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ABSTRACT 

Titl e of Di ·serta tion: RESTII\G i"IETA BOLIC R.\TE:..: I N CHILD 
ONSET AND ADULT - ONSET OB ES E WOMEN 

Liane M. Su mm erfie ld, Doctor of Phil osoph y , 1989 

Di sse rtati o n directed by: Dr. Ro bert Gold , Professor, and 
Dr. Patricia Mann, Lect urer, Department of Healt h 
Education 

This study investigated diff e rences in resti n g 

metaboli c rate (RMR) between obese and nonobe se female s 

a nd bet1✓ ee n fe males with adult J1 1d c hi ldh oocl unset o t 

obesity . Subjects 1✓ ere 18 healt l1 y, Caucasid 11 h'<>me 1i, d0f--'~ 

20-38 (tl = 28 .16 years ), 6 fro m eac h of 3 groups : n o nobes8 

with no history of o b esity (tl_ = 18.5Y'6 fat), c hjld -onset 

o bese (COO) (tl_ = 41 . 00% fat), and adult - onset obese (AOO) 

( tJ. = J 7 . 8 0 °6 f a t ) . S u b j e c t s were n o n s Ill o k er s , \✓, J i g h t - s t d b 1 e 

for at least 3 m nth s prior to th e st ud y , and not 

fo ll o win g a l ow - calorie diet . All obese subjects had 

lower-body o besity (waist/hip girt h ratio < .80). 

Subjects underwent three measures : RMR by indirect 

calorimetry , residual lung volume, and h ydrosLJtic 

1✓ eighing. In addition, a questi o nn aire li,:ited 

information abo u t weight hi story , e du caL l i n a l level, 

occ upation, frequency of exercise, and ac ti, ·it~· level . 

Wh e n data from t h e 12 obese subjects 1✓ e re combined, 

RMR p er kg body weight (RMR/BW) wa s signifi ca ntl)· lower in 



th e o b s e (18.~7 kcal/kg/day) t h an t h e nonobes e (22.91 

k c al/kg/da y ). Tl1 e obe s e s ubj e ct s al s o h a cl s ignifi c antl y 

low e r RMR p e r kg fat mas s (RMR/FM) than th e n o no be se . 

When data from coo and AOO subjects were a n a l yzed 

se parat e l y , COO wer e found to have signifi ca ntl y l o wer 

RMR/BW (17.00 kcal/kg/day ) than the n o nobese . Th e 

difference between AOO and nono b ese s ubj ects in RMR/BW was 

not signifi cant. Both AOO and COO had s ignifi cantl y lower 

RMR/FM than the n o nobese . coo and AOO s ubj ects did not 

differ statistica ll y in absolute RMR, RMR/BW, RMR/FM, or 

RMR/FfM, althoug h coo h a d l o wer val u e s n n all med s ur e s . 

Multipl e regression a n a l ysis indicat e d t h at , i11 a ll 

group s , mor e of t h e varian ce in RMR was explai ned wh e n t h e 

variab l es, activity and exercise, we r e u sed in addition to 

th e variables, FM a nd FFM. Ho wever, t h e effect of 

activity and exercise o n expl ai ned varia nce in RMR wa s 

muc h s maller in COO women. 

These results indicate that obese wom e n, es pecia ll y 

coo , may be more me tabolically e ffi cie n t than no no b ese 

wo men . Futur e r esearc h is need ed t o d etermi n e if COO 

wo me n are l ess a bl e to b e n ef it meta bol i cally fro m t h e 

additi o n of exe r c i se a nd ph ys i ca l a c t i vity to their dail y 

r e gim e n. 
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CHAPTER 1 INTRODUCTION 

Introduction 

Estimates of the i ncidence of obesity in the United 

States vary from 12 to 26% of th e adult population, 

depending upon whether obesity (excess fat) or ove rweight 

(excess weight) is the criterion being mea s u r ed . Th e 1977 

National Health Interview Survey fo und 26% of th e 

population to be overweight, def i ned as weighing more than 

120% of the 1959 Metropolitan Lif e Insurance Comp any ' s 

recomm e nd ed weight - for - height (Forman et al., 19 86 ). More 

rece ntly, the Rand Heal th In s urance Experiment found 22% 

o f the population surveyed to be overwe ight, 10% to b e 

moderately overweight, a nd 12% seve rely overweight, using 

body mass index (weight divided by the square of heigh t 

for me n and welght di vid ed b y t h e 1 . 5 power of height f o r 

women) as criteria (St e wart & Brook, 1983). Van Italli e 

(1985) estimates that 13% of the adult U.S. po pulation is 

obese , defined as overfat . 

Obesity is widely c onsider e d t o b e a disorder of 

e nergy balance, where e ither energy in exceeds energy o ut 

o r the reverse occurs (Bray, 1983; Danfort h, 1985 ). The 

ea rly experi ments o f Atwater and Be nedi ct (1903) a nd of 

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

th~ Law of Conservation of Energy, the First Law of 

Thermodynamics, could b e applied to human s . That i s , 



energy balance in human s could be represented by the 

follo wing equ ation: 

2 

Energy Intake = Energy Expenditure +/ - Energy Sto r age 

The treatment of o bes ity wo uld therefore seem simple: 

to upset one side of the energy b alance equation so that 

energy stored in the body is lost and a reduction in body 

fat occurs. However , despite this apparent simpli city, 

decades of study have failed to i dentif y a uniform method 

of treatment for obesity that is safe , effective , and 

long-lasting. 

Several reason s for t hi s may be postulat e d. Most 

i mportantly, there has pro b a bl y been an ove r e mp hasis o n 

dietary intake. The term o besity is thought to derive 

from the Latin ob, meaning "over, " and edere , meaning "to 

eat " {Sims, 1982). Yet , studies of food intake of o bese 

individ uals do not consistently support the notion t hat 

the obese consum e more f ood t han t h e n o nobese (B ray, 1 983; 

Curtis & Bradfield, 1971; Horton & Danforth, 1982; 

Maxfield & Konishi, 1966). In those st udi es in whi c h 

ca lori c insuffi c i e ncy has been induced, the obese h ave 

been found to de mo nstra t e a rapid reduction in metabolic 

rate which offsets a n y decrease in the " e nergy i n" side of 

the e nergy balance equation ( Bray, 1969 ). Studies of t h e 

post-obese have indicated that f e we r calories ar e requir ed 

by the for mer l y o bese than by the no no bese to maintain t h e 

same l eve l of body weight (Geissler et a l., 1987; Leibel & 
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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 

mor e closely related to "energy out " than to "energy in". 

If "energy out" is more critical to the maintenance 

of o besity than "energy in," the question becomes one of 

trying to determine which aspect of e nergy expenditure is 

at fault. Some researchers have found the obese to be 

less active than the nonobese, which would result in l ess 

caloric expenditure in physical activity per day (Bl oom & 

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 

metaboli c 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 knee 

angle whi c h would occur when a subject we nt 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 lying down than the 

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



4 

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. { 19 57) 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 nonobes e , lack of such 

activities was thought to contribut e to maint enance of th e 

obese state in these subjects. 

Not all authors have found the obese to expend less 
energy, however. Bloom and Eidex (1967a) categorized male 
a nd 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 me n, 

activity level began to de crease . 
Prentice et al. (1 986 ) 

found average daily energy expenditure for the o bese a nd 

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 performed by each 

grou p was identical. 



Di eti ng Ef f c t s on En e rgy Ex pe nd itur e 

Re duced ca l o ri c intake is perhaps the c ommon es t 

tr e a t me nt f o r o b e sit y . The Rand He alth In s ur a nce 

Experiment provides a variety of demographic and health 

care information on almost 6,000 nonobese and obese 

5 

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, e ven in the 

lean, will have a suppressive effect on RMR, typicall y 

s l o wing attempts at weight loss (Keys e t al., 1950). 

Drenni c k and Dennin (1973) found that a 500 kc al p e r 

day diet lowered 24 - hour energy expenditure from a mean o f 

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 repo rted with obes e women. Fo r 

example, 14 moderately obese women showed a slight but 

significant loss of lean body mass after a 9 week 800 kcal 

per day diet, but their RMR decreased significantly 

throughout the diet (Henson et al., 1987). 

If the RMR is reduced due to di e ting, we ight los s c an 

be elusive. Apfelbaum et al. (1971) put 41 obes e men and 

women on a 220 kcal/day protein diet. BMRs of s ubje c t s 

dropped approximately .9% per day, so that after the 15 

day diet, 24 hour oxygen consumption was 15 - 3 5% bel o w it s 

pre - diet level. The authors calculated that 170 grams o f 



fat (equival e nt 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 (197 5 ) found no 

significant correlation between BMR and duration of 

previous dieting in 29 o b ese women. Yet , the authors 

6 

could have predicted whi c h wo men would reduce body weight 

o n a 1,500 kcal p e r day diet, b ased upon pre -d iet BMR. 

This suggests that, at l eas t in some instances, the 

reduced BMR of obesity ha s other cau ses. 

Metabolic Efficie n cy and the Resting Metabolic Rate 

Basal metabolis m h as been studied for over 100 years . 

T h e first experiment s i n calorimetry were conducted b y 

Atwater and Benedict (190 3 ) in the Unit ed States and by 

Rubner (1883; c it e d in Keys et al ., 1973) in Germany. 

Curre nt knowledg e about metaboli c rate, however , is 

based largely o n t hr ee extensive studies carried o u t 

during th e early part o f this centur y . Early in 1900, 

DuBo i s and . DuBois (1916) b e g a n meas uri ng the body s urface 

a rea of humans, which resulted in development of a formula 

for calcul ation of bod y surface area based o n height a nd 

weight. This formula was u sed a lmost half a ce n tu r y lat e r 

i n est imation of basal ca l or i c expend it ur e fro m s urf ace 

area . At approximately the same time, Harris a nd Be n edict 

were st udying 136 me n a nd 103 wom e n by indirect 

ca lorimetry . Their c las s i c wo rk, published in 1 919, 
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establish ed resting metaboli c 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 me n 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 

ne e ds, particularly the vitamins and min erals. Early 

researc h ers like Gulick (1922) were intrigued by t h e 

ef fects 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 th e "war diet" 

imposed in man y European countries, interest s hift e d 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 -s tarvation o n 32 mal e 

volunteers at the University of Minnesota. Subsequently, 

an interest in the effects of overnutrition on metab o li c 

rate has evolved, and a significant number of st udi es 

using obese subjects has emerged. 

Typically, absolute RMR incr eases in obesity due to 

the larger cell mass created by the obese state (Ljunggr e n 



e t al., 1961). 
However, when e x pressed per unit of b o d y 

we ight, RMR h b 
a s ee n found to b e s uppress e d in th e o bese 

by som e auth o r s (H o ffmans e t al., 1979; Kaplan & Leve ill e , 

1976). 
In a ddition, Ravussin e t a l. (1982) f o und the 

o xygen 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 

th is may be a more meta bolically efficient state. 

Indeed, Sims et al . ( 197 3) have demonstrated that the 

energy needed to maintain excess weight in obesity is 35% 

below expected, and the energy needed t o maintain exce s s 

we ight in ove rf e d lean subjects is 35% above ex p ected. In 

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 consequ e nce 

o f this ene rgy efficiency may b e gr e at diffi c ulty in 

losing weigh t and inability to maintain reduced weight 

over t h e long - term, leaving t h e obese susceptible to 

rebound weigh t gain (Lei bel et al., 1985 ) . 

Since it is impossible to identify and study people 

for a prolonged period prior to obesity development, th e 

post - obese have been studied on many occasions to pro v i d e 

clues to the energy efficiency of obe sity. Pos t - obe se (Q 

= 16 ), obese ( Q = 8 ) , and lean ( Q = 16 ) women mat c hed t o 

age , h eight , and weigh t were studied at three level s o f 



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

sedentary , normal activity, and aerobic exercise 

post - obese exhibit e d approximately 15% l o wer e n ergy 

the 

expenditure than the l ea n, eve n wh e n e nergy expenditur e 

9 

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. 
Fo llowing 

weight loss, the o bese subjects r equire d 24% fewer kcal 

than nonobe se controls , whil e weighing 60% more than the 

controls. 
The authors likened the obese subjects' e n ergy 

requirements to that of semifasted subjects, yet these 

obese individuals were ingesting normal and sufficient 

kcals. 

Evidence from studies with mi ce suggests that 

differences in energy metaboli s m may precede development 

of obesity (Kaplan & Leveille, 1973; Kaplan & Leveille, 

Leibe l and Hirs c h likewise suggest that reduced 
197 4) . 
energy . t of formerly obese humans ma y be 

requiremen s 

evidence of e nergy abnormalities preceding obesity. 

Heterogeneity of Obesity 
of factors interact in th e 

A very large number 

development a nd maintenance of t h e obese state . 
Amo ng th e 
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factors kn o wn to affect bod y composition are g n e ti cs 

(Stunkard t al . , 1986), co mpo c•i_ tio n of t he di et (Rray, 

1978) , and the numb e r, siz , 

(Leibel & Hir sch, 198 ➔) Th e 

nd locatjun of adipose cel l s 

bese thu s represent a 

h eterogenou s group and, given th e e nvironme nt al a nd 

genetic variability within the populati o n, o n e wo uld 

therefore not expect metabolic same n ess . 

The impact of bod y composition diff e r e nces o n RMR in 

the obese h s bar e ly been s tudi ed . Some a uthors h ave 

found diff rences in energy ex p ndi t ur e b et we n 

hypertro phic/adult -on set (e nl a rg e d fat ce ll s ) a nd 

h y p e r ce llulor/ c hild - o n se t ( x ess iv e numbe t· nE Ldt ,~,,lL,; ) 

o bes e f e males ( Bessa r d e t al. , 198 3 ; Blair & Bu s kirk , 

198 7 ; Mill e r & Parson age , 1975 ) , suggesting that this 

aspect of obesity shou ld be tak e n into account wh e n 

st ud y ing th meta bo li s m oE o bese individual s . 

d e positi o n , too, co u ld affect RMR b eca u se of kno ~n 

me t abolic a n d h ormo n a l differe nces i n · adipocyt u fro m 

di f fer e n t are as of t h e body ( Vag ue e t a 1 . , 1 9 7 -J ) • Des pit e 

this c u rsory kno wl e dge , o nly a f e w st udi es ot me tabolic 

rate in t h o b se have contro ll e d f o r site uf f t 

d e posi ti o n o r e llularit y . 

Bea to n (1 98 3 ) says t h a t h e st ud y o t e n rg y 

e xpe ndit ur e h as not progre~s d very [~ r in 75 y~ ~r s 

becau se , alt h o ug h learning h as occurr e d, th pr c ti ca l 

i mplicati n s o f t he Law of Cu n s rvati o n of Ene rg y ha ve not 
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yet been fully appreciated. Perhaps the het erogeneity of 

obesity is o n e practical implication of the e nergy balance 

eq uation that has not been appreciated. It is t h e intent 

of this study to explore the effect of one aspect of this 

heteroge neity , age of obesity onset, on RMR. 

Purpose of the Study 

The purpose of this study was to determine if o bese 

females expend fewer kilocalories (kcal) at the basal 

level than nonobese females, and, if so, to determine what 

component of body composition -- l ean tissue or fat tissue 

- - might be responsible for this e n e rg y efficie ncy . 

Further, the study considered the obese populati o n 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 metabol i c 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 , hyperchol esterolemia , and 

diabet es (Van Itallie , 1985 ) , and the ri s k 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 considere d 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 mont hs (Br ay, 1980), due 

to further reduction of a possibly already reduced RMR 

(Leibel & Hirsch, 1984) . Even following jejunal-ileal 

bypass surgery, some patients ha ve been fou nd to have 

reduced mobilization of fat stores, when the malabs orption 

induced by the surgery should have precipitat ed greater 

fat mo bilization (Nutr itional Complications . . , 1980). 

Exercise is certainly indicated in the treatment of 

obesity, but it does not significantly increase daily 

caloric expe nditur e (Bray, 1983). Forty minutes of 

aerobi c exercise r esult ed in an increase in 24 - hour oxygen 

consumption of 220 to 250 kca l in 8 obese subjects 

(Geissler et al., 1987). The individuals considered t he 

exercise uncomfortable and were unlikely to maintain the 
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exe r c i se behavior on a daily basis. 

By far, the largest proportion of total daily energy 

expenditure is the resting metaboli c rat e , accounting f o r 

60 to 75% of the 24 - hour energy expenditure in l e an and 

obese individuals (Horton & Danforth, 1982; Ravussin et 

~, •, 1982). RMR is considered to be the best predictor of 

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

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

e t al., 1982). Therefore, a me taboli c ally e ffi c i e nt 

individual would have a much more difficult time at 

permanent weight loss and be much more susceptible to 

weight gain. 

Are the obese more metabolically efficient? Thirty 

Years of study have produced a substantial number of work 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; Maxfield & Konishi, 1966) nor are 

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

The evidence, therefore, is somewhat suggestive of a 

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

Geissler et al., 1987). 

Yet, most studies of RMR have not demonstrated a 
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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 is valid and that age of obesity 

onset and site of fat deposition may represent those 

confounding factors. 

The complexity of human obesity s uggests that 

overeating and inactivity are too simpli stic 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 metabolism 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, alt ho ugh inconclusive, 

of a metaboli c effic iency in the obese. This st udy looked 

at one potential explanation for this met abolic efficiency 

by investigating the difference s that exist in resti ng 
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metabolic rate between obese and nonobese females and 

between females with adult and childhood onset of obesity. 

Research Hypotheses 

l. 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 lower-body fat 

deposition. 

2. Subjects were not in th e active stages of weight gain 

or weight loss and were not on low calorie diets. 

3. Subjects were apparently healthy nonsmokers who had no 

reported history of thyroid dysfunction, hypert ension, 
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heart disease, diabetes, or c hro ni c lung disease and who 

were not taking any meta bo li s m- a l teri ng medication s . 

4 . Obese subjects wer e classified as c hil d - o nset obese if 

they or ot h e rs c haract e rized themselves as ~a vi ng been 

moderately or extremely overweight before menstruation 

o nset 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 basi s of adipose 

ce llularity. some researc h indicat es that c h i ld - o ns et 

o bese individuals tend to have an excess ive 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 (B ray, 

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 measu rement s (no food for 12 - 14 

hours and no exercise for 24 hour s ·)• 

Limitations 

1. The sampl e size was smaller than expected due to the 

difficulty in finding subjects who met the cri teria for 

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

inferred from o ns et of o besity . 

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 us ed synonymously with th e 

term body cell mass (BCM). 

Adult - o nset Obesity {AOO) -- Obesity havi ng its o nset 

after age 17, or mor e than 2 years after o nset of 

menstruation (Blair & Buskirk, 1987). Obesity 

having its onset in adulthood is associated with 

hypertrophy and a normal number of fat ce lls (Bray, 

197 8 ) • 

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 s upine subject, 12 to 

14 hours after a moderate meal {Key s et a l., 1950) 

in a the r moneutral environment {Fe lig et al ., 1983). 

The BMR is usually considered to be s lightly lower 

than the resting metaboli c rate (Horto n & Da nf o rth, 

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

(Behnke & Wilmore, 1974). 

Body Weight to the three-fourths power (Bw-75) -- A method 

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. 

Ce ntimeter (cm) -- A metric unit of length corresponding 

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

2.54 cm in an inch. 

£_hild - onset Obesity (COO) Obesity having its onset 

before menarche (Blair & Buskirk, 1987). Obes ity 

having its onset in childhood is associated with 

hypercellularity and, in morb id obesity, with 

hypertrophy as well. 

~XPiratory Reserve Volume (ERV) - - The amount of air that 

can b e forcefully expired from the lungs following a 

normal exhalation (McArdle et al. , 1981). 

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

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

portions of organs and mus cle (Behnke & Wilmor e , 

1974). Not synonymous with lean body ma ss (G arrow , 

1980), although for practicality , the two terms are 

often used interchangeably (B akker & Struikenkamp, 

1977) . 

.D!....t Mass (FM) - - The lipid porti o n of body weight, wh ic h 
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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, 

1955) . 

Functional Residual Ca pacity (FRC) -- The volume of air 

remaining in the lungs following a normal exhalation 

(Miller et al., 1987). Th e 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 (Br ay, 1978; Salan s , 

1981) . 

Hypertrophic Obesity -- Obesity associated wi th inc r e a sed 

lipid content of the fat cells, typically greater 

than or equal to .8 micrograms per ce ll (Vas se lli et 

al., 1983). 

Kilocalorie (kca l) The a mount of heat required to raise 

the temperature of 1 liter of wat er 1 degree 

Centigrade, from 14.5 to 15.5 degrees Centigrade 

(McArdle et al., 1981). An expre ss i on of both th e 

energy value of food and the e n ergy val u e of 

activity. 

Kilogram (kg ) -- A metri c unit of weigh t corresponding t o 

2.2046 pounds (McArdl e et al., 1981). 

Lean Body Mass (LBM) -- The fat - free ma ss (FFM) plu s a 

small amount o f essential lipid (B a kk er & 
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Struikenkamp, 1977). Not synonymou s with F'FM 

(Garrow, 1980), although for practicality, the two 

terms are ofte n 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 ox:ygen 

consumption of the active cell mass of the body, 

wh e n an individual is sitting or l yi ng quietly 

several hours after a meal or physical activity 

(Danforth, 1985). RMR, not BMR, is the most common 

measure of metabolic activity today, because it is 

measured under less stringent conditions (ffQrton & 

Danforth, 1982). 
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CHAPTER 2 REVIEW OF THE LITERATURE 

This chapter is divided into five section s : general 

concepts of e nergy expenditur e , contributi o n of bo d y 

composition to the variability in resting metaboli c rate 

(RMR), metabolic rates in o besity, 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 th e rate of 

metabolism. 

Total daily e nergy expenditur e can be thought of as 

having fo ur principal compon e nt s: resting (basal) 

metabolic rate (RMR), thermogenesis following exercise or 

Physical activity, adaptive thermogenesis, and 

thermogenesis following the ingestion of f ood (Danforth, 

1985). Of these compon ents , RMR account s for an es timat ed 

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

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

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

Predictor of total daily ca lori c requirements, . making its 

acc urate estimation extremely important when energy 

balance is examin ed . 

Body Size. Absolute RMR is elevated in o bes ity due 

to the greater cell mass of the obese individual 

(Ljunggre n et al., 1961). Greater mu scle mass , large r 
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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 whi c h is attributable to the decrease in body 

mass. 

Body Composition. In the nonobese, lean body mass is 

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 incr ease in FFM 

(Forbes, 1987). 

Conversely, a reduction in LBM is associated with a 

decrease in RMR. Bessard et al. (198 3 ) studied body 

compositi on 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 Le vel of Nutrition. Undernutrition by 

starvation, fa s ting or low-ca lorie di et for a period of 

days or we e ks will reduce the metabolic rate in the 

nonobese (Apfelbaum e t al., 1971; Keys et al., 1950) a nd 

the obese (Bray, 1969; Danforth, 1985; Hill et al ., 1987 ; 



Warwick & Garrow , 1981). This may be due to th e bod y 's 

attempt t o cons e rve energy in th e fa ce of caloric 

insufficiency, o r to a reduction in LBM. 
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An 8.4% decrease in RMR was reported by Donahoe et 

al . (1984) in 8 overweight women ( 1 12 - 178% ideal body 

weight) who consumed 800 kcal/day for 6 wee k s , while body 

weight decreased only by 4%. Hil l et al . (1987) eve n 

found significant decrements in RM R among 8 dieting (800 

kcal/day) o bese women who were also exercising during food 

restriction, as did Warwick and Ga r row (1981) in their 

study of 3 obese women ingesting 800 kca l/day. Twenty -

four - hour e n ergy expenditure ha s also b een shown to 

d ec rease afte r 10 - 16 weeks o n a low ca l or i e dJ et a mo ng 5 

obese women and 2 obese men (Ravus si n et al ., 1985a). On 

the other hand, experimental overfeeding will elevate 

metabolic rate to levels that exceed that which one wo uld 

ex pect from the simpl e addition oE excess t i ss u e (~atz e ff 

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

Exercise. Metabolic rate is elevated immediately 

following p hysical activity. To what extent it remains 

elevated i s questionable. No sustained effect of exe rci se 

on RMR beyond 100 minutes wa s found in 10 mal and 1 3 

female nonobes e s ubject s (Freed man - Akabas et al., 1985), 

or 16 lean, 16 post obese , 8 and obese wom e n (Geiss l er et 

aJ •, 1987) who participated in mo d erate or vigoro us 

cardiovascular exercise lasting 10- 20 minut es per session. 
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Bielinski et a l. (1 985 ) found a 996 increase in BMR 

for 4 hours foll o wing very strenuo us exercise , a nd a 4.7i 

increase in BMR t h e morning after exe rcise; ca l oric i n take 

a mo ng s ub jects was unfortunat e l y different on exercisi ng 

a nd n o n -exercis ing da ys , mak ing con c lu s i o n s about th e 

st udy diffi c ult. Pacy et al. (1 985 ) found o nl y a ·s hort 

term the rmic effect of exerc is e o n RMR in 2 males and 2 

fe males. Ho weve r, He rmansen e t al. ( 198 4 ) observed that 

l2 ho urs after exerc i se , BMR of 1 subject r e mai n ed a lmost 

2 0% h igher than the values o bt ai n e d on non - exercising 

days . Do n a hoe et a l. (19 84 ) observed RMR to be e l evated 

in o b ese s ubj ects for 8 to 10 ho ur s af t er 3 0 minu tes nf 

Peda ling a bi cyc l e e r gome t er at 80% of maxi mum heart rat e 

t wo times p e r week . furthermore, a 6 - wee k program of 

exe rci se reversed the decrease in observed RMR per kg bo d y 

Weight that was induced b y diet a l o ne . 

Men s trual Cvc l e . Me t a b o li c rate fluct uates with 

the menstrual cyc l e , b ei ng at it s l o west point duri ng 

me nstruati o n a nd immediat e l y thereaft e r (Sn e ll e t al ., 

1920; Solomon et al., 1982; Wak e ham , 1923; Webb, 1 986 ). 

Cyc li c es trogen r e leas e prod uced c h a nges in cor e 

te mpe r at ur e a nd BMR in 10 wo me n ages 2 0 - 40 yea r s havi ng 

diff e rent body composition s (W e bb, 1 986 ). Chdng es i n 

Pro g es t e rone l e vels are al so th eoriz e d to affect BMR, 

Pe rhaps more so than estroge n (Solomo n e t al. , 1 9 8 2 ). 

Progesteron e leve l s are e l e v a t e d just prior to ovul atio n 
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and are at their lowest level s immediat e ly following 

menstruation. The BMR follows a similar pattern, reach i ng 

levels 11 t o 16% higher just before the s tart of the 

me n strual period than during me nstruati o n (Solomo n e t 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 hormon e to b e circulated rapidly, and rich 

sympathetic innervation, which permits rapid c hange in the 

rate of hormo n e sec r etion (Hadl ey , 1984). 

Us ing dietary iodine, the folli c ular 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 

calor igenesis or thermogenesis (Forbes, 1987; Hadley, 

1984). Excessive secretion of thyroxine results in the 

condition called hyperthyroidism, characterized by an 

accelerated me taboli c rate. Absence or insuffici e nc y of 

thyroid hormon e secretion is called h ypothy r oidi s m and may 

be accompanied by obesity if BMR and activity l evels are 

depressed (Norris, 1985) • All forms of thyro id di sease 

are more common in women than men (Cooppan, 1986). 
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Drugs. An y drugs that affect production or 

secretion o f t h e thyroid hormones co uld h ave a n i ndirect 

e ffect o n metaboli c rate . Amo n g t h e antithv_roid drugs are 

iodide in large d oses (H adley , 1 984 ) and some ic)clide 

co n taining medicines, s u c h as expectorants that contain 

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

iodide transfer into the thyroid gland include 

thiocyanate, perc hlorate, chlorat e , periodate, the 

t hi o namides, sulfonamides, and s ul fo nylureas (Hadl ey , 

l 9 84). Thiourea, propy lthioracil , a nd o the r thiocarbanicl e 

d e rivatives bloc k the formation of active iodide ( Norris , 

1985) . 

According to Gilman et al. (1 985 ), th e follo wi ng ace 

among drugs that can affect BMR: sa li cy lates , including 

aspirin and indocin; the anticoagul a nt, dicumarol; and 

lithium salts. Estrogen and contr ace pti ves h ave been 

f o und to increas e levels o f a t hyrox in e ca rri e r in pla s ma, 

but this probably does not re s ult in a signifi ca nt c h a nge 

in levels of circulating T4 (Te pperma n, 1980). 

Caf f eine , fuund n co l as , coffee , tea, c hocolate , a nd 

some cold preparations, a nd ni coti n e , fo und in tobacco , 

are among wid e l y consumed drug s that ca n accelerate RMR. 

Caffei ne is a xa nthin e d e rivativ e t h a t s timulat es heart 

rat e , contractile forc e , and ca rd iac output a nd, in hi gh 

doses , catech o lamine rel e ase (Caro & Walk e r, 198 2 ) . 

Nicoti n e stimulates c atecholamin e release a nd has an 



acceleratory effec t on oxygen consumption, heart rate, 

blood pr e ssure, and respiration (American Hospital 

Formulatory Service, 1987). 
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~ 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). Los s of LBM due to aging in 

females has been shown to correspond with a decline in RMR 

(Young et al ., 1963). 

Gender. Absolute RMR has consistently been shown t o 

be lower in women than in men (Benedict & Emmes, 1915; 

Elwyn et al., 1981; Harris & Benedict, 1919). When RMR is 

expressed per unit of active cell mass , there is no 

difference between mal es 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 body composition. Age and gender 

of the individual affect RMR mainly t o 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 Rat e 

With respect to metaboli c expenditure, the human body 
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ca n be tho ug ht of as c o n s i s ting o f tw o comp a rtm e n ts : t h e 

act iv e t iss u e mass and t h e no n - ac ti ve ti s su e ma ss . No n -

ac ti ve t iss u e in c ludes t hose compo n e nt s o f bo d y 

compos itio n tha t h a ve r e lative l y l o w metabo li c act i v i ty : 

bo dy fat , ex trace llul ar flui d , bon e mineral, n ails , and 

hair (Gr a nde & Ke ys , 1 98 0) . Ac tive tiss u e i ncludes 

e very thing e l se , i n c luding t h e i n trace llul ar water. Th is 

mass a c coun ts for 3 0- 6 5% o f bo d y we igh t a nd virt u a ll y a ll 

o f t h e body's oxyge n con s umpt ion (Garrow, 1982 ; Gra nd e & 

Keys , 198 0). Th e o bese a nd no no be se differ not o nl y i n 

the pro p o rt i o n of low- act i v i t y fat ti ss u e but a l so in 

ac tive t i ss u e . 

As a res ul t , t he o bes e oft e n ha ve a h ig he ~ Jbso l u t e 

RMR t h a n t h e no no b ese . RMR in obese wo me n h as bee n f o und 

to b e 1 9% (Pr e n t i ce et a l., 1 9 86) to 25% hi g h e r t h a n t hat 

o f th e no no b e s e (F e li g e t a l., 1 983 ) • 
Th i s i s q u it e 

l o gi c al , gi ve n t h at the o bes e a r e c arr y i ng mo r e o xyge n 

consuming . ti ss u e in the f o rm o f fa t, mu sc l e , a nd bl >od 

(Ljungg r e n et a l., 1961). 

To ma k e a meaningful comparison o f t he RMR s o f obese 

a nd no no bese wo me n, ho weve r, i t is necessa r y t o 

"no rm a liz e " t h e d a t a , or re l at e t h e RMR t o o n e o f seve r a l 

compo n e nt s of bo d y s iz e or c o mpos itio n. These compo ne n t s 

inc lud e bo d y s urf ace ar ea , we i g h t , l e a n bod y ma ss , f a t -

fr e e mass , acti v e ce ll mass , a nd fat ma ss . 
If s uc h a 

c o mp a ri son indi ca t e d that RMR per un it o f bo d y compos iti o n 
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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 compositi on correlates highly with RMR , it suggests 

that this compon ent 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 is 

proportional to the surface area of the ani mal, expressed 

in kilocalories per square meter 
? ? 

(kcal/m- ), where rrr i s 

calculated as: 

Weight·425 (kg) X Height· l2S (c m) X . 007184 

The theoretical validity of relating increased 

metabolic rate to increased surface area is that height 

and weight refiect the metabolically active cells of a 

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

surface will lose a certai n amount of heat, and the larger 

the surface, the h igher the rate of h eat 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 e levated 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 (L = 0.820; R = . 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 (L = .84; R < 0.001) in 

the 10 obese and 10 nonobese. There was no significant 

difference in RMR per unit body surface area in obese and 

nonobese 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 is probably due to the 

relationship between surface area 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 body mass and active cell mass 

With surface area (L = .92 for both) . Mill e r and Bl yt h 

(1953) reported a correlation coefficient of .79 betwee n 

surface area and lean body mass in 47 male and 1 fem a l e 

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

of a surface law of metabolism, i t is now thought unlik~ly 

that the active, oxygen-utilizing body 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 e nd s 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 

s ubjects, the correlation of BMR and surface area went 

from .92 to .03. 

~MR and Body Weight 

Body weight consists of both lean and fat tissue. 

During weight gain, both fat and lean component s 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 a nd 

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, t h e proportion of 

body weight consisting of lean versus fat tissue appears 

to be influenced by several factors. First among these is 

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 

wom e n 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, 

l987). 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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c hildren with obesity starting in infancy have sl ightl y 

greater LBM t h an c hildr e n who develop obesity later in 

c hildhood (Che e k et al., 1970; Forbes, 1964). I n rats, 

these body composit i o n differences are retained into 

adulthoo d (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 studi es of s po ntaneous 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 activ ity program for 3 

mo nths 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 weight of 104 

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

and 22 - 30% lean. 

A relationship between body weight and 24 - ho ur e nergy 

expenditure has been demonstrat ed in the 8 day who l e body 

calorimeter study of deBoer and colleagues (1987). Pooled 

data from 29 lean and 18 overweight females s how ed 24 - ho ur 

e n e rgy expenditure to correlate better with body weight 
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than with any other variabl0 (r = . 91 ). This is not 

surprising, given that the larger body mass would require 

more energy to move it during a 24 - hou r period . 

Various studies have also shown significant 

correlations between body weight a n d RMR in obese subjects 

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

Parsonage, 1975; Owen e t al., 1986 ; Wh i te & Alexander, 

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

lean and obese nonathletic women a nd 8 t r ained female 

athletes of similar ages. The lean (tl = 25 . 5% fat) and 

obese (tl = 44.3% fat) were considered so similar that 

their data were pooled. Body weight corre lat ed as well 

With RMR as did other measures of body composition or s iz e 

(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 di sc repancy can 

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

In 140 women with varying degrees of obesity, the 

correlation between weight and RMR improved when total 

body potassium, a measure of LBM and active cell mass , wa s 

included in the analysis (r_ == .817) (Dore et al., 1982). 

Thus, as much as weight represents th e active cel l s of the 

body, weight determines RMR. Perhaps as o besity 

increases , weight reflects active tissue less. 



There is some debate as to whether the size of the 

~ctive cell ma ss increases in direct proportion to the 

increase in weight. The three-fourths power of body 

weight (BW , 75i ha s been s uggested as a more accurate 

Predictor of size of the active cell mass than the 

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

1975). This is due to the fact that as body size 
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increases, structures of low 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 l oga rithm s o f body weight and oxyge n 

co n sump tion. Thus, as body s iz e increases , RMR per unit 

of weight s h o uld decrease. 
Miller & Parsonage (1 9 7 5 ) 

found a significant relationship between BW-
75 

and BMR in 

29 obese wo me n who were unable to lose weight (£ = .47; Q 

== • 01) . This wa s s upported by Owen et al. (1986) in their 

st udy of lean and o bese nonat hl etic wo me n and trained 

fe male athletes. 
All the wo me n s howed decreased e n ergy 

expenditur e per kg of body weight as weight increased . 

Fe 1 i g e t a 1. ( 1 9 8 J ) found RM R per uni t of B w· 
7 5 

to be 

lower b y 20~
6 

(Q < o.005) in 10 obese females wh e n compared 

to 10 no nobese , as did Cu nn i ng h a m et al. (1981), although 

in t h e Cunningham study s ubj ects did not diff er in RMR per 

Unit of LBM. 

In s ummar y , weight ma y h ave diff erent "meta boli c 
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meanings'' in obese and nonobese individuals, making it a 

less desirable metabolic reference standard (Keys et al., 

197 3) . 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 weigh t and RMR. 
In a study of 13 

morbidly obese individuals (9 women), Zavala and Printen 

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

.002) between degree of obesity indicated by percentage of 

ideal body weight and resting oxygen consumption. When 

Keys et al. ( 197 3) reworked Johns ton and Bernstein's 19 55 

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. 

~MR and Fat Mass 

Adipose tissue has been described by Brozek and 

col leagues (1 963 ) as 83% fat, 2% protein, and 15% water. 

More than half of the water content of adipose tissue is 

extrace llular (Garrow , 1982). 
Although someti mes 

characterized as inert, the adipose mass does contribute 
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to metabolism. 
However , the cells in adipose tissue give 

it its metabolic activity , not the "pl ai n fat" in it 

(Grand e & Keys , 1980 ). 

There is mu ch more individual variation i n adipose 

cont e nt of the b o d y tha n in the FFM. We ight gai n after 

age 25 years is, except in the case of vigoro us 

exerc iser s , mor e likely due to an i n c rease in fat than 

i ncreased FFM ( Forbes , 1987 ) . 

A f e w studies have found a r e lations hip b et wee n RMR 

and body fat ( Bra y et al. , 1970; Hallida y et al., 1979; 

Mill e r & Parsonage, 1975 ) . Mill er and Parsonage st udied a 

gro up of 29 obese wo me n wh o h ad bee n un able to l ose we iqht 

o n a variety of prescribed diets. Th ey f o und t h at BMR was 

mor e closely relat e d to body fat (£ = .52, 2 < .00 4) t han 

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

th is finding wa s diffi c ult t o int erpret , given that fat 

metaboli c activity is l o we r than mu sc l e . 
In addition , 

they poi n ted o ut that repeated di et ing, including the 

Presc ribed 1,500 kca l / day di e t o f th e s tud y , could have 

a ff ec ted b o th BMR and LBM of t h e s ubj ec t s . 

Bray and coll eag ue s (1 970 ) s tudied oxygen co n s um ption 

of 15 fe males , most o f wh n111 we r e bet wee n ages 20 to 50 

Years . Bo d y f a t was calcul ated b y th e for mul a of Pace a nd 

Rat h b un (1945 ), whi c h u ses th e variabl es of bod y weig ht 

a nd total bod y wat er (TBW ). oxygen co n s u mption was 

meas u red at si x to e l eve n int e rval s be tw ee n 8 : 00 a . m. a nd 
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8 :00 p.m. following a 15 minute rest. Fat was found to be 

significantly correlated with ox ygen consumption (~ = 

- 7 288, Q < .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 tota l body potassium (TBK) 

and RMR; but they also found sign ificant correlations 

between fat and RMR, when percentage fat was determined by 

TBK (~ = .623; Q_ < .005) or TBW (~ = . 593; Q < .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., 198lt. 
Garrow (1982) 

speculated that potassium was low because much of the 

water in adipose tissue is extracellular and, therefore, 

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

FFM could, therefore, lead to overestimation of fat in 

obesity. 

Total body water is accurate on l y insofar as FFM has 

a constant water content. 
Obese animals and humans have 

been found to have increased water con tent of fat free 

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

"normal" water content of FFM could therefore lead to 

underestimation of body fat in obesity. 

Methodological considerations cast some doubt on the 

use of fat as a metabolic reference standard in these 



s t udie s . Ne v e rthe l e s s , thes e thr e e s tude s d o sho w that 

adipo s e ti ss u e i s metaboli c ally ac ti ve , contributing, 

pe rha p s s i g nifi c antl y , to RMR in o bes ity. 

RMR and Fat Free Mass 
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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 l i pid ( Ba kker & 

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). 

Th e inac tive c omponents of the FFM ar e the s upporting 

components of body composition and do not mak e a 

significant contribution to the RMR (Shizgal et al., 

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 in inactive 

components of the FFM (Cunningham, 1982) . 

The active components of the FFM, variously term e d 

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

include skeletal, cardiac , and s mooth muscle s ; the · 

Visceral organs; the solid parts of blood; glands a nd 

reproductive organs; ce llular components of the brain; and 

intracellular water (Bakker & Struikenkamp, 1977; 

Bernstein et al. , 1983; Moore et al., 1963 ) • 
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The BCM is that part of the FFM that c ontain s 

po tassium of 92.5 meq/kg (Burmeist e r & Bingert, 1967) to 

l20 meq/kg (Moor e et al., 1963). Thi s includes primarily 

muscle, viscera, and brain tissue. The LBM is thought t o 

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 approxi mately 40% of bo d y 

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

1980). 

There are gender differences in some of the active 

components of FFM, with males having a larger BCM than 

females (Cunningham, 1980). The non - skeletal musc l e 

Portion of BCM, which accounts for 60 - 70% of RMR, does 

not differ proportionately between the sexes (Cunningham, 

l980). Skeletal muscle mass, however, is found in 

significantly larger quantities in males than in f e mal e s. 

Muscle mass makes up approximately 29% of the body weight 

of a female and 40% of the body weight of a mal e 

(Cunningham, 1980). Thus a male and female o f equal 

weight would be expected to have different RMRs du e 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., 198 3 ). 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). In addition, obesity is accompanied by an 

increased size of the parenchymal cel ls that mak e up the 

organs' functioning parts, including a n enlargement of the 

heart mus c l e (Ljunngren et al., 1961) • 

Considerable debate surrounds the question of whether 

FFM or BCM is the best indicator of RMR and , therefore, 

the best reference standard for comparison of RMR between 

subjects. The first published discussion of this point 

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

42-44), who stated that the ce ll ma ss determines the 

metabolic rate. Later authors have supported this view 

(Cunningham, 1980; Keys & Brozek, 1 953 ; Moore et al ., 

1963). 

The problem with using the BCM as a reference 

standard is primarily one of practi ca lity: Its measur e me nt 

via total body potassium requires sensitive equi pm e nt and 

even then represents an indirec t meas ureme nt (Garrow, 

19 82). Furthermore, it is diffi c ult to determine which of 

the more easily me as ure d variables accurately reflect the 
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a c tive 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 be 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., 1973; Tzankoff & Norris, 

19 77 ) . 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 (~ = 

• 9 5) 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 

is study ranged from 13 - 45% fat. Cunningham's (1980) th· 

reanalysis of the Harris and Benedict data on 223 

nonobese, healthy adu lts 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 

obese (Cunningham, 1982; James et al., 1978; Kaplan & 

Leveille , 19 7 6 ) . Cunningham and associates' 1981 study of 

lO obese and 10 lean women found RMR to correlate directly 

With LBM (~ = .84, g < .001 ) . Similar findings have been 
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reported by Ravussin et al. (1982). For 20 obese and 10 

nonobese m~l ds and females, FFM (determined via skinfolds ) 

correlated best with 24 - hour energy expe ndi t ur e and RMR. 

This is not to say that researchers un a nimou s l y 

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 

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

women and between total body water, a measure of the LBM, 

and oxygen consumption measured at 6 to 11 intervals 

throughout the day and evening. Miller and Parsonage 

(1975) studied 29 obese wome n who had bee n un a bl e to l ose 

weight on prescr ibed diets and found a weak and 

insignificant relationship between BMR and LBM calculated 

from skinfolds at four sites (r = .33) • 

Methodology may in part explain these discrepancies. 

In the Bray et al. study (1970) neither BMR no r 24 - hour 

energy 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 we re bet ween RMR a nd 

LBM determined by total body potassium (TBK) (r_ == • 844, J2. 

< .001 ) . Similar correlations between LBM and RMR were 

obtained in 10 women who had been obese since childhood 



(Felig et 1 a • I 
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 c ell mass and FFM 

determined by TBK {£ = .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 

44 

study correlated well with LBM determined from 

densitometry or skinfolds (£ = ~75 for nonathletes; r = 

· 96 for athletes) 
{Owen et al., 1986 ). Collective data 

from 29 lean and 18 o bese females yielded strong 

correlations between FFM and both 24-hour energy 

expenditure {£ = .78) and sleeping energy expenditure (£ = 

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

found between energy expenditure and body weight (deBoer 

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

significant cor r elation between FFM and BMR in 20 women 

Who were obese since childhood (£ = .8 70, 2 < .001) • 

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 

corre late well with RMR, Keys and Brozek (1953) noted 

that oxygen consumption more c losely corre l ated with BCM 

than LBM when subjects of diff e rent age , sex, or 

fluctuating weight were compared. For a het erogenous 



population, FFM is equa ll y suitable. 

Metabolic Rates in Obesity 

Absolute RMR in Obesity 
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When expressed as an absolute value of oxygen 

cons umption over time, RMR is typically higher in the 

obese than in the nonobese. Table 1 provides data on 

absolute RMR from 13 studi es of obese and, in most 

instances, nonobese females. Average absolute RMR among 

obese females in these studies ranged from 1,210 

llocalories per day (kcal/d) (Mill e r & Parsonage, 1975) k' 

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

average of 1,563 kcal/din the o bes e . Wh e n data fro m 

studies reporting unusually l o w metabolic rates in the 

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

197 5), the average RMR o f obese women in these studi es was 

l,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 r a nged from 1,209 kcal/d (Ravussi n et 

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

averaging 1,323 kca l/d. 

The often statistically significant difference in RMR 

between nonobese and obese females is not unexpected, 

9iven the larger cell ma ss and s upporting structur es of 

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

unexpected in certain cases. The Miller and Parsonage 

11 9 75) study included only wome n who had been unsuccessful 

in losing weight whil e on 1 ,000 to 1,500 kcal/d di ets over 

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

baseline RMRs o n 8 obese wo men wer e taken after 1 week on 

aintenance diet" (ca loric composition not reported) a "m . 

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 st udy involving caloric 

riction suggests previous dieting. rest · 

RMR Per Unit of Body composition in Obesitv 

The higher absolute RMR typically report ed for o bese 

females creates the impression that the obese have 

"normal" metabo lism. More instructive are the studies 

that state RMR adjusted for body composition, such as RMR 

Per kg of fat free ma ss (RMR/FFM) or per kg of body weig ht 

(RMR/BW). 

A cursory examination of data from studies that 

express RMR per kg of FFM presents a picture of met abolic 

normalcy in the obese (s ee Table 2). In all studies 

li sted , RMR/FFM ranges from 31.5 to 34.48 kca l/kg FFM in 

obese females , with a n averag e of 32.98 kca l/kg FFM/day. 

These va lue s are, in all but one instance , 

statistica lly indistinguishable from RMR/FFM i n nonobese 

females. Only Hoffmans et al. (1979) found a significant 
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Ta bl e 1 

Ab solut e RMR in Obese a nd Nonobe s e Wo me n 

St udy N RMR Di ff Be tw een 
(kca l/d) Obese a nd 

Nono b ese 

Bessard et al. , 6 obese 1661 26% (p < .001) 

1983 6 lean 1230 

Blair & Buskirk, 16 obese 1445 15% (p < . 05) 

1987 8 lean 1226 

Cunningham 10 obese 1656 26% (p < . 01) 

et al., 1981 10 lean 1313 

deBoer et al. , 18 overweight 1728# 16% (p < .001) 

1987 29 lean 1454# 

Fe lig et al., 10 obese 1656 2 5% (p < .005) 

1983 10 lean 1279* 

Hill e t al., 8 obese 1 2 55 

1987 

Hoffmans et al., 15 obese 1550 8% (p < . 025) 

1979 13 lean 1421 

Ljunggren et al., 13 obese 1765 21% (p < . 01) 

1961 16 healthy 1383 

Miller & 
Parsonage, 1975 29 obese 1210 

Owen et al., 12 obese 1436.5 12% (n. s.) 

1986 7 lean 1256.8 

Prentice et al. , 9 obese 1605 19% (p < .001) 

1986 13 lean 1352 

Ra vussi.n et al., 8 obese 1585 26 >'6 

1982 3 mod. obese 1634 

5 lean 1209 

Schutz et al., 20 obese 1699 25% 

1984 8 nonobese 1267 (p < .001) 

approximate value 
included sleeping energy expenditur e in e arl y 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 obes e . From the standpoint of actual amounts, 

there was only a difference of 2.3 kcal/kg FFM/day betw e en 

the two groups of subjects, a 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 been 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 signifi c ance . 

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 subjec ts wa s 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 

l0.6% ) , total body potassium (minimum percentage fat = 

18 %), and total body plethysmography (minimum percentage 

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

subjects having a higher percentage of body fat had highe r 

RMR / FFM , regardless of the body composition method used . 



After averaging FFM values o btai ned with the three 

methods, the authors found that each kg gained in FFM 

resulted in an increased RMR of 3. 4 8 ml oxygen per minut e. 

Using standard calculations, 3.48 ml of oxygen is 

approximately equal to 0.0167 kca l /m i n, or 24 kcal/kg FFM/ 

day (Brooks & Fahey, 1984). 

On the other hand, when RMR d ata are expressed per 

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

a nd nonobese become more apparent. Both Kaplan and 

Leveille (1 976) and Hoffmans et al. (1979) demonstrated 

lower rate s of calorigenesis in the obese than the 

nonobese when expressed pe r kg BW. The difference is 

statistically significant only for Hoffman s et al . 

de Boer et al. ( 1987) reported t he same result when 

ar1ng 24 hour energy expenditure per kg BW in lean and comp · 

over · weight women. 
The lean women expended 35.1 +/ - 0.6 

kcal/kg BW, while the obese expended 27.6 +/ - 0.5 kca l/kg 

BW (Q < .001) -, although t h ere was no significant 

difference in 24 hour energy expenditure/kg FFM, betwe e n 

the two groups. 

Apparently the obese may have lower energy 

requirements per kg BW than the lean, yet the same energy 

re · quirements per kg FFM. 
o wen et al. (1986) comm e nt ed o n 

th' ls phenomenon in their study. 
Th ey found the energy 

expenditur e per kg BW in athletic wome n and in lean and 

obese nonathletic women to decrease as weight increased . 
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I t was s p ec ul ated th a t the inc r e as e d contributi o n o f 

a d i pose to bo d y mas s a s wei ght in c r e a sed mi ght acco un t f or 

t hi s . 

Toble 2 

~sting Metabolic Rates Per Unit of Weight or Fat - Fre e 

.t@_ss in Obese and Nonobese Women 

Study 

Bessard e t 
al., 1983 

Ho ffman s e t 
al., 1979 

Prentice et 
al., 1986 

Ravussin et 
al., 1982 

Schutz et 
al., 1984 

RMR (kcal/kg FFM) 

Obese 

32.3 
+/ - 1.1 

32.9 
+/ - 1. 4 

32.77 

Nonobese 

29.5 
+ / - 0.7 

30 . 6 
+/ - 2.4 

33.01 

34.48 (obese) 28.77 

33.95 (mod. obese) 

31. 5 
30 . 6 

Difference 

n.s. 

p < • 01 

n. s. 

sig. not 
te s ted 

n. s . 

---------------- - ------- - ---- ---------------- ---

Study 

Hoffmans et 
al., 1979 

Kaplan & 

Leveille , 1976 

RMR (kcal/kg BW) 

Obese 

21. 8 

+/ - 1. 2 

26.74 

Nonobese 

24.4 
+/ - 2.3 

29.87 

All values are mean +/ - standard deviation. 

Difference 

p < • 01 

n . s . 
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ss1 ility of a Metabolic Aberration in Obesity Po ' b ' 

Certain obesities are associated with a depressed 

RMR, usually because of decreased s ize of the LBM. 

Cushing's syndrome (Ellis & Cohn, 1975; Ernest, 1967), 

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

llli syndrome (Nelson et al., 1981) provide three w· 
examples from medicine of decreased LBM accounting for 

decreased RMR. Subjects with these disorders have been 

excluded from studies reviewed here. More pertinent to 

is study are the "average" obese, for whom the idea of th' 

metabolic efficiency is still controversial. 

Some research has examined the formerly obese in an 

attempt to identify metabolic differences between thos e 

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 ski nf olds was 

similar between the two groups (Geissler et al., 1987). 

lght of the post-obese had maintained target weight for 6 E' 

months; the other eight were closely approaching target 

Weight. At all levels of activity - - sedentary, normal, 

and aerobic exercise -- the post - obese expended 

significantly less energy than lean controls (Q < .001). 

Even during sleep, the post - obese expended 10% fewer kcal 

than the lean. The post - obese consumed an average of 

l,298 kcal/day, while the lean consumed an average of 



l,985 kcal/day. This significant difference confounds 

interpretation of the data and makes it difficult to 

interpret whether reduced energy expenditure preceded 

development of obesity or was a cons equence of dieting. 

Others have taken caloric restriction into account 
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when interpreting RMR data. 
It has already been reported 

in this review of literature that the RM R of obese or 

nonobese individuals will decrease after days or weeks on 

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

greater 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% (Gra nd e et 

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

Per unit of FFM. 
Thus, the possibi lity 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 

same as RMR) taken while subjects were in a calorimeter 

over 24 hours showed significantly depressed energy 

expenditure in obese women. When e nergy expenditure at 

zero activity was expressed per kg FFM, the 20 o bese 

subjects expended 37.6 kcal/kg FFM/day; the 8 nonobese 

expended 41.39 kcal/kg FFM/day. This is particul arly 

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 {1967 a ) in a st udy of 8 obese and 4 lean 

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

treadmill had a lower oxyge n consumption than a 150 - pound 

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 

kca l/min. 

Methodological problems contribute to difficulties in 

interpreting studies of RMR of obese women. 
In no study 

of women, for example, have obese and lean been matched to 

lean body mass, and in only one study (Gei ssler et al ., 

198 7 ) 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. 

{l 9 87) found no difference in absolute RMR or maximal 

oxygen consumption per kg FfM. However, there was a 

significant difference between lean and obese when maxi mal 

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 (2 < 

.0l) • This led the authors to conclude that a thermogenic 

defect in obese men might be related to elevated body fat 

content. 

Subjects. 

Similar studies must be conducted with femal e 
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Methodological Problems in studies of RMR in Obesity 

Metabolic rate studies typically involve a small 

number of subjects du e to the time required to carry out 

measur es of metabolism. Low subject number creates 

several problems of data interpretation. 
Statistical 

significance can be difficult to achieve with a small~, 

or, conversely, a finding may appear significant but not 

be applicable to a larger group. Whereas several large 

studies of nonobese individuals have been done and thereby 

Provide data on the "healthy " population (Benedict & 

Emmes 
I 

1915; Boothby & Sandiford, 1922; Keys et al., 

no such ambitious studi es have been done o n the 1950) , 

obese population. The studies cited in Table 2 include a 

total of 65 obese women, and none of these studies 

followed the same procedures. 

Oftentimes, studies have included subjects having 

ext reme 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 

(Ravussin et 1 a . , 
1982), 25 to 45 years (Blair & Buskirk, 

198 7), 19 to 44 years (S c hutz et al., 1984) , and 20 to 47 

Years (deBoer et al. , 1987). Data from women who are 20 

to 30 years apart in age can be extremely difficult to 

interpret, given the finding of an "aging phe no menon" in 

RMR that has been reported (Keys et al., 1973). Of 

Stud· · 1 les including obese women, only Felig et a . 
(1 983 ) 



and Schutz et a l. (1984) considered timing of men s trual 

cycle in coll ecti ng RMR data. 

Rar e ly do studie s inc lude contro l of s ubj ec t dru g 
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u se , although many drugs, including ni coti n e , can affect 

RMR. In 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 excl ude 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 th e 

impact o n the re s ult s , is the classification o f s ubj ects 

as obese or nonobese. 
There are two aspects to thi s : (1) 

method used in determination of body compositi on, and (2) 

Percentage fat used as a cut - off for the definition of 

obesity. 

Underwater weighing is con sidered to be the most 

accurate method available at this time for determining 

body composition, having a J - 4% theoretical e rror rate 

(Lohman , 1981) . 
Yet, the use of hydrostati c weighing i s 

rare among researchers studying RMR in obesity. 
Only f o ur 

s td ' u les reviewed used hydrostatic techniques 
(Blair & 

Buskirk, 1987; deBoer et al., 1987; Hoffmans e t al. , 1 97 9 ; 

Owen et al., 1986). 

Skinfold measures have been more commonly used in 

determining body composition (B essard e t al., 198 3 ; 
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Geissler, et al., 1987; Miller & Parsonage, 1975; Ravussi n 

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

to have, on the average, a 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 borderline obesity. 

Ravussin et 1 a . 
(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, 

Jects approaching 30% fat but not exceeding it could be sub· 

classified as lean. 
If skinfolds are used, any lean 

subject having in excess of 26% fat might, through 

measurement error , actually be obese . Classification of 

subjects as obese / nonobese when hydrostatic weighing is 

not used must t herefore be closely examined. 

§_ffects of Adipose cellularity on Resting Metabolic Rate 

Several met hodological considerations were discussed 

in the previous section that might affect results obtained 

in RMR · studies with obese subJects . 
This section examines 

anot her aspect of body make - UP that could contribute to 

the variability in metabolic rate and to the 



interpretation of RMR data: hypercel lularit y and 

hypertrophy in obesity. 

Morphology of Adipose Tissue 

Adipose tissue is not composed so l e ly of fat, 

although its major constituent is triglyceride. Other 
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components include connective tissue, blood vessels, and 

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

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

50 - l00 mi cro'meter s 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 i s 

th0ught to contain stored, readily mobiliz ed e nergy a nd is 

termed 11 • • nonessential" fat. This contrasts with 

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

ret · ains even in starvation (Behnke, 1964). 

Another type of tissue, brown adipose tissue , has a 

role in · · Th· · nonshivering thermogenesi s . 1s section of the 

review of the literature is concerned only with white, or 

st0rage, adipose tissue. 

As fat cells mature and enlarge, their proportion of 

lipid to protein apparently changes. Goldrick (1 967 ) 

examined epididymal fat cell hypertrophy in rats a nd found 

the lipid content of the cell wall to increa se 40 times 

(from 0.011 micrograms to 0.44 mi crograms ), whil e the 

cytop lasm (protein) increased just 4 times . Bj orntorp and 

Martinsson (1966) found little or no 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 

obes·t 1 Y were unreported. They found substantial 

differences in water and lipid content of adipose tissue 

between the obese and lean. Wat er made up slightly mor e 

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

subjects 
I 

living or dead, but under 20% of adipose tissue 

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

adipose tissue composition in living lean subjects and 7 2% 

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

a nd dead obese. 

Wh en fat stores are depleted, as in starvation, th e 

structural elements (active cell mas s ) and water in 

adipose tissue tend to be preserved as the triglyceride 

depletion is proportionately much greater (Hausberger , 

196 5). It is possible that this point explains some of 

the variance in metaboli c rate seen in the obese , given 

that obesity could be the result of a normal number of 

enlar d ge adipocytes, 
a greater number of enlarged 

adipocytes, or a greater number of normal - sized 

actipocytes. 
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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 

virtually indistinguishable from connective tissue 

fibroblasts in utero. Embryonic adipose cells contain 

almost no fat, consisting mostly of extracellular water 

(Hausberger, 1965). 

Almost immediately after birth, fibroblasts (stem 

cells) change from spindle-shaped to spherical, and water 

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

cel ls differentiate, or mature, lipid accumulates as a 

large mass in the cel l center. 

Early in life, 
most growth occurs by cell division 

alone , with increases in cell size not contributing to 

growth until later (Winick and Noble, 1967) • 

Cort· icosteroids (corticosterone or cortisol) have an 

important role in the transformation of uncommitted 

adipoblasts into committed preadipocytes and ther~by help 

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

Several researchers believe that most fat cells are 

formed in ut ero (Leibel et al. , 1983; Salans, 1981). A 

second surge in fat cell number seems to occur around ages 

8 to 15 years (Knittle et al., 1979; Leibel et a l., 1983) 

After puberty, increased fat deposition is typically 

asso · d . ciated with progressive hypertrophy of a ipocytes. 

Obe · 1 sity can develop due to excessive fat eel number 
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(hyperplasi a o r hyperc e llularity), excessive fat cell size 

(hypertrophy), or a combination of the two. 

Hypercellular o besity is usually thought o f as having 

its onset in childhood , and h ypertrophic obesity is mor e 

frequently associated with adult o besity onset. Winick 

and Noble (1967) observed that increasing the caloric 

intake of young rats increased the rate of adipocyte 

division but did not change the fat cel l 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 d~~lthood (Bj o rnto rp, 

1982; Gurr et al., 1982; Sjostrom & William - Olsson, 1981). 

In adulthood, the data of Hirsch & Batchelor (1 976) 

suggests that fat cell size plateaus at approximately 170% 

ideal body weight and that fat gain thereaft er s timulat es 

cell replication. Sjostrom & William - Olsson (1981) 

studied 19 obese women from 1970 - 7 2 a nd again in 1979. 

Changes in body weight over the 7 to 9 years only 

correlated with c hanges in fat cell numbe r (£ = . 59 ; Q 

<.01), not c hanges in fat cell weight . 

Possibly the corticosteroids prec ipitat e 

hypercellular obesity in adult human s (Hauner et al., 

1987 ) . This has not yet been conclusively demonstrat ed, 

and not all researchers are in agreement that adipose ce ll 
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replication is possible after pubert y . Karam (198 2 ) 

st ated that after age 21 years matur e adipocytes are less 

tat o esi y eve opi ng a ter 
ab l e to repli'cate, so h b ·t d 1 · f 

Puberty is c haracteri zed by distributi on of excess fat 

a ipocy es. is view 1s ec oed 
among a normal number of d · t Th · · · h 

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

au th0rs 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 ce ll replication will occur (Sj ostrom & 

Wi 11 · lam- Olsson, 1981). 

Salans and associates (1973) studied 99 obese a nd 

se individuals, taking fat samples from thre e nonobe . . . 

subcutaneous and three deep adipose sites. Subjects 

hav· lng hypercellular obesity were generally mor e o bese and 

report e d obesity beg inning before age 5 or bet ween the 

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

devel oped obesity after age 20 years were found to be 

hypercellular in this study. In addition, the 

hypertrophic subjects were indistinguishabl e from t h e non -

obese in fat cell number. 

Hirsch and Batchelor (1976) took adi pose tissue 

samples from the mid - triceps, abdomen, and buttoc ks of 68 

females f f and 38 males having a mean pe rcentage at o 46% 

anct a smaller group of nonobese controls having a mean 
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Onset o o esity was assessed by 
Percentage fat of 23%. f b . 

interview. They found the group having the earliest onset 

of obesity to have the largest number of adipoc ytes . 

in Hypercellular and Hypertrophi c Obesities .E__MR · 

Theoretically, there should be an impact of cell size 

a nd number on RMR. When an individual gains weight, there 

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

' Johnston & Bernstein, 1955; Keys et al., 1955) 1978· 

Al th0ugh the less metabolically active fat mass 

constit utes a greater proportion of weight gain in 

Obesit Y, the obese also gain active cell mass (Grande & 

K eys , 1980; Ljunggren et al., 1961; White & Al exa nd er , 

1965) . 

Keys & Brozek (1953) have termed the weight gaine d in 

obesity "ob · · f f (65%) esity tissue." It consists o at , 

extracellular flu1· d 11 . d (14%), and cytoplasm or ce res1 ue, 

is the metabolically a c tive part (24 %) (Broz e k e t Which · 

al., 1963· 55) , Grande & Keys, 1980; Keys et al., 19 . The 

content of obesity tissue is somewhat variable, and, in 

fact · ' its composition is related to the cellularity of 

sity (Grande, 1984; White & Alexander, 196 5 ). Thus , in Obe · 

hypertrophy, increased weight may be composed of mo r e 

id , and in hypercellularit y , increased weight is more lip · 

ce11 residue, and this, in theory, would aff ect RMR. 

In what direction RMR would be affected has yet to b e 

reso1 ved or even thoroughly investigated. As ce ll size 
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increase s , both the metabolically- a c tive ce ll residue 

t' issue and extracellular fluid have bee n observed to 

de c rease in proportion to the expanding, r e latively 

inactive 11· p1' d (Johnston & Bernstein, 1955). Furthe r, as 

fat cell size increases, the extracellular space within 

e issue diminishes, which has also been speculated 
adipos t · 

to red uce metabolic capacity of adipocytes (Bjorntorp, 

1982) . Thus, the theoretical result of hype rtrophy: lower 

RMR Per kg of body weight. 

Contrarily, if weight gain is accomplished by an 

expanded number of adi pocytes, cell walls and accessory 

structures (i e , ce ll residue) will mak e up a higher 

Proport1· on of weight gain than lipid does (Mill er & 

Parsonage, 197 5) . The theoretical result of 

hypercellularity, then: higher RMR per kg of body weight. 

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

sample of 29 · t 1 · ht obese wo men attempting o ose weig 

SUpports this theoretical concept (Miller & Parsonage , 

197 5) . Adipose tissue biopsy was performed on the 1 5 

Women and, although onset of obesity was not specified , a 

Sig · nificant correlation was found between fat cell number 

anct BMR (r = .57; .12. < .025). 
No relationship wa s found 

between cell . si ze and BMR. 

A significant correlation between RMR and both fat 

ce11 number (~ = .425; .12. < .0001) and fat ce ll weigh t (~ = 

-330· ' .12. < .0001) was found by Bernstein et al. (1983 ) in a 



study of 154 obese women and 48 obese me n. Mean fat cell 

weight, which the aut hors vi e wed as an indicator of fat 

cell size, was calculated from photomicroscopic 

determination of fat cell dia me ter. The aut hors developed 

regression equations with the variables FFM, fat cell 

number and weight, a nd age that explained 66% of the 

variation in RMR. Their analysis indi cated that 

hypertrophi c wom e n would ha ve a higher absolute RMR than 

hyperplastic women of the same fat weight . However , 

because fat cell number a nd fat cell weight explained 

differing proportions of t h e variation in RMR, the authors 

s peculat e d that RMR would be atfected differently if the 

women lost o ne-half of their body fat. A reduction in 

half the fat weight in the hypert rophi c woman would mean a 

loss of fat cell weight (si z e ). Using the regression 

equation, this would ca use a 25% decrease in absolute RMR. 

The hyperplasti c wom a n losing half her fat weight would 

reduce fat cell size but not cell number. Therefore, the 

impact on her RMR would b e l ess . The authors did not 

examine RMR/BW. 

Some evidence of e nergy - sparing has be e n detected in 

child-onset obese wom e n (B essard et a l., 1983; Blair & 

Bus kirk, 1987; Kapl a n & Leveil l e , 1976). Both Bessard et 

al. (1983 ) and Kaplan and Leveill e (197 6 ) found reduced 

oxygen consumption in response t o a high protein test meal 

in child-onset obese wom e n wh en compared with no no bese 
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controls, althoug h a b solute RMR was within the range that 

o ne wo uld expect, given an average weight in excess of 2 00 

a e 1). Blair & Buskirk (1987) found 8 Po unds (see T bl 

Ch' lld- onset obese d · · £ · 1 1 women to expen signi icant y ess 

energ Y Per day than 8 adult-onset obese women. Per kg 

' e child-onset obese expended significantly fewer FFM th 

kcal/ct than adult - onset obese (Q < .05). The child-onset 

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

(1433 kcal/day versus 1408 kcal/day) but the difference 

Was not significant. 

In summary, there is some theoretical basis for 

assuming that the hypercellular (child - onset) o bese wo uld 

have m ore active cell mass in proportion to lipid and that 

the h YPertrophic (adult-onset) obese would have more lipid 

than cell material (Grande, 1984; White & Alexander, 

1965). One study found absolute RMR to be higher in 

hyper trophi· c ) h obesity (Bernstein e t al., 1983 . Ot ers 

found that the child- onset obese had lower daily energy 

expenditure (not the same as RMR) per kg FFM than adult 

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

ein et al., 1983; Miller & Parsonage, 1975) and fat (Bernst . 

size (~ernstein et al., 1983) have been found t o ce11 . 

correlate . with RMR. Thus, adipose cellularitY and obesity 

e seem to affect energy metabolism, although the total ons t 

Pictur e of this is still unclear. 
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Effect 
~s of Regional Fat Deposition o n Resti ng Metabolic 

Rat e 

The Previous section explored the contributi on of fat 

ce11 size and 

to a ccumulate 

numbe r to RMR. Recent ly, evidence has begun 

which links the distri b ution of adipose 

tissu 
e to abnormal glucose and insul i n metabolism (Evans 

eta1., 1983,· Evans et al., 1984; Ka l khoff et a l . , 1983; 

Peiris et 
al., 1986). No studies have di rec tly linke d fat 

localizat1·on 
to RMR. However, this section will present 

suggest · 
lve evidence that the RMR of the s ~ese may b e 

influenced by 
l b 

the site of fat depositi o n as wel as y 

ce 11u1arity . 

Char 
~ization of Obesity by Fat Localization 

Vague (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 masculin e 

"android," i s used be ca use fat deposition above the 

Waist · 
ls most often seen in men. The feminine term, 

"gYnoict " . 

. 

' ls used to describe fat accumulation 1n the 

10wer 
abdomen, hips, buttocks, and thighs, because thi s 

fat 
Patt e rn in more commonly seen in wo men (As hwell et 

a1. 
' 1978 ; Bolinder e t al., 1983; Vagu e et al., 1 9 74) • 

Two methods are used to class ify o bes it y as 

Prect 0 
. 

minately upper o r lower body: s kinfold thicknesses 

and th 
e Waist to hip girth ratio (WHR). As further 

ct · 
lscussect 

in Chapter 3, WHR is widel y consid ered to be t he 
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most . 
sensitive and accurate method of making this 

Clas · 
Slfication (Evans et al., 1984; Kalkhoff et al ., 1983; 

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

the 
greater the degree of upper body obesity wh i le, 

conve rsely, 
a lower WHR denotes lower body fat 

Predominance ( Peiris et al., 1986) . Peiris et al. ( 1986) 

described 
as an intermediate pattern of fat distributi o n a 

WiiR Of 0.76 
to 0.85. 

Metabo1· 
~ Consequences of Fat Localization: Insulin 

Dist 
~ 

Insulin sensitivity diminishes as WHR increases 

(Evan 
s et al., 1984; Kalkl10ff et a l., 1983; Kissebah et 

al., 198"'· 
4

, Peiris et al., 1986 ) . Thus, the o bese male or 

female Who 
has greater fat deposition in the abdomen, 

Chest , 
neck, and arms is more insulin resistant and less 

glucos 
e tolerant than the obese individual who has mo r e 

fat • 
In the hips , thighs , and buttoc ks. 

I<issebah et 1 a . (1982 ) studied 25 asymptomatic obese 

fe males of 

d ' ff 

similar heigh t , weight, and age but 1 erent 

body fat 
distribution. None of the lower - body obese 

Showed 
glucose intolerance , yet 10 of the 16 uppe r - body 

Obese had 

rang e . 

glucose tolerance te s t scores in the diabetic 

Si milar findings were reported by Kalkhoff et al . 

(1983 ) . 
I n a study of 110 premenopausal wo me n. A 

Sign . 
lficant positive correlation was found bet we e n WHR a nd 
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in s ulin response during ora l glucose tolerance t ests , such 

t h at there was mo r e insulin resistance a mo ng those with 

th e higher WHR. This cor r e latio n was found t o b e 

inde pendent of the degree o f fatn ess a mo ng 80 we ight 

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

even been described in prepubertal girls (Legido et al., 

1 9 87) 

It has been spec ulat ed that upper body fat 

predominance is characterized by enlarged truncal 

adipocytes, whereas lower body fat predominance is 

c haracterized by an increased number o f normal -s ized 

adipocy t es (Evans et al. , 1984). Ashwell et al. (1 9 78) 

found both male and fe mal e upper - body o b ese s ubj ects to 

hav e larger adipocytes in the arms, shoulders, and around 

the waist than lower - body obese subjects. The enlarged 

abdominal adipocytes hav e a higher rate of lipolytic 

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; Randl e e t a l. 

1963). The effect: insulin resistance and no n - in s ulin 

dependent diabetes mellitus (NIDDM). This suggests to 

some a n explanation for the greater pr e val e n ce of NIDDM in 

men, who are mor e likely than women to h ave upper - body fat 
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Pre do • minance (Evans et al., 1984 
; vague et al., 1974). 

Other differences in 

ha ve 1 a so been studied . 

truncal and f e moral adipocytes 

Adipocytes from the thigh wer e 

not found t 0 
inc rea se their rate of lipolysis in respons e 

toe . Plnephrine 
' 

whereas abdominal fat cells did (Kiss ebah 

et 1 a·, 1982). Vague (1956) has found greater epinephrine 

secret · ion in the upper-body obese at all times. 

Therefor e, greater epinephrine secretion in the android 

might result in an increased rate of lipolysis in Obese . 

the abdominal adipocytes with resultant insulin 

res· lstanc e , as previouslv described. 
M -

ic Conseque nces of Fat Localization: StProid ~1· 

Hormon e Disturbance s 

T wo types of steroid hormones have bee n described 

(Goebel smann, 1986; Guyton, 1986 ) : the sex steroids, 

include the ovarian and testicular steroid hormo nes , Which . 

and tl le adrenal steroid hormon es . Estradiol (an 

est-.--
L ogen ) ' proges ldrone, and androstenedione are the 

Pr· lncipal ovarian steroid hormones, alt hough testosterone 

and estrone ( an estrogen ) are also secreted. The 

' testosterone, and estradiol , though secreted in androgen 

m· lnima1 a . . mounts, are the primary testicular steroid 

horm 0 nes ·d The mineralocorticoids and glucocorticoi s are 

the ma · in hormones of the adrenal cortex, with very little 

testost erone or estrogen being secreted by th e adre nal 

9land s . 
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The adrenal steroids will be discussed only briefly 

h ere , because their relationship to fat localization i n 

h e " average obese " ha s not been s tudied . Ho wever, t h e 

glucocort.icoid , cortisol , plays a pro minent rol e i r1 the 

obesity associated with Cushing's syndrome. 

Hype rsecretion of cortisol in Cushing's syndrome results 

in excessive upper-body fat deposit ion, whi c h is de scr ibed 

as "buffalo torso" in the medical lit e rature (Guyton , 

1986) · Althoug h subjects with Cushing ' s syndrome - obesity 

were exc luded from t h e present study, the ph e nom e no n does 

indicate how steroid hormones can influe nce the pattern of 

fat depositi0n . 

There is dlso a link b e tw ee n t h e sex ho rnrunes a nd 

adipocity . 

s t ero ids. 

In wo men , estrogens are the principl e sex 

The primary estroge n prior to menopa use is 

estrone, and after me nopau se , es t.r adia l is th e primary 

estroge n (O'Dea et al., 1 9 79) Adipocytes .:ir e tll e 

principle site for estroge n formation after me no pause 

(O ' Dea et al. , 1979 ) , whi c h may exp l ai n why post. me nopa usa l 

estradiol a nd estron e l eve l s in c r ease linear ly as the 

percentage of id al body weight i n c r eases (Frumar e t al . , 

1980 ) . 

I n vivo, O ' Dea a nd asso,iates (L 979 ) h ave fo und 

strong correlation s betwe e n th e exte nt of obesity and the 

conv e rsion of pla s ma a ndroste n ed ion e to est.run e . This 

convers ion increases up to 10 ti mes in the post. me nopau sal 
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ITIOrbidl Y obese. Thus, in obesity and particularly after 

menopause ' conditions apparently exist which affect 

reproductive hormone dynamics. 

Varying levels of sex hormones have been noted in 

9Ynoid Evans et al. (1983) found 
a nd android o besities. 

inc reased WHR in women to be associated with increased 

Plasma androgens. The amount of circulating testosterone 

Was not greater 1· n these upper body obese women, but there 

Was more unbound than bound testosterone in circulation. 

Bound teS t osterone is biologically inactive. The presence 

of mo re unbound testosterone in serum in women is usuall y 

asso . ciated w1· th mas culinizati o n 
(Goebe lsmann & Lobo, 

1985) . 

Testosterone and, to a lesser extent, estradiol 

Circulate bound to a protein, sex hormone - binding globulin 

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

Plasma SHBG is determined by 

(part· lcularly testosterone) 

the ratio of androgens 

to estrogens in the body. 

decrease in SHBG levels indicates a relative increase 

androgenic action {Evans et al., 1983; Gibbons et al. , 

1986) In Evans et al. 
(1 983 ) , WHR was inverse l y 

A 

in 

e ated with SHBG, so that an increase in upper body corr 1 

fat depos1· t · · i o n, among t h e 80 premenopausa l Ca ucasian wo me n 

Studied , was accompanied by a decrease in plasma SHBG. 

ITlay 

Androgenic/estrogenic balance in obese wom e n and me n 

act ually play a role in prec ipitating differential fat 
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localizat · ion . At puberty, upper - body fat deposition in 

mal e s occur s following the onset of androgen secretion a nd 

su sequent decline in SHBG l evels (Vague et al ., the b 

197 4) . Wo men suffering from polycystic ovary syndro me 

have an increase in adrenal androgen secretion, and this 

Precipitates upper - body fat deposition (Yen, 1980) 

Conversely, men with predominately lower-body fat 

deposit ' ion have been found to have increased plasma 

estrad' iol levels (S parrow et al., 1980) . 

The sex steroids are more obviously related to fat 

localizat· ion in the "average obese" than the adrenal 

steroids are. The causal relationship bet we e n sex 

steroids and fat localization can, perhaps, be inferred 

animal studies. steingrimsdottir et al. (1980) from . 

demo IlS t rated that androgens increased and estrogens 

decreased adipose tissue lipoprotein lipase leve ls and , 

subsequentl Y , adipocyte size in rat s . Th e previously 

discussed work of Evans et al- (1 983 ; 1984) suggested that 

dim · inished glucose tolerance a nd insulin sensitivity we r e 

sec 0 ndary to changes in androgenic activity in humans. In 

Vitr o , estrogens have been found t o exert a s ignifi cant 

effect on replication of human pr e - adipocytes (Ro ncari & 

Van , 1 9 78) So , a relative decreas e in androgenic 

activit . . . Y or a relative increase in estrogenic activity 

In ight result in an increase in fe moral fat ce ll number 

(lower- body o besity), rather than an increase in trunca l 
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adipocyte size (upper-body obesity). 

interaction between the sex steroids and thyroid Some · 

hormone s has been identified. Thyroxine (T4) and, to a 

less er extent . , triiodothyronine (T3) are bound to thyroid -

binding globulin (TBG) in the bloodstream. 
TBG levels are 

inc reased by 
and decreased by testosterone 

estrogen action 

anct 1 g ucocorticoi'ds ( Gibbons et al., 1986). An additional 

link between the steroid hormones and thyroid hormones has 

been seen in thyroid dysfunction. Circulating SHBG levels 

have been found to be elevated in hyperthyroidism (Gibbons 

et al., 1986; Lobo, 1986) and depressed in h y pothyroidism 

(G. lbbons et 

studies were 

diff erences 

apparent. 

al., 1986). 
Perhaps if obese s ubj ects in RMR 

c lassified by site of fat deposition, RMR 

within the obese population would become mor e 

Th ~etical 1 · t · Relationship Between RMR and fat Loca iza ion 

No t s udy has attempted to mak e a connection betw ee n 

RMR and site of fat deposition. Despite lack of res earch 

in th· ls area, several conclusions can be drawn about obese 

ind · lViduals having predominantly upper - body or lower - body 

Obesit y. First, abdominal and femoral adipocytes are 

differe . nt in their metabolism (Arner et al., 1981; Salan s 

a ·, 1968). second, differences in glucose met abolis m et 1 

exist b etween obese individuals having upper - body or 

low er-body · 1 . obesity (Vague et al., 1974), and this resu ts 

ln metabolic heterogeneity among the obese (Evan s et al., 
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1984) . 
Third, levels of steroid hormones differ between 

the u 
PPer - body obese and t he lower - body obese and may eve n 

Pr · 
ecipitat e these differences in fat localization (Evans 

et al., 1983). Fourth, there are links between levels of 

Circulating sex hormones and thyroid hormones, which ma y 

affect metaboli c rate. In s ummar y , hormonal differences 

are p 
resent in women having upper-body or lower-body fat 

deposit• ion. 



CHAPTER 3 METHODOLOGY 

The purpose of t hi s study was to determine if 

differences in resting metaboli c rate (RMR) existed 

betwee n nonobese females and obese females having 

d ' lfferent ages of obesity onset. This section of the 

study contains a detailed description of the subjects, 

measurem ent procedures, and reliability and validity of 

the measurement procedures used. 

Population 

75 

The population consisted of weight - stable, apparently 

health y Ca ucasian obese a nd nono bese female s betwee n t he 

ages of 20 and 38 years . To inc r ease ho mog e n e it y and 

control as much as possible factors having an influence o n 

RMR . ' the population was further limited to nonsmokers who 

had no history of thyroid dysfunction, ca rdiovascular 

disease, o r diabe tes. 

as ad 1 

The o bese po pul ation was c las s ifi e d 

u t - onset or child - onset obese. 
Both o bese groups 

demo IlS t rated the gynoid (lower - body) pattern of fat 

dist . r1bution. 

sample 

The s l . amp e consisted 
of 18 s ubj ects , 6 fro m each of 

three groups: nonobese with no previou s hi story of 

lty, c hild-onset o bes e (COO), a nd adult - o nse t obese Obes · 

( A.oo ) • Eight were students fr o m th e University of 

Maryland d 10 solicited fr o m h ealt h e ducation c l asses , a n 



we r e r espond e nt s to an advertisement in the Washington 

Post. 
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All subjects were between the ages 20 to 38 years , 

with a mean age of 28 .16 years. There were no 

signifi cant differences in age between nonobese (tl = 26 .50 

+/- 5.92 years), COO {tl = 29 .8 3 +/- 4.35 years), and AOO 

{tl = 28.17 +/- 6 .05 years) subjects . The oldest subject 

in the sample was a very lean 38-year - old. 

The Metropolitan Life Insuranc e Company's 1983 Height 

and Weight Tables were us e d for initial class ification of 

s ubject s as nonobese or obese. Subjects were initially 

c lassified as nonobese or obese if th e ir se lf - reported 

h eight and weight put them within the recommended we ight 

range for a woman of medium frame (nono bese ), or at 

greater than 20% over the recommended weight range for a 

medium-framed woman {obese). 

Mean height s and weight s of the 18 s ubj ects ma y be 

found in Table 3 in the Results chapter. Mean height of 

the 18 subjects was 166.19 cm (65.4 inc he s ), and there 

were no significant differences in height between the 

three groups. However, there were sign ificant weight 

differences between the nonobese (tl = 58.28 +/ - 5.97 kg) 

and both the AOO {tl = 79.02 +/ - 9.98 kg) a nd COO (tl = 

94 .92 +/ - 27.07 kg) women. 

Reference body composition values for wom en ha ve 

s hown percentage body fat to jump signifi cantl y between 
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age 35.1 y e ar s and 44.7 years, from a mean percentage fat 

oE 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 s mall 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 (tl = 37 . 80 +/-

5.19%) and the COO groups (tl = 41.00 +/- 9.58%). Subjects 

were only retained for the study iE t heir percentage fat 

determined by underwater we ighing was greater than 30% 

(obese ) or less than or equal to 26% (no nobese ). 

The 18 subjects in the sample had a mean fat - free 

mass (FFM) of 50.07 kg . FFM was not significantly 

different betwee n the AOO (tl = 48.92 +/ - 5.47 kg) and the 

nonobese (tl = 47.22 + / - 3.49 kg). How ever, the COO 

subiects had significantly greater FFM than the nonobese 

( tl = 5 4 • 0 9 + / - 7 . 7 3 kg ) . 

Obese subjects were classified according to age of 

o nset by using self-reported questionnair e data and a 

follow - up telephone interview. Subjects were classified 

as child-onset obese if they or others c h aracterized 

themselves as "moderately overweight" or " extreme l y 

overweight" during childhood or before menarc h e . Subjects 

we re classified as adult - onset obese if they c haracterized 
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the mselves as "underweight" or "normal weight" during 

childhood and menarch e. If there were inconsistencies on 

t h e q u estionnaire or if additiona l information was needed 

for clarification, the investigator interviewed s ubj ects 

b y te lephone. 

According to self-reported questionnaire data, the 

age of menstruation onset was earlier for the COO (tl = 

10 . 83 +/- 0.98 years) than for either AOO (tl = 12.33 +/-

0.82 years) or the nonobese (tl = 12.92 +/- 1.56 years) 

This is consistent with the findings of Garn et al. 

(1986). 

All o bes e s ubj ects in the sa mpl e had lower - body 

obesi ty, as defined by Vague (1956). The mea n waist/ hip 

girth ratio (WHR) averaged 0.75 and did not differ 

statistically between COO and AOO. 

A screening questionnaire was us e d to restrict the 

sample to those reporting no known med ical conditions fr o m 

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 r egularl y 

taken so that those taking RMR - affecting medicat i o n s could 

be eliminated from the study . Of the 18 subjects 

retained for the study, six reported taking an occasion a l 

aspirin, Tylenol, or Advil for heada c hes or me nstrual 
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c ramps . One nonobese subject usP.d birth control pills. 

Because cigarette s moking affects RMR, o nly 

nonsmokers were retained for the study (Hofstetter et al., 

1986) . Six s ubj ects in the sample wer e former smokers, 

but all had refrained from smoking for at least two years. 

Finally, the sample did not include subjects on low 

ca lorie diets (below 1,200 kcal/day) (Hoffmans et al., 

1979) or those who had lost more than 2.3 kg during 3 

mo nths 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 

fluct uation s did not exceed 2 .3 kg and were not judged to 

be significant by the investigator. 

Testing Procedures 

A questionnaire and screening measur e (waist/hip 

girt h ratio) were used to d etermin e subject eligibi lit y 

for the study. Subjects meeting criteria for the study 

underwent three additional measures (hydrostati c weighing , 

residual lung volume, and resting metaboli c rate) at the 

University of Maryland's Human Exercise Resear c h 

Laboratory during the months of May and Jun e . 

Sc reening Questionnaire 

Volunteers for the study were screened for 

e ligibility using a questionnaire dev e loped by the 

investigator and reviewed by the dis sertat i o n advisor a nd 
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Un ive r si ty Instituti o nal Re view Bo ard (IRB). The 

qu es ti o nnair e coll ec ted info rmation on: ag e , smoking, use 

o f we igh t control di e t s , medical condition s tha t could 

a ff e ct me taboli c rat e , activity l e v e l, birth 

we ight/l e ngth, weight history, and menstrual history. A 

c opy 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 

measureme nt s , subjects wer e provide d with Pro cedure s for 

Me taboli s m Study Subject s , a s shown in App e ndi x E. 

Waist/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 

s ubjects were measured in the standing positi o n with a 

non - flexible measuring tape, following procedures of Evan s 

e t al. (1984). The smallest circumference around th e 

umbilicus constituted waist girth, and the largest 

c ircumference around the gluteus constituted hip girth. 

Waist girth was subsequently divided by hip girth t o 

arrive at the ratio. Subjects having WHR in excess o f 

0.80 were not retained for the study. 

Re sting Metabolic Rate by Indirect Calorime try 

Resting metabolic rate (RMR) was mea s ur e d o nce o n 
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each subject by indirect calorimetry with an open - circuit 

system, the Metabolic Gra phics Corporation' s Exercise 

System 2001 (S t . Paul , Minnesota). The MGC-2001 co nsists 

of rapidly responding oxyge n and carbon dioxide analyzers 

for data acquisition, reduction, and transfer to a CAD/Net 

host comput er system. The CAD/Net compu ter consists of a 

color monitor for video display, electronics, keyboard, 

and a ma ss storage system running 512K of memory. 

Subjects were tested in the University of Maryland's 

Human Exercise Research Laboratory during morning hours 

afte r an overnight fast and a 20 minu te r est period (Foss 

et a l., 1982; Zavala & Print e n, 1984). Because BMR has 

been s hown to vary during the menstrual cycle, RMR wa s not 

meas ured during any subject ' s menstrual cycle (Solomon e t 

al. , 1982; Webb, 1986). In addition, subjects were 

instructed not to exercise for the 24 hours preceding the 

RMR me asurement and not to tak e any medi cation s unless 

previously discussed with the investigator. 

Upon arriving at the lab, each s ub ject was given th e 

o pportunity to void a nd c h a ng e into lightweight, 

comfort ab le clothes. Barefoot heigh t and WHR (unl ess 

already obtained ) measures were taken, and the subject was 

f itted for an air-sealed face mask having a no n 

rebreathing valve (Hans Rudolph 2-Way Mask) a nd shown th e 

e quipment to be used. Weight was mea s ur ed o n a balance 

sca le which had been zero- balanced. Whil e the 
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investigator ca l ibrated the MGC -2 001, t h e s ubj ect rested 

in a h c air . 

Ca libration of t h e MGC - 2001 wa s do n e by t h e 

i nvest· lgator following standar d procedur es publi s h ed b y 

the comp any a nd follow ed by the Human Exercise Resea r c h 

Laboratory. The system was calibrated with a 3 liter 

syringe u . sing a gas mi xture of 12.1% oxygen, 4 .98 % carbon 

dioxide ' and balanc e nitrog e n. Room temperature, 

humidity, a nd baro metric press ur e values were updated in 

t h e syst em before each meas urement. Dead s p ace air for 

t h e s mall face mask wa s ca l c ulated as 17 5 ml and for t he 

lai:-g e face mas k as 185 ml. 

and 

After t h e r es t period, t h e subject put o n h e r mask 

breath ed room air whil e a sampl e lin e brought expired 

9ases t o the MGC- 2001. 
Respiratory gas exc h a nge was 

monitored continuously f o r approxi mately 20 minut es , with 

oxyge n co n s ump tion a nd ca rbon di oxid e producti o n 

com Putat1· ons d t t 1 · te made by th e computerize sys e m a minu 

Wh e n five con secuti ve s table d e t e rminati o n s of 
interval s . 

'J,(, ~ 1
ange occurr ed , meas u re me n ts were s toppe d a nd t h e · ·c1 · 

SUbj ect r e moved h er ma sk . 
Onl y data coll ec t e d fro m th e 

l ast 10 
Th e Weir 

minut es of the st ud y were analyzed . 

(1 949 ) formula was u sed to co nvert mea n oxyge n co n c um pti o n 

and carbon dioxide production to ca l oric ex p e nd itur e per 

n1 i nu t e . 



Residual Lung Volume by Nitrogen Washout 

Residual lung volume (RV) was calculated by 

s ubtracting expiratory reserve volum e ( ERV) from 

functional residual capacity (FRC). ERV and FRC 
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were 

measured in the Human Exercise Research Laboratory with 

the Medi cal Graphics Corporation's Model 1070 Pulm onary 

Function Laboratory (S t. Paul, Minnesota ) a few minut es 

after the RMR measurement . The MGC-10 70 consist s of a 

rapid nitrogen analyzer connected to a pneumot ac ho meter 

(flow sensing device) which provides breath-by- breath 

analysis of gas concentrati o n in the lungs. A vacuum pump 

draws the gas sampl e into a capillary tube. An elec tro n 

beam ionizes the gas sample and, as t he beam pass e s 

through a magnetic field, ions of the various constit u e nt 

gases separate according to their specific mass and 

electric charge. While the s ubj ect rested , the 

investigator calibrat e d the MGC - 1070 system with standard 

gases and a 3 liter syringe. 

For the ERV measurement, the standing subj ect put o n 

a noseclip and breathed ambient air through a cardboard 

mouthpiece attached to a plastic breathing tube which 

e ntered the MGC- 1070. Following three to four normal 

breaths and during a n exhalati o n, the s ubj ect was pro mpt e d 

to exhale maximally. Thi s proc e dur e was repeated a 

minimum of three times with a rest between eac h a nd s yst e m 

recalibration as necessary. Th€ average of t h e two 
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Clos es t trial s wa s used. 

FRC wa s d e t e r mi n ed using the nitro g e n wa s hout me tho d. 

Th e ai r r e maining in the lung s following a ma x imal 

ion c o n s titutes t h e FRC. Of t hat quantity , ERV wa s e xpira t . 

known; the air trapped i n a l veo l ar spaces in the lungs, 

the RV ' was not known. 

Wh e n FRC is measured by the nitrogen washout 

t echn · ique , the FR C volume is determined b y continuo u s 

meas urement of the percentage of nitroge n exh a l ed in each 

bre ath whil e the s ubj ect inhal es pure oxygen. At t h e same 

time, th e volume f · d o exh a l ed air 1s measure . 
Th e FRC 

ls then determin e d b y compu t e riz e d mu ltipli c ati o n Volume . 

Of air , ti mes e x h a l ed ni troge n, ov e r ti me . ex h a l ed . 

In this procedur e the seated s ubj ect wore a nosec lip 

ana breathe d 

MGc - 1070 

thro ugh a rubber sealed mo uthpi ece into the 

The mo uthpi ece preve nt ed air l eakage aro und t h e 

rn o uth, a nd the noseclip prevented air l e akag e fr o m t h e 

nose. After the subject had establi s h ed a stabl e 

res . Piratory patt e rn and at t he e nd of a normal exh alation, 

th e . invest1· gator f b . t . s wit c h e d the inh a l ed gas rom a m 1 e n air 

to h Umidifi' e d oxygen. Thi s comm e n ced t h e nitrogen wa s ho ut 

Procect ur e , whi c h continued for 7 minut es or until l ess 

t h a n 1% . nitroge n in a lveo lar air re main e d . 
Nitrog e n 

con centrat . ion was di s pl ayed o n the mo ni tor so t hat a 

breath - by - breat h wa s hout c u rve could be obse r ved. 

hear· ing ab el l sign a l, 

Upo n 

the investigator s witch e d o ff t h e 
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oxygen, the subject again breathed a mbi ent air, and the 

procedur e was ended . 

The investigator flushed out the mouthpi ec~ ~it h the 

3 liter syringe until nitrogen readings of approximately 

79.6% were i ndi cated b y the computer. At least two trials 

were conducted for each subject, with a 5 minut e 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 acceptabl e 

readings was considered to represent the FRC. 

He nr y (19 67) ha s observed that an individual's true 

score is considered to be best esti mated from th average 

of a series of scores . Thu s , RV wa s calculated by 

s ubtracting average ERV from average FRC. 

Body Composition Assessment by Hydrostatic Weighing 

Although subjects we re initially c lassifi ed as 

n o nobes e or obese based o n he ight - weight c hart placeme n t , 

body composition was more accurately determin ed by 

hydrostatic weighing , u s ing the d e nsitometri c met hod 

pioneered by Be hnk e et al . (1942). Th e h ydrostatic 

weighing system in use at th e University of Maryland Body 

Density Laboratory consists of a stand a rd tank in which an 

al uminum chair is suspended from a l oad cell. A cess to 

t h e c hair is by an al um inum ladder on the side of the 

tank. 

Prior to each underwater weighing session, the load 
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ce ll wa s ca libra t e d u s i ng es tabl is h e d procedur es o f th e 

Bod y De nsit y Labo r a t o r y . Th e water t a nk fi l te r wa s t u r n e d 

o ff during ca libra ti o n and und e rwat e r we ighing . Th e 

we ig h t of th e alumin um c h air a nd an y it e ms b e ing used b y 

t h e s ubj ect dur i n g th e procedu re , s u c h as a nosec lip or 

gogg l es, was t h e n determin e d. 

Subj ects wer e inst ruc t e d to f ast overni g h t bu t t o 

con s um e pl e n ty o f wa t er thro ugho ut t h e eve n i ng . Prior to 

h y dros tat ic we i g h i n g , th e s ubj ect ' s h e igh t a nd we i g h t wa s 

o bta in e d a nd th e s ubj ect s h o wered. 

Th e h y d rostat i c weighing p roc e d u r e wa s as fol l o ws . 

T h e s u b jec t s at i n t he a lum i n um c h a i r, a nd t il e 

i n ves tigator po s i tion e d it so t hat t h e wat e r l eve l in t h e 

ta nk was bet wee n t h e s ubj ect ' s c hin a nd l o we r lip. Th e 

s ubj ec t g o t o ut o f th e c h a i r and h e l d th e al um i num l a dder , 

k ee ping th e wa t e r a t c hin l e v e l, wh i l e t h e c h a i r weig h t 

was me as u r e d. Th e s ubj ect r e t u r ned to t h e c hair a nd was 

i n s truc t e d t o exh a l e ma x i ma ll y a bo v e th e water , t h e n to 

l o we r h e r uppe r b o d y s l o wly in to th e wa t er , con t inuing t o 

ex h a l e a s mu c h a ir as possi bl e during s ubm er s ion. Wh n 

t h e in ves tigator o b se r ved n o furth er e xp i rati o n o f air 

b u b bl es , t h e c o mput e r ized sa mpl i ng proced ur e wa s 

i n itiat e d . Th e progra m sa mpl e d f o r 2 second s , a nd th e 

i n ves tig a t o r s ign a ll e d t h e s ubj ect to s ur fa ce . Thi s 

me t h o d h as bee n f o und t o i ncr e a se s u b jec t se nse o f 

c o n tro l, t o r e duce f e a r , a n d to mi n i miz e wat r t urb u l e nce 
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(Goldman & Buskirk, 1961). 

Three to fiv e s amples wer e take n on each subject, and 

th e la s t and highe st three to five s tabl e we ight s we re 

averaged. Behnke & Wilmore (1974) recommended u s ing th e 

highest obtained underwater weight if it was obseved more 

than twice. The subject's RV, age , height, and weight 

were entered into the comput er. 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. (1 963 ) were generated by the Body Density 

Laboratory software program. 

Reliability and Validity of Instrumentation 

Waist/Hip Girth Ratio 

The wai st /hip girth ratio (WHR) is one method for 

differentiating between upper and lower body fat 

predominance (Ashwel l 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 

(K a lkhoff et al., 1983). Upper - body obesity has been 

variously defined as WHR greater than 0.85 (Evans e t al., 

1984; Peiris et al., 1986), greater than 0.80 (Hartz e t 

al ., 1984), or greater than 0.83 (Kalkhoff e t al. , 1983) 

The WHR ha s bee n found to correlate highly with 

multipl e skinfold measures , arm- to - thigh adipose mu scular 
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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 a l., 1983; 

Kissebah et al., 1982). Girth meas ure ments 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 

me taboli c complicat ions of obesity . Hartz et al. (1 984 ) 

s urveyed more than 19,000 women and found WHR mor e 

sensitive than neck, bust, waist, or hip circumf ere nc e 

measur e me nts to predict diabetes in women with upper - body 

obesity. As the WHR approaches and exceeds 0.85, insulin 

res istance and its met aboli c consequences predominate 

(Evans et al., 1984; Hartz et al., 1983; Kalkhoff et al., 

1983) . 

Hydrostatic Weighing 

Hydrostati c weighing as a valid meas ur e of body 

composition is based on the assumption that the body 

consists of two distinct components - - fat a nd fat - free 

and that these two components are chemically diff erent yet 

relatively constant in their own make - up throughout the 

population. Thus, if one knows the specific gravity, or 

density, of eac h compon e nt a nd then meas ur es the density 

of the whol e body, the fat and fat - free cont e nt of the 

body can b e calculated. The formula of Go ldman a nd 

Buskirk (1961) ca lculat es the d e nsi ty of the body as : 
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k wt in air 
( [(kg wt in air - kg wt in wat e r) / wat e r d e nsit y ) - RV - 0.10) 

Th e validity of h ydrostat ic we ighing i s pr edicat e d 

upon th e validit y of the d e nsiti e s of fat and fa t- fr ee 

c omponents 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. 

derived from body density as follows: 

Percentage fat is 

Siri (1961): % fat = ([density/4 . 570) - 4.142) X 100 

Brozek et al. (1963): % fat = ((4.950/de n s ity] - 4.5) X 100 

The correlation between these two equations was 0.995 

in a study involving 54 college males (Behnke & Wilmore, 

197 4) . 

Womersley et al . (1976) e x amin e d athl e tic, sed e ntary, 

and obese male and fe male 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). Tw e lve 

young , muscular females ranging in age from 19 t o 49 y e ar s 

(tl = 27.2 years) had a FFM density of 1.090 gm/ml. Eight 

young obese females ranging in age from 27 to 44 years (tl 

= 36 years) had a FFM density of 1.093. Only the young 

sedentary women studied had a FFM density equal to that 



90 

d e scribe d b y Siri (1961) and Brozek et al. (1963). If a 

d e nsity of 1.100 had been assumed for all these women, th e 

l e vel o f bo dy fatness would have bee n ov e restimated for 

the obe se 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). 

Hydrostati c 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 (1 984 ) noted that variability is not well 

d e fi ned in many populations, including women. Th e 

reasons for variability in body density primarily focus o n 

the FFM, with hydration being the largest single source of 

var iation in density of the FFM. Grande and Keys (1980) 

examined data on cadavers fro m four studies and found 

water to mak e up 69.6 to 77.9 % of the FFM . Siri (1 956) 

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. 

Bon e density also accounts for variation in d e nsity 

of the FFM (Bakker & Struikenkamp, 1977; Lohman, 1981). 

In norm a l adults, ske l eton compri ses 17 to 23% of th e FFM, 

which would result in a range of FFM density from 1.089 

to 1.101 g/ml (Bakker & Struik e nk a mp, 1977). Becaus e 

bone ha s a relatively hig h density, an increase in t he 
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0 th e skeleton would increase density of the FFM, mass f 

anct in the mass of the skeleton would decrease a decrease . 

den s ity of the FFM (Womersley et al ., 1976). 

A trained tec hni cia n can obtain closely reproducibl e 

results f rom hydrostatic weighing (B e hnk e & Wilmore, 1 974 ; 

Lukask· i, 1987). H · f o weve r, there are pot e ntial sources o 

meas urement error th d 1·d · t f b d at coul reduce the va i l yo o y 

density detemined by hydrostati c we ighing. Th e first and 

ignificant of these is the residual lung volume most s. . 

(RV). It is essential to obtain a n acc urate meas ur e of RV 

to a. ccount for a i·r trapped i·n 1 th t ·11 the ung s a wi 

<''o - ntribute 

& w· llmore 

to buoyancy during und erwater weighing 

, 1 9 74; Lohman, 1 984 ) 

(B e hnk e 

Residual volum e that i s 

Pr ea · · icted rather than measured is a maj or source of error 

(Morrow et al., 1986) . 

A second source of meas ur e me n t error is excessive ga s 

in the gaS t rointestinal tr act . 
This is not meas urabl e a nd 

is not easily estimated (Garrow, 198 2 ), and, therefore, 

must b e controlled by instruct ing s ubj ects to avoid gas 

ing food s for several day s prior to und er wa ter Proctuc · 

Weig \ · llng (B e hnk e & Wilmore, 1974) . 

Erro r also occurs wh e n the und erwater we ig h ing sys t e m 

is not . calibrated care fully prior to eac h u s e and wh e n t h e 

invest· lgator fails to cor r ec t for wat er temperatur e t hat 

is higher or lower than the sta nd ard 37 degrees Ce nt igrad e 

(Lo hman, 1 9 84 ) , al though these sources of e rro r ar e 
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minim i z e d by a care ful t echni c i a n . 

Fi n a ll y , er r o r c an o ccu r wh e n uncoope r a tive s ubj ec t s 

are used. Wh e n a s ubj ec t i s not comf o r tabl e in o r und e r 

wa t e r , c onside rabl e e rro r c an r es u l t d u e t o fa ilure t o 

expel air max imally (Clark & Mayhew, 1980) , excess ive 

mo v e me n t during me as urement , and fail ur e to r e main 

s ubmerged l o ng enough (Lukas k i, 198 7) . 

Th e pri mary limitat i on of hydrostati c weigh ing as a 

va l i d a n d reliable measure of body composition i s 

biologica l, not me t hodo l ogical . Fo r young adult me n , t h e 

me thod i s conside r e d a ccurate t o wit h in . 00 2 g / ml, whi c h 

is e qui va l e nt to+ / - 1% e rro r in bod y fa t (Lo hm a n, 1 982 ) 

Fo r wo men, und e r water we ighi ng may ha ve a t heo r e ti ca l 

e rror rat e of 2 to 4% , primarily d ue to h ydra tion and 

s ke l eton differences wh ich affect t he density of t h e fat 

fr e e body (Lo hman, 1982 ). Nevert h el e ss , hydro stati c 

we ighing i s wid e ly con s id e r e d t o be the most prac ti c al a nd 

a ccurate method avai l a b le for assessing body de ns ity 

( Lohm a n, 1 982 ; Lo hn a mn, 1 9 8 4 ). 

Re sidual Lung Vol um e 

Residual l ung vo lum e (RV) is t h e volume o f a i r th a t 

r e ma i n s i n t h e lungs fol l o wi ng a ma x imal expira ti o n 

( Bus kirk , 1961). With t he expir a t o r y r ese r ve vo lume 

( ERV ), it ma kes u p t h e f unction a l r es idual c apa c ity (FRC) 

ERV c a n be mea s u red simp l y wit h a spiro me t e r (Ruppe l, 

1986 ). As t h e i ndividual exh a l e s int o th e s p i r o meter, th e 
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s pirometer bell moves up; on inhalation, the bell moves 

down. Up and down movements of the bell are recorded o n a 

piece of paper attached to a drum. The principle is the 

same when ERV is measured on the MGC - 1070, although the 

"tracings," seen on the cathode ray tube display (CRT) are 

in the opposite direction. 

FRC cannot be measur ed by spirometry (Fox & Mathews, 

1981; McArdle et al., 1981; Ruppel, 1986). The multipl e 

breath nitrogen washout method using open circuitry ha s 

been used as a method for assessing FRC for over 30 years 

(Kra e mer et al., 1986). During a brief period of 

br e at h ing 100% oxyg e n, nitrogen trapped in air spa c es in 

the lung s is "w ashed out", permitting cal c ulation, bas e d 

o n the volume of expir e d nitrogen, of the volume of the 

residual air spaces. 

Determination of FRC by nitroge n wa s ho ut is based o n 

a con centration - dilution relationship . The classi c 

equation for calculating FRC ( Brugman et al. , 1986) is : 

FRC = (Nf X Vs ) - (Ni X Vs ) 

(80.0 - Nf) 

Wh ere , Nf r eprese nts the perc e ntag e of nit rogen in t he 

MGC - 1070 system at the e nd of the procedure; Ni repre s ent s 

t he perce ntage of nitroge n in t h e syste m at th e start o f 

t h e procedure ; Vs is the t ota l 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 

ass umpti ons (Jalowayski & Dawson, 1982). First , the 

initial concentration of nitrogen in the alveoli is 

ass umed, 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 multipl e-breat h nitrogen method 

by a double tracer gas dilution technique which was based 

o n ma ss balance equation s for argon, an inert gas , washed 

into the lung simultaneo usly as nitroge n was washed out of 

the lung. 

Low intrasubject variability has been found in 

studies of RV by nitroge n washout usi ng ope n ci r cuit 

spirometr y , establ ishing the method as accurate and 

reliable (DeGroodt et al., 1984; Saniie et al ., 1979 ; 

Sterk et al., 1980). Morrow et al. (1986) estimat ed 

accuracy to be within+/ - 1%. Wh e n RV was meas ur ed o n 14 

ma les and 32 females enrolled in a fitness program a nd o n 

a sample of 134 trained mal e at hl etes, the nitrogen 

was hout met hod and oxyge n diluti o n met hod gave simil ar 

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

equation s for estimating RV wer e found to be inaccurate 

a nd would have resulted in major body density errors. 
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Small e rrors in measurement of ERV, FRC , or RV can 

have a major impact (greater than 2%) on calculation of 

p e r c entage fat from body densit y . Marks and Kat c h (1986) 

c alculated sources of error in RV measurem e nt as 72 % du e 

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 measureme nt error is leaks of 

nitrogen into the system, which can be detected and 

corrected before measureme nt when proper calibrations are 

performed (Jaloways ki & Dawson, 1982 ; Miller et al ., 

1 98 7) . Other sources of error id e ntified by Jaloway s k i 

a nd Da wson i nclude insufficient eq u ipment warm - up ti me , 

pl ugging of the need l e valve, excessive moistur e in the 

a nalyzer, a nd mal f unction of the vac uum pump, all of which 

can b e detected by periodic ca libration of t he syst e m 

using t h e 3 liter syringe . 

RV meap ured o n land may not precisely reflect RV at 

t h e time of wat er immersion, s u c h as during underwater 

weighing. It ha s been observed that hydrostatic pres s ur e 

o n the c hest wall increases during i mm ersion , as does 

thoracic blood volume (Arboreli u s et al. , 1972 ; Begin e t 

al ., 197 6 ). Although in theory, on e would e ~pect thi s t o 

lower RV in wat er , Gi r a ndo l a et al. (1977) hav e fo un d 

i mmersion to increase RV in some subjects and to d ec r e a se 

it in others. Most authors recommend t hat t o minimiz e 



error , RV be measured in the water at the time of 

under water weighing (Behnke & Wilmore, 1 974 ; Clark & 

Mayhew, 19 80; Goldman & Buskirk, 1 961) , alt h oug h these 

same auth ors note that the difference in body density 

Usin gland -RV rather than water- RV is probably small. 
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An 

except. - the data of Girandola et al. 
( 1977) , 

ion to thi' c: 1· s 

Who found significant differences i n RV measured b y oxygen 

dilut · ion on college-age males on land and in water (Q < 

· 01) . in one case , in 14% fat when This resulted, 

ca1cu1 ated using land - RV versus 13 . 4% fat usi ng wat er - RV. 

Rest · ~ng M etabolic Rate by Indirect Calorimetry 

As ce ll s utiliz e nutri e nt s , e nergy in tl1 e form (if 

heat is generated a nd released into the e nviro nm e nt. 

Various techniques of 
calorimetry are used to mea s ur e this 

Direct calorimetry measures actual energy expenditure. 

heat 1 oss. 

Ch a mber f or 

and · ls thus 

The technique requires subjects to remain in a 

a prolonged period of ti me , at least 2 -J ho ur s , 

expensive and slow 
(Jequier , 1981). Indirect 

the measurement of gas exchange , 
is l ess 

calor · imetry, 

expens · lve and mor e convenient and the preferred method of 

ca10 . rimetry today (Norton, 1980). 

As eel 1 · · t · mitochondria oxidize nutr1 en s , oxyge n i s 

Used and car bon dioxide is produced. Because the total 

ca rct · lac output travels to the lung s through the pulmonary 

c· lrculat. . . - . · ion, analysis of inspired and expired air provides 

a va1· · 11 ld, although indirect, method of assessi ng ce 
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metabolism (Foss et al ., 1982; Norton, 1980). Wh en a 

nonrebreathing valve is used , inspired air can be 

s eparated from expired air for analysis. Oxygen con s um erl 

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) + l.l(CO2 produced in 

liters/min) 

Both theoretically and in practice, indirect 

ca lorimetry and direct calorimetry are considered 

e quivalent for assessing ca lori c expenditur e (DuBois, 

1936; Pittet e t al. , 1974). 

As with the other measurements described in this 

section, reliability of resting metabolic rate by indirect 

ca lorimetry is dependent upon proper calibration and 

precision in use of the equi pment (Blair & Buskirk, 1987; 

Norton , 1980). Because RMR is a determination of energy 

expenditure in the resting state , verification t hat the 

s ubj ect is at rest will yield a more accurate meas ure . 

This may be accomplished by h aving the subject s it at rest 

for at least 30 minutes before the measurement (H e nson et 

a l., 1987; Hoffmans et al ., 1979; Zavala & Printen, 1984 ) 

or by meas uring pulse rate i mmediately before and after 

t h e RMR measur e me nt (Hoff man s et al., 1979). Avoiding 

unexpected sound s during the measurement, havi ng s ubj ects 

void before measur e me nt, letting s ubjects find a 
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comf o rtabl e pos ition, and c hecking th e fa ce mask f o r 

comf o rt and fit will a lso contribute to the resting s tate 

(Zava l a & Print e n, 1 9 84). It h as bee n r ecomm e nd e d that 

RMR be me asured while seated, since a n 11% increa s e 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 

c onsecutive 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 

br e athes into a mouthpie c e or a f ace ma s k o r uses a 

v e ntilat e d hood for th e RMR measurem e nt. No diff e r e nces 

in RMR among the same subjects using a mouthpiece- nose c lip 

or ventilated hood were observed (Owen et al., 1986), or 

among the same subjects using the ve ntilat e d hood, fa ce 

mask, or mouthpiece - no s eclip (S e g a l, 1 987). 

Data Analysis 

Statistical analyses were performed t o c ompare 

a bsolute resting metabolic rate per day (RMR / d), r est ing 

me tabolic rat e per kg body weight (RMR/BW), r es ting 

metabolic rate p e r kg fat - free ma ss (RMR/FFM), a nd r esti ng 

metabolic rate per kg fat mass (RMR/FM) of no no bese , 

adult - onset obese, and c hild - onset o bese f e ma l es . 

Prior to data analysis, data we r e examin e d f o r 
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normality and homogeneity of variance . The c hi -square and 

Kol mogorov- Smirnov tests were used to determine goodness 

o f fit of the data. The h ypothesis of normality was 

upheld by these tests. 

The assumption of homogeneit y of variance was tested 

using Hartley's E test (Winer, 1971). Homogeneity of 

variance was upheld in all cases except one, in whi c h case 

it was rejected because the observed Frn;3x exceed ed the 

table value for significance at the .05 level. 

Und e r these conditions, hypotheses were tested u s ing 

t t ests . In addition, data were further a n a l yzed using 

Pearson's coefficient of cor r elation a nd mul tiple 

regression analysis. All statistics were run o n a Turbo 

Solution personal computer using Microstat statistical 

package (Ecosoft , Inc., Indianapoli s, Indiana, c . 1984) 



CHAPTER 4 RESULTS, DISCUSSION AND OBSERVATIONS 

Res ult s 

Th e purpose of t his study was to determine if obese 

fe males had a lower resting metabolic rate (RMR) than 

nonobese females. Further, the obese subjects we re 

10n 

c las s ified as adult-onset obese or child - onset o bes e , and 

the metabolic rates of these two groups we r e compared. 

This section presents results of statistical data 

analysis to det e rmine if differences existed bet we e n 

n o nobese , adult-onset obese (AOO), and c hild - o n set o bese 

(COO ) wo me n in RMR/d ay , RMR/BW, RMR/FFM, and RMR/FM. 

Combin ed data fro m COO a n d AOO s ub jects were also a n alyzed 

to assess any differences between o bese and nonobes e wom e n 

in measures of RMR. A discussion of the finding s and 

s ubjective observations follow the analyses. 

Demographic Data 

To increase ho moge neity in th e population of 

interest, the study was limited to weight -stabl e, 

apparentl y healt h y Caucasia n nonobese and o be se fe males 

having the following c h aracteristics: a ) ag s 20 to J8 

years , b) WHR l ess than 0.80, c l l ess than or eq ual to 26% 

fat (nonobese ) o r greater than 30% fat (obese) , J) 

no n s mokers, a nd e l not taking a ny RMR - atfecting 

medi ca tions. 

Seventeen s ubj ects meeting these criteria a nd o n e 
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ve r y l ea n s ubj ec t who was 3 ye ar s o ld e r than th e age c ut -

, ff we r e r e tain e d f o r th e s tudy . Dlf Ee r e nces betwee n 

gro u ps in d e mog raph ic c har c t e ri s ti cs we r e exa min e d u s in g 

l_ t e sts and, becaus e o f the s mall s a mple siz e , pooled 

esti mates of variance . Level of signi ficance was se t at Q 

< • 05. 

Obe se females were c haracteriz e d as c hild - o nset based 

upon self reported obesity onset before puberty. Adult -

onset were so classified if self reported o b e sity o ccurr e d 

after menstruation o n set . 

Th e AOO a nd COO group s did not s ignifi c <lntl y diff e r 

fr o m e a c h o th e r in age , we ight, h e i g l1l, p e rc e nta ge L .,r, 

fat - free mass ( ffM ), or WHR. Both AOO a nd COO subj ec t s 

had signifi cantl y higher weight a nd percentage fat t ll a n 

t h e n o nobese subjects, as wo uld b e expected . Ho wever, .::\.00 

and COO s ub jects did not diff e r s ignificant! ~· from 

nonobese s ubj ects in age or h e ight. t\00 und no nobese 

s ubj ects had very si milar FFM, whil e FfM was signifi ca n tl~· 

hig h er in COO than in t h e no nobese (Q < . 05). When the 

data of COO a nd AOO were combined, t h di ff e r e 11,.:e in FFM 

b e t wee n n o n o b ese a nd obese s ubj ects was no t· c•tati s t i, -: ;:ill y 

s ignificant. Ch aracteristics n f th e 18 COO, AOO, and 

no nobese s ubjects ma y be found in Table 3 . 

To further c h arac t er iz e the 1 8 s u bje c t s , a se r e ning 

questionnaire (s ee Appe ndi x C l eli c it e d info r mati o n <lbo ut 

e ducational level , occupation, frequ e n cy uf e x e r c i se , and 
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Table 3 

Subject Characteristics, Measured 

Age, Wt, Hgt, HM, %F a t, Wl!R 

yr kg cm kg Siri 

Child-Onset Obese (COO) 
01 23 73.50 162 .56 50.13 31 .79 . 75 
05 26 136.50 171.45 68 . 60 50.25 .80 
06 32 70.50 167.64 48.67 30 .95 .73 
07 34 72. 50 158.75 47.65 34.27 .73 

08 31 105.00 166.37 54.09 48.48 .78 

09 33 111.50 175. 01 55.40 50.31 .75 

Mean 29.83 94.92 166.9 6 54.09 41.00 .76 
+ / - +/- +/- +/- +/- +/- +/-

S. D. 4.35 27.07 5.87 7. 73 9.58 .035 

Adult-Onset Obese (.~00) 

20 32 66.75 170.18 43.52 34.79 .76 

21 21 82 .50 167.99 53.69 34.93 .75 

23 33 80.90 165.10 49.80 38.45 . 73 

24 JO 68.20 157.99 41. 69 38.86 .72 

25 20 82.50 170 .94 55.6 2 32.58 .74 

29 33 93.25 168.91 49. 22 47.22 . 77 

Mean 28 .17 79.02 166.85 48. 92 37.80 .745 

+ /- + / - + / - + / - +/- + / - +/ -

S.D. 6 . 05 9.98 4.79 5 . .;7 5. 19 .019 

Nonobese (N O) 
40 26 59. 70 167 . 00 45.04 24.55 

41 38 54.50 170 .18 45.92 15.75 

42 22 48.50 157 . 48 44 .1 8 8.90 

43 22 61.75 172.72 53.74 12 .98 

44 25 65. 54 162.56 48.39 26.17 

45 26 59.70 158.75 46.0 4 22.88 

Mean 26.50 58.28 b,d 164.78 4 7 . 22 a 18 . 53c,d 

+/- + I - + / - +/ - T /- • I-
S. D. 5.92 5 . 97 6 . 19 3 .4 9 6 . 99 

Level of Signifi ca nce Key : 
a - p ( .05 bet ween COO and NO 
b - p .005 bet,, ee n COO and t,; O 
C - p .0005 betwe en COO and NO 
d - p ( .005 between AOO and NO 
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ov e r l . al act i v it y l eve l . Th i s inf orma ti o n i s bri ef l y 

Prese n t d e h er e a nd in T a bl e 4 . 

Al l o f th e s ubj ec t s exce p t o n e in th e coo gro u p 

Wor ke d f ull - ti me o ut s ide t h e ho me , were full - time 

s tude n ts , o r h ad f ull - ti me respon s i b ili ties i n th e h o me 

Wi t h Yo ung c h i l dre n. Most o f t hose who wo rk e d wer e i n 

lvity oc c u pat i o n s . Th e e x ception s : a h o me ma ke r l o w- ac t . . 

Wit h two s mall c h i l dre n in th e AOO grou p a n d a f l ig h t 

a tt e nd a n t . i n t h e n o n o b es e gro up. 
Th e r e were un equ a l 

numbe r s of stu de nt s i n e ac h gro u p . 

Ac tivit y l e ve l a n d e xerci s e fr e q u e n cy diff e r ed 

be t -Hee n th e gru u p s . 

fr e q u e n t l y te nd e d to 

Subj ec t s wh o exe n :: i s e c! m, >r e 

a l s o b e mo r e ac ti ve wh il e t hose \✓ h o 

e xe r c i sect l e ss fre qu e ntl y re po r ted b e ing l e s s a c tive . 

coe ffi c i e nt o f cor r e l a t ion b et we e n a c ti v it y a nd Pe a r son' s 

l se i,a s s ta t i s ti ca l l y s i g n i fica n t f o r AOO ( £ =- . 759 ), e~e r c · 

Coo ( r == . B94 ) , a nd no no b e s e s ubj ec t s ( ~ = . 78 4 ; see 

Ta bl es 1 · 9 , a nd 10). Thu s , t h e wo me n i n t h e coo gr iu p 

Wh o e x e rcis e d l e ss f r e qu e ntl y also d escribe d t h e ir 

ac ti vity l e ve l as i n a c t i v e or l igh tlV a ct ive , compare d 

w· 1th t h e mo r e fr e q u e n t e xerc is e r s in t h e ADO a nd nu no bese 

Th er e · · was v e ry li tt l e variati o n in ac t 1v 1L Y 

w· l t h i n . e a c h gro up, bu t e xerc i se fr e qu e ncy var i ed 

co ns· l d e r ably . Ba sed u po n act ivit y l eve l categori es 

8 e l e c ted by t h e s ub jec t s , t h e COO gro u p c;o ul d b e 
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c lassifi ed as having light activity, th e AOO 9roup as 

lig htl y t o mod e rately active , and t h e nonobe se gro up as 

moderat ely active . 

Table 4 

Subject Character istics, Questionnaire 

I tern 

Occupati o n 
full - time 

Part - tim e 

Student 

Ho me mak e r 

Education 

Yrs College 

Yrs Pos t - BA 

Activity Leve l 

l =sedentary 
2 =light 
] =moderate 
4 =very active 

E::-;ercise Fr~: q. 

0=0/week 
l = l/week 
2 =2/ week 
J =J/week 
4 = 4/week 
5 = > 4/week 

Child - Onset 
Obese 
( !:!_=6 ) 

4 

1 

1 

Range = 
1 - 6 yr 

M J . 6 

M = 0.83 

M 2 .17 
+/ - 0 . .J 0 

M = 2 . 00 
' / - 1. 09 

Adult - Onset 
Obese 
( !:!_=6 ) 

J 

0 

2 

1 

Runge =-
0 - .J yr 

M -= 2 .1 

M = 0 

M = 2 . 66 
+/ - 0.82 

M = J .16 
•/ - 0 . 75 

Nonobese 

J 

Range = 
0 - 4 yr 

J . J 6 

M = 0.17 

M = 3 .10 
+ / - 0.98 

M -= '3 . 33 
•/- L. 2 1 
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Result s o f Hvpot h esis Testing 

Th ree hypothes es were exa mined u s1· 1-1g t 
- --'- tests . In 

addition, Pearson ' s coef fi cient of co rrelation wa.s 
u sed to 

examin e t h e stre ngt h of the relations h ips bet •·e 
'" e n the 

var i ab l es. 

Hypothesis 1: Obese females will have a lower RMR Per 

unit of fat free mass (FFM), fat mass (FM), and body 

weight (BW) than nonobese females. 

To test t hi s h ypot h es i s , data f rom COO a nd AOO 

s ubj ects were comb ined . Table 5 illus trates RMR a n d other 

c h aracteristics of t h e n o nobese a nd o b ese s ubj ects . 

Mea n absol ut e RMR of th e o b ese s ub jects was 

s ignifi ca n tly h ig h er t h a n t h e no nobese (1 531 kca l/da y 

vers u s 133 2 k ca l/day ; 12. < .0 5 ). RMR a djusted for FFM 

(RMR/FFM) in the o b ese s ubj ects wa s statistically 

i nd isti n guis h able fr , m t h at of th e nonob0>se s u bject ~ . 

Despite hi g h er a b so lut e RMR s , t h e o bese s ubj ects h ad 

signifi ca ntl y lower mea n RMR p e r kg BW a nd FM than t h e 

n o n o b ese s ubj ects . RMR/BW was 1 8 . 47 kca l/kg/day i n the 

o b ese a nd 22 . 9 ➔ kca l/kg/day in t h e no nobese , a diff e r e nce 

o f 4 . 47 k c .a l/kg/day (12, < • 05). RMR/FM wa s 49.71 

k ca l/kg/day in t h e obese a n d l ➔ -1. 3 1 kca l /kg/day i 11 th '=' 

n o n obese (Q < .000 5 ) . 

The h y pot h es i s that o b ese s u bjects wo ul d h ave a lower 

RMR per unit of fat mass a nd b udy weig h t was uph e ld. 

RMR/FFM was not fo und to b e di ffere n t b et wee n t h e twu 
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groups. 

Table 5 

Resting Metabolic Rates of Nonobese and Combined Obese 

Subjects 

Obese Nonobes e Difference 

( !l = 12) ( !l = 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 47.22 n.s. 

+/ - 6.93 +/ - 3.49 

FM, kg 35.46 11.06 p ( .005 

---!- 15 .38 +/ - 4.85 

Hgt, cm 166.91 164 .7 8 n.s. 

-,- / - 5.11 ... I - 6. 1 9 

% Fat 39.-H 18.53 p . 00005 

.. / - 7 .54 +/- 6 .9 9 

RMR/d, kcal 1531.17 133 2 .00 p \ .05 

+/ - 164.61 + / - 129 . 57 

RMR/BW, 18 .47 22.9 4 p ( .05 

kca l/kg -,-/ - 4 .47 -,-/- 1.9 5 

RMR/FFM, 30.26 28.31 n.s. 

kca l/kg -,- /- 5.40 ... /- 3.27 

RMR/FM, 49. 71 144 .J l p ( .00 05 

kcal/ kg -I - 17 .94 ..-/ - 70.38 

All values are mean +/ - s.d. 
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Pearson's coefficient or correlation was used to 

suggest reasons why RMR/FM and RMR/BW differed between 

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: Corr e lation 

Coefficients of Combined Obese Subjec ts 

BW 

( 1 ) 

FFM FM 

( 3 ) 

%F 

( 4) 

RMR / D RMR / BW RMR / FFM RM R/FM ACT I V EXER 

( 2) (6) (7) ( 8 ) ( 9 ) (10) 

( 1 ) 1.000 .8 70 .977 . 848 . 00 3 - . 858 - . 59 4 - . 885 -. 240 - . 37 2 

( 2 ) 1 .000 . 745 .4 82 - . 040 - . 758 - .7 33 - .633 .13 4 - .1 67 

( 3) 1 . 000 .939 .0 2::' - .83 4 - .'1 86 - . 9::' 4 - .383 - . 431 

( 4) 1 . 000 . 0~9 - . 737 - . ::,9 .; - . 9::'0 - . 5::' .J - . 410 

(5 ) 1. 000 .4 71 . 685 . 278 .0 97 - . 026 

( 6) 1 . 000 . 860 .93 2 .20 7 .214 

( 7 ) 1.000 . 623 - .0 91 .0 2] 

( 8 ) 1.000 . 386 . 28 7 

( 9 ) 1.000 .76 5 

(10) 1. 000 

Crit ica l Va lue ( .05 ) = +/ - . 5::' 4 
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In the obese subjects, RMR/BW correlated 

significantly (Q < .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 

FFM P1 

( 3) 

%F 

( 4) 

RMR/D RMR / B~ RM R/ FFM RMR / FM ACTIV EXER 

(1) ( 2) ( 5 ) ( 6 ) ( 7) ( 8 ) ( 9) ( 10) 

(1) 1.000 .584 .81 2 .744 .605 - .50 9 .1 69 - .839 -.4 40 - .157 

(2) 1.000 .001 - .103 .092 - .590 - .509 - .14 5 .3 23 .365 

( 3) 1.000 .991 .679 - .2 03 .574 - .92 9 - . 774 - .45 5 

( 4 ) 1. 00 0 . 697 - . 102. . 652 - . 929 - . 824 - .5 28 

( 5) 1. 000 . 375 . 80 9 - . 64 7 - . 879 - . 600 

( 6 ) 1.000 . 683 . 29 2 - .445 - . 457 

( 7) 1. 000 - .46 4 - . 9-19 - . 747 

( 8) 1 . 000 . 656 .4 08 

( 9) 1 . 00 0 . 784 

(10) 1 . 000 

Critical Valu e (.0 5) = + / - .7 40 
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corre lations we re wea ker. In fact , RMR/BW did not 

co rr e lat e wel l wi t h a n y variable in th e nu nobese . 

There was a posit i\·e relations h ip b et wee n RMR/Bh" a nd 

RMR /FF M i n bot h o b ese (£ = . 86 ) and nonobese (£ = . 683 ) 

wo me n, indicating that c h a ng es i n RMR adjusted for BW 

wo uld be accompanied b y simil ar c h a nges in RMR adj usted 

for FFM ; h o wever, the corre latio n wa s o nl y s ignifica nt in 

the obese . Th e re was even a stronger co rr e lati o n b et wee n 

RMR/BW and RMR/FM in the obese (£ = .9 32 ). 

Th e f ac tor accounting most f o r t he diff e r e nce bet wee n 

RMR/BW in th e o b ese and no nobese was f o und in the bod y fat 

o f t h e o bese wo me n st ud ied . 

r e l at ion s hip b et wee n RMR/BW and FM ( £ = - . 8 3 ~) and 

p e r cent age fat (£= - .737) in th e obese but o nl y a weak 

n e gativ e relationship in the no no bese (£ = - . 203 ; £ = 

- . 108) . Thu s , abov e a ce rt ai n perce nt age fat, but not 

below it, d eg r ee of fatne ss affected RMR/BW. 

increased, RMR /B W decreased. 

,\ s fat ness 

De gree o f o besity apparentl y did not affect RMR/FFM 

in the combin e d obe se s ubj ec t s in thi s s tud y , ·ince no 

strong cor r e l a ti o n was fo und bet wee n RMR/FFM a nd e ither 

p erce n tage fat I r= - . 294 ) o r FM ( £= - .4 86 ). In l oth obese 

and n o no b ese s ubj ects , FFM wa s n egative l y cor r e l a e d with 

RMR/FFM (£ = - .7 33 in th e o bese a nd r = - . 5 09 in th e 

no no be se ); the corr e latio n was s ignifi ca n t o nl y fu r t he 

o b ese gro up. 
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Neve rth e l ess , t h e r e was a r e l a tio n s hip be tw een BW a nd 

RMR/ FFM i n t h e o b ese , bu t not t he no no b ese , s ubj ec t s . In 

t h e o b ese , a n inc r ease in BW was accompan ied b y a decrease 

in RMR/FFM (K= - .594; Q < .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 t es t s ; s ignifi c an c e wa s se t 

a t th e .05 l e v e l. Table 8 present s mea n values and 

diff e r e nces b e tw ee n gro up s . 

Re s ults indicat e d tha t me an a bso lut e RMR was l o we r in 

COO than AOO female s and that RMR per unit of BW, FFM, a nd 

FM was lower in COO than AOO subjec t s . However, 

difference s were not statistically significa nt. 

La c k of s tati s tical s ignifi ca nce could b e t he r es ul t 

of great variance within e ach group in the vari a bl e s be ing 

measured. The range of RMR per unit of body cbmpos itio n 

within each group (AOO and COO) was con s ide rabl e . In an 

e ff o rt to statisti c ally pull som e meaning fr o m thi s 

variance, the d a ta were pro bed furth e r by u s ing Pe ar son' s 

coe ffi c i e nt o f c orr e latio n a nd multipl e r egression 

analysis. Correlatio ns may be f o und in Ta bl es 9 a nd 10. 
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Table 8 

Resting Metabolic Rates of COO, AOO, and Nonobese Subjects 

RMI< , 
kcal/day 

Child-Onset Obe se 
01 1580.00 
05 1489.00 
06 1452.00 
07 1437.00 
08 1392.00 
09 1778.00 

Mea n 
+/
S.D. 

152 1.33 
+/ -
140. 72 

Adult -Onset Obese 
20 1677.00 
21 1240.00 
23 1665.00 
24 1649.00 
25 1680.00 
29 1335 . 00 

Mean 
+/
S.D. 

1541.00 
+/-
198.94 

Nonobese (N O) 
40 14 26 .00 
41 1207.00 
42 1178.00 
43 1334.00 
:J ➔ 13'..: G.00 
45 1521.00 

RMR / IlW, 
kcal/kg 

(COO) 
21 . 49 
10.91 
20.59 
19.82 
13. 26 
15.94 

17.00 
+ / -

4. 32 

{.l\ 00 ) 

25.13 
15.03 
20 . 58 ·-
24. 18 
20.36 
14.32 

19.93 
+/
·L49 

23 . 89 
22. 15 
2-1. 29 
'..:l. 60 
20 . 22 
25 .48 

"l ea ll 133'..: .0 0 3 ,c '..:2.94b 
+/- .. ;-

S .D. l'..:9. 57 1. 95 

Lev e l of Significance Key: 

RMR/HM, 
kcal/ kg 

31.50 
21. 93 
29.83 
30 . 15 
25.74 
32 . 09 

28.54 
+/-
3. 93 

3 8. 5-1 
23.09 
33.43 
39 . 55 
30.20 
27 . 13 

31. 99 
+/ -
6.4 5 

31. 66 
26. '..: 9 
26 . 66 
24 . 83 
27 . 39 
33 . 04 

'..: 8. 31 
+/-
3.27 

a - P 
b - p 
C - p 
d p 

.0 5 bet~een COO and KO 

.005 be tw ee n COO and ~O 

.0 5 be t we en AOO and NO 

. 005 be t~ ee n AOO and SO 

RMR / FM, 
kca l/kg 

67.60 
21.70 
66.51 
57.85 
27.35 
31. 69 

45.4 5 
+/-

20 .83 

72.24 
43.04 
53 .5 1 
62 . 23 
62 .50 
30.32 

53.97 
+/-

15.1 9 

97 . 34 
140. 70 
272 . 68 
166 . 47 

77. 29 
111.3 G 

11 -L Jl b , d 
+/ -
70. 38 
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In the COO group BW was h i ghly correlated with FM (L 

= .992), FFM (r_ = .943), and percentag e fat (r_ = .931). 

In AOO subjects BW only correl a ted significantly with FM 

IL= .844). This suggests tha t inc reased 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) 

B\ii 

( 1) 

FFM 

( 2) 

Pl 

( 3) 

%F RMR/D RMR/BK RMR / FFM RMR / FM ACTIV EXER 

( 4) ( 5) ( 6) ( 7) ( 8) (9) ( 10) 

( 1) 1. 000 .943 . 992 .931 .207 - .9 51 -. 70 6 -.945 -.388 - .4 05 

( 2) 1 . 000 . 892 .758 .10 2 - . 869 -. 793 - .800 -.251 -.402 

(3 ) 1.000 . 970 .2n -.953 - . 651 - .973 -.429 - . 394 

( 4) 1. 000 . 274 - . 921 - . 532 - .9 84 -.471 - .33 6 

(5 ) 1.000 .0 61 .519 - .111 .204 .284 

( 6) 1 .000 .819 . 972 .5 09 .4 85 

( 7) 1.000 . 664 .369 .522 

( 8) 1.000 . 52 1 .412 

(9) 
1.000 . 89 '1 

(10 ) l. 000 

Critical Value (.05) = +/ - . 740 
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was highly negntivcly correlat e d with RMR/BW, implying 

that as BW increased, RMR/kg BW decreas e d. Only in the 

AOO group was there a significant co r relation between BW 

and RMR/FFM (£ = -.826). So, only in AOO subjects did 

RMR/FFM decrease as BW increased. 

Table 10 

Res ting Metabolic Rate and Body Composition: Correlation 

Coefficients of Adult-Onset Obese Subjects (n = 6) 

BW 

(1) 

FFM 

( 2) 

FM %F RMR/D RMR/B~ R~R/FFM RMR/FM ACTIV EXER 

( 3) ( 4) ( 5) ( 6) ( 7) (8) ( 9) (10) 

( 1) 1.000 . 69 7 .844 .51 2 - .614 .. - .909 -.82 6 -.870 -.0 45 .473 

( 2) 1.000 .2 02 -. 258 - .362 - .653 - .819 - .367 .571 .907 

( 3) 1.000 .8 92 - .567 - .75 2 -.5 14 - .8 97 -.4 88 - .033 

( 4) 1.000 - .390 - .443 - .129 -.716 - . 771 - .468 

( 5 ) 1.000 .8 80 . 823 .83 8 . 139 - .3 61 

( 6) 1.000 .946 .9 36 . 062 - . 515 

(7) 1 .000 .77 2 -.225 - . 751 

( 8) 1.000 .39 3 -. 186 

( 9) 1. 000 .759 

(10) 1. 000 

Critical Value (.OS) = ~/ - .740 
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Correlations between RMR / d and RMR/unit of body 

composition are suggestive of some differe nces betwe e n AOO 

and COO fe males. In AOO , RMR/d correlated positively and 

signifi ca ntl y with RMR/FFM (£ = . 8281, RMR/BW (£ = . 880) 

and RMR/FM (£ = .838). Thus, as RMR/d varied in AOO 

s ubj ects , RMR/unit of body compositi on similarly varied. 

None of these significant correlations were seen in COO 

females studi ed . 

Although there wer e o nly 6 s ub jects in each group, 

the investigator u sed multipl e regression a nalysis to 

explore the data more fully . Accordi ng l y, FFM a nd FM were 

used as independent variables and RMR/d as the dependen 

variable i n multipl e regression analysis of data Ero n, COO 

and AOO subjects . Subsequently, the independent 

variables , activity level and exercise frequency, were 

added to the multipl e regression a nalysis . 

As Tables 11 and 12 illustrate, the R2 i ncreased in 

bot h COO and AOO wo me n when activity a nd exercise wer e 

used in addition to t h e independ e nt variables FM a nd FFM. 

In the AOO subjects, exerc is e frequency accoun ted for 44~ 

of the variance in RMR/d; activity and exercise ac o unt ed 

2 
for l ess of the variance in R~IL -1 111 0 11 9 COO women, but R 

was strength e ned b y their addition to the dnalysis. 



Ta bl e 11 

Varia t ion i n Ab so lu te Res t i ng Meta bo li c Ra t e i n Ch i ld -

On se t Ob ese Subj ec t s : Multipl e Re g ression Ana lysi s 

1. 

2 . 

Independ e nt 

Variable 

FFM 

FM 

Std. Error 

21.8338 

40.8233 

Partial 

r2 

.0667 

.1116 

Std. Error o f Es timate= 170.3450 

R2 .1208 

Inde p e nd e nt 

Variable 

FFM 

FM 

Activity 

Exercise 

Std. Erro r of 

R2 = . 360 7 

S td . Erro r 

71.0215 

2 6 . 917 2 

137 1 . 2384 

4 7 8 . 9032 

Esti mat e = 

Pa rti a l 

2 
r 

.1702 

. 23 08 

.1 2 58 

. 0614 

2 51.59 7 7 
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Tabl e 1 2 

Var · 
~ in Absolut e 

d l 

Rest ing Me t a bo li c Ra t e in A u t 

1. 

Obese Sub ·ec t s : 

I nd e p e ndent 

Variable 

FFM 

FM 

Std. Error 

16.7855 

12.5696 

r es si o n Anal vs i s 

Partial 

2 
r 

.09 40 

.2931 

S
t d. Error of Estimate = 201 . 2861 

R 2 == .3858 

---
2. 

------

I nd e p e nd e nt 

Variabl e 

FFM 

FM 

Activity 

Exercise 

Std. Error of 

R 2 
== .6586 

Std . Erro r 

60.5952 

24.5689 

312.3976 

513.1023 

Partial 

2 
r 

.2140 

.1 927 

. 2':17 3 

. 4404 

Estimate = 259.9289 

ttyPothes 1· 8 

RMR 

3 : COO and AOO females will have a lower 

Per . 
Un1 t 

d b d 

of fat free mass (FFM), fat mass (FM), an ° Y 

weight 
(BW) than nonobese females. 

co0 , 

T tests were performed to stud y differe nc es b e tw ee n 

Aoo, and nonobese women in RMR per unit o f bo d y 

116 
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composition . Significance wa s set at the .0 5 l e,·e l . 

Res u lts are s ummariz ed in Table 8 . 

Absolute RMR per day was hi gh e r in COO (1 = 1 52 1. 33 

k ca l/day) than n onobese s ubj ects (tl = 1 332 kcal/day), and 

th e difference wa s statistically significant (Q < .0 2 ). 

Ho wever , RMR/BW wa s significantly lower (Q < .005) in COO 

(tl = 17.00 kcal/kg) than nonobe se (tl = 22.94 kcal/kg) 

subjects . RMR/BW wa s lower in AOO subjects (tl = 19.9 3 

k c al/kg) than nonobese subjects , but the difference wa s 

not signifi cant (Q < . 08 ). RMR/FFM of COO a nd nonobese 

s ubj ects was virt u ally indi s tingui s habl ( t! = 2 8 . 5 J crnd 

28 . 3 1 kca l/kg , respectively) . RMR /F FM wa s actually hi. 9 !1 1';' 1 

in AOO (tl = 31 . 99 kca l/kg) than n o nobese s ub jects , 

alt h o ugh the difference wa s not statistical l y significa n t . 

In both AOO and COO fe males , RM R/FM wa s s ignifi cantl y 

l o we r than in n o n obese fe males (i'j = 45. -15, 53 . 97 , ,rncl 

144. 3 1, kcal/kg , respectively). 

The hypothesi s that COO and AOO femal es wo uld have 

lower RMR/FM than no nobese f e mal es was uph e ld. The 

h ypot h es i s that COO fe males wo uld h ave l o we r RMR/BW than 

no nobese femal es wa s uph eld . No other sta ti s ti ca ll y 

s ign _i_fi ca nt differences betwee n COO , AOO , a ncl nonobe·e 

femal es wer e found. 

T h e r e lation s hip between RMR, adjust d RMR, and 

vario u s components of body composition wa s exa mined usi ng 

Pearson ' s coefficient of correlation . As reported 
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pr e vi o usl y in this sec tion, BW wa s s trongl y corr e lat e d 

with FM in AOO (£ = .8~J) and COO (r_ = .9 92 ) s ubject s . BW 

a l so corr e lat e d s trongl y with FM in th e nu nube ~;e ( r_ -= 

. 812) . Thus , in all three groups o f wo men , an increa se in 

BW would be associated with an inc rease in FM. AOO and 

n onobese subjects were alike in that BW o nl y correlated 

s ignificantly with fat, whereas in the COO group, 

significant correlations were a l so found between BW and 

FFM. So , in the COO subjects , who were h e avier a nd 

fatter, both l e a n and fat tissue made a contribution to 

weight gai n. 

:J e lf - r e purt e d dcti,· i.L y l , • t I i I I ' ' ' ; L.• i (: i. i .: ' -' L L' ·~ q LI C I ll ' y 

wer e similarl y correlated in no nobes e , coo , and ADO 

s ubj ects . There wa s a signifi ca nt positive relationship 

between activity and exercise i n a ll t hr ee groups. Only 

in AOO s ubj ects wa s there a s trong p siti ve relati o n s hip 

betw e en FFM and exe rcise, a higher frequenc y o f ex e r c i se 

b ei ng associated with a l a rger FFM . There were no 

s ignificant correlation s betwee n activity or e x e rci s e and 

a n y ot h er variables in COO s ubj ect s . 

As previously reported f o r AOO a nd C! ,-.:ulJ j ec l s , 

multiple regression analysis was perfor med on data fro m 

n o n obese wom en u sing FFM a nd FM a s indepe nd e nt , ·a riabl es 

a nd RMR/d as t h e d pendent vat·iabl e . Subsequ e ntly, til e 

independent variables a c tivit y l e v e l and e x e r i se 

frequency were added to the mult ipl r e gr ss iun anal ys i s . 
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Tabl e 1 3 illustrates a mu c h higher R2 ( . ..J698) f o r 

no nubese wo me n than that f o und Eor COO (Tabl e 11) or .:\00 

(Ta bl e 1 2 ), wh e n o nl y FFM and FM we r e th e variabl es . 

Table 13 

Variatio n in Absolute Resting Metabolic Rate in Nonobese 

Subj ects : Multiple Regression Analysis 

1. 

2 . 

Independent 

Variable 

FFM 

fM 

Std. Error 

1 5 . 6005 

11.2308 

Partial 

r2 

.0156 

. -16 5 2 

Std . Error of Estimate = 121.7994 

R 2 . --1698 

Independent 

Variable 

fFM 

FM 

Activity 

Exercise 

Std . Error o f 

R 2 = . 985 4 

Std . Error 

5.2114 

5.9732 

..J 1. 4 777 

22 .5 520 

Estimate --= 

Partial 

r2 

. 9282 

.77 38 

.9607 

. 5786 

3 ..J.95 32 

Interestingly , in n o nobese s ubj ects FM e xplai n ed 46\ o f 
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t h e variance in RMR/d, compared with 29% in the AOO a nd 

1 1!'6 in COO. Wh e n t h e ind e p e nd e n t v a riables, a c tivit y and 

e xe r cise , we r e a dd e d t o t h e mult i pl e r e gr ess i o n a n a l ys i s , 

2 
R inc r e a sed to . 9 854 i n t h e no no b ese , . 6586 i n t h e AOO, 

a nd . 36 07 in t h e COO. In b o th AOO a nd no nobese wo me n, 

act i vity a nd exercise account e d for mu c h of t h e variati o n 

i n RM R/d . I n t h e COO, activit y a n d exe r cise d id not h ave 

a s im i l a r e f fect . 

Additional Data Analysis 

Al t h o u g h s ub jec t s we r e not matched wit h respec t t o 

FFM, g r o up mea n s fo r FFM wer e s i milar , as s ho wn i n Ta bl e 

3 . No s ig n ifi ca n t d i ff e r e n ces in FFM we r e f o un d be t we e n 

COO (tl = 54 .0 9 + / - 7. 7 3 kg ) a nd AOO (tl = 48 . 9 2 +/ - 5 .J 7 

kg ) s ub jects , o r b e tw ee n AOO a n d n o n o b ese (tl = 47. 22 + / -

3 .4 9 kg ) s ubj ec t s . Ho we v e r, a s i g ni f i ca n t d i ff eren c e d id 

exis t b e tw ee n COO a nd no n o b ese s ubj e c t s i n FFM (Q < . 05 ) • 

To determin e if th is d iffere n e mig h t b e con fo undi ng 

t h e int e rpr e t a tio n o f RMR/FFM, th e 1 8 s ubj e c ts were 

di v id e d in to two g r o up s , o n e g ro up h avi ng a mea n FFM b e l o w 

t h e mea n FFM f o r a ll 18 s ubj ects , a nd t h e o ther group 

h av ing a mea n FFM a b o v e t h e mea n FFM for all 18 s ubj ec t s . 

Gro up 1 c o n s i s t e d o f 11 s ub jec t s h avi ng " l o w" fF M (tl = 

4 6 . 3 7 kg ) . Gr o u p 2 con s isted of 7 s u bj ec t s h a ving "h i g h" 

F FM (tl = 55 .8 9 kg). A de p e nd e n t t t e st wa s pe rfor me d 

u s ing th e poo l e d est imate of v aria nce t o a s se s s t he 

diffe r e n ce b et wee n th e t wo gro u p s i n RMR /FFM. Th e l o w- FFM 
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group had a hi g h er RMR/FFM (tl = 3 1. 2 --1 +/- 4. 59 kcal/da y) 

t h a n t h e h igh - FFM group (tl = 27 . 05 ---/ - --1.16 kca l/kg/da y ) 

Thi s difference was statistically signifi cant IQ = . 03) 

Beca u se o n e s ubject h ad a FFM that wa s 12.98 kg 

g reat er than the n ext high est FFM , t h e l test wa s repea t e d 

o mi tting thi s s ubj ect ' s dat a . Mea n FFM for th e l o w- FFM 

group then b ecame 4 5.30 kg <n = 8) , and mea n FFM for t h e 

h ig h - FFM group became 5 ~ . 26 kg In = 9 1 . Result s of t hi s 

a nalysis indicated that the l ow- FFM group sti ll h ad a 

hi g h er RMR/FFM t h a n th e hi g h - FFM g r o up ( 31 . 46 + / - --1. 86 

kcal/kg/day vers u s 28 . 50 + / - 3 . 80 kcal/kg/day), but t h e 

diff ere nce was no longer statistically sig ni fica n l (Q = 

. 0 9 ). 

Di scussi o n 

Thi s s tud y exa min e d t h e r es ti n g metabo li c rat e (RMR ) 

o f 6 n o n o b ese a nd 1 2 o b ese wo men . Si:-..: obes wo 111 e n 

r e ported o b esity o n se t befo r e pube rt y a nd were c la ssi fi e d 

c hild-on se t o bese (COO) ; six r eported o b es it y o n set after 

puberty a nd were c las s ifi ed adult - o nset o b ese ( AOO ). 

Abso lut e RMR was e l eva t e d in th e o b se s ubj ec t s i n 

t hi s st ud y , as ot h e rs h ave a l so f o und (F e li g e t a l., L98J ; 

Ljunggren et a l., 1961 ; Pr e n tice e t a l., 1 986 ). Med n RM R 

f o r combin e d COO a nd AOO s ubj ects in th e pr se n t st ud y was 

153 1.17 k c al/da y , approxi mately 1 5% hi g h e r t h a n t l1 e mea n 

RMR o f l ea n s ubj ec ts (Q < .0 5 ). 'This di ffere nce is 
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s imilar to diff e r e n c es found b y Blair and Bu s kirk 119871 , 

Ho ff man s e t a l. (1979), and Pr e nti ce e t al. (1986) Th e r e 

1, ere n o s i g n i f i ca n t di f f e r e n c es i n a b s o 1 u t e RM R ; d ay 

betwe e n AOO and COO subj e cts. 

One would expect the larger cell mass of the obese , 

whether AOO or COO , to generat e more e n ergy than th e 

nonobese each day . Of greater interest than absolute RMR, 

therefore, is the expression of RMR by un it of body mass 

or body composition , permitting a more informative 

c o mparison of RMR of people who h av e different body 

we ights a nd bod y c o mpositions . Low e r RMR/BW, RMR/FM, o r 

RMR/FFM would s u<Jg es t a d e gr ee o f metabo li c e ffi c i e ncy in 

t h e obese , which might partly accoun t for maint e nan ce o f 

the obese state. 

Metabolic Efficiency in Obesitv 

It was h ypot h esized t h at RMR p e r unit of bo dy we ig h t 

( BW), fat mass (FM), a nd fat fr e e ma s s ( FFM ) 1✓ o ulu b e 

l o we r in 'obese than nonobese s ubj ects . It wa s furt h e r 

h y p ot h esized that RMR/BW, RMR /FM , a nd RMR/FFM wo ul d b e 

l o wer in AOO than COO s ubj ects . Alt houg h s o me a u t hor s 

h ave found evi dence whi c h is s ugge s tiv e of e n e rg y s pdring 

in the COO (B essard et al., 1983; Kaplan & Le v e ill e , 

1976), ot hers h ave theorized rhdt t h e gr e at e r numb e r o f 

adipocytes seen in COO wo uld result in a hi gh er me tabc li c 

activity (Mill er & Parsonage, 1975). 

Indeed, the hypothesis that RMR/BW wo uld be l o we r i n 
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the comb in d o b ese than no nobese wa s uph eld, with combi n ed 

o bese s ubj ects expending 18.~7 kcal/kg BW/day a nd le~n 

22 . 9 ~ I.zeal/kg BW/da y (12_ < . 05). Similar re s ult s were 

found in a study using subj ects compar able to those in th e 

present study in terms of age, percentage fat, and stage 

o f menstrual cycle when measurement s wer e taken. Hoff mans 

et al. (1979) found obese women to hav e significantly 

lower RMR/BW than lean women, 21.8 k ca l/kg/d versus 24.4 

kca l/kg/d for the lean. 

When data from the obese subjects were analyz e d 

se parate ly , COO women were found to expe nd few e r kcal/ kg 

BW than AOO \✓ Om en (17.00 kcal/kg BW/day ,·ersu s 1 q _9 3 

l<ca l/kg BW/day ) , although the difference wa s 1wL 

statistically significant . The AOO group was not 

statistically different from the nonobese in RMR/BW, but 

RMR/BW in the COO wa s signifi ca ntl y l o we r than RMR/BW in 

the nonobese (Q < .005) . This s ugg ests that there <lr e 

some small differ e nc es betwee n women obese si nce c hildhood 

and women having obesity onset after puberty, with th e COO 

s howing slightly greater metabolic ef fi cie ncy p e r kg BW. 

The difference between COO and no nobese was parti c ul arl~· 

pronounced . A 70.5 kg COO wo man wh ose RMR wa s 17 . 00 

kcal/kg BW/day would expend approximately 1 200 kca l /day 

through the RMR . If she had th e RMR/BW nf a no nobese 

woman (22.94 kcal/kg BW/day), h e r RMR would b 

approximately 1617 kcal/day, a differen e of over 400 
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kcal/day . Thi s ca lori c savings c o uld make we ight l o s s 

ex tr e me ly difficult for t h e COO wo man . 

Th e me taboli c effi c i e n y o f tl1 e obese i als o quit e 

e vident wh e n RMR/FM is Cdlculdt e d . Nonobe se women had a 

mean RMR/FM of 144.31 +/- 70 . 38 kcal/kg/day, signi ficantly 

higher than RMR/FM of the combi ned o b ese (tl = 49.71 +/ -

17 . 94 kcal/kg/day; Q < .0005) . The large difference in 

percentage fat b etween n o n o bese a nd obese wo me n pro babl y 

accentuated this difference . A st r o ng n egative 

c orrelation was found bet wee n FM a nd RMR/FM i n the 

c o mbin ed obese (~ = - . 924) , nonobese (~ = - . 929) , AOO (~ = 

- . 897), and COO ( ~ = - . 973) Thi s s ugg s t s that as as FM 

increased , RMR adj u sted for FM decreased . Si nce the obe se 

s ubje c ts we r e fatter than the n o no bes e , their lower RMR/ FM 

is consistent. 

Ho wever , eve n wh e n data o nl y fro m t h e ob se s ub jec t s 

were compared , differences i n RMR/FM wer app r e n t . Th e 

lowest RMR/FM wer e seen in COO subjects (tl = 45 . ➔ 5 + / -

20 . 83 kcal/kg/day ). Although not signifi cantl y diff rent 

fr o m RMR/FM of AOO (tl = 53.97 + / - 1 5 .19), nor lose to 

sign ifican e, there was a difference a nd consid rabl 

variability in RMR/FM within t h e obese sampl . Thi s 

variability, es pecially in 00 s ubj ects , probab l y 

prev e nt ed th e difference bet wee n AOO and COO wo me n fr im 

being statistically significant . 

Table 8 indicates that thr e e COO subjec t s (numbe r s 5 , 
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8 , and 9) had extreme l y low RMR/FM: 2 1 . 70 , 27 . 35 , a nd 

3 1. 69 k ca l/kg, respectively. Th e mea n RMR/FM of these 

t h re e ::.; u b j e c t s was 2 6 . 9 L kc a l / kg , comp c1 r e d 1, i t h ,1 111 " d 11 

RMR/FM of 63 . 96 k ca l/kg f or th e ot h er COO s ubj ects . Onl~

one AOO subject (number 29 ) had a RMR/F~ b e l o w 32 kcal/ kg, 

and the oth er AOO s ubj ects had a mea n RMR /FM of 58.70 

k ca l/kg. 

The relative ef fici e n cy of fat tiss u e in the obese 

could account for the reduced RMR/BW. Th e coefficient of 

corr e lation b e tween RMR/BW and FM was s i g n ifi ant for t h e 

combin ed o be se ( i;:_ = - . 83~ ), AOO ( r_ = - . 752 ), a nd ClO ( i;:_ = 

- . 953 ), but not for t h e n o n o b ese . This s 11 ggest s t l, a i 11 

fatt e r individual s , and p a rti c ul ar l y in those wh o have 

be e n obese since c hildhood, an increas e in bod y fat is 

associated with a decrease in RMR/BW. 

The thr ee COO wo me n h avi n g th e low es t RMR /Hl also h a d 

low RMR/BW. Interestingly, these t hree s ubj ec t s wen:! tlw 

h eaviest and fatt es t subjects in the study. 

Studies of very large and ver y s mall ma mm al s ha ve 

indicated that RMR/BW d ec lines as a nimal s iz e increases, 

b eca u se o rgans h avi ng high meta bol i c rat e ( s u c h as t h e 

liver ) occupy pro portionat e l y l ess bod y we ight i11 th e 

larg e r Ci n i mal (Gra nd e , 19 8 0). T h e decrease in RMR / BW ma~· 

result fr o m a d ecre a se in the me tabo lic rat e o f ce rtain 

tiss u es , incl udin g mu sc l e a nd fat, as t h e bo d y we iJht 

in c r e ase s ( Ho 11 id a y e t a 1 . , 1 96 7 ) . I t i s a 1 so poss i bl ,_ 
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t hat a decreased RMR/BW might precede we ight gain, in some 

cases , t h e r eby b ecomin g th e ca u se , rather than th e 

con seque n ce, of obesit~· - To increase RMR/BW, t h e n, 

meta bolic activity of • i. l- l1 8 ~· 1nu~; cl e or fat ti ss ue 1✓ ould 

ha ve to c hang e , a phenomeno n that might b e impos s ibl e for 

some individuals. 

Metaboli c activity of l ea n ti ss u e was not found to be 

different be t ween nonobes e and obese subje c ts in the 

present st ud y , eve n when s ubj ec t s were grouped as low - FFM 

o r high - FFM. These finding s are similar to those of 

Bes s a rd e t a 1 . ( 1 9 8 3 ) , Pr e n t i c e e t a l . ( 1 9 8 6 ) , i1 n d :; · -. I 11 1 t z 

e t al . ( 198 J), i;: 11- c h were s umm arized in T a lJ] e 2 . Fe li <J '-' I_ 

al. (1 983 ) found n o diff e r e nc es in RMR/FFM b e tw ee n 10 CUO 

and 10 lean women, even though o b ese subjects were a n 

average of 12 years older than the lean . And in anoth e r 

s tudy, eve n wh e n s ubj ects were matc h e d t o FFM, no 

s ignifi ca nt difference s i_n RMR/FFM 1, e r e see n bet h''( 11 8 

l e an and 8 obese me n (S e gal e t al. , 1987). 

Segal e t al. (1987) did, h o wever, find a l o we r RMR / B\.\I 

in obese me n wh en compar ed to l ea n me n nf s imilar age, 

h eig ht , and LBM. T h is occ urr ed d es pit e th e Ea c t t hat 

abso lut e RMR did not diff e r signifi ca ntl y b e tw ee n t h e tw o 

gro up s . In th e present st ud y , mea n abso lut e RMR w~ s not 

s ignifi ca ntl y diff e r e nt betwe e n l o w- FFM s ubj ec t s I ~ = 

1427 . 4 +/ - 17 3 . 68 k ca l/day) a nd h ig h - FFM subjects (1 = 

1495.11 +/- 176 . 21 k ca l/day) . 
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S tudi es o f t o t a l daily energy e x penditure hav e 

s ugg es t e d a d e gr ee of me tabo li c e f f i c i e nc y in th e o bese . 

Bl a ir and Bu s kirk (1 9 87) fo und 8 COO wo me n t o ex pe nd 

s ignifi c antly fewer kc a l/kg FFM/da y than 8 AOO wom e n, wh e n 

total daily energy expenditur e rather than RMR was 

meas ured. Even when RMR/FFM was found to be the same 

between 20 obese and 8 nonobese subjects , Schutz et al . 

(1 984 ) found total - daily- energy- expendit ur e - at - zero 

a c tivity/FFM to be significantly l o wer in the obese . 

The active compo n e nt s of FFM consist of mu scle, 

o rgans, g l ands , a nd intracellular water (B akk e r & 

Struike nkamp, 1977). Ske l e tal mu sc l e , whi c h makes up ~0 % 

o f BW o nl y acco un ts for 16 - 30% of RMR (Gra nd e , 1980). 

Naeye and Rood e (1970) st udied a utopsy records a nd ti s s ue 

from 41 nonobese and 26 obese young adults wh o had di e d 

s udd e nl y from accidents or trauma. Some of t he o be se had 

s ig ni ficant l y l arger orga n s , including th e h e art, kidn ey, 

pancreas , and liver , than no nobese s ubj ects matc hed f o r 

body l e ngth, age, a nd sex. Cl eary et al . ' s study o f th e 

geneticallv o bese Zuc ker rat als~ found gr e ater live r and 

kidn ey weig h t in obese versus l e a n litt e r ma t es a t ag e l S 

wee k s (cited in Colt et al ., 1 981 ). Thus, a n in c r e a se i n 

FFM in o b esity n eed not be due s ol e ly t o a n in c r ease in 

ske l eta l mu sc l e . If caloric e xpendit u r e /kg FFM i s l o we r 

wh e n p eople are up a nd about ( i.e ., tota l dail y e nergy 

expenditur e ), muscle may b e acco un ting f o r l ess o f t he 
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caloric expenditure in the o b ese th a n in the l ea n, 

e s pecially give n evide nce than orga n s may increase i n size 

in o b es it y . 

FFM is co n sidered to approxi mate meta bo li ca ll y active 

tiss u e (R avu ss in e t a l., 1 986 ), and FFM u sually cor r e l ates 

hi g hl y and pos itive l y with RMR (B e rn s t e in et al ., 1983; 

Cunningham, 1980; Felig et al. , 1983; Ha lliday et al ., 

1 9 7 9 ; James et a l., 1 9 78; Owe n et a l., 1986; Sc hu tz et 

a l., 1 984 ). Unlik e man y ot h er studi es , ho wever , t h e 

pre sen t studv did not find FFM t o corre l ate wi th RMR, in 

th e n o n obese ( £ = .0 92 ), t h e comb ined o b ese ( r = - .040), 

AOO ( £ = - . 362 ) , or coo (~ = .1 02). Th e relat i on s hip 

bet wee n RMR a nd FFM did not i mprove wh e n s ubj ects were 

d ivided into low - FFM (tl FFM = 4 5 .30 kg; £ = - .1 5 ) a nd 

hi g h - FFM groups (tl FFM = 52.26 kg; £ = .18). I n th e 

s ubj ects i n t h e prese n t st ud y , a n i ncrease i n FFM wou l d 

not n ecessar ily b e associated wit h a n in crease in RMR. 

Wh e n Mill er & Parson age (1 9 7 5 ) fo und a wea k a nd 

insignificant r e l at i o n s hip b e tw ee n BMR a nd LBM (£ = . 33 ) 

in 29 o b ese wo me n, the l ac k o f sig n ifica n ce was attr ibut e d 

to ca l o ri c r es tri c ti o n. Ih th e prese n t st ud y , a l l 

s ubj ec ts we r e we ight stable, a nd no n e of t h e s ubje c t s 

reported r ecent di e ting b e h av i o r . Nevert he l ess , past 

di e ting co uld h ave h ad a l o n g - t erm effect . Alt ho ug h 

s ubj ec t di et h istory was not exa mined , most of t he 

s ubj ects ( inc luding th e n o n o b ese ) d escr ibed in 
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conversations with the i nvestigator some past ca l oric 

restriction. It is also likely that t h e l ac k of 

relationship between RMR and FFM in t h e present study was 

due to variability in both RMR and FFM in the 18 s ubj ects . 

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 o f all 18 

subjects , 68.60 kg. The subject reported always b e ing the 

tallest, heaviest person in her class and even provided 

photographs to illustrate this. Given h er size , her 

absolute RMR was ex traordinarily l o w (1489 kca l/day), 

lower eve n than s ubj ect 45, who weig h ed 59 . 7 kg, J6 kg o f 

whi c h wa s FFM. Subject 5 had very l o w RMR/BW, RMR/FFM, 

and RMR/FM, which had an impact o n variability within the 

COO group. 

In contrast, s ubj ect 9, who weig h e d 105 kg a nd was 

simil ar to s ubj ect 5 in p e rc e1 1Lctge fat, h ad a n absoluL e 

RMR of 1778 kcal/day , highest in the st udy. Subject 8, 

who weighed 105 kg , had an RMR of und e r 1400 kcal/day , 

more like the RMR of the nonobese, lighter subjects. 

Because one trained investigator performed a ll 

meas ur e ments, it is unlikely that this great variability 

wa s due to meas urement e rror. 

In summary , when RMR wa s expre ssed per unit of BW 

(RMR/BW ), combined obese subjects had lower metaboli c 

activity than nonobese subjects, a nd COO s ubj ects , in 
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particular , showed an efficiency of metabolic rate . 

Unexpectedly , COO s ubj ects had l o wer RMR/BW than AOO , but 

the difference was not statist i cal l y signifi cant. RMR/FFM 

was not significantly diff erent between no nobese, AOO, 

COO , and combin ed obese. This does not preclude reduced 

metabolic activity of certain fat - free tissues, including 

muscle tissue, in the obese. 

I nfluence of Activity and Exercise on RMR 

Self - reported activity level and exercise fr eq uency 

differed between the s ubj ects in this study, with COO 

tending to report light activity level, AOO reporting 

light to mod erate activity , and nonobe se reporting 

moderate activity; see Table 4. Th e coefficient of 

correlation betwee n activity level and exercise frequen cy 

was positive and signifi cant for all groups, indicating 

t hat those wh o reported being more active were also more 

frequ e nt exercisers and t hose who reported being l ess 

act ive were less frequent exerci~ers. coo s ubj ects 

exerc i sed a n average of two times pe r we e k, AOO an average 

of 3 .16 times per week , and nonobese an average of 3 . 33 

times per week. 

Results of multipl e regress ion a nalysis indicated 

that in all group s - - no nobese, AOO, COO , and combin d 

o be se - - more of the varia nce in RMR was ex plained wh e n 

the variables activity and exercise wer e used in addition 

to the variables FM and FFM. When o nly FM and FFM were 



used in mul tiple regression analysis in th e nonobese 

g roup, J6% of the variance in RMR was explai n e d. Th e 

additi o n of activi t y and exerc i se to the a n a ly s i s 

increa sed the explained varianc e t o 98% . Activity ,rnd 

exercise also increased explained variance in the AOO 

subjects . 
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Activity and exercise apparently had a mu c h s mall er 

effect o n COO s ubjects, the group i n whi c h se lf - reported 

activity level and exercise frequenc y wa s lowest. Th e 

addition of activity and exercise to multipl e r eg r ess i o n 

a nalysis increased the explai n e d va riance du e to FM and 

FFM fr o m 12°6 to 3696, but activity and e:--:erc i s e did 11 <_)t, 

themselves, explain mu c h of th e variance in RMR in COO 

women. 

Curtis and Bradfield (1 971 ) found 6 o bes e hou se wives 

( 39 9,, - 49% fat) to report 5Q6 l ess time in moderate 

activities a nd 5% more ti me in sitti ng and lighl 

activities than normal h ousewives . Blair and Buskirk 

(1987) found total daily energy exp e nditur e pe r kg FFM t o 

be significantly les s in 8 COO than 8 AOO wo me n. Th ese 

results s uggest that COO wo me n, or mor e obese wom e n , no t 

o nl y expe nd less e nergy in activit y but are l ess able to 

get meta boli c benefi t fro m th e activit y that thy d o 

e ngage in . 

A r ece nt study of e n ergy expe nditur e in 18 infant s 

found that infants who later became over weight had 
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s ignifi c antl y low e r total daily e n e rg y expenditure p e r kg 

BW at ag e 3 month s than normal weight infants (Ro b e rt s et 

a l., 19 8 8). Lo w e n e rg y e xp e nditur e wa s app a r e ntl y du e t n 

r e du c ed e n e rgy expe ndit ure t h ro ugh ph ysical activit y , 

rather than due to any differ e n ces in metabolic rate . Th e 

a uthors h y poth esized that the infants who became 

overweig h t might have b ee n subconsciou s l y con servi ng 

e n ergy to atta in a genetically determined weight or 

percentage fat. 

st udy, as wel l. 

This may be the case in the present 

Influence of Ag e of Obesitv On set on RMR 

Becaus e t h e obes e are a h e tero g e nou s gro up, subj ec t s 

in t h e present st ud y were cla s s ifi ed as AOO or COO ba sed 

o n age of o besity onset. Tabl e 3 indicates that COO a nd 

AOO s ubjec t s were not significantly diff e r e nt in age , 

weight, h e ight , FFM , percentage fat, or waist - hip girt h 

ratio (WHR), a ltho ugh t h e COO tended to be fatt e r a nd 

h eav i er . In fa ct , the thr ee heav i es t and most obese 

s ubj ects were from th e 

AOO and COO women we r e not signifi cantl y different 

fro m each ot h er in a b so lut e RMR/d ay , RMR/BW, RMR/FM, or 

RMR/FFM . Mill er and Pa r sonag e (1 975) a nd Be r n s t e i n e t al . 

(1983) found high co rr e l ation s betw e e n fat c ell numbe r and 

BMR, s u c h that as fat cel l number increased, BMR increased 

a s we ll. Ass um i ng that COO s ubj ects h ad gr e at e r fat cell 

number than AOO s ubj ects , the data in t h e present s t udy 
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suggests the opposite trend : COO had sligh tly lower 

absol u te RMRs a n d s l ig h tly l o wer RMRs per kg BW, FM , and 

FFM t h an the AOO . 

On e way of exa mi n i n g a nd eval uati n g t h e d ata fro m COO 

a nd AOO s ub jec t s i s to l ook a t what i s l ost b y comb i n i n g 

data fro m t h e o b ese s ub jects . Th e comb i n ed o b ese s ubject s 

h a d sign ifican tly lower RMR / BW t h a n t h e n o n o b ese . 

Ho wever , wh e n age o f o b es i ty o n set was ta k e n i n to 

co n sid e r a t ion , t h e dif fere n ce disappeared i n some cases . 

T h e AOO we r e not s t a ti s t ica ll y d i ffere n t f r o m t h e no no bese 

i n RMR /B W a n d t h e COO were very diffe r ent fro m t h e 

nonobese i n RMR/BW . 

T h e reaso n for th e ap pare n t meta b o li c differe nce 

b et wee n COO a nd AOO wo me n may b e found i n t h e dif fere nce 

in th e compos itio n o f we i g ht g ai n e d . Coe f f i cient s of 

correlation b et wee n BW a n d FM a nd FFM i ndicated t hat a 

gai n i n BW in COO wo me n was associated wit h bot h a gJin in 

FM ( £ = . 992 ) a nd a g a in i n FFM ( £ = . 9 4 3 ) . Th e 

cor r e l ation be tw ee n BW a n d FM was h ig h a n d sign ifica n t fnr 

t h e AOO ( _r_ = . 8 44) , but t h e relation s h i p bet wee n BW a nd 

FFM was not signifi ca n t ( .r_ = . 697 ). As 1,1 i t h t h,~ n o 11 obese, 

weig h t gai n i n AOO wo me n was a '.5s ocidt e d wit h gc1in i_ 11 r: '."1 

but not n ecessari l y with a gai n i 11 f f M. 

Si mil a rl y , FM a n d FFM did not cnrrelatl., we l l i 11 t h e 

AOO ( £ = . 202 ) or t h e n o nobese ( £ = . 00 1 ) . Th e 

co r re l a ti o n b e tw ee n FM a nd FFM was h ig h i n t h e COO ( £ = 
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. 892 ), s u g g es tin g th a t a ga in in o n e t i ss u e wa s a ssoc iat ed 

with a ga in in t h e o th e r. 

T h e si mi l ari i es b et wee n AUO a nd n o no b ese wo men were 

l r st , h o we v e r, wh e n dat a fr o m all th e o b ese we r e combin e d . 

FM correlated strongly with FFM in the combined obes e (£ = 

.745), and c orrelations between BW and FFM ( £ = . 870) and 

b e tween BW and FM ( £ = .977) were both significant IQ < 

. 05) 

Forbes (1964) observed a larger LBM and FM in 

individuals obes e since infancy, wherea s individual s 

h a ving o besity with a lat e r on se t s ho we d o nl y e nlarg e d 

a dipose ti ss u e . Naeye and Rood e (1 9 7 0 ) s p e ,: ul ated t h ,1t 

ag e oE o besity o nset might e xplain why some o b ese s ubj ec Ls 

in their autopsy study had larger organs , wherea s oth e r s 

had normal - sized organ s . The same mi g ht be hypothe s i zed 

a b o ut s ubj ec t s in t h e prese nt s tud y . 

Pe rhaps great e r differ e nc e s b e tw ee n Lh ~ COO a nd AUO 

would h ave be e n n o t e d i f 1 ? variabilit y in RMR withi.n 

t hese gro up s were not so great . Ev e n wh e n s it e o f fat 

deposition and recent dieting behavior we r e contro ll e d, 

t h e obese had s l ightl y mor e variability in abso lu t RMR 

tha n th e nonobese, parti c ularl y th e AOO. 

Sub j ective Obse rvation s 

Thi s st ud y s uggest e d that th e , b ese hav e a d e yr ee <>[ 

me tabolic effi c iency which may a ccoun t , i11 par t, E<l1· 

rn a in te n a n c e o E th L' ,.>bes e s ta t e . Ag e o f o b e sit y o n se L a nd 



the associated differences i n adipose ce llul a rit y may 

serve as int erve ning variables in this meta bo li c 

efficie n cy . 

Co n siderabl e variation exists i n RMR within the 

population , and absolute RMR is typi c all y e levated in 

o besity as a con sequ e nce of the greater tissue mass 

(Ravussi n e t a l., 1988). However , eve n wh e n RMR i s 
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a djust e d for BW, FM, or FFM, it is es timat e d that th e r e 

may b e up t o 30% va riation in RMR among individuals 

(Horto n &. Danforth , 1982 ) , and thi s variability is larger 

t h an me th odo l ogica l e rror or intraindividual bi o l ogical 

va riati o n wo uld e:-:pl d ln (Bogardus et al . , L<)8(i ; Ra v ui; s i n 

t al. , 1986) . A nu mber o f fa c t ors hav e b ee n th eori zed t o 

account for the often considerable variation in adjusted 

RM R. T h ose t h at may relate to the present s tudy will be 

briefly discussed h e r e . 

Compos itio n of the Di e t 

Severa l a u t h ors have s u ggested that wh e n 

carboh ydrates make up t h e majority of exc ss c alori s 

con s um ed , more energy is lost as h eat and 1 ss excess 

e n e rg y is stored t h a n wh en excess c alori es a r e in t h e for m 

o f fat (Danf o rth , 1985 ; Horton&. Da nf ort h, 1982). R t s 

f e d a hig h - fat di e t in infancy gai n e d 26% mo r e BW t h~n 

co n tro l - diet rat s (Corbett e t al., 1 986 ) , r s ul t ing in 

bot h an increase in fat ce ll size and numb e r. 

T h e average America n con sumes 4 2% of hi s/ h er ·nlories 
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in the form of fat , s ubstantially higher t h an the 

reco mm e nd ed 30% (U . S. Depart me nt of Agricult ure , 1085b) . 

Even America n c hildren con su me approximately 3 ~% of their 

total daily calories in the for m of fat (U.S . Departme nt 

of Agric ul ture , 1985a). Perhaps COO women i n t h e present 

st ud y hab itually co n s um ed more fat calories than the 

nonobese or AOO. Although composition of the diet was not 

assessed in t hi s st udy, it s h o uld not b e over l oo ke d as a 

factor that mig h t account for e n ergy expend itur e 

diff eren ces b et wee n no nobese a nd obese wo me n and between 

AOO a nd COO wo me n. 

Sodium - potass ium Pump 

Th e sodium - potassium pump mai nt ai n s sodiu m 1nd 

potassium co n centrati o n in th e cel l s and facilitates 

transport of mater ials across ce ll me mbr a n es , t here b y 

acco un ti n g for 2 0 - 50°0 o f th e e n ergy used ,1 th e ba s 1 

l eve l in hum a n s (D e Lu ise e t al ., 1980; Horton & Dc.ir1f ort h, 

1982 ) . De Lui se e t al. (1980) found 23 obese me n and 

wo me n (147 - 27796 of idea l b o d y weig ht) to hav 22?o fe we r 

sodium - pota ss ium pump unit s in red blood ce ll s t h a n 28 

n o nobese me n a nd wo men (8~ - 1 23% of idea l bod y we ight). 

T h ere wa s a n ega tive correlati o n b t wee n percentage of 

i d eal body we ight a nd reduction in sodium - potassiu m p um p 

unit s , s u ggesti n g t h at th e more uver we ight wo uld have 

greate r metabo l ic e fficiency. 

In the present st ud y , t h e s lightl y more obes COO 
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s ub jects h a d s i g nifi c antl y l o we r RMR/BW than th e no no b e s e , 

wh e r eas t h e r e was n o s ignif ic ant diff e r e nce in RMR / BW 

be tw ee n AOO a nd n o no b ese wo me n . Red u ced numb e r of sodium -

po ta ss ium pump unit s in th e COO could b e a f ac t or in vo l ved 

in this differenc e. 

Substrate Cycling 

Various metabolic cycles operat e in the human body t o 

produc e and dis s ipate energy without subsequent synth e sis 

or breakdown of materials (Hort o n & Danf o rth, 1982). 

T h ese cycles are, thus , ofte n termed II futile cycle s . 11 

The cycl e b e tween fruct ose 6 - phos phat e and Eru ctos8 

bi s ph os ph a t e in s k e l e tal mu sc l e, whi c h h e lps r eg ul at e 

anaero bi c gl ycol y sis, i s a n e xampl e o E a futil e cyc l e . 

Newsholme (1 980 ) estimated that at its maximum rat e o v e r 

24 hours, this cycle could produce approximat e ly 1,500 

c al o ri es /da y in a 70 kg man, an unlike ly e v e nt, but 

illu s trati ve o f it s pot e ntial . Stress , e x erc i se , d nd 

eati ng may stimul ate this (and ot h e r) cyc les. 

Of interest i n the cont e xt o f e x e r c is e i s th e 

observation that t h e fructose 6 - phosphat e - fru c to se 

bi s phosphate cycle is not only stimul at e d during exe r c i se 

but f o r 7 to 8 ho urs aft e r e x e r c i se (N e ws ho lm e , 19 80 ) 

Exe r c i se has al so b e en sho wn to in r e dse th e th e rmi c 

e ffe c t oE food in t h e l e an ( Se gal & Gutin, 19 83 ; Se g a l e t 

al. , 1984; Segal e t al. , 1985) and , b y a t l e a st o n e 

investigator, in obese women ( Bradfi e ld e t al., 1 968 ) 
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Thus, via diet - induced ther mogenesis or substrate cyc les , 

e :-; e r<::is e ma y h av e long - term be nefit und be us e ful i n 

we ight c ontro l . 

Results of the presen t study , however, s ugg e st e d that 

exe r c i se and activity wer e of questionabl e bene fi t t o RMR 

i n COO wo men. Perhaps this was due to some failure of 

s ubstrate cyc l es, s u c h as the fructose 6 - phosphat e 

fr u ctose bi sph osph ate cyc l e . Or, perhaps it wa s du e to 

reduced activ ity of the sympat h et i c nervo u s system, which 

a l so h as a role in diet - induced ther moge nesis a nd 

s ubstrate cyc ling (Horton & Danforth, 1982). What e v e r t he 

h y po t h es is, it dppare n tl y was n l)t J S prnb l e md t.i c for ,\ 0 0 

wo me n. 

Differences i n FFM 

Forbes ( 1964 ) h as suggested that early o nset o besity 

is associated wi t h a larger FM a nd FFM , wh ereas obes it y 

wit h a later o nset is associated o nl y with an e nl arg e d f 1. 

Th e e nlarged FFM of COO obesity may be du e to the 

e nlarge me nt of ce rtain orga n s , i nc luding t he heart , liv e r, 

pancreas , and kidney ( Na eye & Roode, 1970). 

Th e prese n t st ud y found no differences in RMR /FFM 

bet wee n n o nobese , AOO, o r COO wo me n. It mig h t b e 

s peculated th a t compon e nt s of the FFM mak ing a 

c o n tributi o n t o RMR we r e d iffere n t in COO t h an in AOO o r 

n o n o bese . If COO wo me n d id h ave e nl arg e d he arts , li ve r s , 

kidn eys , and other orga n s , t hese no nf at tis s ue s mi g ht hav e 
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been making a greater contribu tion to RMR than mu sc le 

tissue. In fact, th e c ontributi o n o f mu scle to RMR might 

act u a 11 y h ave been reduced in the C( 1(L Thi s mi ght f u rther 

c larify why activity and exercise , in whi c h working mus cle 

metabolism should increas e , explained les s of the var i ance 

in RMR in the COO than in the AOO or no nobese. 

Genetic Factors 

Faulty s ubstrate cyc ling , l ess active sodi um 

potassi um pump, suppressed sy mpat hetic n ervous system 

activity , and early o n set of obesity co uld all be 

inherit ed factors t h at wo uld pr edis pose a n individual t o 

e n ergy co nservation. Corbett et al. (198n} found thdt 

obese rat s f ed a hi g h - fat diet in infanc y were l ess active 

during a period o f food r estriction than control - di e t 

n o n o b ese rats. This is simil ar to the findings of Roberts 

e t al . (1 988 ), in wh ich hum an inf a nt s , wh o s ubs e qu e ntl y 

beca me overweig h t , h ad a sig n ifica n tly l o wer total daily 

e n ergy exp e nditur e as ea rly as 3 mo nths o ld. 

Inde e d, Boga rdu s et al. (1 986 ) fo und 11 % o f t h e 

v aria n ce i n RMR a mo ng 1 3 0 no ndiabetic southw es t e rn 

Amer ican Indians to be acco un ted f or by fa mily m mber s hip. 

i\l t h oug h not incl uded in th e prese n t s t 11 dy , g e ne t i. c: 

factors coul d h ave a nd probably did contribut e to th e 

variabi lit y i.n RMR o b se rv e d wit h i n a nd bet wee n th . 0ro u ps 

a n d possi bly cont rib u ted t o some of th e differ e nces see n 

bet wee n AOO a nd COO s ubj ects . 
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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 wer e 

categorized as child-onset obese (COO) or adult-onset 

obese (AOO), and RMR of obese subjects in the two groups 

wer e compar ed. 

Th e study had three hypot heses : 

1. Obese females will have a lower resting met abolic 

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 lower RMR per unit of FFM, FM, and BW than 

nonobese females. 

To minimize variability in the population of 

interest, o nly Caucasians betwee n ages 20 - 38 years who 

wer e apparently healthy nonsmokers were included in t he 

study. Obese subjects were weight - stable, not following 

ca lorie - restrict e d diets, and had predominantl y l o wer - body 
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fat deposition. 

One measur e of resting metabolic rate was tak e n on 

e a c h subject in the morning following a 12 - 14 hour fa s t . 

No exercise was allowed for the previous 24 hours. 

composition was determined by hydrostatic weighing. 

Eighteen subjects were retained for the study. 

Body 

Hypotheses were tested using t tests. Pearson's 

correlation coefficient and multiple regression analysis 

were used for additional data a nalysis . 

set at the .05 level. 

Significance was 

Combined obese (AOO and COO ) s ubj ects (~ = 12) were 

f o und to have lower mean RMR/BW and RMR/FM than non o bese 

s ubj ects (~ = 6), despit e having signifi cantl y hi g her 

absolute RMR/day. RMR/FFM did not differ statistically 

between obese and nonobese women. 

Wh e n data were analyzed separately for the COO (~ = 

6 ) and AOO (~ = 6) s ubj ects, no significant differences 

we re found in absolute RMR/day, RMR/BW, RMR/FFM, or 

RMR/FM. Values for COO women were sl ightly l o wer than AOO 

on every measure. Both COO and AOO s ubj ects had 

significantly l o wer RMR/FM than nonobe se s ubj ects . Only 

COO subjects had significantly lower RMR/BW than th e 

n o n o bese . 

Pearson's coe ffici e nt of correlation s ugg ested t hat 

combined obese subjects experie nced a drop in RMR/BW wh e n 

they gained weight, whet her the weight was FFM or FM. Th e 
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negative correlation between FM and RMR/BW was 

particularly strong for the comb ined obese . When COO and 

AOO subjects were looked at separat e l y , differences in the 

meaning of BW became more apparent. There were high 

positive correlation s bet we en BW and both FM and FFM in 

COO wome n, suggesting that both components of weight 

increased as weight increased . However , BW only 

correlated well with FM in the AOO. 

Multiple regression analysi s indicated that in a ll 

groups -- nonobese , AOO, COO, and comb ined o bese more 

o f t h e varia nce i n RMR was explained when t he variables , 

activity a nd exerc ise, were used in addition t o the 

variables, FM and FFM. Ho wever , the effect of activity 

a nd exercise on explained variance in RMR was mu c h s111 aller 

in COO women. 

Conclusions 

Results of this study suggest that obese wome n, 

especial ly those having c hildhoo d -onset o besity, may be 

more metabolically e ffi cient than no nobese wo me n. Thi s 

metabolic efficiency could tr a n s l ate into a ca l oric 

savings of 300 - 500 kca l/day , wh ich wo uld very e ff ective l y 

maintain the o bese state. The greatest diff ere nce in 

RMR/B W was seen bet ween COO a nd no no bese wo me n. Thi s 

s uggest s that o besity h avi ng its o nset before pube rty 

migh t predispos e an individual to greater metabolic 
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e ffi c ien c y than obesity having it s onset later in life. 

Vari o u s th eori e s wer e propo s ed for this caloric 

s aving s , in c luding th e c ompo s iti o n of th e diet, redu c ed 

ac tivit y of th e sodium- potassium pump , faulty substrate 

c ycli ng, and the composition of FFM. Self - reported 

activity level and exercise frequency wer e l o west in COO 

wo men , a nd the results of multipl e regression analysis 

s ugg ested that eve n if the COO increased exercise a nd 

ac ti v it y , RMR might be unaff ected . This suggested a 

further mech a ni s m for caloric savings : unintentional 

redu c tion in e n ergy expe nd iture by t h e COO to defend body 

we ig h t or fatn es s. 

Implications for Future Resear c h 

Thi s study leaves many questions about RMR un a n s wered 

and s uggests several direction s for future research. 

Certai nl y , additional st ud y is needed to ascertLlin o th e r 

charac teri st i•cs of the obese, in addition to the ag e of 

o b esity o ns e t, which might affect the RMR. The effect of 

age o f o besity o n se t o n RMR itself needs to be explored 

more fully. For exampl e , are COO individuals havi ng 

obesity wi t h very early o nset mor e metabolicall y e ffi c i e nt 

t h a n COO h avi ng obesity with onset lat e r in c h ild hood? 

In addition, it will be u sef ul to st ud y the effect of 

the l e v e l of fatness o n meta bo li c rate. Th e morbidly 

obese COO wo ma n may be more metabolicall y effi c ient than 
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the 30 - 40% fat COO wo men , although research available to 

date does not suggest at what l eve l of fatness metabolic 

efficie n cy comm e nces. Pairing subjects by body weight or 

percent fat ma y h elp answer some of the questions about 

metaboli c efficiency. 

More longitudinal studies with children would be 

extremely helpful in pinpointing the cause of metabolic 

efficiency in the obese. If low-calorie intake is one 

cause of reduced RMR / BW , for example, research will have 

to look b eyond immediate past dieting behavior to 

corr e lat e diet history with metabolism. However , the 

diffi c ulti es of metabolic studi es , in partic ul ar , and 

longitudinal studies, in genera l , may make this 

i mpossible. 

Th e possible lack of effect of exercise on RMR of COO 

women is alarming , given that o bese individual s are bes t 

advised to increase activity rather than r e duce ca l oric 

intak e as a weight loss strategy . Fu ture r esea r c h must 

look at substrate cycli ng in mu scles of AOO a nd COO wo me n 

a nd at the composition of the FFM in the obese popul at i o n . 

Specific for ms of exercise must be eva luated to determine 

t h e relative effectiveness of each in stimulating total 

daily e n e rgy expenditure and RMR . If, for exa mpl e , th e 

COO wo man has more metabolically efficien t musc l e tissue 

but a nor mal overall RMR / FFM due to e nlarg e me n t of various 

o rga n s , perhaps weight training would be stimulatory in 
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exe r cise a nd activity level may help clarify apparent 

e n ergy exp e nditure diff ere nces a mong the AOO and COO . 

Implications for Health Education 
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Obese individuals having the highest RMR have been 

found to be the most successful in losing weight, whereas 

the o b ese who have the lowest RMR have shown the greatest 

incidence of weight gain and the most difficulty in losing 

we ight (Ravussin et al., 1988; Zavala & Printen, 1984) 

Thus, RMR can be used in certain situations by health 

co unse lors to predi c t success in weig h t loss programs. 

Wh e n actu a l RMR is not avai l able , this st ud y s uggests 

that health counselors may anticipate the l east s uccess in 

we ight loss program s among women who hav e been obese si nce 

before puberty. Further, exercise may not be as effective 

in st imul ati ng RMR in this group, although activity and 

exercise would still contribute to weight loss by 

increas ing ca loric expenditure. Weight l oss goals may 

therefore have to be more conservative with the COO group. 

Se lf - image counseling and preparation for reaching weig h t 

less plateaus may b e more critical . 

Early intervention to prevent c h ild - onset 

obesity is c learly of great importance to avoid metabolic 

eff i c i e ncy and energy conservation. If meta bo li c 

eff i ciency is a consequence of fasting and low - ca lori e 
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di e t s , h e alth education efforts must center on promotion 

o f pro per nutrition. This has implications not only for 

e l e me ntar y h e alth education programs, but particularly for 

prenatal and parenting education programs. 
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re search. 

Principal Investigator (or Faculty Advisor) Student Investigator 

DIE NEXT REVIEW OF THIS PROJECT IS SCl!EDULEO FOR _____ 2_-8_9 ___________ _ 

PLEASE RETURN ONE SIGNED COPY IO GRADUATE SCHOOL, 2133 SOUTH ADMINISTRATION BUILDING. 

AGW:bcr 
2-85 

lRB-3 
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APPENDIX C QUESTIONNAIRE 

Date of Birth: ______ / _ ____ ! ____ _ 
month day year 

Height: ----ft. ins. 

Weight: _______ lbs. 

Have you ever smoked cigarettes? Yes 
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number 

No 

5 . If YES, how many cigarettes per week did you smoke? 

6. When did you quit smoking? ________ _ 

7 . Are you presently following a calorie - restricted diet 
to lose weight? Yes No 

8. If YES, briefly describe your di e t: 

9 . Hav e you ever been told by a physician that you have : 

NO YES If yes , 
briefly des c ribe 

a. thyroid problem 

b. diabet es 

c . high blood pressure 

d. heart disease 

e. chronic lung disease 

10. List any nonprescription or prescr iption medi cations 
that you regularly use: 

11. Are you comfortable holding your breat h underwater 
for brief periods of time? Yes No 

12 . Is there any medical r eason wh y you cannot put your 
head underwater for brief periods of time ? 

Yes No 
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13 . Hav e you lost or gained more than 5 pounds in the 
past t hr e e mont h s ? 

No 

Unsure -----

Yes 

Lost 

Gained 

pounds 

pounds 

14. Wh at is your occupation? 

15. Years of e ducation since h igh school: 

College: ______ __ years 

Post-bachelors degree: ________ years 

16. Ch eck o n e of the following t hat best describes your 
act ivit y level: 

17. 

a . Inactive (sedentary ) 
b. Lightly active (describes most 

professional s , ma n y students , off i ce 
workers ). 

c . Modera t ely active (descri b es active 
students, most people in light indu s try, 
building workers, department store 
workers). 

d. Very active (full - time athletes, dancers, 
construction wor kers and ot h ers in h eavy 
occupations ). 

Are you involved in compet itive athl e ti cs? Yes 

18. If YES, briefly d escribe: 

19. How many times per we ek do you e ngag e in motjera t e 
exe rcise lasting at least 20 minut es : 

a . 
b. 
C . 

d. 

0 -

2 
3- 4 
mor e 

Briefly de sc ribe exercise : 
1 

than 4 

20. At wh at age did you b egi n to me nstru ate : 
years 

21. Do you me nstruate approximat e ly every 2 8 d ays? 

22 . If NO, bri e fl y e laborate : 

No 



Weight History 

23. 

24. 

Birth weight 

Birth length 

_____ lbs 

inc he s 

ounce s 
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25. How would you classify your weight during c hildhood 

(before puberty): 

a. underweight 

b. normal weight 

___ c. moderately 
overweight 

___ 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? 

27. How would you classify your weight at the age at 
which you began to menstruate? 

a. underweight 
b. normal weight 
c. moderately overweight 
d. extremely overweight 

28. How would you compare your weight today with yo ur 
weight at the age at which you began to menstruate ? 

a. underweight then and no w 
b. normal weight th e n and no w 
c . overweight then and now 
d. normal weight then , overweight no w 
e. overweight then, normal weight now 



APPENDIX D INFORMED CONSENT 

Project Title: Restinq Metabolic Rates in Obese and 

Nonobese Fe males 
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1 state that I am over eighteen years of age, in good 
physical health, and wish to participate in a program of 
research being conducted by Liane Summerfield at the 
Graduate School, University of Maryland at College Park, 

Department of Health Education. 

T~e purpose of this research is to determine if any 
differences exist in resting metabolic rate between 
nonobese and obese females and between females obese since 
childhood and females obese since adulthood. 

The procedures involve three measures, all of which may be 
conducted on the same day, and requiring approximately 
three hours: resting metabolic rate, residual lung 
volume, and underwater weighing. 

I understand that there are no known risks associated with 

the measures taken in this study. 

All information collected in the study is confidential , 
and my name will not be identified at any time. 

I understand that I am free to ask questions or to 
withdraw from participation at any time. 

Principal Investigator: 
Liane M. Summerfield 
5437 N. 22nd Rd. 
Arlington, VA 22205 
237 - 0004 (h) 284 - 1627 (w ) 

Signature of Subject ______________________ _ 

Date 
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APPENDIX E DESCRIPTION FOR SUBJECTS 

Basal Metabolism Studv: Description 

This is a study of basal 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 strict confidentiality will be 

observed. Transportation can be arranged. 

Individuals who meet criteria for the study will 

Undergo three measurements : 

1. Basal Metabolic Rate. This procedure involves 

measurement of oxygen consumption for 15- JO minut es 

following a rest period of about JO minutes. 
BMR must be 

measured in the morning follo wing an overnight fast. An 

oxygen mask which fits snugly around the nose and mouth 

Will be worn while breathing normal air. 
During that 

time, the investigator will monitor oxygen consumpti o n and 

carbon dioxide production using a computeriz e d s y s t e m. 

Calories of energy expended during the measurement period 

Will be calculated from amount of oxygen consumed. 

Residual Lung Volume. This measurement is taken 

before underwater weighing to account for gases trapped in 
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the lung s which would ma k e the research s ubj ec t mor e 

buoyant in wat e r. Following BMR measur e ment and a 5 - 10 

minute rest period, the subject will b e fitted for a 

mouthpiece and a noseclip . The mouthpiece will b e 

attached to a breathing apparatus. Residual lung volume 

will be measured using a method called "nitrogen washo ut," 

whereby the subject takes a few normal breaths , exhales 

maximally, and then breathes 100% oxygen for about 1 

minute while nitrogen is washed out o f the lung s . 

Breathing oxygen for such a brief period has not b ee n 

found hazardous to healt h y individuals. At l east three 

meas ur es of residual volume will b e taken with a 5 minu te 

rest period between each. No adverse effects a r e to b e 

expected from this procedure . 

3. Underwater Weighing. This procedure can be done 

immediately after lung volume ha s be e n determin e d. Whil e 

wearing a close - fitting bat h ing suit, th e res ea r c h 

subject will sit on a c hair attached to a scale and 

suspended in a tank of warm wat e r. When r eady, th e 

subject will exhal e as muc h air as poss ibl e and du c k her 

h ead under the water, continuing to bl o w o ut air. A 

noseclip can be worn. The r esea r c h e r will tak e a rapid, 

comput erized measur e of weight. This procedur e will be 

repeated 3 to 5 times. Weight und e rwater is u sed to 

compartmentalize body weight into f at and mu scle a nd is 

essential for accurate determination of bo dy composit i o n. 
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Procedures for Metaboli s m Study Subjects 

Please observe the following procedures for the day before 

and day of your scheduled measure me nts. Scheduled date: 

Basal Metabolic Rate 

1. Do not participate in exercise during the day or 

evening before your BMR is measured. 

2. The night before your measurement: 

* Eat a normal dinner by 7:00 PM 

* Avoid alcohol and caffeine (t ea , coffee, 

chocolate , colas) 

* Eat no food and drink no liquids (exce pt wat er ) 

after 8:00 PM 

* Take no medi cations, except prescriptions already 

discussed with Liane 

* Do not parti c ipate in ph ysica l activLty 

3. The morning of your measurement: 

* Do not eat breakfast or drink anythi ng except 

water 

* Be at the Human Exercise Research Lab, Roo m 212 7 

of the PERH Building, University of Mar y l nd, by 

9:15 AM 

* Wear or bring with you a lightweight s hirt, 

lightweight shorts, and socks 

* Use the bathroom before the rest period in the Lab 

begins 



Underwater Weighing 

1. The night before your measur e ment: 

* 

* 

Eat a normal dinne r by 7:00 PM 

Avoid alcohol and caffeine (tea, coffee, 

chocolate, colas} 
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* 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 b e dehydrat ed ) 

2. The morning of your measurement: 

* Do not eat breakfast o r drink anything except 

water 

* Drink plenty of water 

* Bring a snug-fitting bething suit and a towel 

* You can shower afterwards if you wi s h 

Residual Lung Volume - No special instructions. 
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