency in some tissues as a precedent to

Obesity does exist.

Schutz et al. (1984) reported interesting findings
suggestive of a metabolic abnormality in obesiy. Repeated

Measures of energy expenditure at zero activity (not the

Ssame as RMR) taken while subjects were in a calorimeter

Over 24 hours showed significantly depressed energy

eXpenditure in obese womell. Wwhen energy expenditure at

Zero activity was expressed per kg FFM, the 20 obese

7.6 kcal/kg FFM/day; the 8 nonobese

Subjects expended 3
expended 41.39 kcal/kg FFM/day. This is particularly
interesting because RMR/Kg FFM/day was the same between
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the groups studied. A similar finding was demonstrated by

Bloom and Eidex (1967a) in a study of 8 obese and 4 lean

men and women. A 250-pound obese male walking on a

oxygen consumption than a 150-pound

treadmill had a lower

lean male who was carrying 100-pounds of bricks in a

backpack. The lean subject expended 5.75 kcal/min on the

treadmill, while the obese subject expended only 5.34

kcal/min.

Methodological problems contribute to difficulties in

interpreting studies of RMR of obese women. In no study

lean been matched to

of women, for example, have obese and

lean body mass, and in only one study (Geissler et als;

1987) have subjects been matched to body weight.
In a study involving 8 lean and 8 obese male subjects

who were matched to age, height, and FFM, Segal et al.

(1987) found no difference in absolute RMR or maximal
OXygen consumption per kg FFM. However, there was a
obese when maximal

significant difference betweel lean and

OXygen consumption was expressed per kg of body weight.

Resting oxygen consumption was 3,88 +/- +10 ml/kg/min in
the lean men and 3.19 +/- .10 ml/kg/min in the obese (p <
.01). This led the authors to conclude that a thermogenic

defect in obese men might be related to elevated body fat
d with female

content. gimilar studies must be conducte

Subjects.
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Methodological Problems in Studies of RMR in Obesity

Metabolic rate studies typically involve a small

number of subjects due to the time required to carry out

measures of metabolism. LOW subject number creates

several problems of data interpretation. Statistical

significance can be difficult to achieve with a small N,

or, conversely, a finding may appear significant but not

be applicable to a larger groub- Wwhereas several large

studies of nonobese individuals have peen done and thereby

provide data on the "healthy" population (Benedict &

Emmes, 1915: Boothby & Sandiford, 1932: Re¥S et al.,

1950), no such ambitious studies have peen done on the
able 2 include a

Obese population. The studies cited in T

total of 65 obese women, and none of these studies

followed the same procedures-

es have included subjects having

Oftentimes, studi

extreme variance in personal characteristics. For

example, despite the fact that age affects RMR, subjects

often represent a wide age range, from 20 to 46 years

25 to 45 years (Blair & Buskirk,

fRavussin et al., 1982),

1984), and 20 to 47

1987) , 19 to 44 years (Schutz et al-.

Years (deBoer et al.. 1987)- pata from women who are 20

ge can be extremely difficult to

to 30 years apart in a
interpret, given the finding of ab "aging phenomenon” in
RMR that has been reported (Keys et al.. 1973) . of
studies including obese women. only Felig et al. (1983)
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and Schutz et al. (1984) considered timing of menstrual

cycle in collecting RMR data.

Rarely do studies include control of subject drug

including nicotine, can affect

use, although many drugs,

RMR. 1In fact, deBoer et al. (1987) permitted subjects to

smoke a minimal number of cigarettes and drink tea and

coffee while in the calorimeter. prentice et al. (1986)

likewise did not exclude smokers from participation in

their study, and 3 lean and 1 obese subject out of a total

22 subjects were smokers.

Perhaps the most significant factor, in terms of the

impact on the results, is the classification of subjects

58 chass P nencbecs. THETE ape L0 aspects to this: (1)
method used in determination of biedy Sompeaition. and (2)

Dercentage fat used as 4 cut-off for the definition of

Obesity.

d to be the most

Underwater weighing 18 considere

SRt methed snallabie ot Eiie BiRg Hor determining

body composition, having a 3-4% theoretical error rate
(Lohman, 1981). Yet, the use of hydrostatic weighing is
are among researchers studying RMR in obesity. Only four

Studies reviewed used hydrostatic techniques (Blair &
Buskirk, 1987; deBoer et al., 1987: Hof fmans et al., 1979;

Owen et al., 1986) .

Skinfold measures have been more commonly used in

(Bessard et al.. 1983;

determining body composition
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Geissler, et al., 1987; Miller & Parsonage, 1975; Ravussin

et al., 1982; Schutz et al.., 1984) . Skinfolds are thought

to have, on the average, 4 5% theoretical error rate,

depending upon technician skill, degree of obesity, and

prediction equation used (Lohman, 1981). The average lean

subject in Bessard et al. (1983) was 24.2% fat; given a 5%

error rate, some could have had porderline obesity.

Ravussin et al. (1982) classified subjects who averaged

33.7% fat as "moderately obese.” Again, considering the

Possibility of error in skinfolds. some could have

actually been nonobese and others obese.

<

The overall problem of classification of subjects as

obese or nonobese is troublesome- In most cases, 30% fat

is used as the definition of obesity in women. Thus,

subjects approaching 30% fat but not exceeding it could be

classified a8 lean., If skimfolds are used, any lean

Subject having in excessS of 26% fat might, through

measurement error, actually pe obese. classification of

subjects as obese/nonobese when nydrostatic weighing 1is

not used must therefore be closely examined.

Effects of Adipose cellulaxity 2 Resting Metabolic Rate

considerations were discussed

Several methodological

il’l the previOUS Section that mlght affect feSUltS obtained
in RMR studies with obese subjects. This section examines

another aspect of body make-up that could contribute to

the variability in metabolic rate and to the
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interpretation of RMR data: hypercellularity and

hypertrophy in obesity.

Morphology of Adipose Tissue

Adipose tissue is not composed solely of fat,

although its major constituent 1is triglyceride. Other

components include connective tissue. plood vessels, and

cell walls (Grande & Keys. 1980) . Fat cells are the

largest cells in the body. having a mean cell diameter of

50-100 micrometers in the lean and 150 micrometers in the

obese (Gurr & Kirtland, 1978). Approximately 97% of the

fat in adipose tissue in males and 88% in females is

thought to contain stored, readily mobilized energy and is

termed "nonessential" fat. This contrasts with

"essential" fat, a constituent of LBM. which the body

retains even in starvation (Behnke, 1964).

Another type of tissue. prown adipose tissue, has a

role in nonshivering thermogenesis. This section of the

review of the literature 1s concerned only with white, or

Storage, adipose tissue.

As fat cells mature and enlarge, their proportion of

lipid to protein apparently changes. Goldrick (1967)
examined epididymal fat cell hypertrophy in rats and found
the 1lipid content of the cell wall to increase 40 times

(from 0.011 micrograms to 0.44 micrograms) . while the

CYtoplasm (protein) increased just 4 times. Bjorntorp and

Martinsson (1966) found 1little or 0O increase in cytoplasm
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or constituents of cell membrane in adipose tissue samples

taken from the abdominal wall in human fat cell

hypertrophy.

Pawan and Clode (1960) analyzed samples of

Subcutaneous adipose tissue taken from the same area of

the abdominal wall in living subjects and in deceased

subjects within 24 hours of death. Ages and definition of

obesity were unreported. They found substantial

differences in water and 1ipid content of adipose tissue

between the obese and lean. water made up slightly more

than one-fourth of the weight of adipose tissue in lean

subjects, 1iving or dead, but under 20% of adipose tissue

in the obese. Lipid, on the other hand, made up 68% of

adipose tissue composition in 1iving lean subjects and 72%

in dead 1lean subjects, but 79% of adipose tissue in 1living

and dead obese.

When fat stores are depleted, as in starvation, the

structural elements (active cell mass) and water 1in

Adipose tissue tend to be preserved as the triglyceride

depletion is proportionately much greater (Hausberger.

1965). 1t is possible that this point explains some of

the variance in metabolic rate seen in the obese, glven

that obesity could be the result of a normal number of

enlarged adipocytes, a greater number of enlarged

Adipocytes, or a greater number of normal-sized

Adipocytes.
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Development of Adipose Tissue

Adipose tissue is seen in the human fetus as early as

26 weeks of gestation, although young fat cells may be

vVirtually indistinguishable from connective tissue

fibroblasts in utero. Embryonic adipose cells contain

almost no fat, consisting mostly of extracellular water
(Hausberger, 1965) .

Almost immediately after pirth, fibroblasts (stem

Ccells) change from spindle—shaped to spherical, and water

is replaced by lipid (Napolitano. 1965). As white adipose

cells differentiate, or mature, 1ipid accumulates as 4

large mass in the cell center.
Early in 1life, most growth occurs by cell division

es in cell size not contributing to

1967) .

a . .
lone, with increas

growth until later (Winick and Noble,

rone OT cortisol) have an

Corticosteroids (corticoste

lmportant role in the transformation of uncommitted
adipoblasts into committed preadipocytes and thereby help

to regulate cell number (Hauner et al., 1987) .

at cells are

Several researchers believe that most f

formed in utero (Leibel et als, 1983: salans, 1981). A

second surge in fat cell number seems to occur around ages

8 to 15 years (Knittle et ql., 1979: Leibel et al.. 1983) .

ased fat deposition is typically

rtrophy of adipocytes.

After puberty, incre

associated with progressive hype

Obesity can develop due to oxcessive fat cell number
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(hyperplasia or hypercellularity), excessive fat cell size
(hypertrophy), or a combination of the two.

Hypercellular obesity is usually thought of asg having
its onset in childhood, and hypertrophic obesity is more
frequently associated with adult obesity onset. Winick
and Noble (1967) observed that increasing the éaloric
intake of young rats increased the rate of adipocyte
division but did not change the fat cell size, suggesting
that early overnutrition may at least partly account for
hypercellularity.

Some researchers speculate that beyond a certain fat
cell size an increase in obesity will be accompanied by
formation of new adipocytes, even in adulthood (Bjorntorp,
1982; Gurr et al., 1982; Sjostrom & William-Olsson, 1981).
In adulthood, the data of Hirsch & Batchelor (1976)
suggests that fat cell size plateaus at approximately 170%
ideal body weight and that fat gain thereafter stimulates
cell replication. Sjostrom & William-Olsson (1981)
studied 19 obese women from 1970-72 and again in 1979.
Changes in body weight over the 7 to 9 years only
correlated with changes in fat cell number (r =.59; p
<.01), not changes in fat cell weight.

Possibly the corticosteroids precipitate
hypercellular obesity in adult humans (Hauner et al.,
1987). This has not yet been conclusively demonstrated,

and not all resgsearchers are in agreement that adipose cell
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replication is possible after puberty. Karam (1982)

Stated that after age 21 years mature adipocytes are less

able to replicate, so that obesity developing after

Puberty is characterized by distribution of excess fat

among a normal number of adipocytes. This view is echoed

by others (Bray, 1978; Bjorntorp & sjostrom, 1971). Even

authors who acknowledge the possibility of adult

hypercellular obesity say that in most cases adult-onset

Obesity is more related to hypertrophy (Bjorntorp. 1982) .

Or that critical size of already-existing fat cells must

be achieved before cell replication will occur (8jostrom &

Wi ]
1lliam-0Olsson, 1981).

salans and asgeciatés (1973 studied 99 obese and

nonobese individuals, taking fat samples from three

Subcutaneous and three deep adipose sites. Subjects
ore obese and

having hypercellular obesity were generally m

reported obesity beginning pefore age 5 or between the

ages of 9 and 13 years. None of the subjects who

20 years Wwere found to be

d
eveloped obesity after agde

hypercellular in this study. IR addition, the

hypertrophic subjects were indistinguishable from the non-

O .
bese in fat cell number.

Hirsch and Batchelor (1976) took adipose tissue
Samples from the mid-tricepS: abdomen, and buttocks of 68
females and 38 males having a mean percentage fat oﬁ 16%

and a smaller group of nonobese controls having a mean
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per
centage fat of 23%. Onset of obesity was assessed by

inte i ; .
rview. They found the groub having the earliest onset

& .
obesity to have the largest number of adipocytes.

RMR 1
R in Hypercellular and Hypertro jghie) Obesities

should be an impact of

Theoretically, there cell size

an
d number on RMR. When an individual gains weight, there

is :
an increase in both fat mass and FFM (James et al.,

1978
78; Johnston & Bernstein, 19557 KeYs gt @lles 1H08I-

Al
though the less metabolically active fat mass

con : . : .
stitutes a greater proportion of weight gain 1n

ob :
€sity, the obese also gain active cell mass (Grande &

Ke
¥s, 1980; Ljunggren et al., 1961; white & Alexander,

1965) .

Keys & Brozek (1953) have termed the weight gained 1in

Obesi " ) .
esity "obesity tissue." It consists of fat (65%) ,

ex :
tracellular fluid (14%), and cytoplasm Or cell residue,

whi i
ich is the metabolically active part (24%) (Brozek et

a
4 1955) . The

i« 1963; Grapde & Keys, 19807 Re¥s et al..

Co . .
ntent of obesity tissue 18 somewhat variable. and, in

Ta . .
Ct, its composition is related to the cellularity of

Ob : .
€sity (Grande, 1984; white & Alexander. 1965) . Thus, 1N

h
YPertrophy, increased weight may pe composed of more

lipj : .
Pid, and in hypercellularity. increased weight 18 more

Ce .
11 residue, and this, in theory. would affect RMR.

In what direction RMR would be affected has yet to be

gated. As cell size

res ;
olved or even thoroughly investl
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inc : ,
reases, both the metabollcally—actlve cell residue

tis
sue and extracellular fluid have been observed to

dec . .
rease in proportion to the expanding, relatively

inactj o .
ctive lipid (Johnston & Bernsteil. 1955). Further, as

fat ; :
cell size increases, the extracellular space within

adj :
ipose tissue diminishes, which has also been speculated

to
reduce metabolic capacity of adipocytes (Bjorntorp.

19
82). Thus, the theoretical result of hypertrophy: lower

RM
R per kg of body weight.

Contrarily, if weight gain 1is accomplished by an

ex
Panded number of adipocytes. cell walls and accessory

st ;
Fuctures (ie, cell residue) will make up a higher

pPr : .
Ooportion of weight gain than lipid does (Miller &

Pa
rsonage, 1975). The theoretical result of

h .
Ybercellularity, then: higher RMR per kg of body weight.

A study of 15 obese women who were part of a larger

Sample . .
of 29 obese women attempting to lose weight

Su :
PPorts this theoretical concept (Miller & Parsonage.

y was performed on the 15

197 :
5). Adipose tissue biops

W o
omen and, although onset of obesity was not specified, a

d between fat cell number

Si TRE. ¢
gnificant correlation Wwas foun

a .
nd BMR (r = .57; p < .025). No relationship was found

be
tween cell size and BMR.

on betweel RMR and both fat

A significant correlati

“ell number (r = .425; P ¢ .0001) and fat cell weight (r =

«330 ; ,
30; P < .0001) was found by Bernsteln et al. (1983) 1in a



study of 154 obese women and 48 obese men. Mean fat cell
weight, which the authors viewed as an indicator of fat
cell size, was calculated from photomicroscopic
determination of fat cell diameter. The authors developed
regression equations with the variables FFM, fat cell
number and weight, and age that explained 66% of the
variation in RMR. Their analysis indicated that
hypertrophic women would have a higher absolute RMR than
hyperplastic women of the same fat weight. However,
because fat cell number and fat cell weight explained
differing proportions of the variation in RMR, the authors
speculated that RMR would be affected differently if the
women lost one-half of their body fat. A reduction in
half the fat weight in the hypertrophic woman would mean a
loss of fat cell weight (size). Using the regression
equation, this would cause a 25% decrease in absolute RMR.
The hyperplastic woman losing half her fat weight would
reduce fat cell size but not cell number. Therefore, the
impact on her RMR would be less. The authors did not
examine RMR/BW.

Some evidence of energyfsparing.has been detected in
child-onset obese women (Bessard et al., 1983; Blair &
Buskirk, 1987; Kaplan & Leveille, 1976). Both Bessard et
al. (1983) and Kaplan and Leveille (1976) found reduced
oxygen consumption in response to a high protein test meal

in child-onset obese women when compared with nonobese
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contr
ols, although absolute RMR was within the range that

One wo .
uld expect, given an average weight in excess of 200

DOUnd
S (see Table 1). Blair & Buskirk (1987) found 8
chilqg-
onset obese women to expend significantly less
Per kg

€her
gy per day than 8 adult-onset obese women .

FFM
: B - : e
he child-onset obese expended 51gn1flcant1y fewer

kcaly
& than adult-cnset obese i(p ¢ «05). The child-onset

Obese
had a slightly higher RMR than the adult-onset obese

(1483
kcal/day versus 1408 kcal/day) put the difference

Was .
not significant.

In ; . :
summary, there is some theoretical basls for

aSSum .
ing that the hypercellular (child~onset) obese would

hav
e m : X o
ore active cell mass in proportion to lipid and that

the: b
ypertrophic (adult-onset) obese would have more lipid

than
cell material (Grande, 1984: white & Alexander,

1965) | _ |
solute RMR to be higher 1n

One study found ab

hype
r .
trophic obesity (Bernstein et al.; 1983). Others

fOun
d that the child-onset obese had lower daily energy

€Xpendj
nditure (not the same as RMR) Per kg FFM than adult-

t obese (Blair & Buskirk, 1987). Both fat cell number

(
1975) and fat

Bern .
stein et al., 1983; Miller & parsonade;

Cel]l . )
size (Bernstein et al.. 1983) have peen found to

elate with RMR. Thus, adipose€ cellularity and obesity

t seem to affect energy metabolism, although the total

DiCtu
re of this is still unclear.
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Effects -
s of Regional Fat Deposition on Resting Metabolic

Rate

The : :
previous section explored the contribution of fat

cell gj
ze and number to RMR. Recently, evidence has begun

to ac
cu ; . . . . .
mulate which links the distribution of adipose

tissn
e € ; ; ;
O abnormal glucose and insulln metabolism (Evans

et al
, 1983; Evans et al., 1984: Kalkhoff et al.. 1983;

Peiri
S F
et al., 1986). No studies have directly linked fat

lOCal-
12 i g ; "
ation to RMR. However, this section will present

suggest § .
ive evidence that the RMR of the cbese may be

influe
nced by the site of fat deposition as well as by

cellularity,
Char
acteri , . -
erization of Obesity b Fat Localization

\Y
ague (1956) characterized obesity as android, in

Which .
fat is localized on the upper body. or gynoid, in

Which ,
fat is localized on the lower body . The masculine

ter
m, * .
android," is used pecause fat deposition above the

Waj
st 3
S most often seen in mern. The femifine terdl,

2 gYnO l " .
d, is used to describe fat accumulation in the

1()we
r
abdomen, hips, buttocks. sd thighs, Becduse this

fat
pa .
ttern in more commonly seen in women (Ashwell et
al
s4 A . ;
978; Bolinder et al.. 1983; Vague et al.. 1974) .

T :
WO methods are used to classify obesity as

Predop-
m .
inately upper or lower pody: skinfold thicknesses

and t
he waist to hip girth ratio (WHR) . As further

dise
u :
Ssed in Chapter 3. WHR 1is widely considered to be the
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most g n
ensitive and accurate method of making this

ClaSSi . .
fication (Evans et al., 1984; Kalkhoff et al., 1983;

Peirig
et al., 1986). The closer to one (1:1) the WHR is,

the
gr ; .
eater the degree of upper body obesity while,

ConVer
sely, a lower WHR denotes jower body fat

Predomj
minance (peiris et al., 1986). peiris et al. (1986)

deSCr-
ibed as an intermediate pattern of fat distribution a
WH

R of 0.76 to 0.85.

Metab
oli . : v g
lic Consequences of Fat Localization: Insulln

Plsturbances

In ; . o ;
sulin sensitivity diminishes as WHR increases

(EVan.
S et al., 1984; Kalkhoff et al.. 1983; Kissebah et
al.

1982; Peiris et al., 1986) . Thus, the obese male or

femal
e who has greater fat deposition in the abdomern,

and less

CheSt . .
' e insulln resistant

neck, and arms 1is mor

gluCo
Se tolerant than the obes€ individual who has more

fat ;
i :
n the hips, thighs, and buttocks.

KiSsebah et al. (1982) studied 25 asymptomatic obese

femg
les of similar height, weight, and age put different

boq
Y fat distribution. None of the 1ower -body obese

shoy
ed glucose intolerance, Yet 10 of the 16 upper-body

e . . .
had glucose tolerance test scores in the diabetic

Tange,

Similar findings were reported by Kalkhoff et al.

(19g .
3) in a study of 110 premenopausal women. A

Signifq
1ficant positive correlation was found between WHR and
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insulin response during oral glucose tolerance tests, such

that there was more insulin resistance among those with

the higher WHR. This correlation was found to be

independent of the degree of fatness among 80 weight

stable 19-49 year old women (Evans et al., 1984) and has

even been described in prepubertal girls

(Legido et al.,
1987 .

It has been speculated that upper body fat
predominance is characterized by enlarged truncal
adipocytes, whereas lower body fat predominance is

characterized by an increased number of normal-sized

adipocytes (Evans

et al., 1984). Ashwell et al. (1978)

found both male and female upper-body obese subjects to

have larger adipocytes in the arms, shoulders, and around

the waist than lower-body obese subjects. The enlarged

abdominal adipocytes have a higher rate of lipolvytic

activity (Arner et al., 1981; Rebuffe-Scrive et al.,
1985). This can lead to elevated free fatty acid

concentrations in the portal and systemic circulation, and

this condition has been demonstrated to inhibit hepatic

uptake of insulin and result in peripheral

hyperinsulinemia (Deibert & DeFronzo, 1980; Randle et al.,
1963) . The effect: insulin resistance and non-insulin

dependent diabetes mellitus (NIDDM) . This suggests to

some an explanation for the greater prevalence of NIDDM in
men,

who are more likely than women to have upper-body fat
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bPredomi
ominanc
arice (Evang et al., 1984; Vague ot al., 1974).

Other dj .
differences 1n truncal and femoral adipocytes

hav
'€ also .
> been studied. adipocytes from the thigh were

not f
ound to i :
. to Snereass their rate oI lipolysis in response
S epi
nephrj ,
rine, whereas abdominal fat cells did (Kissebah

et a1
. ‘]_ 9
82). vVague (1956) has found greater epinephrine

SeCret.
ion i
in the upper-body obese at all times.

The
refOre
+ greater epinephrine secretion in the android

e migh .
ght result 1in an increased rate of lipolysis in

the
adem' 0
1nal adipocytes with resultant insulin

Lsta
nc g . ;
e, as previously described.

Met
Yetabolic consequences of Fat Locallzd
i Consequences of Fat Localization: gﬁoruid

Ormo ;
Ne Disturbances

Two -
types of steroid hormones have been described

the sex steroids,

.
.

(GOe
bel
smann, 1986; Guyton, 1986)

ular steroid hormones,

Whi
ch i
nc
lude the ovarian and testic

ang
he
a . ,
drenal steroid hormones- Estradiol (an

est
roge
n) .
+ progestezrone, and androstenedlone are the

Br e
nclp
al :
ovarian steroid hormones . although testosterone

ted The

and
estr
on .
e (an estrogen) are also secre i

though gsecreted in

androgen
! and sgtradiol,

testosterone,

ticular steroid

Mingm,

hOrm:dl amounts, are the primary tes

the mnés' The mineralocorticoids and glucocorticoids are
ain hormones of the adrenal cortex, with very little

the adrenal

te
StOst
e
rone or estrogen beind secreted bY
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The adrenal steroids will be discussed only briefly
here. because their relationship to fat localization in
the "average obese" has not been studied. However, the
glugocorticoid, cortisol, plays a prominent role in the
obesity associated with Cushing's syndrome.
Hypersecretion of cortisol in Cushing's syndrome results
in excessive upper-body fat deposition, which is described
as "buffalo torso" in the medical literature (Guyton,
1986). Although subjects with Cushing's syndrome-obesity
were excluded from the present study, the phenomenon does
indicate how steroid hormones can influence the pattern of

fat deposition.

There 1s also a 1link between the sex hormones and
adipocity. In women, estrogens are the principle sex
sterolds. The primary estrogen prior to menopause is

estrone, and after menopause, estradiol is the primary
estrogen (O'Dea et al., 1979). Adipocytes are the
principle site for estrogen formation after menopause
(0O'Dea et al., 1979), which may explain why postmenopausal
estradiol and estrone levels increase linearly as the
percentage of ideal body weight increases (Frumar et al.,
1980) .

In vivo, O'Dea and associates (1979) have found
strong correlations between the extent of obesity and the
conversion of plasma androstenedione to estrone. This

conversion increases up to 10 times in the postmenopausal
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Morbidly obese. Thus, in obesity and particulariy L

Menopause, conditions apparently exist which affect

re : )
Productive hormone dynamics.

Varying levels of sex hormones have been noted in

9¥Ynoid and android obesities. EvVans et al. (1983) found

'Ncreased WHR in women to be associated with increased

Plasma androgens. The amount of circulating testosterone

¥as not greater in these upper Pody obese women, but Ehere

W , _ —_—
as more unbound than bound testosterone in circulation

Bound testosterone is biologically inactive. The presence

O] ) . )
f more unbound testosterone in gerum in women 18 usually

d8Sociated with masculinization (Goebelsmann & Lobo,

1986) .

Testosterone and, to a lesser extent, estradiol

cirCU1ate bound to a protein, SeX hormone—binding globulin

(SHBG) (Gibbons et al.. 1986; Lobo, 1986) . In women,

Plasma sHBG is determined by the ratio of androgens

i i . A
(partlcularly testosterone) tO estrogens 11 the body

i i ase 1n
decreaSe in SHBG levels indicates a relative incre

; A
dndrogenic action (Evans et al-: 1983; Gibbons et a
1986) | TH Bysns s ALs (1983) . WHR was inversely
correlated Wwith SHBG, so that an increase in upper body

i women
s deposition, among the 80 premenopausal Caucasian
. i BG.
StUdled’ was accompanied by @ decrease 11 plasma SH
i en and men
Androgenic/estrogenic palance 1n obese wom

i i ial fat
may actually play a role in precipitating differential
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izati
tion. At puberty., upper-body fat deposition in

Maleg
oc : .
curs following the onset of androgen gecretion and

the s
u 3 '
bsequent decline 1n SHBG levels (Vague et alsr

1974)
. Women suffering from polycystic ovary syndrome
and this

hav
€ an i
in . ’
crease in adrenal androgen secretion,

Precipi
pitates upper-body fat deposition (Yen, 1980) -

Conve
rs :
ely, men with predominately Jower-body fat

depo . :
Sit
ion have been found to have increased plasma

estrad.
iol levels (Sparrow et al., 1980).

Th ;
e sex steroids are more obviously related to fat

IOCal~
izati :
ation in the "average obese” than the adrenal

Steroj
1ds j '
are. The causal relationshlp between SeX

perhaps. be inferred

r et al. (1980)

Steros
1:d
S and fat localization can.

frOm
ani .
Nimal studies. Steingrimsdotti

demo
nst
. rated that androgens increased and estrogens
eCrea
s : , : .
ed adipose tissue lipoprotein lipase levels and,

Subge
u . ‘
quently, adipocyte size in rats. The previously

dise
us
sed work of Evans et al- (19837 1984) suggested that

dimj
Inish .
ed glucose tolerance and insulin gensitivity were
ndar o .
Yy to changes in androgenic activity 1n humans. In

gnificant

Vitro
und to exert a sl

estrogens have been fo
effe
ct .
on replication of human pre-adipocyteS (Roncari &

Va
n
in androgenic

i 19
78). So, a relative decrease

ACt§ v+
1Vit
Y or a relative increase g estrogenic activity

Might
result in an increase in femoral fat cell number

(
se 1in truncal

10w
er—
body obesity), rather than an increa
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yte size (upper-body obesity) .

Some 1 ;
interaction between the sex steroids and thyroid

hormo
negs . i
has been identified. Thyroxine (T4) and, to a

leSS
er ext o
ent, triiodothyronine (T3) are bound to thyroid-

bind'
ing ;
globulin (TBG) in the ploodstream. TBG levels are

inCre .
ased .
by estrogen action and decreased by testosterone

and
gluc . .
ocorticoids (Gibbons et al.. 1986). An additional

1ink
betw .
een the steroid hormones and thyroid hormones has

been
seen i .
. in thyroid dysfunction. Circulating SHBG levels
aVe be
en : G R
found to be elevated 1N hyperthyr01dlsm (Gibbons

. 1986: Lobo, 1986) and depressed in hypothyroidism

f obese subjects in RMR

ons
ns et al., 1986). Perhaps o

s s B : o
were classified by site of fat deposition, RMR

diff
ere 5 ,
nces within the obese population would become more

aDparent.

Theo
retij . . "
ical Relationship Between RMR and Fat Localization

ection petween

ed to make a conn

N
O study has attempt
ite lack of research

RMR
and sij
site of fat deposition. Desp

s can be drawn about obese

in :

i this area, several conclusion

ozdIViduals having predominantly upper“bOdY ox lower -body

dieSlty' First, abdominal and femoral adipocytes are
fferent in their metabolism (Arner et al., 1981; salans

se metabolism

et a1
-+ 1968). second, differences 1in gluco

exiSt
b
1 etween obese individuals having upper-body ©F
Ower-
) body obesity (vVague et alsp 2ITEDw and this results
iln p
et .
abolic heterogeneity amongd the obese (EvVans et al.,
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1984) ;
. Third, levels of steroid hormones differ between

the u
pper-body obese and the lower-body obese and may even

preci .
Pitate these differences in fat localization (Evans

et ai
., 1983). Fourth, there are 1inks petween levels of

ating sex hormones and thyroid hormones, which may

hormonal differences

affe
ct metabolic rate. In summary,

are pr ;
Present in women having upper-body OFf lower-body fat

depOsitiOn .
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CHAPTER 3 METHODOLOGY

Th ; : oy
e purpose of this study was to determine 1f

diffe
r : 4 ; g
ences in resting metabolic rate (RMR) existed

betwe
e .
n nonobese females and obese females having

diffe
r ;
ent ages of obesity onset. This section of the

stud :
Y contains a detailed description of the subjects,

Measur
ement procedures, and reliability and validity of

the
me
asurement procedures used.

Population
i ' ;
he population consisted of Welght—stable, apparently

heay
t ,
hy Caucasian obese and nonobese females between the

Ages
of 20 and 38 years. To increase homogeneity and
Contr

g as much as possible factors having an influence on

RMR
+ the population was further 1imited toO nonsmokers who

haqg

n : .
© history of thyroid dysfunction, cardiovascular

s classified

dise
a . .
se, or diabetes. The obese populatlon wa

ult-onset or child-onset obese- Both obese groups

demo
Nstrated the gynoid (lower-body) pattern of fat

dlstribution_

sample

The sample consisted of 18 subjects. © from each of

thr
ee ; .

groups: nonobese with no previous history of
nset obese

ty, child-onset obese (COO). and adult-o

(A00) :
: University of

Eight were students from the
and 10

Mar
Y1 ; :
and solicited from health education classes:
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were respondents to an advertisement in the Washington

Post.

All subjects were between the ages 20 to 38 years,
with a mean age of 28.16 years. There were no
significant differences in age between nonobese (M = 26.50

+/- 5.92 years), COO (M = 29.83 +/- 4.35 years), and AOO
(M = 28.17 +/- 6.05 years) subjects. The oldest subject
in the sample was a very lean 38-year-old.

The Metropolitan Life Insurance Company's 1983 Height
and Weight Tables were used for initial classification of
subjects as nonobese or obese. Subjects were initially
classified as nonobese or obese if their self-reported
height and weight put them within the recommended weight
range for a woman of medium frame (nonobese), or at
greater than 20% over the recommended weight range for a
medium-framed woman (obese).

Mean heights and weights of the 18 subjects may be
found in Table 3 in the Results chapter. Mean height of
the 18 subjects was 166.19 cm (65.4 inches), and there
were no significant differences in height between the
three groups. However, there were significant weight
differences between the nonobese (M = 58.28 +/- 5.97 Kkg)
and both the A0OO (M = 79.02 +/- 9.98 kg) and COO (M =
94.92 +/- 27.07 kg) women.

Reference body composition values for women have

shown percentage body fat to jump significantly between
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age 35.1 years and 44.7 years, from a mean percentage fat
of 28.74% at age 35.1 to a mean of 35.33% at age 44.7.

The increment in percentage fat of reference women between
ages 20.3 years and 35.1 years was small and insignificant
(ICRP, 1975) -

In the present study, the oldest subject was below
the average percentage fat in her group. Mean percentage
fat for the nonobese subjects was 18.53 +/- 6.99%,
significantly lower than that of the AOO (M = 37.80 +/-
5.19%) and the COO groups (M = 41.00 +/- 9.58%). Subjects
were only retained for the study if their percentage fat
determined by underwater weighing was greater than 30%
(obese) or less than or equal to 26% (nonobese).

The 18 subjects in the sample had a mean fat-free
mass (FFM) of 50.07 kg. FFM was not significantly
different between the AOO (M = 48.92 +/- 5.47 Kkg) and the
nonobese (M = 47.22 +/- 3.49 kg). However, the COO
subjects had significantly greater FFM than the nonobese
(M = 54.09 +/~ 7.73 kg).

Obese subjects were classified according to age of
onset by using sélf-reported questionnaire data and a
follow-up telephone interview. Subjects were classified
as child-onset obese if they or others characterized
themselves as "moderately overweight" or "extremely
overweight" during childhood or before menarche. Subjects

were classified as adult-onset obese if they characterized
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themselves as "underweight" or "normal weight" during
childhood and menarche. If there were inconsistencies on
the questionnaire or if additional information was needed
for clarification, the investigator interviewed subjects
by telephone.

According to self-reported questionnaire data, the
age of menstruation onset was earlier for the COO0 (M =
10.83 +/- 0.98 years) than for either AOO (M = 12.33 +/-
0.82 years) or the nonobese (M = 12.92 +/- 1.56 years).
This is consistent with the findings of Garn et al.
(1986) .

All obese subjects in the sample had lower-body
obesity, as defined by Vague (1956). The mean waist/hip
girth ratio (WHR) averaged 0.75‘and did not differ
statistically between COO and AOO.

A screening questionnaire was used to restrict the
sample to those reporting no known medical conditions ftrom
among the following: thyroid dysfunction, diabetes,
hypertension, heart disease, or chronic lung disease.
None of the subjects indicated any such health
impairments.

Subjects were asked to list medications regularly
taken so that those taking RMR-affecting medications could
be eliminated from the study. Of the 18 subjects
retained for the study, six reported taking an occasional

aspirin, Tylenol, or Advil for headaches or menstrual
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cramps. One nonobese subject used birth control pills.
Because cigarette smoking affects RMR, only
nonsmokers were retained for the study (Hofstetter et al.,
1986). Six subjects in the sample were former smokers,
but all had refrained from smoking for at least two years.
Finally, the sample did not include subjects on low
calorie diets (below 1,200 kcal/day) (Hoffmans et al.,
1979) or those who had lost more than 2.3 kg during 3
months prior to the study, as suggested by Segal et al.
(1985). All but 4 subjects in the sample had experienced
some weight fluctuation in the past 3 months, but the
fluctuations did not exceed 2.3 kg and were not judged to

be significant by the investigator.

Testing Procedures

A questionnaire and screening measure (waist/hip
girth ratio) were used to determine subject eligibility
for the study. Subjects meeting criteria for the study
underwent three additional measures (hydrostatic weighing,
residual lung volume, and resting metabolic rate) at the
University of Maryland's Human Exercise Research
Laboratory during the months of May and June.

Screening Questionnaire

Volunteers for the study were screened for
eligibility using a questionnaire developed by the

investigator and reviewed by the dissertation advisor and
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University Institutional Review Board (IRB). The
questionnaire collected information on: age, smoking, use
of weight control diets, medical conditions that could
affect metabolic rate, activity level, birth
weight/length, weight history, and menstrual history. A
copy of the questionnaire may be found in Appendix C.
Subjects meeting eligibility requirements for the study as
previously described underwent further measures.

All subjects signed an Informed Consent (Appendix D)
before study procedures were carried out. Also prior to
measurements, subjects were provided with Procedures for
Metabolism Study Subjects, as shown in Appendix E.

Walst/Hip Girth Ratio

Measurement of the waist/hip girth ratio (WHR) was
obtained to include in the study only obese subjects
having predominantly lower-body fat deposition. Clothed
subjects were measured in the standing position with a
non-flexible measuring tape, following procedures of Evans
et al. (1984). The smallest circumference around the
umbilicus constituted waist girth, and the largest
circumference around the gluteus constituted hip girth.
Waist girth was subsequently divided by hip girth to
arrive at the ratio. Subjects having WHR in excess of
0.80 were not retained for the study.

Resting Metabolic Rate by Indirect Calorimetry

Resting metabolic rate (RMR) was measured once on
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each subject by indirect calorimetry with an open-circuit
system, the Metabolic Graphics Corporation's Exercise
gystem 2001 (St. Paul, Minnesota). The MGC-2001 consists
of rapidly responding oxygen and carbon dioxide analyzers
for data acquisition, reduction, and transfer to a CAD/Net
host computer system. The CAD/Net computer consists of a
color monitor for video display, electronics, keyboard,
and a mass storage system running 512K of memory.

Subjects were tested in the University of Maryland's
Human Exercise Research Laboratory during morning hours
after an overnight fast and a 20 minute rest period (Foss
et al., 1982; Zavala & Printen, 1984). Because BMR has
been shown to vary during the menstrual cycle, RMR was not
measured during any subject's menstrual cycle (Solomon et
al., 1982; Webb, 1986). In addition, subjects were
instructed not to exercise for the 24 hours preceding the
RMR measurement and not to take any medications unless
previously discussed with the investigator.

Upon arriving at the lab, each subject was given the
opportunity to void and change into lightweight,
comfortable clothes. Barefoot height and WHR (unless
already obtained) measures were taken, and the subject was
fitted for an air-sealed face mask having a non-
rebreathing valve (Hans Rudolph 2-Way Mask) and shown the
equipment to be used. Weight was measured on a balance

scale which had been zero-balanced. While the
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invest'
1gat . .
gator calibrated the MGC-2001, the subject rested

‘0 a chair,

Cali 3
ibration of the MGC-2001 was done by the

invest ]
lgat :
or following standard procedures published by

the
compan
y and followed by the Human Exercise Research

Labo
rator
. y. The system was calibrated with @ 3 liter
Yringe :
u .
sing a gas mixture of 12.1% oxygen. 4.98% carbon

dioxj
Xide
A N
nd balance nitrogen. Room temperature.

hUm‘ .
1diE
YI .
and barometric pressure values were updated in

th
esy
stem
before each measurement. pead space air for

the
Small
face mask was calculated as 175 ml and for the

lar
ge face mask as 185 ml.

. r the rest period, the subject put on her mask
nd br
eat . . ; :
hed room air while @ sample line brought expired

as exchange was

t
O the MGC-2001. Respiratory g
mately 20 minutes, with

mon'
1t0re )
d continuously for approxi
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Residual Lung Volume by Nitrogen Washout

Residual lung volume (RV) was calculateqd by
subtracting expiratory reserve volume (ERV) from
functional residual capacity (FRC). ERV and Fgre wWere
measured in the Human Exercise Research Laboratory Wwith
the Medical Graphics Corporation's Model 1070 Pulmonary
Function Laboratory (St. Paul, Minnesota) a fey Minuteg
after the RMR measurement. The MGC-1070 consists of 4
rapid nitrogen analyzer connected to a pneumotachometer
(flow sensing device) which provides breath—by—breath
analysis of gas concentration in the lungs. a vacuum pump

draws the gas sample into a capillary tube. An electron
beam ionizes the gas sample and, as the beam passges
through a magnetic field, ions of the various constituent
gases separate according to their specific mass and
electric charge. While the subject rested, the
investigator calibrated the MGC-1070 system with standard
gases and a 3 liter syringe.

For the ERV measurement, the standing subject put on
a noseclip and breathed ambient air through a cardboard
mouthpiece attached to a plastic breathing tube which
entered the MGC-1070. Following three to four normal
breaths and during an exhalation, the subject was prompted
to exhale maximally. This procedure was repeated a
minimum of three times with a rest between each and system

recalibration as necessary. The average of the two
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oxygen, the subject again breathed ambient air, and the
procedure was ended.

The investigator flushed out the mouthpiece with the
3 liter syringe until nitrogen readings of approximately
79.6% were indicated by the computer. At least two trials
were conducted for each subject, with a 5 minute rest
between each. A switch-in error of less than 150 ml was
considered acceptable, and only data from these trials
were retained. The mean of the closest two acceptable
readings was considered to represent the FRC.

Henry (1967) has observed that an individual's true
score is considered to be best estimated from the average
of a series of scores. Thus, RV was calculated by
subtracting average ERV from average FRC.

Body Composition Assessment by Hydrostatic Weighing

Although subjects were initially classified as
nonobese or obese based on height-weight chart placement,
body composition was more accurately determined by
hydrostatic weighing, using the densitometric method
pioneered by Behnke et al. (1942). The hydrostatic
weighing system in use at the University of Maryland Body
Density Laboratory consists of a standard tank in which an
aluminum chair is suspended from a load cell. Access to
the chair is by an aluminum ladder on the side of the
tank.

Prior to each underwater weighing session, the load
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cell was calibrated using established procedures of the
Body Density Laboratory. The water tank filter was turned
off during calibration and underwater weighing. The

weight of the aluminum chair and any items being used b

<

the subject during the procedure, such as a noseclip or
goggles, was then determined.

Subjects were instructed to fast overnight but to
consume plenty of water throughout the evening. Prior to
hydrostatic weighing, the subject's height and weight was
obtained and the subject showered.

The hydrostatic weighing procedure was as follows.
The subject sat in the aluminum chair, and the
investigator positioned it so that the water level in the
tank was between the subject's chin and lower lip. The
subject got out of the chair and held the aluminum ladder,
keeping the water at chin level, while the chair weight
was measured. The subject returned to the chair and was
instructed to exhale maximally above the water, then to
lower her upper body slowly into the water, continuing to
exhale as much air as possible during submersion. When
the investigator observed no further expiration of air
bubbles, the computerized sampling procedure was
initiated. The program sampled for 2 seconds, and the
investigator signalled the subject to surface. This
method has been found to increase subject sense of

control, to reduce fear, and to minimize water turbulence
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(Goldman & Buskirk, 1961).

Three to five samples were taken on each subject, and
the last and highest three to five stable weights were
averaged. Behnke & Wilmore (1974) recommended using the
highest obtained underwater weight if it was obseved more
than twice. The subject's RV, age, height, and weight
were entered into the computer. Water temperature was
recorded in degrees Centigrade from a thermometer
suspended in the tank. Lean body weight, fat weight, and
percentage fat based on equations of Siri (1961) and

Brozek et al. (1963) were generated by the Body Density

Laboratory software program.

Reliability and Validity of Instrumentation

Waist/Hip Girth Ratio

The waist/hip girth ratio (WHR) is one method for
differentiating between upper and lower body fat
predominance (Ashwell et al., 1978). Lower-body obesity
has been defined as WHR less than or equal to 0.76 (Evans
et al., 1984; Peiris et al., 1986) or less than 0.73
(Kalkhoff et al., 1983). Upper-body obesity has beeﬁ
variously defined as WHR greater than 0.85 (Evans et al.,
1984; Peiris et al., 1986), greater than 0.80 (Hartz et
al., 1984), or greater than 0.83 (Kalkhoff et al., 1983).

The WHR has been found to correlate highly with

multiple skinfold measures, arm-to-thigh adipose muscular
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ratio, and intra- to extra-abdominal fat distribution
determined by computed tomography scans for assessing body
fat topography (Evans et al., 1984; Evans et al., 1983;
Kissebah et al., 1982). Girth measurements have also been
found to be more reproducible than measurements of
skinfold thickness in the obese (Bray et al., 1978).

In addition, the WHR has been used to predict
metabolic complications of obesity. Hartz et al. (1984)
surveyed more than 19,000 women and found WHR more
sensitive than neck, bust, waist, or hip circumference
measurements to predict diabetes in women with upper-body
obesity. As the WHR approaches and exceeds 0.85, insulin
resistance and its metabolic consequences predominate
(Evans et al., 1984; Hartz et al., 1983; Kalkhoff et al.,
1983).

Hyvdrostatic Weighing

Hydrostatic weighing as a valid measure of body
composition is based on the assumption that the body
consists of two distinct components —-- fat and fat-free --
and that these two components are chemically different yet
relatively constant in their own make-up throughout the
population. Thus, if one knows the specific gravity, or
density, of each component and then measures the density
of the whole body, the fat and fat-free content of the
body can be calculated. The formula of Goldman and

Buskirk (1961) calculates the density of the body as:
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kg wt in air
([(kg wt 1in air-kg wt in water)/water density]-RvV-0.10)

The validity of hydrostatic weighing is predicated
upon the validity of the densities of fat and fat-free
components of the body. Equations presently in use for
converting body density to percentage fat were developed
using data from young, sedentary, adult male cadavers
(Siri, 1961; Brozek, et al., 1963). These data indicated
that fat has a density of 0.900 gm/cc and that fat-free
tissue has a density of 1.100 gm/cc. Percentage fat is
derived from body density as follows:

Siri (1961): % fat = ([density/4.570]-4.142) X 100
Brozek et al. (1963): % fat = ([4.950/density]-4.5) X 100

The correlation between these two equations was 0.995
in a study involving 54 college males (Behnke & Wilmore,
1974} .

Womersley et al. (1976) examined athletic, sedentary,
and obese male and female subjects of various ages and
found that muscular and younger obese women had a lower
density of fat-free mass compared with the young male
cadavers of Siri (1961) and Brozek et al. (1963). Twelve
young, muscular females ranging in age from 19 to 49 vears
(M = 27.2 years) had a FFM density of 1.090 gm/ml. Eight
young obese females ranging in age from 27 to 44 years (M
= 36 years) had a FFM density of 1.093. Only the young

sedentary women studied had a FFM density equal to that
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described by Siri (1961) and Brozek et al. (1963). If a
density of 1.100 had been assumed for all these women, the
level of body fatness would have been overestimated for
the obese and the athletic. Although the same densities
of fat and fat-free tissue are regularly applied to women
and men, more studies on women and other population groups
are needed to validate tissue densities (Lohman, 1984).

Hydrostatic weighing also assumes that the density of
fat and fat-free tissue is constant within a given
population, when, in fact, considerable variability may
exist. Lohman (1984) noted that variability is not well
defined in many populations, including women. The
reasons for variability in body density primarily focus on
the FFM, with hydration being the largest single source of
variation in density of the FFM. Grande and Keys (1980)
examined data on cadavers from four studies and found
water to make up 69.6 to 77.9% of the FFM. Siri (1956)
proposed that water content of the FFM could vary by 1 to
3%, which would result in an error of +/- 2.7% in
calculation of percentage fat.

Bone density also accounts for variation in density
of the FFM (Bakker & Struikenkamp, 1977; Lohman, 1981).
In normal adults, skeleton comprises 17 to 23% of the FFM,

which would result in a range of FFM density from 1.089

to 1.101 g/ml (Bakker & Struikenkamp, 1977). Because

bone has a relatively high density, an increase in the



o1

Masg b
s of the skeleton would increase density of the FFM,

and
a decrease in the mass of the skeleton would decrease

de[w
1Sity of the FFM (Womersley et al., 1976).

A trained technician can obtain closely reproducible

re ;
Sults from hydrostatic weighing (Behnke & Wilmore, 1974;

Ly . :
kaskl’ 1987) . However, there are potentlal sources of

me o
dSurement error that could reduce the validity of body

densg ,
sity detemined by hydrostatic weighing. The first and

Mos —
t significant of these is the casidnd]l lufig wolume

ate measure of RV

(RV)
) aceur

It is essential to obtain an

to ; .
account for air trapped in the lungs that will
(G . . . o
‘Ntribute to buoyancy durind underwatelr weighing (Behnke
& Wi . for
W1lmore, 1974: Lohman 1984) . Regsidual volume that 18

Pred; :
dicted rather than measured is @ major source of error

(Morroy et al., 1986).

A second source of measurement error 1s excesslive das
' the gastrointestinal tract. This is not measurable and
and, therefore,

is
Not easjily estimated (Garrow. 1982) .

my ; . |
St be controlled by instructing subjects to avoid gas

Pro " ' ‘
ducing foods for several days prior to underwater

Wej g
ghing (Behnke & Wilmore, 1974)-

Error also occurs when the underwater welghind system

is e
Not calibrated carefully prior to each use and when the

inv . ) "
®Stigator fails to correct for water temperature that
is pha . g o
higher or lower than the standard 37 degrees centigrade
(Lo ) _ .
hman, 1984), although these sources of error are



92

minimized by a careful technician.

Finally, error can occur when uncooperative subjects
are used. When a subject is not comfortable in or under
water, considerable error can result due to failure to
expel air maximally (Clark & Mayhew, 1980), excessive
movement during measurement, and failure to remain
submerged long enough (Lukaski, 1987).

The primary limitation of hydrostatic weighing as a
valid and reliable measure of body composition 1is
biological, not methodological. For young adult men, the
method is considered accurate to within .002 g/ml, which
is equivalent to +/- 1% error in body fat (Lohman, 1982).
For women, underwater weighing may have a theoretical
error rate of 2 to 4%, primarily due to hydration and
skeleton differences which affect the density of the fat
free body (Lohman, 1982). Nevertheless, hydrostatic
weighing is widely considered to be the most practical and
accurate method available for assessing body density
(Lohman, 1982; Lohnamn, 1984).

Residual Lung Volume

Residual lung volume (RV) is the volume of air that
remains in the lungs following a maximal expiration
(Buskirk, 1961). With the expiratory reserve volume
(ERV), it makes up the functional residual capacity (FRC).

ERV can be measured simply with a spirometer (Ruppel,

1986). As the individual exhales into the spirometer, the
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spirometer bell moves up; on inhalation, the bell moves
down. Up and down movements of the bell are recorded on a
piece of paper attached to a drum. The principle 1is the
same when ERV 1is measured on the MGC-1070, although the
"tracings," seen on the cathode ray tube display (CRT) are
in the opposite direction.

FRC cannot be measured by spirometry (Fox & Mathews,
1981; McArdle et al., 1981; Ruppel, 1986). The multiple-
breath nitrogen washout method using open circuitry has
been used as a method for assessing FRC for over 30 years
(Kraemer et al., 1986). During a brief period of
breathing 100% oxygen, nitrogen trapped in air spaces in
the lungs is "washed out", permitting calculation, based
on the volume of expired nitrogen, of the volume of the
residual air spaces.

Determination of FRC by nitrogen washout is based on

a concentration-dilution relationship. The classic
equation for calculating FRC (Brugman et al., 1986) is:
FRC = (Nf X Vs) - (Ni X Vs)

(80.0 - Nf)
Where, Nf represents the percentage of nitrogen in the
MGC-1070 system at the end of the procedure; Ni represents
the percentage of nitrogen in the system at the start of
the procedure; Vs is the total 1070 volume at the end of

the test; and 80% is the assumed nitrogen content of

alveolar gas.
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Validity of the FRC procedure is predicated upon two
assumptions (Jalowayski & Dawson, 1982). First, the
initial concentration of nitrogen in the alveoli is
assumed, since this cannot be precisely measured. Second,
nitrogen can be absorbed into blood and tissues, such that
tissue nitrogen might contribute to nitrogen collected
during the washout. The procedure assumes that the
contribution of tissue nitrogen is not significant. The
two assumptions are widely regarded as correct. Sterk et
al. (1980) validated the multiple-breath nitrogen method
by a double tracer gas dilution technique which was based
on mass balance equations for argon, an inert gas, washed
into the lung simultaneously as nitrogen was washed out of
the lung.

Low intrasubject variability has been found in
studies of RV by nitrogen washout using open circuit
spirometry, establishing the method as accurate and
reliable (DeGroodt et al., 1984; Saniie et al., 1979;
Sterk et al., 1980). Morrow et al. (1986) estimated
accuracy to be within +/- 1%. When RV was measured on 14
males and 32 females enrolled in a fitness program and on
a sample of 134 trained male athletes, the nitrogen
washout method and oxygen dilution method gave similar

results (Morrow et al., 1986). Available prediction

equations for estimating RV were found to be inaccurate

and would have resulted in major body density errors.
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Small errors in measurement of ERV, FRC, or RV can
have a major impact (greater than 2%) on calculation of
percentage fat from body density. Marks and Katch (1986)
calculated sources of error in RV measurement as 72% due
to biovariability, 19% due to technical error, and 9% due
to trend effect.

Sources of technical error have been well-documented.
The primary cause of measurement error is leaks of
nitrogen into the system, which can be detected and
corrected before measurement when proper calibrations are
performed (Jalowayski & Dawson, 1982; Miller et al.,

1987) . Other sources of error identified by Jalowayski
and Dawson include insufficient equipment warm-up time,
plugging of the needle valve, excessive moisture in the
analyzer, and malfunction of the vacuum pump, all of which
can be detected by periodic calibration of the system
using the 3 liter syringe.

RV measured on land may not precisely reflect RV at
the time of water immersion, such as during underwater
welighing. It has been observed that hydrostatic pressure
on the chest wall increases during immersion, as does
thoracic blood volume (Arborelius et al., 1972; Begin et
al.: 19786)« Although in theory, one would expect this to
lower RV in water, Girandola et al. (1977) have found
immersion to increase RV in some subjects and to decrease

it in others. Most authors recommend that to minimize
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metabolism (Foss et al., 1982; Norton, 1980). When a
nonrebreathing valve is used, inspired air can be
separated from expired air for analysis. Oxygen consumed
and carbon dioxide produced can then be converted to
kilocalories using the formula of Weir (1949), where
kcal/min is determined by:

3.9(02 used in liters/min) + 1.1(CO2 produced in

liters/min)

Both theoretically and in practice, indirect
calorimetry and direct calorimetry are considered
equivalent for assessing caloric expenditure (DuBois,
1936; Pittet et al., 1974).

As with the other measurements described in this
section, reliability of resting metabolic rate by indirect
calorimetry is dependent upon proper calibration and
precision in use of the equipment (Blair & Buskirk, 1987;
Norton, 1980). Because RMR is a determination of energy
expenditure in the resting state, verification that the
subject is at rest will yield a more accurate measure.
This may be accomplished by having the subject sit at rest
for at least 30 minutes before the measurement (Henson et
al., 1987; Hoffmans et al., 1979; Zavala & Printen, 1984)
or by measuring pulse rate immediately before and after
the RMR measurement (Hoffmans et al., 1979). Avoiding
unexpected sounds during the measurement, having»subjects

void before measurement, letting subjects find a
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comfortable position, and checking the face mask for
comfort and fit will also contribute to the resting state
(Zzavala & Printen, 1984). It has been recommended that
RMR be measured while seated, since an 11% increase in RMR
was observed when obese subjects were lying down (Paul et
al., 1976). Continuing the measure for at least 10
minutes (Foss et al., 1982) or until at least five
consecutive stable determinations of V02 and VC02 have
been observed (Feurer et al., 1983) will yield reliable
measures of energy expenditure in the resting state.

It does not appear to matter whether the subject
breathes into a mouthpiece or a facemask or uses a
ventilated hood for the RMR measurement. No differences
in RMR among the same subjects using a mouthpiece-noseclip
or ventilated hood were observed (Owen et al., 1986), or
among the same subjects using the ventilated hood, face

mask, or mouthpiece-noseclip (Segal, 1987).

Data Analysis

Statistical analyses were performed to compare
absolute resting metabolic rate per day (RMR/d), resting
metabolic rate per kg body weight (RMR/BW), resting
metabolic rate per kg fat-free mass (RMR/FFM), and resting
metabolic rate per kg fat mass (RMR/FM) of nonobese,
adult-onset obese, and child-onset obese females.

Prior to data analysis, data were examined for
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normality and homogeneity of variance. The chi-square and
Kolmogorov-Smirnov tests were used to determine goodness
of fit of the data. The hypothesis of normality was
upheld by these tests.

The assumption of homogeneity of variance was tested
using Hartley's F test (Winer, 1971). Homogeneity of
variance was upheld in all cases except one, in which case
it was rejected because the observed Engy exceeded the
table value for significance at the .05 level.

Under these conditions, hypotheses were tested using
t tests. In addition, data were further analyzed using
Pearson's coefficient of correlation and multiple
regression analysis. All statistics were run on a Turbo
Solution personal computer using Microstat statistical

package (Ecosoft, Inc., Indianapolis, Indiana, c. 1984).



100

CHAPTER 4 RESULTS, DISCUSSION AND OBSERVATIONS

Results

The purpose of this study was to determine if obese
females had a lower resting metabolic rate (RMR) than
nonobese females. Further, the obese subjects were
classified as adult-onset obese or child-onset obese, and
the metabolic rates of these two groups were compared.

This section presents results of statistical data
analysis to determine if differences existed between
nonobese, adult-onset obese (A00), and child-onset obese
(COO) women in RMR/day, RMR/BW, RMR/FFM, and RMR/FM.
Combined data from COO and AOO subjects were also analyzed
to assess any differences between obese and nonobese women
in measures of RMR. A discussion of the findings and
subjective observations follow the analyses.

Demographic Data

To increase homogeneity in the population of
interest, the study was limited to weight-stable,
apparently healthy Caucasian nonobese and obese females
having the following characteristics: a) ages 20 to 38
vears, b) WHR less than 0.80, c¢) less than or equal to 26%
fat (nonobese) or greater than 30% fat (obese), d)
nonsmokers, and e) not taking any RMR-affecting
medications.

Seventeen subjects meeting these criteria and one
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very lean subject who was 3 years older than the age cut-
off were retained for the study. Differences between
groups in demographic characteristics were examined using
t tests and, because of the small sample size, pooled
estimates of variance. Level of significance was set at p
% =055

Obese females were characterized as child-onset based
upon self reported obesity onset before puberty. Adult-
onset were so classified if self reported obesity occurred
after menstruation onset.

The AOO and COO groups did not significantly differ
from each other in age, weight, height, percentage fat,
fat-free mass (FFM), or WHR. Both AOO and COO subjects
had significantly higher weight and percentage fat than
the nonobese subjects, as would be expected. However, AOO
and COO subjects did not differ significantly from
nonobese subjects in age or height. AOO and nonobese
subjects had very similar FFM, while FFM was significantly
higher in COO than in the nonobese (p < .05). When the
data of COO and AOO were combined, the difference in FFM
between nonobese and obese subjects was not statistically
significant. Characteristics of the 18 C0O0O, A00O, and
nonobese subjects may be found in Table 3.

To further characterize the 18 subjects, a screening
questionnaire (see Appendix C) elicited information about

educational level, occupation, frequency of exercise, and



Table 3
Subject Characteristics, Measured
Age, Wt, Hgt, FFM, $Fat, WHR
yr kg cm kg Siri
Child-Onset Obese (COO)
01 23 7350 162.56 50.13 31.79 o5
05 26 136.50 171.45 68.60 50.2 .80
06 32 70.50 167.64 48.67 30.95 .73
07 34 7250 158.75 47.65 34.27 .13
08 31 105.00 166.37 54.09 48.48 .78
09 33 11150 175. 01 55.40 50.31 .15
Mean 29.83 94.92 166.96 54.09 41.00 .76
+/- +/- +/- +/- +/- +/- +/-
S=1. 4.35 2707 5387 7.73 9.58 .035
Adult-Onset Obese (A0O)
20 32 66.75 170.18 43,52 34.79 .76
21 21 82.50 167.99 53.69 34.93 s 15
23 313 80.90 165.10 49.80 38.:45 13
24 30 68.20 157.99 41.69 38.86 s 12
295 20 82.50 170.94 55.62 32.58 .74
29 33 93.25 168.91 49.22 47 .22 ST
Mean 28.:17 79.02 166.85 48.92 37.80 .745
o = +/= = Hof = = +/ - + /=
Seib.: 605 9.98 4.79 5:47 5.19 .019
Nonobese (NO)
40 26 59 . 10 167.00 45.04 24.55 —
41 38 54.50 170.18 45.92 15.%75 ==
42 22 48.50 V57 <48 44.18 8.90 ==
43 22 61.7H 172.72 53.74 12.98 ==
44 25 65.54 162.56 48.39 26.17 ==
45 26 59.70 15875 46.04 22.88 =i=
Mean 26.50 58.28P:d 164.78 47.22 18.53¢:4 -
+ /= Hof = Hf— + /= wf - i
S.D. 5:92 5.97 6.19 3.49 6.99
Level of Significance Key:

QN oe

- p ¢
- p {
i p <

p ¢

.05 between COO and NO

.005 between COO and NO
.0005 between COO and NO
.005 between AOO and NO

102
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ct
ed by the subjects, the COO group could be
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classified as having light activity, the AOO group as

lightly to moderately active, and the nonobese group as

moderately active.

Table 4

Subject Characteristics, Questionnaire

ITtem "hild-Onset Adult-Onset Nonobese
Obese Obese
(n=6) (n=6) (n=6)
Occupation
Full-time 4 3 3
Part-time 1 0
Student il 2 3
Homemaker 1
Education
Range = Range = Range =
Yrs College 1-6 yr 0-4 yr 0-4 vr
M = 3.6 M = 2.1 M 3.16
Yrs Post-BA M = 0.83 M =0 M = 0.17
Activity Level M = 2.17 M = 2.66 M = 3.10
+/- 0.40 £/~ 0.82 +/= 0.98
l=sedentary :
2=1i1ght
3=moderate
4=very active
Exercise Freq. M = 2.00 M = 3.16 M= 3.33
t = 109 w10 TS +/- 1.21
0=0/week
1=1/week
2=2/week
3=3/week
4=4/week

5=> 4/week
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Resultgs of Hypothesis Testing

Three hvpotheses were examined using t teste
g = LS In

addition, Pearson's coefficient of correlatiop T—
) = sed to

examine the strength of the relationships between t
= 1e

variables.

Hypothesis 1: Obese females will have a lower RMR per
unit of fat free mass (FFM), fat mass (FM), anqg body
weight (BW) than nonobese females.

To test this hypothesis, data from COO and A0O
subjects were combined. Table 5 illustrates RMR and other
characteristics of the nonobese and obese subjects.
Mean absolute RMR of the obese subjects was
significantly higher than the nonobese (1531 Kcal/day
versus 1332 kcal/day; p < .05). RMR adjusted for FFM
(RMR/FFM) in the obese subjects was statistically
indistinguishable from that of the nonobese subjects.

Despite higher absolute RMRs, the obese subjects had
significantly lower mean RMR per kg BW and FM than the
nonobese subjects. RMR/BW was 18.47 Kkcal/kg/day in the
obese and 22.94 kcal/kg/day in the nonobese, a difference
of 4.47 kecal/kg/day (p ¢ .05). RMR/FM was 49.71
kcal/kg/day in the obese and 144.31 kcal/kg/day in the
nonobese (p <.0005) .

The hypothesis that obese subjects would have a lower

RMR per unit of fat mass and body weight was upheld.

RMR/FFM was not found to be different.between the two



groups.
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Table 5

Resting Metabolic Rates of Nonobese and Combined Obese

Subijects

Obese Nonobese Difference
(n = 12) (n = 6)

Age, yr 29.00 26.50 n.s
+/- 5.09 +/- 5.92

Wt, kg 86.97 58.28 p ¢.005
+/- 21.15 +/- 5.97

FFM, kg 51.51 3 4T .22 n.s
+/- 6.93 +/-3.49

FM, kg 35.46 11.06 p ¢ .005
+/- 15.38 +/- 4.85

Hgt, cm 166.91 164.78 n.s
+/- 5.11 +/- 6.19

% Fat 39.41 18.53 p ¢ .00005
+/- 7.54 +/- 6.99

RMR/d, kcal 1631.17 1332.00 p ¢ .05
+/- 164.61 +/- 129.57

RMR/BW, 18 .47 22.94 p ¢ .05

kcal/kg /- 4.47 +/-1.95

RMR/FFM, 30.26 28.31 n.s

kcal/kg +/- 5.40 +/- 3.27

RMR/FM, 49. 71 144.31 p ¢ .0005

kcal/kg /= 17:94 +/- 70.38

All values are mean +/- s.d.
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suggest reasons why RMR/FM and RMR/BW differed betwee
n

obese and nonobese women while RMR/FFM did not.

Coefficient correlations of the combined obese and the

nonobese subjects may be found in Tables 6 and 7.

Table 6

Resting Metabolic Rate and Body Composition: Correlation

Coefficients of Combined Obese Subijects

BW FFM FM $F RMR/D RMR/BW RMR/FFM RMR/FM ACTIV EXER

(1) (2) (39 (4) {5} (6) (7) (8) (9) (10)
(1) 1.000 .870 .977 .848 .003 =858 .594 -.885 -.240 -.372
(2) 1.000 .745 .482 -.040 -.758 -.733 -.633  .134 -.167
(3) 1.000 .939 022 -.834 -.486 -.924 -.383 -.431
(4) .000 029 - . 137 294 =.920 =.524 -.410
{5) 1.000 .471 .685 278 .097 -.026
(6) 1.000 .860 w932 207 214
(1 .000 623 -.091 022
(8) 1.000 .386 287
(9) 1.000 765
(10) 1.000
Critical Value (.05) +/- .524
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In the obese subjects, RMR/BW correlated
significantly (p ¢ .05) with BW (r= -.858), FFM (r=
-.758), FM (r= -.834), percentage fat (r= -.737), RMR /FFM
(r= .860), and RMR/FM (r= .932). The direction of the

correlations was the same in nonobese subjects, but

Table 7

Resting Metabolic Rate and Body Composition: Correlation

Coefficients of Nonobese Subjects

BW FFM EM £33 RMR/D RMR/BW RMR/FFM RMR/FM ACTIV EXER

(1) (2) (3) (4) {(5) (6) (7) (8) (9% (10)

(1) 1.000 .584 .812 .744 .605 -.509  .169  -.839 -.440 -.157
(2) 1.000 .001 -.103 .092 -.590 -.509  -.145  .323 .365
(3) 1.000 .991 .679 -.203  .574  -.929 -.774 -.455
(4) 1.000 .697 -.108  .652 -.929 -.823 -, 52§
(5) 1.000 .375  .809 -.647 -.879 -.600
(6) 1.000  .683 292 -.445 -.457
(7) 1.000 -.464 -.949 -.747
(8) 1.000  .656 .408
(9) 1.000 .784
(10) 1.000

Critical Value (:05) = + /- .740
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correlations were weaker. In fact, RMR/BW did not
correlate well with any variable in the nonobese.

There was a positive relationship between RMR/BW and
RMR/FFM in both obese (r = .86) and nonobese (r = .683)
women, indicating that changes in RMR adjusted for BW
would be accompanied by similar changes in RMR adjusted
for FFM; however, the correlation was only significant in
the obese. There was even a stronger correlation between
RMR/BW and RMR/FM in the obese (r = .932).

The factor accounting most for the difference between
RMR/BW in the obese and nonobese was found in the body fat
of the obese women studied. There was a strong negative
relationship between RMR/BW and FM (r= -.834) and
percentage fat (r= -.737) in the obese but only a weak
negative relationship in the nonobese (r= -.203; r=
-.108). Thus, above a certain percentage fat, but not
below it, degree of fatness affected RMR/BW. As fatness
increased, RMR/BW decreased.

Degree of obesity apparently did not affect RMR/FFM
in the combined obese subjects in this study, since no
strong correlation was found between RMR/FFM and elther
percentage fat (r= -.294) or FM (r= -.486). In both obese
and nonobese subjects, FFM was negatively correlated with
RMR/FFM (r= -.733 in the obese and r= -.509 in the
nonobese): the correlation was significant only for the

obese group.
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Nevertheless, there was a relationship between BW and
RMR/FFM in the obese, but not the nonobese, subjects. 1In
the obese, an increase in BW was accompanied by a decrease
in RMR/FFM (r= -.594; p < .05).

Hypothesis 2: COO females will have a higher RMR per unit
of fat free mass (FFM), fat mass (FM), and body weight
(BW) than AOO females.

To test this hypothesis, data from AOO and COO
subjects were analyzed using t tests; significance was set
at the .05 level. Table 8 presents mean values and
differences between groups.

Results indicated that mean absolute RMR was lower in
COO than AOO females and that RMR per unit of BW, FFM, and
FM was lower in COO than AOO subjects. However,
differences were not statistically significant.

Lack of statistical significance could be the result
of great variance within each group in the variables being
measured. The range of RMR per unit of body composition
within each group (AOO and COO) was considerable. In an
effort to statistically pull some meaning from this
variance, the data were probed further by using Pearson's
coefficient of correlation and multiple regression

analysis. Correlations may be found in Tables 9 and 10.
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Table 8

Resting Metabolic Rates of COO, AOO, and Nonobese Subijects

RMRK, RMR/BW, RMR/FFM, RMR/FM,
kcal/day kcal/Kkg kcal/kg kcal/kg

Child-Onset Obese (COO)

01 1580.00 21.49 31,50 67.60
05 1489.00 10.91 21.93 21.70
06 1452.00 20.59 29.83 66.51
07 1437.00 19.82 3015 57.85
08 1392.00 13.26 25.74 20,35
09 1778.00 15.94 3209 31.69
Mean 1521 .33 17.00 28.54 45.45
+/- +/- +/- +/- +/-
S.D. 14072 432 3.93 20.83
Adult-Onset Obese (AOO)
20 1677.00 25,13 38.54 72.214
21 1240.00 15 .03 2309 43.04
23 1665.00 20.58 - 33,48 53..51
24 1649.00 24.18 39.55 6223
25 1680.00 20.36 30..20 62.50
29 1335.00 14.32 2508 30.32
Mean 1541.00 19.93 31.99 53,97
+/- +/- +/- +/- +/-
8.D. 198.94 4.49 6.45 15 .39
Nonobese (NO)
40 1426.00 23.89 31.66 97.34
41 1207 .00 22.15 2629 140.70
42 1178.00 24..29 26.66 272.68
43 1334.00 21.60 24.83 166.47
44 1326 .00 200,22 27: 39 1729
45 1521.00 25, 48 33.04 t11.36
Mean 1332.0085¢ 22.94b 8. 31 144.31b>d
+/- + f = e +/=
S.D. 129,57 1.95 3.2 70.38

Level of Significance Key:

- p ¢ .05 between COO and NO

¢ .005 between COO and NO
¢ .05 between AOO and NO

¢ .005 between AOO and NO

QN oo

kollksil ol
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In the COO group BW was highly correlated with FM (r

= .992), FFM (r = .943),

and percentage fat

+ 93105

In AOO subjects BW only correlated significantly with FM

(r = .844). This suggests that increased weight had

different meanings in the two groups.

In both groups BW

Table 9

Resting Metabolic Rate and Body Composition: Correlation

Coefficients of Child-Onset Obese Subjects ( n

6)

BW FFM EM %F RMR/D RMR/BW RMR/FFM RMR/FM ACTIV EXER

(1) (2) (3) (4) (5) (6) (7 (8) (9) (10)
(1) 1.000 .943 .992 .931 .207 951 .706 « 945 .388 -.405
(2) 1.000 .892 .758 .102 .869 . 793 .800 251 =.402
{3) 1.000 .970 241 =953 651 973 429 =394
(4) 1.000 274 921 582 .984 .471 -.336
(5) 1.000 .061 519 R .204 284
(6) .000 .B19 2902 .509 485
(7 .000 664 .369 522
(8) 000 .521 .412
(9) .000 .894
(10) 1.000
Critical Value (.05) = +/- .740



L3

was highly negatively correlated with RMR/BW, implying
that as BW increased, RMR/kg BW decreased. Only in the
AOO group was there a significant correlation between BW
and RMR/FFM (r = -.826). So, only in AOO subjects did
RMR/FFM decrease as BW increased.

Table 10

Resting Metabolic Rate and Body Composition: Correlation

Coefficients of Adult-Onset Obese Subjects (n = 6)

BW FFM FM %F RMR/D RMR/BW RMR/FFM RMR/FM ACTIV EXER

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

(1) 1.000 .697 -844  .512 =, 1614 .. ~.909 -.826 -.870 -.045 .473
(2) 1:0000 202 =.258 =.362 -.,653 -.819 -, 367 .571 907
(3 1.000 892 =567 =~.7582 -.514 -.897 -.488 -.033
(4) 1.000 -.390 -.443 =129 =.716 =:771 =.468
(5) 1.000 .880 . 828 .838 139 =, 361
(6) 1.000 .946 .936 062 =.51%
(1) 1.000 A2 =225 =5l
(8) 1.000 2393 =.186
{9} 1:000: .759
(10) 1.000

Critical Value «{.05) = =*/- .740
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Correlations between RMR/d and RMR/unit of body
composition are suggestive of some differences between AOO
and COO females. In AOO, RMR/A correlated positively and
significantly with RMR/FFM (r = .828), RMR/BW (r = .880),
and RMR/FM (r = .838). Thus, as RMR/d varied in AOO
subjects, RMR/unit of body composition similarly varied.
None of these significant correlations were seen in COO
females studied.

Although there were only 6 subjects in each group,
the investigator used multiple regression analysis to
explore the data more fully. Accordingly, FFM and FM were
used as independent variables and RMR/d as the dependent
variable in multiple regression analysis of data from COO
and AOO subjects. Subsequently, the independent
variables, activity level and exercise frequency, were
added to the multiple regression analysis.

As Tables 11 and 12 illustrate, the Rz increased in
both COO and AOO women when activity and exercise were
used in addition to the independent variables FM and FFM.
In the AOO subjects, exercise frequency accounted for 44%
of the variance in RMR/d; activity and exercise accounted
for less of the variance in RME smong COO women, but R

was strengthened by their addition to the analysis.
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Table 11

Variation in Absolute Resting Metabolic Rate in Child-

Onset Obese Subjects: Multiple Regression Analysis

1. Independent std. Error Partial
Variable r2

FFM 21.. 8338 .0667

FM ‘ 40,8233 .1116

Std. Error of Estimate = 170.3450

R2 = .1208
2 Independent std. Error Partial
Variable rz
FFM 71..0215 .1702
FM 26.9172 - 2308
Activity 1371.2384 «1258
Exercise 478.9032 .0614

std. Error of Estimate = 251.5977

R2 =  .3607
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Table 12
=

Var', v
in Absolute Restind Metabolic Rate 1N Adu

sion Analysis

Qtys
1nset Obese Subjects: Multiple Regression alle=t===
Independent std. Error partial
Variable r2
FEM 16.7855 .0940
FM 12.5696 .2931
Std. Brror of Estimate = 201.2861
) R™ = .3858
S e
Independent gtd. Error partial
Variable r2
FEM 60.5952 .2140
oL 24.5689 .1927
Activity 312.3976 s B
Exercise 513.1023 . 4404
259.9289

S
td. Error of Estimate =

2
RZ = .6586

— s

males will have a lower RMR

Hypo
t .
Pe hesis 3: coo and AOO fe
t ung
t
of fat free mass (FFM) , fat mass (FM). and body

Wej
ght
(BW) than nonobese females-
ween

T tes
Coo ests were performed to study differences ek
., and monobege women i RMR per unit of pody
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composition. Significance was set at the .05 level.
Results are summarized in Table 8.

Absolute RMR per day was higher in C0OO (M = 1521.33
kcal/day) than nonobese subjects (M = 1332 kcal/day), and
the difference was statistically significant (p < .02).
However, RMR/BW was significantly lower (p < .005) in COO
(M = 17.00 kcal/kg) than nonobese (M = 22.94 kcal/kg)
subjects. RMR/BW was lower in AOO subjects (M = 19.93
kcal/kg) than nonobese subjects, but the difference was
not significant (p < .08). RMR/FFM of COO and nonobese
subjects was virtually indistinguishable (M = 28.5d1 and
28.31 kcal/kg, respectively). RMR/FFM was actually higher
in AOO (M = 31.99 kcal/kg) than nonobese subjects,
although the difference was not statistically significant.
In both A00O and COO females, RMR/FM was significantly
lower than in nonobese females (M = 45.45, 53.97, and
144.31, kcal/kg, respectively).

The hypothests that COO and AOO females would have
lower RMR/FM than nonobese females was upheld. The
hypothesis that C0OO females would have lower RMR/BW than
nonobese females was upheld. No other statistically
significant differences between COO, AOO, and nonobese
females were found.

The relationship between RMR, adjusted RMR, and
various components of body composition was examined using

Pearson's coefficient of correlation. As reported
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previously in this section, BW was strongly correlated
with FM in AOO (r = .844) and COO (r = .992) subjects. BW
also correlated strongly with FM in the nonobese (r =
.812). Thus, in all three groups of women, an increase in
BW would be associated with an increase in FM. AOO and
nonobese subjects were alike in that BW only correlated
significantly with fat, whereas in the COO group,
significant correlations were also found between BW and
FFM. So, in the COO subjects, who were heavier and
fatter, both lean and fat tissue made a contribution to
welght gain.

Self-reported activity le angd exercise frequency
were similarly correlated in nonobese, C00O, and AOO
subjects. There was a significant positive relationship
between activity and exercise in all three groups. Only
in AOO subjects was there a strong positive relationship
between FFM and exercise, a higher frequency of exercise
being associated with a larger FFM. There were no
significant correlations between activity or exercilse and
any other variables in COO subjects.

As previously reported for AOO and (U subjects,
multiple regression analysis was performed on data from
nonobese women using FFM and FM as independent variables
and RMR/d as the dependent variable. Subsequently, the
independent variables activity level and exercise

frequency were added to the multiple regression analysis.



Table 13 illustrates a much higher R 2 (.4698) for
nonobese women than that found for COO (Table 11)

(Table 12), when only FFM and FM were the variables.
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or AOO

Table 13

variation in Absolute Resting Metabolic Rate in Nonobese

Subjects: Multiple Regression Analysis

4 )i Independent std. Error Partial
. 2
Variable r
FFM 15.6005 .0156
FM 11.2308 . 4652

Std. Error of Estimate = 121.7994

R 2 = .4698
2z Independent std. Error Partial
Variable r2
FFM 5.2114 .9282
FM 5.9732 « 1138
Activity 41.4777 .9607
Exercise 22. 5520 .H786
Std. Error of Estimate = 34.9532
R2 - .9854

Interestingly, 1in nonobese subjects FM explained 46% of



120

the variance in RMR/d, compared with 29% in the AOO and
11% in COO. When the independent variables, activity and
exercise, were added to the multiple regression analysis,
R2 increased to .9854 in the nonobese, .6586 in the AQO,
and .3607 in the C0OO. In both AOO and nonobese women,
activity and exercise accounted for much of the variation
in RMR/d. 1In the COO, activity and exercise did not have
a similar effect.
Additional Data Analysis

Although subjects were not matched with respect to
FFM, group means for FFM were similar, as shown in Table
3s No significant differences in FFM were found between
COO (M = 54.09 +/- 7.73 kg) and AOO (M = 48.92 +f— 5.47
kg) subjects, or between AOO and nonobese (M = 47.22 +/-
3.49 Kkg) subjects. However, a significant difference did
exist between COO and nonobese subjects in FFM (p < .05).

To determine if this difference might be confounding
the interpretation of RMR/FFM, the 18 subjects were
divided into two groups, one group having a mean FFM below
the mean FFM for all 18 subjects, and the other group
having a mean FFM above the mean FFM for all 18 subjects.
Group 1 consisted of 11 subjects having "low" FFM (M =
46.37 kg). Group 2 consisted of 7 subjects having "high"
FFM (M = 55.89 kg). A dependent t test was performed
using the pooled estimate of variance to assess the

difference between the two groups in RMR/FFM. The low-FFM



121

group had a higher RMR/FFM (M = 31.24 +/- 4.59 kcal/day)
than the high-FFM group (M = 27.05 +/- 4.16 Kkcal/kg/day).
This difference was statistically significant (p = .03).
Because one subject had a FFM that was 12.98 Kkg
greater than the next highest FFM, the t test was repeated
omitting this subject's data. Mean FFM for the low-FFM
group then became 45.30 kg (n = 8), and mean FFM for the
high-FFM group became 52.26 kg (n = 9). Results of this
analysis indicated that the low-FFM group still had a
higher RMR/FFM than the high-FFM group (31.46 +/- 4.86
kcal/kg/day versus 28.50 +/- 3.80 kcal/kg/day), but the
difference was no longer statistically significant (p

< 09 )

Discussion

This study examined the resting metabolic rate (RMR)
of 6 nonobese and 12 obese women. S1ix obese women
reported obesity onset before puberty and were classified
child-onset obese (CO0); six reported obesity onset after
puberty and were classified adult-onset obese (A0O).

Absolute RMR was elevated in the obese subjects in
this study, as others have also found (Felig et al., 1983;
Ljunggren et al., 1961; Prentice et al., 1986). Mean RMR
for combined COO and AOO subjects in the present study was
1531.17 kcal/day, approximately 15% higher than the mean

RMR of lean subjects (p < .05). This difference is
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similar to differences found by Blair andg Buskirk (1987)

Hoffmans et al. (1979), and Prentice et a]l. (1986). There
were no significant differences in absolute RMR/day
between AOO and COO subjects.

One would expect the larger cell mass of the obese,
whether AOO or COO, to generate more energy than the
nonobese each day. Of greater interest than absolute RMR,
therefore, 1is the expression of RMR by unit of body mass
or body composition, permitting a more informative
comparison of RMR of people who have different body
weights and body compositions. Lower RMR/BW, RMR/FM, or
RMR/FFM would suggest a degree of metabolic efficiency in
the obese, which might partly account for maintenance of

the obese state.

Metabolic Efficiency in Obesity

It was hypothesized that RMR per unit of body weight
(BW), fat mass (FM), and fat free mass (FFM) would be
lower 1n obese than nonobese subjects. It was further
hypothesized that RMR/BW, RMR/FM, and RMR/FFM would be
lower in AOO than COO subjects. Although some authors
have found evidence which 1is suggestive of energy sparing
in the COO (Bessard et al., 1983; Kaplan & Leveille,
1976), others have theorized that the greater number of
adipocytes seen in COO would result in a higher metabolic
activity (Miller & Parsonage, 1975).

Indeed, the hypothesis that RMR/BW would be lower in
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the combined obese than nonobese was upheld, with combined
obese subijects expending 18.47 kcal/kg BW/day and lean
22.94 kcal/kg BW/day (p < .05). Similar results were
found in a study using subjects comparable to those in the
present study in terms of age, percentage fat, and stage
of menstrual cycle when measurements were taken. Hof fmans
et al. (1979) found obese women to have significantly
lower RMR/BW than lean women, 21.8 kcal/kg/d versus 24.4
kcal/kg/d for the lean.

When data from the obese subjects were analyzed
separately, COO women were found to expend fewer kcal/Kkg
BW than AOO women (17.00 kcal/kg BW/day versus 19.93
kcal/kg BW/day), although the difference was not
statistically significant. The AOO group was not
statistically different from the nonobese in RMR/BW, but
RMR/BW in the COO was significantly lower than RMR/BW 1n
the nonobese (p < .005). This suggests that there are
some small differences between women obese since childhood
and women having obesity oﬁset after puberty, with the COO
showing slightly greater metabolic efficiency per kg BW.
The difference between COO and nonobese was particularly
pronounced. A 70.5 kg COO woman whose RMR was 17.00
kcal/kg BW/day would expend approximately 1200 kcal/day
through the RMR. If she had the RMR/BW of a nonobese
woman (22.94 kcal/kg BW/day), her RMR would be

approximately 1617 kcal/day, a difference of over 400
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kcal/day. This caloric savings could make weight loss
extremely difficult for the COO woman.

The metabolic efficiency of the obese is also quite
evident when RMR/FM is calculated. Nonobese women had a
mean RMR/FM of 144.31 +/- 70.38 kcal/kg/day, significantly
higher than RMR/FM of the combined obese (M = 49.71 +/-
17.94 kcal/kg/day; p < .0005). The large difference in
percentage fat between nonobese and obese women probably
accentuated this difference. A strong negative

correlation was found between FM and RMR/FM in the

combined obese (r = -.924), nonobese (r = -.929), AOO (r =
-.897), and COO (r = -.973). This suggests that as as FM
increased, RMR adjusted for FM decreased. Since the obese

subjects were fatter than the nonobese, their lower RMR/FM
is consistent.

However, even when data only from the obese subjects
were compared, differences in RMR/FM were apparent. The
lowest RMR/FM were seen in COO subjects (M = 45.45 +/-
20.83 kcal/kg/day). Although not significantly different
from RMR/FM of AOO (M = 53.97 +/- 15.19), nor close to
significance, there was a difference and considerable
variability in RMR/FM within the obese sample. This
variability, especially in COO subjects, probably
prevented the difference between AOO and CcOO women from
being statistically significant.

Table 8 indicates that three COO subjects (numbers 5,
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8, and 9) had extremely low RMR/FM: 21.70, 27.35, and
31.69 kcal/kg, respectively. The mean RMR/FM of these
three subjects was 26.91 kcal/kg, compared with a mean
RMR/FM of 63.96 kcal/kg for the other COO subjects. Only
one AOO subject (number 29) had a RMR/FM below 32 kcal/kg,
and the other AOO subjects had a mean RMR/FM of 58.70
kcal/kg.

The relative efficiency of fat tissue in the obese
could account for the reduced RMR/BW. The coefficient of
correlation between RMR/BW and FM was significant for the
combined obese (r = -.834), A0O (r = -.752), and COO (r =
-.953), but not for the nonobese. This suggests that in
fatter individuals, and particularly in those who have
peen obese since childhood, an increase in body fat is
associated with a decrease in RMR/BW.

The three COO women having the lowest RMR/FM also had
low RMR/BW. Interestingly, these three subjects were the
heaviest and fattest subjects in the study.

Studies of very large and very small mammals have
indicated that RMR/BW declines as animal size increases,
because organs having high metabolic rate (such as the
liver) occupy proportionately less body weight in the
larger animal (Grande, 1980). The decrease in RMR/BW may
result from a decrease in the metabolic rate of certain
tissues, including muscle and fat, as the body weight

increases (Holliday et al., 1967). It is also possible
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that a decreased RMR/BW might precede weight gain, in some
cases, thereby becoming the cause, rather than the
consequence, of obesity. To increase RMR/BW, then,
metabolic activity of -ither muscle or fat tissue would
have to change, a phenomenon that might be impossible for
some individuals.

Metabolic activity of lean tissue was not found to be
different between nonobese and obese subjects in the

present study, even when subjects were grouped as low-FFM

or high-FFM. These findings are similar to those of
Bessard et al. (1983), Prentice et al. (1986), and Schutz
et al. (19841), which were summarized in Table 2. Felig et

al. (1983) found no differences in RMR/FFM between 10 COO
and 10 lean women, even though obese subjects were an
average of 12 years older than the lean. And in another
study, even when subjects were matched to FFM, no
significant differences in RMR/FFM were seen between 8
lean and 8 obese men (Segal et al., 1987).

Segal et al. (1987) did, however, find a lower RMR/BW
in obese men when compared to lean men of similar age,
height, and LBM. This occurred despite the fact that
absolute RMR did not differ significantly between the two
groups. In the present study, mean absolute RMR was not
significantly different between low-FFM subjects (M =
1427.4 +/- 173.68 kcal/day) and high-FFM subjects (M =

1495.11 +/- 176.21 kcal/day) .
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Studies of total daily energy expenditure have
suggested a degree of metabolic efficiency in the obese.
Blair and Buskirk (1987) found 8 COO women to expend
significantly fewer kcal/kg FFM/day than 8 AOO women, when
total daily energy expenditure rather than RMR was
measured. Even when RMR/FFM was found to be the same
between 20 obese and 8 nonobese subjects, Schutz et al.
(1984) found total-daily-energy-expenditure-at-zero-
activity/FFM to be significantly lower in the obese.

The active components of FFM consist of muscle,
organs, glands, and intracellular water (Bakker &
Struikenkamp, 1977). Skeletal muscle, which makes up 40%
of BW only accounts for 16-30% of RMR (Grande, 1980).
Naeve and Roode (1970) studied autopsy records and tissue
from 41 nonobese and 26 obese young adults who had died
suddenly from accidents or trauma. Some of the obese had
significantly larger organs, including the heart, kidney,
pancreas, and liver, than nonobese subjects matched for
body length, age, and sex. Cleary et al.'s study of the
genetically obese Zucker rat also found greater liver and
kidney weight in obese versus lean littermates at age 15
weeks (cited in Colt et al., 1981). Thus, an increase in
FFM in obesity need not be due solely to an increase in
skeletal muscle. If caloric expenditure/kg FFM is lower
when people are up and about (i.e., total daily energy

expenditure), muscle may be accounting for less of the



128

caloric expenditure in the obese than in the 1lean,
especially given evidence than organs may 1lncrease in size
in obesity.

FFM is considered to approximate metabolically active
tissue (Ravussin et al., 1986), and FFM usually correlates
highly and positively with RMR (Bernstein et al., 1983;
Cunningham, 1980; Felig et al., 1983; Halliday et al.,
1979; James et al., 1978; Owen et al., 1986; Schutz et
al., 1984). Unlike many other studies, however, the
present study did not find FFM to correlate with RMR, in
the nonobese (r = .092), the combined obese (r = -.040),
ADO (g = -.362), or CO0 {r = .102). The relationship
between RMR and FFM did not improve when subjects were
divided into low-FFM (M FFM = 45.30 kg; r = -.15) and
high-FFM groups (M FFM = 52.26 kg; r = «18): In the
subjects in the present studv, an increase in FFM would
not necessarily be associated with an increase in RMR.

When Miller & Parsonage (1975) found a weak and
insignificant relationship between BMR and LBM (r = .33)
in 29 obese women, the lack of significance was attributed
to caloric restriction. In the present study, all
subjects were weight stable, and none of the subjects
reported recent dieting behavior. Nevertheless, past
dieting could have had a long-term effect. Although
subject diet history was not examined, most of the

subjects (including the nonobese) described 1n
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conversations with the investigator some past caloric
restriction. It is also likely that the lack of
relationship between RMR and FFM in the present study was
due to variability in both RMR and FFM in the 18 subjects.

The heaviest subject in the present study was a 26
year old COO woman who weighed 136.5 kg and was 50.25%
fat. This individual had the largest FFM of all 18
subjects, 68.60 kg. The subject reported always being the
tallest, heaviest person in her class and even provided
photographs to illustrate this. Given her size, her
absolute RMR was extraordinarily low (1489 kcal/day),
lower even than subject 45, who weighed 59.7 kg, 46 Kg of
which was FFM. Subject 5 had very low RMR/BW, RMR/FFM,
and RMR/FM, which had an impact on variability within the
CO0O group.

In contrast, subject 9, who weighed 105 kg and was
similar to subject 5 in percentage fat, had an absolute
RMR of 1778 kcal/day, highest in the study. Subject 8,
who weighed 105 kg, had an RMR of under 1400 kcal/day,
more like the RMR of the nonobese, lighter subjects.
Because one trained investigator performed all
measurements, it is unlikely that this great variability
was due to measurement error.

In summary, when RMR was expressed per unit of BW
(RMR/BW) , combined obese subjects had lower metabolic

activity than nonobese subjects, and COO subjects, in
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particular, showed an efficiency of metabolic rate.
Unexpectedly, COO subjects had lower RMR/BW than AOO, but
the difference was not statistically significant. RMR/FFM
was not significantly different between nonobese, AOO,
C00, and combined obese. This does not preclude reduced
metabolic activity of certain fat-free tissues, including
muscle tissue, in the obese.

Influence of Activity and Exercise on RMR

Self-reported activity level and exercise frequency
differed between the subjects in this study, with COO
tending to report light activity level, AOO reporting
light to moderate activity, and nonobese reporting
moderate activity; see Table 4. The coefficient of
correlation between activity level and exercise frequency
was positive and significant for all groups, indicating
that those who reported being more active were also more
frequent exercisers and those who reported being less
active were less frequent exercisers. COO subjects
exercised an average of two times per week, AOO an average
of 3.16 times per week, and nonobese an average of 3.33
times per week.

Results of multiple regression analysis indicated
that in all groups -- nonobese, A0OO, C00, and combined
obese -- more of the variance in RMR was explained when
the variables activity and exercise were used in addition

to the variables FM and FFM. When only FM and FFM were
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used in multiple regression analysis in the nonobese
group, 46% of the variance in RMR was explained. The
addition of activity and exercise to the analysis
increased the explained variance to 98%. Activity and
exercise also increased explained variance in the AO0O
subjects.

Activity and exercise apparently had a much smaller
effect on COO subjects, the group in which self-reported
activity level and exercise frequency was lowest. The
addition of activity and exercise to multiple regression
analysis increased the explained variance due to FM and
FFM from 12% to 36%, but activity and exercise did not,
themselves, explain much of the variance in RMR in COO
women .

Curtis and Bradfield (1971) found 6 obese housewives
(39%-49% fat) to report 5% less time in moderate
activities and 5% more time in sitting and light
activities than normal housewives. Blair and BuskirKk
(1987) found total daily energy expenditure per Kg FFM to
be significantly less in 8 COO than 8 AOO women. These
results suggest that COO women, or more obese women, not
only expend less energy in activity but are less able to
get metabolic benefit from the activity that they do
engage 1in.

A recent study of energy expenditure in 18 infants

found that infants who later became overweight had
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significantly lower total daily energy expenditure per kg
BW at age 3 months than normal weight infants (Roberts et
al., 1988) . Low energy expenditure was apparently due to
reduced energy expenditure through physical activity,
rather than due to any differences in metabolic rate. The
authors hypothesized that the infants who became
overweight might have been subconsciously conserving
energy to attain a genetically determined weight or
percentage fat. This may be the case in the present
study, as well.

Influence of Age of Obesity Onset on RMR

Because the obese are a heterogenous group, subjects
in the present study were classified as AOO or COO based
on age of obesity onset. Table 3 indicates that COO and
AOO subjects were not significantly different in age,
weight, height, FFM, percentage fat, or waist-hip girth
ratio (WHR), although the COO tended to be fatter and
heavier. 1In fact, the three heaviest and most obese
subjects were from the O group.

AOO and COO women were not significantly different
from each other in absolute RMR/day, RMR/BW, RMR/FM, or
RMR/FFM. Miller and Parsonage (1975) and Bernstein et al.
(1983) found high correlations between fat cell number and
BMR, such that as fat cell number increased, BMR increased
as well. Assuming that COO subjects had greater fat cell

number than AOO subjects, the data in the present study
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suggests the opposite trend: COO had slightly lower
absolute RMRs and slightly lower RMRs per kg BW, FM, and
FFM than the AOO.

One way of examining and evaluating the data from Coo
and AOO subjects is to look at what is lost by combining
data from the obese subjects. The combined obese subjects
had significantly lower RMR/BW than the nonobese.

However, when age of obesity onset was taken into
consideration, the difference disappeared in some cases.
The AOO were not statistically different from the nonobese
in RMR/BW and the COO were very different from the
nonobese in RMR/BW.

The reason for the apparent metabolic difference
between COO and AOO women may be found in the difference
in the composition of weight gained. Coefficients of
correlation between BW and FM and FFM indicated that a
gain in BW in COO women was associated with both a galn in
FM (r = .992) and a gain in FFM (r = .943). The
correlation between BW and FM was high and significant for
the AOO (r = .844), but the relationship between BW and
FFM was not significant (r = .697). As with the nonobese,
weight gain in AOO women was associated with qain.in FM
but not necessarily with a gain in FFM.

Similarly, FM and FFM did not correlate well in the
AOO (r = .202) or the nonobese (r = .001). The

correlation between FM and FFM was high in the COO (r =
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.892), suggesting that a gain in one tissue was assoclated
with a gain in the other.

The similarities between AOO and nonobese women were
lost, however, when data from all the obese were combined.
FM correlated strongly with FFM in the combined obese (r =
.745), and correlations between BW and FFM (r = .870) and
between BW and FM (r = .977) were both significant (p <
.05) «

Forbes (1964) observed a larger LBM and FM in
individuals obese since infancy, whereas individuals
having obesity with a later onset showed only enlarged
adipose tissue. Naeve and Roode (1970) speculated that
age of obesity onset might explain why some obese subjects
in their autopsy study had larger organs, whereas others
had normal-sized organs. The same might be hypothesized
about subjects in the present study.

Perhaps greater differences between the COO and AOO
would have been noted it > variability in RMR within
these groups were not so great. Even when site of fat
deposition and recent dieting behavior were controlled,
the obese had slightly more variability in absolute RMR
than the nonobese, particularly the AOO.

Subjective Observations

This study suggested that the obese have a degree of
metabolic efficiency which may account, in part, for

maintenance of the obese state. Age of obesity onset and
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the associated differences in adipose cellularity may
serve as intervening variables in this metabolic
efficiency.

Considerable variation exists in RMR within the
population, and absolute RMR is typically elevated in
obesity as a consequence of the greater tissue mass
(Ravussin et al., 1988). However, even when RMR is
adjusted for BW, FM, or FFM, it is estimated that there
may be up to 30% variation in RMR among individuals
(Horton & Danforth, 1982), and this variability 1is larger
than methodological error or intraindividual biological
variation would explain (Bogardus et al., 1986; Ravussin
et al., 1986). A number of factors have been theorized to
account for the often considerable variation in adjusted
RMR . Those that may relate to the present study will be
briefly discussed here.

Composition of the Diet

Several authors have suggested that when
carbohydrates make up the majority of excess calories
consumed, more energy is lost as heat and less excess
energy is stored than when excess calories are in the form
of fat (Danforth, 1985; Horton & Danforth, 1982). Rats
fed a high-fat diet in infancy gained 26% more BW than
control-diet rats (Corbett et al., 1986), resulting in
both an increase in fat cell size and number.

The average American consumes 42% of his/her calories
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in the form of fat, substantially higher than the
recommended 30% (U.S. Department of Agriculture, 1985b).
Even American children consume approximately 34% of their
total daily calories in the form of fat (U.S. Department
of Agriculture, 1985a). Perhaps COO women in the present
study habitually consumed more fat calories than the
nonobese or AOO. Although composition of the diet was not
assessed 1in this study, it should not be overlooked as a
factor that might account for energy expenditure
differences between nonobese and obese women and between
AOO and COO women.

Sodium-potassium Pump

The sodium-potassium pump maintains sodium and
potassium concentration in the cells and facilitates
transport of materials across cell membranes, thereby
accounting for 20-50% of the energyv used at the basal
level in humans (De Luise et al., 1980; Horton & Danforth,
1982). De Luise et al. (1980) found 23 obese men and
women <l47-277% of ideal body weight) to have 22% fewer
sodium-potassium pump units in red blood cells than 28
nonobese men and women (84-123% of ideal body weight).
There was a negative correlation between percentage of
ideal body weight and reduction in sodium-potassium pump
units, suggesting that the more overweight would have
greater metabolic efficiency.

In the present study, the slightly more obese COO
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subjects had significantly lower RMR/BW than the nonobese,
whereas there was no significant difference in RMR/BW
between AOO and nonobese women. Reduced number of sodium-
potassium pump units in the COO could be a factor involved
in this difference.

Substrate Cycling

Various metabolic cycles operate in the human body to
produce and dissipate energy without subsequent synthesis
or breakdown of materials (Horton & Danforth, 1982).
These cycles are, thus, often termed "futile cycles."

The cycle between fructose 6-phosphate and fructose
bisphosphate in skeletal muscle, which helps regulate
anaerobic glycolysis, 1s an example of a futile cycle.
Newsholme (1980) estimated that at its maximum rate over
24 hours, this cycle could produce approximately 1,500
calories/day in a 70 kg man, an unlikely event, but
illustrative of its potential. Stress, exercise, and
eating may stimulate this (and other) cycles.

Of interest in the context of exercise is the
observation that the fructose 6-phosphate-fructose
bisphosphate cycle is not only stimulated during exercise
but for 7 to 8 hours after exercise (Newsholme, 1980).
Exercise has also been shown to increase the thermic
effect of food in the lean (Segal & Gutin, 1983; Segal et
al., 1984; Segal et al., 1985) and, by at least one

investigator, in obese women (Bradfield et al., 1968) .
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Thus, via diet-induced thermogenesis or substrate cycles,
exercise may have long-term benefit and be useful in
weight control.

Results of the present study, however, suggested that
exercise and activity were of questionable benefit to RMR
in COO women. Perhaps this was due to some failure of
substrate cvcles, such as the fructose 6-phosphate-
fructose bisphosphate cycle. Or, perhaps it was due to
reduced activity of the sympathétic nervous system, which
also has a role in diet-induced thermogenesis and
substrate cvcling (Horton & Danforth, 1982). Whatever the
hypothesis, it apparently was not as problematic for AOO
women .

Differences in FFM

Forbes (1964) has suggested that early onset obesity
is associated with a larger FM and FFM, whereas obesity
with a later onset is associated only with an enlarged M.
The enlarged FFM of COO obesity may be due to the
enlargement of certain organs, including the heart, liver,
pancreas, and kidney (Naeve & Roode, 1970).

The present study found no differences in RMR/FFM
between nonobese, AOO, or COO women. It might be
speculated that components of the FFM making a
contribution to RMR were different in COO than in AOO or
nonobese. If COO women did have enlarged hearts, livers,

kidneys, and other organs, these nonfat tissues might have
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been making a greater contribution to RMR than muscle
tissue. In fact, the contribution of muscle to RMR might
actually have been reduced in the COO. This might further
clarify why activity and exercise, in which working muscle
metabolism should increase, explained less of the variance
in RMR in the COO than in the AOO or nonobese.

Genetic Factors

Faulty substrate cycling, less active sodium-
potassium pump, suppressed sympathetic nervous system
activity, and early onset of obesity could all be
inherited factors that would predispose an individual to
energy conservation. Corbett et al. (1986) found that
obese rats fed a high-fat diet in infancy were less active
during a period of food restriction than control-diet
nonobese rats. This is similar to the findings of Roberts
et al. (1988), in which human infants, who subsequently
became overweight, had a significantly lower total daily
energy expenditure as early as 3 months old.

Indeed, Bogardus et al. (1986) found 11% of the
variance in RMR among 130 nondiabetic southwestern
American Indians to be accounted for by family membership.
Although not included in the present study, genetic
factors could have and probably did contribute to the
variability in RMR observed within and between the groups
and possibly contributed to some of the differences seen

between AOO and COO subjects.
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CHAPTER 5 SUMMARY AND CONCLUSIONS

summary

The purpose of this study was to determine if obese
females expended fewer kcal through the resting metabolic
rate (RMR) than nonobese females and, if so, to determine
what component of body composition might account for this
energy efficiency. Further, obese women in the study were
categorized as child-onset obese (COO) or adult-onset
obese (A00O), and RMR of obese subjects in the two groups
were compared.

The study had three hypotheses:

1. Obese females will have a lower resting metabolic
rate per unit of fat free mass (FFM), fat mass (FM), and
body weight (BW) than nonobese females.

2. Child-onset obese females will have a higher RMR
per unit of FFM, FM, and BW than adult-onset obese
females.

3. Child-onset obese and adult-onset obese females
will have a iower RMR per unit of FFM, FM, and BW than
nonobese females.

To minimize variability in the population of
interest, only Caucasians between ages 20-38 years who
were apparently healthy nonsmokers were included in the
study. Obese subjects were weight-stable, not following

calorie-restricted diets, and had predominantly lower—-body
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fat deposition.

One measure of resting metabolic rate was taken on
each subject in the morning following a 12-14 hour fast.
No exercise was allowed for the previous 24 hours. Body
composition was determined by hydrostatic weighing.
Eighteen subjects were retained for the study.

Hypotheses were tested using t tests. Pearson's
correlation coefficient and multiple regression analysis
were used for additional data analysis. Significance was
set at the .05 level.

Combined obese (AOO and COO) subjects (n = 12) were
found to have lower mean RMR/BW and RMR/FM than nonobese
subjects (n = 6), despite having significantly higher
absolute RMR/day. RMR/FFM did not differ statistically
between obese and nonobese women.

When data were analyzed separately for the COO (n =
6) and AOO (n = 6) subjects, no significant differences
were found in absolute RMR/day, RMR/BW, RMR/FFM, or
RMR/FM. Values for COO women were slightly lower than AOO
on every measure. Both COO and AOO subjects had
significantly lower RMR/FM than nonobese subjects. Only
COO subjects had significantly lower RMR/BW than the
nonobese.

Pearson's coefficient of correlation suggested that
combined obese subjects experienced a drop in RMR/BW when

they gained weight, whether the weight was FFM or FM. The
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negative correlation between FM and RMR/BW was
particularly strong for the combined obese. When COO and
AOO subijects were looked at separately, differences in the
meaning of BW became more apparent. There were high
positive correlations between BW and both FM and FFM in
COO women, suggesting that both components of weight
increased as weight increased. However, BW only
correlated well with FM in the AOO.

Multiple regression analysis indicated that in all
groups —-- nonobese, A0OO, COO, and combined obese -- more
of the variance in RMR was explained when the variables,
activity and exercise, were used in addition to the
variables, FM and FFM. However, the effect of activity

and exercise on explained variance in RMR was much cumaller

in COO women.

Conclusions

Results of this study suggest that obese women,
especially those having childhood-onset obesity, may be
more metabolically efficient than nonobese women. This
metabolic efficiency could translate into a caloric
savings of 300-500 kcal/day, which would very effectively
maintain the obese state. The greatest difference in
RMR/BW was seen between COO and nonobese women. This
suggests that obesity having its onset before puberty

might predispose an individual to greater metabolic
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efficiency than obesity having its onset later in life.
Various theories were proposed for this caloric
savings, 1ncluding the composition of the diet, reduced
activity of the sodium-potassium pump, faulty substrate
cycling, and the composition of FFM. Self-reported
activity level and exercise frequency were lowest in COO
women, and the results of multiple regression analysis
suggested that even if the COO increased exercise and
activity, RMR might be unaffected. This suggested a
further mechanism for caloric savings: unintentional

reduction in energy expenditure by the C0O0 to defend body

weight or fatness.

Implications for Future Research

This study leaves many questions about RMR unanswered
and suggests several directions for future research.
Certainly, additional study is needed to ascertain other
characteristics of the obese, in addition to the age of
obesity onset, which might affect the RMR. The effect of
age of obesity onset on RMR itself needs to be explored
more fully. For example, are COO individuals having
obesity with very early onset more metabolically efficient
than COO having obesity with onset later in childhood?

In addition, it will be useful to study the effect of
the level of fatness on metabolic rate. The morbidly

obese COO woman may be more metabolically efficient than
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the 30-40% fat COO women, although research available to
date does not suggest at what level of fatness metabolic
efficiency commences. Pairing subjects by body weight or
percent fat may help answer some of the questions about
metabolic efficiency.

More longitudinal studies with children would be
extremely helpful in pinpointing the cause of metabolic
efficiency in the obese. 1If low-calorie intake is one
cause of reduced RMR/BW, for example, research will have
to look beyond immediate past dieting behavior to
correlate diet history with metabolism. However, the
difficulties of metabolic studies, in particular, and
longitudinal studies, in general, may make this
impossible.

The possible lack of effect of exercise on RMR of COO
women 1is alarming, given that obese individuals are best
advised to increase activity rather than reduce caloric
intake as a weight loss strategy. Future research must
look at substrate cycling in muscles of AOO and COO women
and at the composition of the FFM in the obese population.
Specific forms of exercise must be evaluated to determine
the relative effectiveness of each in stimulating total
daily energy expenditure and RMR. If, for example, the
COO woman has more metabolically efficient muscle tissue
but a normal overall RMR/FFM due to enlargement of various

organs, perhaps weight training would be stimulatory in
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some way. In addition, more detailed questions about
exercise and activity level may help clarify apparent

energy expenditure differences among the AO0O and COO.

Implications for Health Education

Obese individuals having the highest RMR have been
found to be the most successful in losing weight, whereas
the obese who have the lowest RMR have shown the greatest
incidence of weight gain and the most difficulty in losing
weight (Ravussin et al., 1988; Zavala & Printen, 1984) .
Thus, RMR can be used in certain situations by health
counselors to predict success in weight loss programs.

When actual RMR is not available, this study suggests
that health counselors may anticipate the least success in
weight loss programs among women who have been obese since
before puberty. Further, exercise may not be as effective
in stimulating RMR in this group, although activity and
exercise would still contribute to weight loss by
increasing caloric expenditure. Weight loss goals may
therefore have to be more conservative with the COO group.
self-image counseling and preparation for reaching weight-
loss plateaus may be more critical.

Early intervention to prevent child-onset

obesity is clearly of great importance to avoid metabolic
efficiency and energy conservation. If metabolic

efficiency is a consequence of fasting and low-calorie
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diets, health education efforts must center on promotion

of proper nutrition. This has implications not only for

elementary health education programs, but particularly for

prenatal and parenting education programs.
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APPENDIX C QUESTIONNAIRE

number

1. /Date of Birth: / /
month day year
2 Height: i o ins.
3. Weilight: lbs.
4. Have you ever smoked cigarettes? Yes No
Bis If YES, how many cigarettes per week did you smoke?
6. When did you quit smoking?
T s Are you presently following a calorie-restricted diet
to lose weight? Yes No
8. If YES, briefly describe your diet:
9. Have you ever been told by a physician that you have:
NO YES If yes,

briefly describe

a. thyroid problem

b. diabetes

c. high blood pressure
d. heart disease
e. chronic lung disease
10 List any nonprescription or prescription medications

that you regularly use:

115 Are you comfortable holding your breath underwater
for brief periods of time? Yes No
12 Is there any medical reason why you cannot put your

head underwater for brief periods of time?
Yes No
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i 3% Have you lost or gained more than 5 pounds in the
past three months?

No Yes
Unsure Lost pounds
Gained pounds
14. What 1is your occupation?

15. Years of education since high school:

College: years

Post-bachelors degree: years

1 6% Check one of the following that best describes your
activity level:

a. Inactive (sedentary)
b. Lightly active (describes most

professionals, many students, office
workers) .

c. Moderately active (describes active
students, most people in light industry,
building workers, department store
workers) .

d. Very active (full-time athletes, dancers,
construction workers and others in heavy
occupations) .

17 Are you involved in competitive athletics? Yes

18. If YES, briefly describe:

19. How many times per week do you engage in moderate
exercise lasting at least 20 minutes:

Briefly describe exercise:

a. 0 = 1

b 2

e 3-4

d more than 4

20, At what age did you begin to menstruate:
years

21. Do you menstruate approximately every 28 days?

i If NO,; briefly elaborate:

0

No
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Weight History

1bs ounces

23. Birth weight

24. Birth length inches

25. How would you classify your weight during childhood

(before puberty):
c. moderately

a. underweight
. overweight
b. normal weight d. extremely
overweight

26. If you were overweight in childhood, at what age can
you recall feeling overweight or having others call you

overweight, fat, or chubby?

u classify your weight at the age at

27. How would yo
ate?

which you began to menstru

underweight
normal welght
moderately ove
extremely over

rweight
weight

Q0T

ght today with your

pare your wel
nstruate?

28. How would you com
weight at the age at which you pegan to me

ight then and now
weight then and now

en and NOW

n, overwelght now

normal welght now

underwe
normal
overweight th
normal weight the
overweight then,

OO T
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APPENDIX D INFORMED CONSENT

Pro - - .
roject Title: Resting Metabolic Rates in Obese and

Nonobese Females

ver eighteen years of age, 1n good
cipate 1in a program of
gummerfield at the
land at college Park,

I state that I am O
52281ca1 health, and wish to parti
Gragarch being condgcted.by Liane
= uate School, University of Mary
epartment of Health Education.

to determine if any
tabolic rate between
petween females obese since
1thood.

his research is
sting me
les and
pese since adu

ghe purpose of t

nlfferences exist in re

CEQObese and obese fema
ildhood and females ©

Ehe procedures involve three measures, all of which may be

tl?lnducted on the same dav. and requiring approximately

" ree hours: resting metabolic rate. residual lung

olume, and underwater weighing.

e are no known risks associated with

I understand that ther
this study -

the measures taken in
n the study 1s confidential,

cted 1
d at any time.

All information colle
be identifie

and my name will not
to ask questions or to

T am free
y time.

I understand that
ticipation at an

withdraw from par

Summerfield

Principal Investigator: Liane M.
5437 N. 22nd Rd.
Arlington, VA 22205
237-0004 (h) 284-1627 (w)
Signature of
-

SUbject___f_7#f__*“’_ﬂ_gﬂ__ﬂJr_ﬂ,ﬂ,ﬂg
Date ,ﬂ_ﬂ,;,—,__,ﬂ—'-f’~'~f———~
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APPENDIX E DESCRIPTION FOR SUBJECTS

Basal Metabolism Study: Description

This is a study of pasal metabolic rates of women

who have been overweight since childhood, overweight since

adulthood, or who are normal weight. The study is being

conducted by a faculty member at Marymount University to

fulfill requirements for the PhD from the University of

Maryland. All study procedures will be carried out at the

University of Maryland's Exercise Physiology Laboratory;

only the principal investigator, Mrs. Liane summerfield,

will be present and atrict confidentiality will be

observed. Transportation can pe arranged.

meet criteria for the study will

Individuals who

undergo three measurements:

li_“EQEQL_MEEQQQllg_BQLQ. This procedure involves
minutes

measurement of oxyden consumption for 15-30

following a rest period of about 30 minutes. BMR must be

measured in thé morning following an overnight fast. An

around the nose and mouth

oxygen mask which fits snugly

will be worn while preathing pnormal air. puring that

time, the investigator will monitor oxygen consumption and

carbon dioxide production using a computerized gystem.
Calories of energy expended during the measurement period
will be calculated from amount of oxygen consumed.
This measurement is taken

2. Residual Lung Volume.
count for gases trapped in

before underwater weighing to ac
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the lungs which would make the research subject more
buoyant in water. Following BMR measurement and a 5-10
minute rest period, the subject will be fitted for a
mouthpiece and a noseclip. The mouthpiece will be
attached to a breathing apparatus. Residual lung volume
will be measured using a method called "nitrogen washout,"
whereby the subject takes a few normal breaths, exhales
maximally, and then breathes 100% oxygen for about 1
minute while nitrogen is washed out of the lungs.
Breathing oxygen for such a brief period has not been
found hazardous to healthy individuals. At least three
measures of residual volume will be taken with a 5 minute
rest period between each. No adverse effects are to be
expected from this procedure.

3. Underwater Weighing. This procedure can be done

immediately after lung volume has been determined. While
wearing a close-fitting bathing suit, the research
subject will sit on a chair attached to a scale and
suspended in a tank of warm water. When ready, the

subject will exhale as much air as possible and duck her

head under the water, continuing to blow out air. A
noseclip can be worn. The researcher will take a rapid,
computerized measure of weight. This procedure will be
repeated 3 to 5 times. Weight underwater is used to

compartmentalize body weight into fat and muscle and 1is

essential for accurate determination of body composition.
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Procedures for Metabolism Study Subjects

Please observe the following procedures for the day before

and day of your scheduled measurements. Scheduled date:

Basal Metabolic Rate

Do not participate in exercise during the day or

g I
evening
2. The
X
x
*
*
*
3 The

before your BMR is measured.

night before your measurement:

Eat a normal dinner by 7:00 PM

Avoid alcohol and caffeine (tea, coffee,
chocolate, colas)

Eat no food and drink no liquids (except water)
after 8:00 PM

Take no medications, except prescriptions already
discussed with Liane

Do not participate in physical activity

morning of your measurement:

Do not eat breakfast or drink anything except
water

Be at the Human Exercise Research Lab, Room 2127
of the PERH Building, University of Maryland, by
9:15 AM

Wear or bring with you a lightweight shirt,
lightweight shorts, and socks

Use the bathroom before the rest period in the Lab

begins
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Underwater Weighing

1. The night before your measurement:
* Eat a normal dinner by 7:00 PM
* Avoid alcohol and caffeine (tea, coffee,
chocolate, colas)
*  Eat no food and drink no liquids (except water)
after 8:00 PM
* Take no medications, except prescriptions already
discussed with Liane
* Drink plenty of water (so you won't be dehydrated)
2. The morning of your measurement:
* Do not eat breakfast or drink anything except
water
* Drink plenty of water
* Bring a snug-fitting bething suit and a towel
*  You can shower afterwards if you wish

Residual Lung Volume - No special instructions.
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